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Foreword by the Premier of Newfoundland 

Water has a unique place among our natural resources. The first Europeans 

who settled here over 1,000 years ago and the aboriginal people who they found living 

here relied on water as a means of travel and as a source of much of their food. Today, 

water provides the means of producing power to meet much of our energy needs and 

sustains our pnmary natural resources such as fish and forest. 

essential for life. 

Water is, of course, 

Historically , because of the abundance of water in Newfoundland and Labrador, 

we have used it with little restraint. But the growth of population , urbanization , 

industrialization, and technology have begun to impose demands that strain the capacity 

and quality of some of our natural water systems. Newfoundlanders recognise that the 

responsibility for protecting the quality of our water resources and managing the 

competing demands imposed on them belongs to everyone. It is ever more important to 

develop a society in which citizens have the knowledge, ski lls, and values necessary for 

informed and responsible actions. 

As part of thi s information and education process, the Water Resources 

Divi sion of the Department of Environment and Lands has produced the Water 

Resources Atlas of Newfoundland . It presents for the first time, comprehensive and 

compatible maps of our province's geology, climate, hydrology , groundwater, water 

quality, and water uses. It is my hope that the Atlas will serve as a general source of 

information on our water resources for scientists and citizens alike, and that it will prove 

to be a valuable tool in the management and protection of this very precious part of our 

heritage. 

ii 

The Honourable Clyde K. Wells, 
Premier of Newfoundland 



Statement by the Minister of Environment and Lands 

Much of Newfoundland's economic development and material well-being is 

derived from the use of renewable and non-renewable resources. Among the renewable 

resources the water resources of the province playa vital role in providing for our basic 

sustenance and health needs, maintaining the viability of our other primary resources 

such as fish and forest, meeting our energy needs, and offering recreational benefits. 

Over the past few years the heavy reliance of our economy and way of living on these 

resources has brought about an acute awareness of our environmental responsibilities. 

The Government of Newfoundland and Labrador, through the Department of Environ­

ment and Lands, discharges these responsibilities by defining policy objectives and 

administering legislation which affect how water is used and developed. The mandate of 

the Department, as enacted in The Department of Environment and Lands Act, 1989, 

includes "supervision, control, and direction of all matters relating to ... the protection 

and enhancement of the natural environment, including, ... water, air and soil quality". 

In addition, the Department has overall management responsibility " ... for the conser­

vation, development, control, improvement, and proper utilization of the water 

resources of the province". 

The Water Resources Management Division has the responsibility to carry out 

the water-related mandate of the Department. This responsibility includes" ... assembl­

ing the fullest possible information on the quantity , quality, character, location and use 

or possible use of those bodies of water ... ". Intensified research into complex 

hydrological processes and water resources systems is a prerequisite for translating 

policy objectives into results and enforcing legislation and regulations. The information 

collected is essential to sound decision-making on environmental matters and can also 

alert us to emerging problems, thus making possible successful implementation of 

preventive policies . Furthermore, Newfoundlanders are demanding access to better 

information about their environment. They seek authoritative and easy-to-use indica­

tors to assess current and changing conditions of their resources, and prefer solutions to 

water problems which are suitable for their own unique needs, goals, values, and culture, 

and for their political, economic, and social systems. 

As part of its legislative mandate and public information responsibilities, the 

Water Resources Division has published this Water Resources Atlas of Newfoundland. 

The Atlas is the result of several years of intensive data collection and analysis. It 

presents, for the first time, comprehensive, valuable, and easily understood information 

on our geology, climate, hydrology, groundwater, water quality and water uses. I express 

the hope that the Atlas will prove to be a valuable contribution to the appreciation of 

our water resources. Such an appreciation will ensure the rational utilization of our 

water resources and thus satisfy our needs and the needs of generations to come. 

'" 

The Honourable Patricia A. Cowan, 
Minister of Environment and Lands 
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1 - Newfoundland - An Overview 
Newfoundland, the easternmost province of Canada, consists of 

the Island of Newfoundland, situated in the Gu lf of St. Lawrence, and 
Labrador on the northeastern Canadian mainland. 

The area of the Island is 111 ,390 square kilometres and that of 
Labrador is 294,330 square kilometres. The distance from the southern 
to the northern limi ts of the province is nearl y 1500 kilometres. In most 
areas the lerrain is hill y and rugged; mountain ranges are found on the 
west coast of the Island and in northern Labrador. Lakes and ponds are 
common featu res of the landscape. Vegetation in the province varies 
from tundra in northern Labrador to mixed deciduous and coniferous 
forests in the southwest to barrens on the Avalon Peninsula. Peatl ands 
are concentrated along the coastal lowlands and on the interior high 
plateaus. 

The provlflce experiences a va riety of cli mates: northern 
Labrador is arctic, while the interior of Labrador is continen tal with cold 
dry winters and warm summer days. The Island. close to the conf1uence 
of the warm Gulf Stream waters and cold ex-Arc tic wate rs of the 
Labrador Current , has mild winters and cool summers. 

The province has approximately 580,000 residents, six ty percent 
of whom li ve in urban centres and the other fo rty percent in hundreds of 
small fi shing communities scattered along the coast. Much of the 
province's economic development and materi al we ll-be ing is deri ved 
fro m renewable and non-renewable resources such as fi sh. fo res t, 
water. and minerals. About ten percent of the workforce is involved 
wi th fis her ies. Forests support a paper and lumber industry worth 
nearly a half-b illion dollars annually. Mining of gold, copper, lead, zinc, 
and iron. in part icular, contribu tes sign ifican tl y 10 the province's gross 
domesti c product. The ex tensive network of lakes and ri vers in the 
province has allowed the deve lopment of several major hydroelect ric 
projects. The vast bu lk of the elec tri city is produced at Churchill Falls 
in Labrador. Potential hydro sites throughout the province are being 
investigated for the ir economic feasibility. The lakes and ri vers also 
provide an al most unlimited opportunity for a wide va riety of water­
re lated activi ties rang ing from camping. fishing. boating. and cottag ing 
to wh ite-water ra ft ing. 

The water resources of the province, in addition to maintaining 
the viabil ity of industries such as fi sheries, fores try. hydropower, and 
tourism, are vital in providing for basic sustenance and health needs. 
Approx imately seventy-one percent of the tota l population is serviced 
by surface wate r supply sys tems, while the remain ing twenty-nine 
percent. living in smaller communities, re lies upon groundwater wells. 
Many water supply areas, over two hundred so far, have been desig­
nated as protected areas to preserve their water quality. 

Extreme regional fl uc tuations in the amount of wa ter in 
circulation can resul t in droughts and floods. In Canada, the impacts of 
droughts are most noticeable in the Prairies; the Atlan tic provinces and 
Bri ti sh Columbia, on the other hand, occas ionally experience severe 
fl oods. While the extremes in water quanti ty fl uctuations can cause 
severe hardships, the natu ral dai ly and seasonal variabi lity in water 
quantit y a lso has a profound influence on almost every aspect of our 
li ves. Hydroe lectr ic power generation, transpo rtat ion, fi sheries, 
wild life, recreat ion , was te di sposal, minera l ex tracti on, irrigation, 
manufacturing, and municipal uses are all affec ted to some degree by 
the variability in water quantity. 

Water quali ty is defined by its chemical. physical, and biological 
content. Many factors affect wate r qua lity. Geology may give water 
qua lity a regional character. Industrial . farming. mining, and forestry 
activ iti es can significantly affec t the quality of water in ri vers, lakes, and 
in the ground. There is no single measure that constitutes good water 
qual ity; water for drinking , recreation, industri al, and ag ri cultural uses 
have different wate r quality gu idelines. Nevertheless, poor wa ter 
quality seriously affec ts ecological diversity and water supplies. 

As pressures on the resource such as demand and pollution 
increase, the trad it ional view of water as infin itely renewable and 
consistently pristine is gradually changing into a reali sation that water 
is a scarce and sensitive resource. 

2 

A knowledge of the curren t state of the province's water 
resources is esse ntial for ap preciating and address ing re lated 
environmental concerns. The Water Resources Atlas of Newfoundland 
was a special project of the Water Resources Di vision of the Depart­
ment of Environment and Lands, and was produced to se rve two 
purposes: a genera l educat ional document on the water resources of the 
prov ince and a source of preliminary informat ion for those involved in 
the planning. des ign, and management of water resources systems. 

The maps in th is At las are presented in a sequence which 
descr ibes the var ious aspects of wate r resources: geology, climate, 
hydrology, water quality , groundwater and beneficia l lI ses. Each map 
was based on the latest available data fo r Newfoundland and Labrador 
during the production period (1988- 1991 ). Most of the data were 
compiled from databases maintained by various agenc ies such as Water 
Survey of Canada and Atmospheric Environment Service, from joint 
federal-provinc ia l monitoring prog rams suc h as the Canada­
Newfoundland Water Quality Agreement and from numerous report s 
produced by the Water Resources Di vision and engineering consul ­
tants. 

Although the maps themselves are the primary means of 
presenting information, each map is accompanied by a supporting tex t 
which describes the parameters depi cted, inte rpret s the map. and 
provides detai ls on the type and quality of data used. Some of the tex ts 
may also present addit ional informat ion wh ich could not be shown on 
the maps. 

Location Map 
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PHYSIOGRAPHY AND GEOLOGY 



Introduction 

Physiography is a description of surface features such as mountains. valleys, rivers. and lakes. These features have a 

significant influence on the cl imate. vegetation, land use, hydrology , and water resources of a region. Geology, on the other hand. is a 

description of the underlying types of soils and rocks in terms of their or igins and changes over ti me and space. Geology has a 

considerable bearing on the location and yield of groundwater resources. 

The two shaded relief maps on the next page show the major physiographic featu res of the province. The Island portion of the 

province consists basicall y of a tilled plateau, which is higher in the west than the east. The highland areas in the west, which include 

the Long Range Moun ta ins, range from 200 to 600 metres in elevation. with some peaks rising to nearly 800 metres. The central region 

of the Island has an elevation which usually ranges from 200 to 300 metres. The eastern part of the Island, includ ing the Avalon 

Peninsula, is generally at a lower elevation with undulating topography where only isolated peaks reach an elevation of 300 metres. 

The drainage pattern of the Island was originally developed by the erosion of valleys along the lines of weaknesses produced 

by tectonic fOlding and faulting. This pattern was then extensively modified by the glaciation of the Island which over-deepened some 

va ll eys and interrupted the drainage network on the plateau by the deposition of drift material. As a result of the modification of the 

drainage pattern the plateau is now covered with lakes and swamps over extensive areas. 

In Labrador the highest elevat ions, in excess of 1500 metres, occur in the Torngat Mounta ins along the north Labrador Sea 

coast. Sign ificant highlands can also be found in the Mealy Mountains, south of Lake Melville, where e levations approach 1500 metres. 

The plateau in the interior of Labrador is generally between 300 and 650 metres, wi th occasional hills rising to 900 metres. 

In gene ral, drainage in Labrador has not yet reached a mature stage because of the post-glacial and relatively recent uplift of 

the land surface relative to the sea. The uplift has given ri se to rivers with deeply-incised gorges; Churchi ll River is a good example. In 

the central interior of Labrador glacial activity has interfered wi th the drainage leaving a large concentration of lakes and swamps in the 

region. The sea coast of Labrador. particu larly in the north, is rugged wi th many long and deep fjords. 

Lewis Hills (Elevation: 8 15 metres) on the West Coast of the Island of Newfoundland 

Surface features conceal a fasc inat ing geological hi story of the province recorded in the rocks below. The Island represe nts 

the northeastern ext remity of the Appa lachian mountain system in North America, while Labrador is the easternmost part of the 

Canadian Shie ld which contains some of the oldest known rocks on earth. The Bedrock Geology and Surfic ial Geology maps present 

detailed informalion on the geology of the province. 

5 



2 - Major Physiographic Features 
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3 - Bedrock Geology 
The rocks beneath our fee l contain more than 95 percent of the 

fresh, unfrozen wate r available to us. Ground water is the largest 
source of wate r for ri vers and lakes, and res ides in the ground much 
longer than in surface water bodies. Consequent ly, it is subject to the 
hydraul ic and chemical properties of bedrock and over ly ing 
unconsolidated fo rmations. These fac tors determine it s quantity and 
quality_ 

Rocks in insular Newfoundland are normally grouped in to fou r 
zones. reflec ting different geological histori es between the Proterozoic 
III and the Ordovician (about 700 to 440 million years ago). The zones 
are shown on the map. together wi th separate groups for cover rocks 
which are younge r than Ordovic ian and overl ap zone boundaries, and 
intrusive rocks, many of which a lso cross zone boundaries. The zonal 
divis ion is of limited app licat ion to water resources because it does not 
emphas ize differences in the phys ica l properties of rocks. It is useful , 
therefore, to superimpose a primary grouping by age, which reOects. in a 
general way. the ·amount of tectonic deformation and metamorphism that 
the rocks have undergone. 

Proterozoic I and II of the Humber Zone 
These are the oldest rocks in insular Newfoundland (over I 

bill ion yea rs) and are part of the Grenvi lle Province of the Canadian 
Shield, which also outcrops in southern Labrador and parts of Quebec 
and Ontario. They were formed by metamorphism at extreme tempera­
tures and pressures deep in the Earth 's crust. and are hard and 
res istant to weathering. These rocks gene rall y have low primary 
porosi ty , which is the poros ity of the rock matrix . This limits ground­
water flow to micro fractures and along intergranular boundaries. Where 
there has been later faulting, however, fractures may produce high 
secondary permeability . Rocks in thi s category are usua ll y composed of 
mineral s with low solubilit y, so the con tained groundwater is so rt and 
has a low capacity fo r neu trali zing acids. 

Proterozoic III to Silurian 
Ava lon Zone. Two distinct sequences arc di stinguished in thi s 

zone, the first depos ited entire ly in the Proterozoic III be tween about 
760 and 570 mi ll ion years ago and the second deposited mainl y in the 
Cambrian and Ordovic ian between 570 and 480 million years ago. The 
first sequence is further di vided on the map into vo lcanic and sedimen­
tary rocks. The sedimentary rocks of both sequences. from the 
Proterozo ic III to the Ordovician, consist mainly of we ll consolidated 
slates, shales. and sandstones. 

Gande r Zone. This zone consists of a monotonous Cambrian 
and Ordovician sequence of interbedded sandstone and slate which has 
been me tamorphosed to quart z ite, schist, and migmat ite in many 
places. 

Dunnage Zone and Silurian Cover Rocks. There a re two 
di visions of the Dunnage as shown on the map. The Cambrian to 
Ordovician ophiolites di vision consists of lava and volcan ic ash, gabbro. 
ultramafic rock and sma ll amounts of granite, and represents ancient 
ocean ic c rust on which many of the othe r roc ks in the zone were 
deposited. The Cambrian to Si luri an sedimentary and volca nic di vision 
consists mainly of lava and ash north west of Red Indian Lake. and slate 
and sandstone to the southeast. The latter part , however, also contains 
volca nic rocks, as we ll as thick unit s of conglomerate. 

Corner Brook Red Lake 

MANTLE 

Humber Zone. Proterozoic III to Ordovician rocks deposited 
unconformably on the Gren villian basement (Proterozo ic I and II) arc 
di vided into four groups. At the base arc we ll consolidated, ero­
sion-res istant sandstones wi th lesser amounts of shale, limestone and 
lava. They are overlain by ex tensive units of limestone and do loslOne. 
which were overth rust in the Ordovician by huge di splaced slabs of 
sandstone, shale, limestone, and minor volcanic rocks, as we ll as by 
pieces of oceanic crust from the Dunnage Zone. Sedimentary rocks on 
the Baie Verte Peninsula are st ill located where they were deposited, 
but have been metamorphosed to schi sts, whe reas equivalent sand­
stones and shales farther wes t have escaped metamorphism. 

The pe rmeabil ity of these rocks depends on the degree of 
cementation of individual grains and the ex tent of fracturing. Generally 
slates, shales, and volcanic rocks have low primary porosity since they 
are normally fine grained and compact, but fractures may have created 
secondary porosity . Sand stone is ofte n permeable. but in 
Newfound land the voids between the sand gra ins are usuall y well 
cemented , reducing the permeabi lity signi fican tl y. Limestone and 
dolostone in the Humber Zone are relat ive ly soluble and cau se 
problems w ith hard groundwate r, but sandstones and shales are 
composed main ly of low solubilit y mineral s and contain soft ground­
water. Petroleum and natural gas in some of the carbonate format ions 
of the Humber Zone have associated hydrogen sulph ide, which gives 
groundwater an offensive odour that is di fficu lt to correct. 

Devonian to Carboniferous Cover Rocks 
These rocks are between 390 and 290 million years old. They 

were deposited after the main Appalachian mountain building episodes 
and are less deformed and consolidated than older rocks. As a result, 
they are more eas ily eroded and tend to form low-lying areas with 
gentle rel ie f. They consist mainly of sandstone and shale. but a lso 
conta in limes tone, sa lt , gypsum, and coal. Because they are less 
conso lidated, they have higher primary poros ity and are more per~ 

meable . Limestone. gypsum, and salt consist of soluble minera ls and 
tend to di sso lve a long fl ow paths. causing grea ter flow capac ity but 
increased mine ral content. In some areas , limestone makes the 
groundwater hard. and in others gypsum or salt makes it undrinkable. 

Intrusive Rocks 
Most of the Igneous intrus ions in insular Newfound land are 

granite, but there are also large gabbro, diorite, and anorthosi te plutons. 
They va ry in age from Proterozo ic II to Carboni ferous and have 
accompanied the fo rmation of volcanic and metamorphic rocks in all four 
of the geo logic zones. Intrusive rocks of all ages are simi lar to the 
Proterozo ic I and II un its of the Humber Zone in the ir effect on the flow 
and chemical quality of ground water. They contain substantial amounts 
of water in micro frac tures, but with the exception of fracture zones, 
have limited abil ity to transmit th is water. 

MANTLE 

Bedrock Characteristics along Section A-B of Bedrock Geology Map; Refer to Map for Identification of Rock Type. 
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4 - Surficial Geology 
Surficial geology refers to the description of materials lying on 

top of bedrock; these materials range in size from fine sil t to boulders. A 
discuss ion of surficial geology is necessary for an understanding of the 
occu rrence and movement of groundwater. In Newfoundla nd 
unconsolidated sediments were deposited during the Quaternary period 
and covered a wide area. Analyses of offshore sediment samples 
indicate that (his period was marked by extensive glaciation, with up to 
e leven glacial periods occurring over the last two million years. The 
surfi cial geology of present-day Newfoundland is dominated by the 
effects of the last glaciation, the Wisconsian, which occurred between 
25,000 and 10,000 years ago. On the Avalon Peninsula ice persisted into 
the Holocene until at least 8000 years ago. 

The most common deposi tional product of the retreating glacia l 
ice was till , a poorly sorted sediment containing a mixture of grain sizes 
from clays to boulders. It was deposited directly from ice by pass ive 
melt-out or by a lodgement process. During the melting of glacial ice 
sheets large volumes of water were released. The meltwater deposited 
glac ial -fluv ial sand and gravel in a number of ways: e ither below the 
glacial ice (eskers), at the margins of the ice (kames), or in front of the 
ice (outwash plains and deltas). The most prominent examples of glacial 
deposits are large boulders called errat ics which can be seen in certai n 
areas of the province. An example of an erratic is shown in Figure 4.1. 

Figure 4 .1 Large Erratic in Conception Bay South 

Well sorted, coarse grai ned sediment deposits allow percolat ion 
and movement of water through the spaces between the grains. These 
deposits allow rapid infiltration of precipitat ion and consequently rarely 
support significan t surface runoff. On the other hand, they allow the 
storage of re lati ve ly large quantities of water in the intergranular 
spaces. Thus, deposits of sand and gravel can form important aquifers 
and potent ial water sources. Ti ll s in some areas of the province have 
poor porosi ty and permeability due to the presence of silt and clay. 
These fine particles occupy the spaces between the grains and restrict 
the flow of water. Such till s are thus poor aquifers. In many areas of 
Newfoundland, however, silt and clay constitute less than 10% of tills 
and therefo re allow considerable wate r storage and movement. 
Deposits consisting mostly of silt and clay are impermeable and do not 
form aquifers. 

The weight of glacial ice over the province resulted in the land 
surface being depressed. This caused a relative ri se in sea level . which 
varied from over 130 m above present sea level in Labrador and the 
Northern Peninsula to near zero on the Avalon Peninsula. Following 
melting of the ice, the land surface has been rebounding. resulting in a 
relative fall in sea level. This has caused the sediments originally 
deposited in a marine environment to be exposed well above present 
sea level. Such features include sand and gravel deposited in deltas and 
beaches. and sand, silt . and clay deposited in the near shore environ­
ment. Figure 4.2 shows fine glac ial deposits in the Springdale area. 
Bogs and fens developed in poorly drained areas during the Holocene 
through accumulation of organic matter. 
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Figure 4.2 Fi ne Glacial Deposits in Springdale 

Some areas of the province have only a thin veneer of surficial 
sediment overl ying bedrock along with sparse vegetation . Poor 
infilt ration of ra in water into the ground results in significant surface 
runoff and fl ows in rivers draining these areas tend to ri se and fall 
rapid ly with precipitation events. 

Permafrost occurs mainly in Northern Labrador as shown on the 
map. It is present wherever the ground temperature remains at or below 
QOC for two or more years in a row. Permafrost results in poorly drained 
soi ls and the typical muskeg and marsh vegetation of tundra regions. 
Groundwater below a permafros t layer is not subject to recharge from 
the surface. It is usually saline or brackish indicating that the water is in 
poor circulation. 
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Introduction 
Climate can be defined as the sum 100ai of the meteorological e lemcnls thai characte ri ze the average and extreme 

atmospheri c condit ions over a long peri od of time at anyone place or reg ion of the earth's surface; it can be loosely defined as the 

"average weather". It is the primary dete rminant of the amount. di stribution, and movement of water over time and space. The 

regional climates of the province arc determined by the atmospheri c circulation patterns in the Northern Hemisphere and the 

proximity of a cold ocean environmenl. The northern reg ion of Labrador has an Arctic climate, while it s inte rior has a corllincnla l 

c limate with cold dry wi nters and wa rm summers. The Island. close to the connucnce of the warm Gulf Stream wa ters and cold 

ex~Arctic waters of the Labrador Currellt . has mi ld wi nters and cool summers. At a loca l leve l the cl imate can be substantia ll y 

modifi ed by topographic rcatures. 

Several parameters such as tcmperature. precip itat ion (ra in or snow), evaporation, wind speed and direct ion, e tc., are 

used to characterize the climate of a reg ion. Some or a ll of these parameters are measured at climatic stations across the 

province. The nex t six maps illustrate the location or the cl i:nati c stations and the reg ional and seasonal vari ations in I cmpe ra~ 

ture. rainfall , snowrall. and evapOiranspiration in Newfoundland and Labrador. 

Sate ll ite Image or Clouds Assoc iated with a Low Pressure System ofr the East Coast or Newfound land. 

(Image courtesy of Atmospheric Environme nt Service. Environment Canada) 
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5 - Weather and Climate Networks 
WEATHER NETWORKS: 

Synoptic Stations: 

Detailed weather observation programs are carried ou t at the 
synoptic stations in the province. Parameters measured include: cloud 
cover, visibi lity, pressure, temperature , dew point. re lati ve humidity, 
precipitation, sunshine, and wind ve loci ty. Solar radiation. eva poration 
and soil temperature are measured at select locations. In addition. the 
occurrences of thunder, hail. and freezing rain arc recorded, as we ll as a 
description of sky conditions. Observa tions are usuall y made hourl y. At 
a few siles, observations are made every six hours. Synopti c stations 
are operated by the Atmospheric Environment Service of Environment 
Canada, other federal government departments (e.g. Ministry of 
Transport . Department of National Defence), or by pri vate firms under 
contract. 

There arc 27 stations in the synoptic network. nine of which arc 
automatic . Most of the stations in the network arc located in coas tal 
areas. The range of e lements recorded al the automatic stat ions is not 
as complete as that of the manned statio ns . The ad vantage of 
automatic stations, however, is that they can be set up in remote areas 
of the province. The synoptic network provides data for the preparation 
of weather forecasts on a real time basis. Histori ca l weather records at 
SI. John's date back (Q 1871. The weather station at SI. John 's Airport 
is shown in Figurc 5. 1. 

Upper Air Stations: 

Twice dail y. at 0000 and 1200 Uni versal Time, observations of 
upper air conditions are made at three loca tions in Newfoundland : 
Stephenvi lle , SI. John 's and Goose Bay. A radiosonde (an a irborne 
device that radios meteorological data to the ground) is sent up into the 
atmosphere via a weather balloon. Paramete rs measured arc: altitude. 
temperature, humidity, and wind ve loc ity for a number of pressure levels 
ranging from surface leve l to an altitude of about 30 kilometres. These 
stations are operated by the Atmospheric Environment Service and the 
Department of Nat ional Defence. The data obtained from this network 
are used fo r forecasting and research. Records for these stations date 
back to 1942 at Stephenville, 1947 at Goose Bay, and 1971 at SI. John's. 
Data are a lso available for Argent ia from 1945 to 1970. 

CLIMATE NETWORKS: 

Atmospheric Envio-onment Service (AES) Network: 

The network consists of approx imate ly 86 stations and is 
operated by cooperati ve government agencies or by private individuals 
under contract. Observat ions are normally taken twice daily. Parame~ 

tcrs measured include: maximum and minimum temperatures. rai nfall, 
and depth of snow on the ground. In add ition , the occurrences of 
thunder. hail , and freezing rain are recorded, as well as a brief descrip~ 
tion of sky conditions. A small number of stations are a lso equipped 10 
reco rd wind ve loc ity. evaporation, rad ial ion. so il temperatu res, rai nfall 
intensity, and sunshine. Records date back to the ea rl y 1870's. 

Newfoundland Department of Environment and lands Network: 

The fede ral government's requirement for climate stations in the 
prov ince was basically met in 1986. Due to a need fo r stations to 
support provincial programs. the federal and provincial governments 
signed an agreement in September 1986 regarding c limate stations and 
programs in the province. A number of stations were establi shed during 
and after 1986 under the cos t shar ing ag reement. Compared to the 
stations in the AES network. many of the 35 stations in the provinc ial 
network have only short periods of record. The parameters measured 
and the frequency of observa tions are, however. the same for federal 
and provincial climate stations. 
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DATA PROCESSING AND AVAILABILITY: 

All climate and weather dala are processed at the Atmospheric 
Envi ronment Service office in Bedrord, Nova Scot ia. Subsequently, the 
data arc sent to the Canadian Climate Centre in Dowl1sv iew, Ontario, 
where they are checked once again before being pJaced in the Nat ional 
Climato logical Archi ve. Data from th is archi ve are avai lab le in paper, 
microfilm. and computer based fo rmats. In add ition , a number of data 
periodica ls and statistical publications is prepared by the Atmosphe ri c 
Env ironment Service. Data are al so ava ilable for approximately 95 
di scontinued station s wh ich are not shown on the map. Further 
in formation on climate services can be obtained from: 

Atmospheric Environment Service 
Scientific Scrvices Division 
P.O. Box 9490. SIal ion 8 
S1. John's. NF 
A lA 2Y4 
Telephone (709) 772 4695 

Atmosphe ric Environment Service 
Scientific Services Division 
Cl imate Services 
5th Floor, Bedford Tower 
1496 Bedford Highway 
Bedford , NS 
B4A IE5 
Telephone (902) 426 9226 

Figure 5. 1 Weather Station at SI. John 's Airport 
(a) Anemometer (Wind speed and direction) 
( b ) Snow Deplh Sensor 
(c) Stevenson Screen (Thermometers) 
(d ) Tipping Bucket Rainguage 
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6 - . Temperature 
Air temperature may be considered to be the most important of 

a ll cl imatological parameters. It determines the Iypes of vege tation 
possible and, therefore, the fo rms of wildlife which can exist. Its effects 
on humans range from determining physical comfort and psychological 
mood to innuencing socio-economic ac ti vities such as fi shing. construc­
tion , transportation, and rec reat ion. It determines the various forms of 
precipitation, and the rates of snowmelt and evapotranspiration. 

Air temperature is measured by self-registering max imum and 
minimum temperature thermometers. The thermometers are set in a 
white, wooden, louvered box. wnich is about I .S metres above ground 
level. The box is designed not to be directl y affected by sunlight . 
Typically. morn ing and evening observations are made. The maximum 
daily temperature is the highest temperature recorded by the maximum 
temperature thermometer during a 24-hour period following the morning 
observation. The minimum daily temperature is the lowest temperature 
recorded by the minimum temperature thermometer during a 24-hour 
period following the evening observation. The mean daily temperature 
is defined as the ave rage of the max imum and minimum dai ly tempera­
tures. Figure 6. 1 shows a maximum temperature thermometer (top) 
and a mini mum temperatu re thermometer (bottom). The front door of 
the louvered box is normally closed. 

Figure 6.1 Max imum and Minimum Temperature Thermometers 

The map on the opposite page shows the vari ations in mean 
monthly, seasonal, and annual air temperatures in the prov ince. It is 
based on temperatures recorded at 62 climatological stat ions. 

Air temperature in the prov ince is primaril y influenced by 
latitude, dis tance from the ocean. and prevailing winds. Many climato­
logical stations are located in coastal areas and may not give accurate 
representat ions of temperature regimes rurther inland. 

On the Island the mean annual air temperature vari es rrom SoC 
on the Avalon and Burin Peninsulas to l oe on the Northern Peninsula. 
In Labrador the mean temperature varies from 1°C in the southeast to 
_2°C in the north and _3°e in the west. The warmest month is usually 
July or August and the coldest is usually January or February. 
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During summer the south coas t of the Island is slightly cooler 
than central Newfoundland due to the predominant on-shore winds. The 
Northern Peninsul a is significantl y coole r than the inte rior of 
Newfoundland because of its higher latitude. In Labrador summer mean 
temperatures a re highes t in the central region and lowest in the 
northern coastal zone. 

In the fall the south and southwest coasts of Newfoundland are 
warmer than most of central and northern Newfoundland due to the 
thermal inertia of the ocean and on-shore winds. In Labrador the fa ll 
mean temperatures vary from a few degrees below zero in the west to a 
few degrees above zero in the east. 

Winter temperatures in central and western Labrador are large ly 
innuenced by the cold arctic air mass. Near the coast temperatures are 
higher due to the moderating effect of the Labrador Sea. The arctic air 
mass al so depresses temperatures over the western region of the 
Island . On the Avalon and Burin Peninsul as temperatures are 
relative ly higher due to frequent warm air masses which originate along 
the United States eastern seaboard . 

In the spring iso therms in Labrador begin to shift from a 
north-south orientation to an east-west ori entation. The coldes t areas 
are in the north and west while the highest mean temperatures are in 
the southeast. On the Island re lati ve ly higher temperatu res are 
recorded in southern areas because of the absence of offshore sea ice. 

The highest and lowest temperatu res recorded on the Island to 
date are: +36.7°C near Bishop's Fall s, and -4S .0°C near Badger. In 
Labrador the maximum and minimum temperatures were recorded at 
North Wes t Ri ver. +4 1. 7°C and at Esker. -S I.2°C. The highest and 
lowest temperatures recorded in Canada to date are: +4S .0°C at Yellow 
Grass, Saskatchewan and -63.0°C at Snag, Yukon Territory. 

Figure 6.2 shows the mean annual temperatures for 14 c itIes 
across Canada. The maximum and minimum monthly mean tempera­
tures are also shown. The major influences on air temperature In 

Canada are lat itude and distance from large water bod ies. 
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7 - Mean Annual Precipitation 
Precipitation is one of the primary components of the hydrologic 

cycle. It s usual fo rms are rain and snow, and varia tions of these such 
as drizzle and sleet. Hai l, although relatively infrequent and light in 
Newfoundland. is another form of precipitation. Prec ipitation is derived 
from atmospheri c water and thus its form and quantity are inOuenced by 
other climatic variables such as wind. temperatu re, and atmospher ic 
pressu re. 

Evaporation fro m ocean surfaces is the princ ipa l source of 
atmospheri c moisture. Dynamic or ad iabatic cooling of the rising moist 
air causes condensation of water vapour into cloud drop lets. Precipita­
tion starts when the cloud droplets have grown to a suffic ient size. 
Vertica l transport of moist air masses is a requirement for precipitation. 

Precipi tation may be class ified according to the condi tions that 
generate vertical air mot ion. The three major categories in thi s respect 
are convec ti ve. orographic and cyclonic . Convec ti ve precipitation is 
brought about by the heat ing of air at ground level. This warm and light 
a ir absorbs water vapour and beg ins to rise. At high alt itudes cooling 
takes place caus ing condensation and precipitation. Convect ive 
prec ipi tation may be in the fo rm of light showers or th unde rstorms. 
Orographic prec ipita ti on resuhs from mechanical lift ing of moi st 
horizonta l air currents over natural barriers such as mountain ranges. 
Cyclonic precipitation is associa ted with the movement of air masses 
from high pressure reg ions to low pressure reg ions. 

Most of the province's prec ipitation is of the cyclonic type. Low 
pressure sys tems typ ically app roach the Island from the SI. Lawrence 
River va lley and the eastern seaboard of the United States. An 
orographic effect is present a long the west and south coasts of the 
Island. 

The amount of rain. drizzle, freez ing rain , freezing dri zzle or hail 
is measured in standard rain gauges. The ri m of the gauge is placed 400 
mill imetres (mm) above the surface of the ground and has a ci rcular 
orifice 113 mm in diameter. The ra in is funne lled into a clear plastic 
graduated cylinder. which serves as the measuring dev ice. The depth of 
the water in the cyl inder is read to the nea rest 0.2 111m . Figure 7. 1 
shows a standard rain gauge. 

Figure 7.1 A Standard Rain Gauge 

Snow fa ll amount is qua ntified by measuring depths o f fresh ly 
fall en snow at a number of represe ntative points with a standard snow 
ru ler and record ing the average to the nearest 0.2 centimet re (cm). The 
water equ iva lent of the snowfa ll is ob tained by divid ing the ave rage 
snowfall depth by 10; thus. I cm of snow is assumed 10 be equi valent 10 
I mm of water. 

At most stat ions prec ipitation measurements are made tw ice 
dai ly. in the morning and late in the afternoon. At some stations only 
one observation is taken da il y, while at synoPlic stations observa tions 
are taken four times dai ly. 
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The map on the opposite page illustrates the di stribution of 
mean annual precipitation in the province. The accompanyi ng graphs 
show the distribut ions of the mean monthly precipitation as well as the 
amounts occurring as ra in and snow at several climate stations. 

The data fo r the map were obtained from records at 76 cl imate 
stations located in the province. For each station dail y prec ipitation 
amounts for each year from 195 1 to 1980 were added and these annual 
precipitation amounts were averaged over the 30-year period to give the 
mean annual precipitat ion. The mean monthly prec ipitation values were 
similarly ca lculated fo r each month of a year. In the cases whe re 
stations did not have a complete record of 30 years of data, the 
precipitation records we re extended using stati stical techniques. 

A compute r program was used to generate the isohyets (lines of 
equal prec ipitation depth) from the point data at the cl imate stations. 
The inadequacy of the cl imate network , both in terms of density and 
geographical di strib ution, on the Island and in Labrador may have 
introduced some errors in the estimates of precipitation amounts shown 
on the map. 

The mean ann ual precipitation on the Island ranges from 779 mOl 
III Fogo to 1644 mm in SI. Albans. Relati ve ly higher precip itation 
occurs over the Ava lon Peninsula, along the south coast, and over the 
highlands of the Long Range Mountains. Prec ipitation is genera lly 
greatest during the autu mn and early wi nte r months and lowest in the 
spring or ea rl y summer months. Average annua l snowfall vari es from 
92 em in Sl. Shotts to 523 cm in Woody Point , with the higher snowfall 
amounts occurring over the western mountai ns and a long the east 
coas t. 

The mean ann ual precipitation in Labrador varies from 740 mm in 
the north at Na in to 963 mm in Churchill Fall s. Precipi tation is fairly 
evenly di st ributed throughout the year w ith slightl y hi gher va lues 
occurring during the summer and early autumn. Snowfall is relat ively 
heavy wi th annual amounts ranging from 396 cm to 481 cm. 

Figure 7.2 shows the spat ial variat ion of mean annual precipi ta­
tion amoun ts in se lected regions of Canada as published ,in the 
Hydrological Atlas of Canada. 

Coastal British Columbia 

Alberta and Saskatchewan 

Ontario 

New Brunswick and Nova Scotia 

Newfoundland (Island) 

Labrador 

o 500 1.000 1.500 2.000 2.500 3,000 3.500 

Regional Variation of Mean Annual Precipitation (mm) 

Figure 7.2 Mean Annua l Precipi tat ion in Selected Regions of Canada 
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8 - Rainfall Intensity for Selected 
Frequencies and Durations 

Mean annua l precipi tation is a measure of the tota l amount of 
precipitation expected du ring a typical year. For the engineering design 
of hydraul ic structures such as bridges, dams, spi llways, canals. etc ., 
howeve r, it is necessary to ana lyze indi vidual rainfall events. The 
required carryi ng capac ities of the hyd raul ic s tructures are es timated 
from the extreme amounts of rain fall recorded over minutes or hours. 

Most analyses of ext reme rainfall events involve the determina­
tion of the follow ing parameters: du rat ion of the rainfall event in minutes 
or hours , volume of rainfall over the durat ion of the storm ex pressed as 
a IOta I volume or an eq ui valent depth , and the frequency of occurrence of 
rainfall events wi th spec ified du ration and vo lume. 

Rainfall is also desc ri bed in te rms of its in tensity. In tens ity is 
calculated by di vid ing the equivalent depth of rainfa ll by its duration. A 
given volume or depth of rainfall may occu r from many differen t 
combinations of intensities and durations. For example, 30 millimetres 
(mm) of rainfall may result from a I-hour storm having an intensity of 30 
mm per hour or from a 15-hour storm having an intensi ty of 2 mm per 
hour. In the des ign of hydrau li c st ructures the former SlOrm is con­
sidered 10 be a more severe and cri tical storm. Although the vo lume or 
depth of rainfall is the same for both storms, in the first sto rm this 
amount of rainfall must be handled by the hyd rau li c structures in a 
shorter peri od of time. 

The intensi ty of rainfall during a storm can be extremely variable 
in ti me and space. Rainfall intensity is usually highest at the centre of 
the storm and decreases away from the storm's centre. The in tensity at 
any given point in the slOrm also changes wi th ti me. T hus, as a storm 
moves over a cl imate station. the rainfall in tensity recorded wi ll show 
considerable vari ation with time. 

Rainfall in te nsi ty is measured with a recording ra in gauge such 
as a tipping-bucket rain gauge. The tipp ing-bucket is a small container 
mounted on the cylindrical gauge; every time it fi ll s up, it ti ps over and 
empties. The gauge works by having a clock-driven drum carryi ng a 
chart on which a pen records a se ries of blips made each time the 
tipping-bucket spills its content. The higher the intens ity of rainfa ll , the 
shorter is the time between successive tips of the bucket. Figure 8.1 
shows a tipping-bucket rain gauge and a recorder. The recorder is 
usually located in a she ltered place . 

Figure 8.1 Tipping-bucket Ra in Gauge (left ) and Recorde r (right) 
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T he st ri p charts record ing the rai nfall data are analyzed wi th a 
digi ti zer to obta in the max imum rainfall amou nts for se lected durations 
of rainfall events. The durations arc generally 5, 10, 15, 30, and 60 
minute periods as we ll as 2, 6, 12, and 24 hour periods. The analysis is 
repeated for every year of rainfall record. The series of annua l data for 
each du ration is then processed usi ng stati stica l methods to obtain the 
frequencies of rainfall even ts. 

Very often , the frequency of a rainfall event is expressed as a 
return period. The return period is the average number of years, over a 
long time, between rai nfall even ts wi th the same duration equa lling or 
exceeding a given intensi ty. The retu rn period is also the rec iprocal of 
the probability of a rainfall intensity being equalled or exceeded in any 
year. The re lation ship between rainfa ll in te nsity, durat ion, and 
frequency (return period) is usually expressed graphically as a set of 
Intensi ty-Duration-Frequency (IDF) curves. It is considered necessary 
to have at least 10 years of data before re liable IOF curves can be 
generated. One set of such curves for the $1. John' s Ai rport area is 
shown in Figure 8.2. 
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As shown in Figure 8.2, in the St. John 's area, 6-hour duration 
rainfa ll events have intensities equalling or exceeding 8 mm per hour 
every 5 years on the ave rage. 

Fi fteen stat ions in the province equipped with record ing rain 
gauges and fo r which IOF curves were avai lab le are represen ted on the 
rainfall intensity Ill ap on thc opposi te page. The pie-charts give the 2. 
25, and 100-year rainfall depths o f events with 5-mi nu te and 1,6, and 
24-hour durations (the intensity is ca lculatcd as the ratio of dept h in 
millimetres to duration in hours). 

The ma p indicates that the rainfall events are relatively more 
severe a long the southwest. south , and east COasts of the Island. The 
climati c cond itio ns of Newfoundland are such that the wors t storms 
genera lly track into the Island from the sou th west. As they progress 
inland they lose some of their energy and the intensity dec reases. 
Labrador is less likely to be affected by in tense storms. 
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9 - Snowfall 
Snowfa ll account s for a s ignificant pe rcentage of annua l 

prec ipitation amounts in vi rt ually al l regions of the provi nce, and has a 
considerable influe nce on the reg ional characteristics of ri ver fl ows. The 
occurre nce of noods in the spring time due to snowmelt is a major 
concern in certai n communities. In our dai ly lives, espec ially during the 
wi nter, the amount of snowfall dete rmines resources which have to be 
a ll oca ted to the snow-clearing of roads. pa rking lOIS, and airport 
runways. Heavy snowfall can seri ously reduce vis ibi lity and di srup t 
trave l pl ans. On the other hand. heavy snowfa ll can be bene fi c ial to 
ski ers. 

Snowfa ll is gene rall y assoc iated with freez ing temperatures. The 
meteorologica l condi tions produc ing snowfall are the same as those 
generating o ther fo rms of prec ip itation suc h as rainfal l. Orographic 
fea tures suc h as mounta in ranges tend to inc rease the tota l amount of 
snowfal l depending on the moisture-bearing c harac teris tics of the air 
masses. 

Snow measurements are usually obtained with ra in gauges fitted 
with hea ting systems or with snow stakes. A snow stake is a 
calibra ted wooden post whic h is inse rted in to the snowpack to 
dete rmine its dep th . Direc t measure me nt of snow depth at a single 
stat ion is of limited va lue because drifting and blowi ng snow can make 
the measured depth highl y unrepresentative of the snowfall in the area. 
Furthermore, the de nsi ty of fres h snow is sign ificantl y d iffere nt from 
packed snow. he nce. the amount of snow depends upon the state of the 
accumulated snow. To c ircum vent these measurement problems snow 
surveys of depth and water equi va lent are carri ed out at vari ous point s 
along a snow course. The water equ ivalent is the depth of water that 
wou ld weigh the same amoun t as the sampled snow. As snowfall is a 
form of prec ipitation , cli matologica l records commonly report snowfa ll 
depth as measured at the time of fa ll , and the wa ter equivalent of the 
snow is included in prec ipitation totals. 

T he snowfall records for the peri od 195 1- 1980 at fifteen stat ions 
in the province were used to de ri ve in formation on the mean annua l 
snowfall , a verage nu mber of days in a year wi th snowfall , mean mon thl y 
snow depth, and maximum 24-hour recorded snowfall. T hese character­
isti cs are shown on the map opposite. The lack of data from stations 
loca ted al high alti tudes. where sno wfa ll is gene rall y hi gher. and Ihe 
low density of climatic stations limit Ihe accuracy of the informat ion 
presented. 

Snow occurs in measurab le quanti ties on the grou nd from 
November to May in mosl regions of insu lar Newfoundland; in Labrador 
the period is from October 10 ea rl y Jul y. In the eastern region of 
Newfound land the a verage number of days with measurable snowfall is 
approximate ly thirty and is signifi cantl y less than the one hund red and 
len days for the interior region of Labrador. The early occurrence and 
longer period of snow in Labrador are ind icative of its relative ly colder 
climate. 

The mean annua l snowfa ll in the province var ies from approx i­
mate ly ISO centimetres (cm) in the sout heas t reg ion of the Island to 
nearl y 475 e m in the interior of Labrador. The orographic effec t o f the 
Long Range Mounta ins on snow fa ll amounts in the western region of 
the Island is ev ident from the map. T he high mean annual snowfal l 
around Gander is believed 10 be due to loca l factors. 

The data for mean monthl y snow dept h show that . fo r mos t 
reg ions of the Island, the maxi mum va lues occur between February and 
April. In Labrador the maxi mum values occur between March and May, 
thus spring snowmelt occurs abo ut a month later in Labrador than on 
the Island. The mean monthly snow depth va ri es from nearly 30 Col on 
the east coas t of the Island to over 100 cm in Labrador. The seq uence 
of snowfa ll accumulation and subsequent me lt genera ll y governs the 
patte rn of mean monthly snow dep th . In the mar itime climate of 
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Newfoundland it is nor uncommon for several freeze- thaw cycles to 
occur during the winter season. in Labrador, in contrast, the climate is 
relati ve ly colder and mid-win ter snowmelt events are less common; 
therefore, more snow is li kely to accumulate on the ground. 

Regions with high annual snowfall genera ll y a lso have hi gh 
values for maximum mean monthl y snow depth, a lthough interest ing 
exceptions do occur. For example, Gandc r has a muc h higher mean 
an nua l snowfall than Port aux Basques, but the values for maximum 
mean monthly snow depth are similar. 

The data on the maximum 24-hour snowfall g ive an indication of 
the inte nsity of winter snow storms. Coas tal reg ions seem to experi­
ence re lati ve ly higher storm intensities than the interior reg ions. 

The estimat ion of the contribution of snow to river flows and the 
forecas ting of floods resulting from combined large-sca le rainstorms and 
snowmelt are highl y dependent upon an adequate knowledge of the 
extent and characterist ics of the snow cover with in a watershed . Such 
in formation can not be easil y obtained from ground surveys whe n the 
watersheds are large and rugged. Recent advances in remote sensing 
have e nabled hydrologists to use data co ll ected by satellites equ ipped 
wi th appropri ate sensors to map the area l ex tent of seasonal snow 
cover over large areas with good accuracy. The acqu isition and analys is 
of satelli te imagery promises to be very' valuable in snow hydro logy. 

Snow-covered Landscape 
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10 - Potential Evapotranspiration 
Evaporation is the process which transforms waler from the land 

and water masses of the earth in to atmospheric wate r vapour by solar 
radiation . Transpiration is the process by which soil moi stu re and 
groundwater absorbed by roots of plants are re leased to the atmos­
phere as water vapour through the pores in leaves. In vegetated areas 
evaporation and transpiration take place simu ltaneously; the two 
proce sses are usua ll y cons idered together and refe rred to as 
evapotra nspirat ion. 

The meteorolog ica l fac tors which affec t the rate of 
evapotranspiration aTe solar rad iat ion, wind speed, relati ve humidity, 
and temperature. Other factors include the type and exten t of vegeta­
Li on and the availab ility of water. The maximum amoun t of water which 
can evaporate and be transpired wi ll be limited by the amount of water 
available . The availability of water, however, is difficult to quantify over 
time and space. For estima tion purposes it is usually ass umed that 
there is an abundant suppl y of wate r, and the estimated va lues are then 
ca ll ed potent ia l evapotran s p irat io n as opposed to ac tual 
evapot ranspirat ion. 

Direct measurements of evaporation are made with the Class A 
evaporation pan which is 25 centimetres deep, 120 centimetres in 
diameter, and partly filled wi th water. Figure 1O.! shows an example of 
the Class A evaporation pan. Changes in water levels, as we ll as air 
and water temperatures, total wind run , and prec ipitation, are noted on 
a daily basis. The relative difficult y in measuring small changes in 
wate r levels in the pan introduces some errors in the determination of 
evaporation. The observed data from the evaporation pans can be used, 
after adjustment, to estimate evaporation from large water bodies such 
as lakes. In Newfoundland evaporation is measured at three locations, 
namely. St. John's. Gander and Goose Bay. The measurements are onl y 
taken fo r three or four months of the year because of overnight freezing 
of water during the winter months. Figure 10.2 shows the spatial 
variation of est imated mean annual lake evaporation across Canada as 
published in the Hydrological Atlas of Canada. 

Figure 10. 1 Class A Evaporation Pan 

The highest value for mean annual lake evaporation, about 900 
mm, occurs in southe rn Alberta and Saskatchewan. Such a high 
evapora tion rate has necess ita ted the use of irrigation to sustain 
agri culture. The lowest value for mean annual lake evaporation, about 
100 mm, occurs in the Arc tic region of Canada because of the relat ive ly 
lesse r amounts of solar rad iation and longer period of below free zing 
temperatures. The spatial variation of mean annua l lake evaporat ion is 
a function of the latitudinal range wi thin each region. 
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A num ber o f method s can be used to est im ate 
evapotranspiration. These include the wate r budge t method, the energy 
budget method. and several empirica l formu lae. The water and energy 
budget methods requi re severa l meteorological data of adequate 
accuracy as inputs. These data are often not avai lable. Among the 
empirical methods. the Thornth wai te's formula is one of the simplest. 
The formula uses the mean monthly temperatures and lati tude of the 
cl ima tic sta tion to give an es t imate of mean annual potential 
evapot ranspiration·. Based on Thornthwaite's formula and the tempera­
ture and location da ta available at 56 climatic stat ions in the prov ince, 
iso lines of mean annual poten ti al evapotranspiration were generated for 
the province. These iso lines are shown on the map on the opposite 
page. 

The mean annual poten ti a l evapotranspiration in the province 
ranges from a low of abou t 350 millimetres (mm) in northern Labrador 
to a high of about 550 mOl in central Newfoundland. This pattern is a 
result of the increas ing lat it ude and decreas ing mean temperature from 
the central reg ion of insular Newfoundl and to the northern region of 
Labrador. 

o 

Yukon 

Northwest Territories 

British Columbia 

Alberta 

Saskatchewan 

Manitoba 

Ontario 

Quebec 

100 200 300 400 

New Brunswick 
_ Prince Edward Island 

Nova Scotia 

Newfoundland 

500 600 700 BOO 900 

Regional Variation of Mean Annual Lake Evaporation (mm) 

Figure 10.2 Mean Annual Lake Evaporation Across Canada 

1,000 



POTENTIAL EVAPOTRANSPIRATION 
Newfoundland and Labrador 

Mean Annual 
Potential Evapotranspiration 

(mml 

D < 375 

D 375 - 399 

Cartwright 

D 400 - 424 

Mary's Harbour D 425 - 449 
6 

D 450 - 474 , 100 Km 
I I 

D 475 - 499 

D 500 - 525 

\? 
> 525 

V 
• Climatic Station 

Daniel 's Harbour 

o 50 l00Km 
LI ________ ~I ________ ~I 

SOI.O'CH: En~~_1 C..,.." Atmospheric ElWif<lnment SerW:o. 

Newfoundland O.panment 01 EnYit<>nr!wn1 and Londo. 



HYDROLOGY 



Introduction 
Hydrology is the applied sc ience concerned wi th the occurrence, di stribu tion, and ci rculat ion of the waters of the earth. 

Less than three percenl of the earth's waler resources is fresh, and most of that is inaccess ible, locked in polar ice caps 

and deep underground. Little more than one-hundredth of one percenl of the earth's waler is in lakes, rivers, the soil, and the 

atmosphere. 

Most of the earth 's access ible freshwater is stored in large lakes; the rest ci rculates dynamically: it evaporates from the 

earth's surface and is transpired from plams, it fa ll s as rai n or snow, it percolates in to the ground, it trave ls through ri vers and 

lakes, and eventually returns to the ocean. This continuous recycl ing process, which is so vital to li fe on earth , is ca lled the 

hydrological cycle. The f igure below illustra tes the va ri ous componen ts of the cycle. Though simple in concept, the many 

alternat ive routes with in the cycle make the sc ience of hydrology very complex. 

This sec tion of the At las desc ribes Newfoundland's freshwater resources in terms of thei r natura l quantit y and reg ional 

di stribution patterns. The overview of such a complex subject provides only enough detail to establi sh a general picture. 

The Hydrological Cycle 
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11 - Drainage Basins and River Gauge 
Locations 

Rivers are the natural drainage channels for surface runoff and 
the topography of the river basins dete rmines the natural drai nage 
bounda ries. A drai nage basi n, often also ca lled a watershed or 
catchment , is defined as the area which has a common ou tlet for the 
runoff. The boundari es of the basin are delineated along the he ights of 
land surrounding the walersned, and separating it fro m adjacent 
wa tersheds . . 

The map on the opposite page shows the drainage boundaries of 
rivers with drainage areas greater than 50 km2 on the Island and greater 
than 500 km 2 in Labrador. These basins have been assigned numbers 
which are assoc iated with the ri ver names li sted in the drainage basin 
key. The rivers in the li st have been' grou ped accord ing to the general 
direction of drainage and the colours used fo r the map. 

Ri vers on the Island drain primari ly either northeast or sou th to 
the Atlan ti c Ocean, and west to the Gulf of S1. Lawrence. Rivers in 
Labrador drain primaril y east to the Labrador Sea, and south to the Gulf 
o f S1. Lawrence. The weste rn provinc ia l bou ndary between 
Newfoundland and Quebec runs along the drainage di vision between 
rivers fl owing east through Labrador and those flowing west and north 
through Quebec. 

The management and allocation of water resources require an 
accurate assessment of the quant ities o f water ava ilable in various 
drainage bas ins. Water Survey of Canada. in co-operat ion with the 
province, ope rates a network of standard river gauge stations which 
continuously record water levels. The costs of constructing, operating , 
and maintaining these stations are shared between the province and the 
federa l government under the Canada-Newfound land Hydrometri c 
Surveys Agreement signed in Apri l 1975 . The total annual cost of the 
program exceeds $500,000. The purpose of the Agreement is to secure 
coordinated and standardised basic streamflow data to fac ilitate water 
resource planning and management. The map shows the locat ions of 
various types of gauging stations on ri vers in the province. 

At standard gauging sta tions the recorded wate r levels or 
"stage" measurements are converted to stream fl ows by means of a 
stage-di scharge curve, which is estab li shed by measuring the ri ve r 
flows for a number of water levels. and is unique for each station. Some 
of the gaug ing stations arc equipped with a Data Collection Platform 
(DCP). which not only records the water levels, bu t also transmits the 
data via sate ll ite to provide near-to-real-tirne information to federal and 
provinc ial authoriti es and other agencies for assessing fl ood risks and 
optimising hydro power generation. Figure 11 .1 shows a DCP station 
on the Exploits Ri ver. 

·Figure 11.1 A Gauging Station with a Data Collection Platform. Note 
the antenna fo r data transmission via satellite . 

DRAINAGE BASIN KEY 

Ayaloll P~lI.i ,"ul. 

Atlantk (kean DnliI\alC 

I Picoos Brook 
2 Isl:md Pond IIrook 
3 NortheOl.'l Pond R,,·cr 
4 Broad Co~e R i~er 

~ Renn i6 River 
6 Waterford I<iver 
7 Raymond Brook 
8 Manuel! Ri,-er 
9 Bay aull~ River 
10 Perry. Brook 
11 Mobile River 
11 TQrS Co,·~ Rh·~r 

13 .... Manche Ri ,·er 
14 Horse Chop!' Ri'·n 
1~ Cape 8 myle River 
16 Black Ri,'no 
17 Seal Cove BrooJr; 
18 ChanceClWeBrooJr; 
19 Biscay Bay Ri"er 
20 North ... ·($! Brook 
2 1 SL Shot", Ri,"Cf 
22 PcotffS I<i, ·e. 
23 CroI$ing 1'1a<~ Riv~. 

24 U nte H:ubou. River 
~ Salmonier Ri,·er 
26 H:II"riron Rivl/f 
27 North Arm River 
28 Mahon; Ri ver 
:!9 Seal Co>;c R,,-er 
30 Maloneys Ri~e. 

31 A,·(lndale Rivno 
32 Colliers Ri...". 
33 Goulds Brook 
34 North Rivc. 
3~ Shearstown BrooI; 
J6 Soo th lI iver 
37 Mosquitn Brook 
38 Island Pond Brook 
39 Spout Cove BrooI; 
40 Broad Co' ·e B<OOI; 
41 We~tcrn Bay BrooI; 
41 NOnMm Bay Brook 
H Gu ll Island Broot 
+I Big Brool 
4S Unnamed River 
46 Ncw Pcorl ican Rivu 
47 He:an'. Del ight BrooI; 
4S Pucl>en Pond Brook 
49 Gull Pond Brook 
50 Unn.tllltd Rivno 
~ I Unnarncd Ri,-a-
~1 Rocky Ri,· ... 
~3 Colinel RIver 
54 North Harbour River 

" Un '" Salmooier R,...". 

" Bi, &rachois R,,·er 

" Utile Banchoi. Rive. 

" Red Head Rivno 

" Branch Ri~er 

60 Unnamed Ri,·cr 
61 Unnamed River 

" Ijule 8 arachois I:lrooI; 
6J Southeast River 

" Nort heast Rive. 
65 Unnamed Ri~er 

'" Trout Drool 
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67 COrt1C" By Chance Rivc. 
68 North Harbour River ., Bl ack Ri~er 

7Q Pipers floIe Ri~er 

" Sandy I l:ubour Riv ... 
n Paradise River 
7) Unnamed lIivcr 

" Bay 1)C L'u u RI ,·e r 

" Ratlle Brook 

" Unn~"1Cd Ri'·er 
n Devil Brook 

" Garnish Ri,·er 

" GrlInd Beach Brook 

'" Tides 8roo/r: 

" Big Salmonier Bmol 
82 St. Lawrence Ri~er 

" Unn.tIlItd Ri,·er .. U ti le Baraliw"y BrooI; 

" SiJlfIlQII.ier Ri ,on 
86 PieruyBrook 
87 Sowh .. ·c:st Brook 
88 lAn, II..t.ou. River 
89 Bay Du Nord R ...... 
90 R<"fICOOlre Brook 
91 Salmon 1I""t"f 
92 Unrwntd River 
93 Littlt Rhw 
94 Connc II i,'"," 
9S Upper Salf1lQ11. lI,ve, 
96 lowe. Salmon River 
'17 O·espoir 8rook 
98 BoIlom 8 I'00/I; 
99 Dollard Brook 
100 M ..... an 8roo1; 
10 1 lower Grey Ri,·cr 
102 Unnamed Ri'·cr 
103 UnnanlC'd I<iver 
I ~ w .... er White Bcar River 
105 BOy dc:l.oupB rook 
106 Kings Harbour Brook 
107 Grandy Brook 
108 Unnanled Ri'·er 
109 CinqCerf Brook 
110 La Poi lt River 
III Garl. BrooI; 
112 Grandys Brook 
113 l.\Je.uI Morts ll i~er 

114 Unle Codroy River 
II ~ Codroy Ri~er 
116 Highl3ll.ds Rivtt 
117 Crabbes Ri,·er 
118 BafJlChoi. Brook 
119 1~l>:hcll. Brook 
120 ~lal Bay Brook 
121 Unle Ba"",hoi. Brook 
122 Soothwest Brook 
123 Harry~ Ri"er 
114 BlanctIC' Brook 
I~ fox Island River 
126 Serpentine Ri,·er 
117 CQmcr Brook 
128 HumberRi'-er 
129 lIughes Brook 
130 Ran ... , Brook 
131 Old M.IIRS Brook 
132 Goose Arm Brook 
133 Lo .... tt Crabb Brook 
134 Troul Ri' · ... 
13~ Lomond River 
136 Southeast Brook 
137 Pttr Brook 
13g Ik>tlom Creek 
139 Bakers Brook 
14(l Western Brook 
141 Panons f'lInd 1I;~c. 
142 P\:wtlandC..,.,k 
143 Ri,· ... of Ponds 
144 Toml"\l Ri~er 
14~ f..asl Ri~er 

146 Castors Ri ver 
147 SIC. Genevieve Ri~er 
148 Wesl Ri,'er 
149 Glttn Isl;>n<l Brook 
ISO Big Brook 
I~I Unnamed Ri'·er 
1~2 Unnamed River 
lS3 Ranten, River 

154 RockyCO>Ie Brook 
I~~ West Brook 
156 Salmon Rinr 
1~7 South,,·est Brook 
1~8 NonhulIl Brook 
I ~9 !kavc. Bmot. 
160 NonhweSt Brook 
161 Cloud River 
162 Unnamed Kivu 
163 Unn.amed Ri ver 
164 Souffitts lIiver 
165 UnnanlCd River 
166 Great Hamoor Deep Ri'·er 
167 Linle Harbour O«p Ri,·er 
168 Cal Arm Ri .. c, 
t69 Unnamo:d River 
170 Main River 
171 Ooucers Brook 
172 Hampden Ri"er 
173 Bi, CIIouK Brook 
174 Indian Brook 
17S Rattl'n. Brook 
176 Wild C",·c "mol 
177 Middle Ann Brook 
118 Wc:st BIOOI; 
119 South West Brook 
180 Pxq~ Brook 
181 BarT1e)'5 Brook 
182 Tommy'. Arm Ri,·cr 
183 Shoal Ann Brook 
184 Sui Bay Brook 
185 WcSt Arm Brook 
186 New Bay Ri~er 
187 Nonhem Aml Brook 
188 Peters River 
189 ExploilS Ri'· .... 
190 Ranlin,Broot 
191 Unnamed RI,·e. 
192 Unnamed River 
193 Indian Ann Brook 
lIN Ten Mile Lake 
19~ Gander Rive. 
196 Ragged flarbo<Ir lIi~er 
197 DeadlfWl'S Brook 
198 Pound Cove " rook 
199 Unnamed Ri'·cr 
200 Indiatt Ray Brook 
201 T",,·c~ Brook 
202 M iddle 8rook 
203 Gambo Pond 
2~ North ... ·cS! Brook 
lOS TCmI Nov. Ri,·c. 

206 Win" Brook 
207 Sourh"= Brook 
208 North"'""1 lIi,·c. 
209 Southwest Ri,·er 
210 Shoal fWboor lIiver 
211 Georges Brook 
212 SoulhwcSt BIOOI; 
213 Soolhem Bay River 
2 14 SalmonCO'·eMi'· .... 
21~ Unn.amed River 
216 Unnamed M;~c' 
217 Unnamed Ri~tr 

2 18 tlkkmarullarbour River 
219 Northwe$t Brook 
220 Unnamed Ri'·e, 

Southern .... bndor 
Gul f m 51. LawreDCC Dnoinagc 

22 1 5,. Paul Riv"," 
222 51. AugUStin Riv .... 
223 Link Mccatina River 
224 Nal:bhquan Ri,·er ,.-
LablOldor Sea Dra inagc 

22~ Ch=hiU Ri''t"r 
226 K~namu Rivcr 
227 Kcnemich Rive. 
228 Eagle Ri' ·er 
229 Alelis R;""," 
no 1I .... ·kc Ri'·er 
231 Sand fl ill Ri_ 
232 North lIi_ 
233 Goo.c R;'·er 
234 !ka'·er River 
n~ Nasbupi Rh 't"r 
236 Unnamed Ri,"t"f 
237 Unnamo:d Ri ver 
B8 Big River 
239 Kanairiklok Ri"er 
240 U&ioklok Ri,"t"f 
24 1 Nouk .. 1IOOn Ri,·c. 
l4l Koplult Ri ..... 
243 Anaktalik Ri' ·er 
244 F..,.... River 
24~ KingulUtik Ri, .... 
246 North Ri~cr 

247 Siupk River 
248 Unnamed Ri~er 
249 Unnamed Ri~er 

250 Unnamed River 
2~ 1 U~Ri~er 

2~2 Na .... Bk Brook 

The number of gauging stations operating as of 1990 was 84 on 
the Island and 13 in Labrador. The number of gauging stations equipped 
wi th a Data Collection Platfonn was 23 on the Island and 6 in Labrador. 
The size di stribution of the gauged dra inage basins, including those 
basins where the stations are no longer operating but have previo usly 
recorded nows, is shown in Table J 1.1. 

Table 11 .1 Size Distribution of Gauged Dra inage Basins 

Drainage Area (km2) 
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12 - Major Lakes, Ponds, and Reservoirs 
From a hydrological point of view, lakes, ponds. and rese rvoirs 

can be defi ned as inland water bodies which function as temporary 
storage areas fo r ru noff. While lakes and ponds arc of natu ral origin , 
reservoirs have been "created" either by the damming of a section of a 
ri ver or by controlling the ou tflows from exist ing natural lakes. 

Lakes and ponds in the province range in size fro m small 
peat-bog ponds of a fe w hu ndred square metres to lakes having surface 
areas in the hundreds of square ki lometres. It is est imated that lakes 
and ponds occupy between 10% and 20% of the land area of the 
province; the uncertai nt y in the estimate is due to the potentiall y 
enormous area occupied by the vast number of peat-bog ponds. The 
map on the opposite page shows eighty-seven wate r bodies on the 
[sland with surface areas grca ter than ten square kilometres and 
seventeen in Labrador which exceed one hundred square kilometres in 
surface area. 

The largest wate r body in the province is the Small wood 
Reservo ir on the Churc hill River in Labrador. It has a surface area of 
3640 square kilometres. On the Island the largest wate r body is Grand 
Lake with a surface area of 354 square kilome tres. The size di st ri bu­
tion of water bodies in the province is shown in Figure 12.1. 
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Lakes and ponds are common features of Newfoundland's 
landscape. Several processes have been postulated for their o ri gin. The 
three major ones are tec tonic, glac ial, and organic processes. Minor lake 
formation processes include solut ion of limestone deposi ts and lowering 
of the sea level. Differential e ros ion of struc tural bedrock fealUres is 
gene rally cited as be ing respons ible for the geo logica ll y controlled 
lakes. These lakes tend to include the re lat ively large r ones. It is 
thought that the lakes of tectonic origin were subsequently deepe ned by 
glacia l erosion. Grand Lake and Sandy Lake are examples of such 
lakes. Lakes of glacial o ri gin tend to be middle-s ized. Damming. rather 
than erosion, however, is thought to be the primary process that in iti all y 
formed the lakes. In places. many of these lakes lie in strings in the 
direction of icc flow. The profi le of the glacial lakes tends to be regular, 
lypically ovoid. wi th the longer ax is in the direc tion of the ice movement. 
An example of a lake of glac ial o ri gin is Gander Lake. Pea t-bog ponds 
are generall y class ified as of organic ori gin. These ponds are commonl y 
onl y a few hundred squa re met res in area and are rarely more than three 
metres deep. They are thought to have ori ginated in irregular surfaces 
left by the retreat of glaciers. 
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There has not been extensive bathymetric surveys of lakes and 
ponds in Newfoundland. The scant information avai lab le suggests that 
the small peat-bog ponds are generall y less than th ree metres deep, 
while lakes of glacia l origin are much deeper; the maximum depth of 
Gander Lake. for example, is est imated to be over 240 metres. 

As sys tems which mainta in ecological diversity and stabi lity, 
lakes and ponds are important components of the natural environment. 
They are the nat ural hab itat for a vari ety of aqua tic life and are food 
sources fo r severa l land-based animals. In add ition, lakes and ponds. 
because of the ir in tri nsic aesthe tic va lue, playa significant role in the 
social and economic welfa re of the public. They are a common fea ture in 
many of the parks in the provi nce where they are used ex tensively fo r 
such recreational acti vities as fi shing and boating. The shores of lakes 
have tradit ionall y been prime locations for cottages. 

Lakes and ponds are integra l components of ri ver systems and, 
as such, influence the hydrology of watersheds. The storage capac ities 
of lakes and ponds attenuate fl ood flows and the wa ter stored is 
re leased gradua ll y over a longer peri od of time. Thus. lakes and ponds 
sustain ri ver fl ow during low prec ipitation periods. Also, since lakes 
and ponds have relati vely large areas of open water. the evaporation 
losses from them are re lati vely higher. These losses are important 
considerations in analyzing the water balance in a watershed. 

Reservo irs are genera lly lakes or ponds with the ir oullet flows 
controlled by man-made struc tures . Sometimes, ncw lakes are 
"created " by the damming of a section of a major river system. The 
de pth and surface areas of these reservoirs are dete rmined by the size 
and operation of the control structu res. The wate r slOred in the 
rese rvoi rs may be used for water supply, hydro power generation, flood 
control, or rec reational activi ties. Grand Lake and the Smallwood 
Reservo ir are examples of water bodies with cont rolled outlets. The 
fl ows from them are used to generate hydro power. The map on the 
oppos ite page shows the locations of several reservoi rs in the province. 

The considerable economic and recreational uses of lakes and 
ponds are pu tt ing a tremendous pressure on the ecological and physical 
hea lth of these systems. Wi th the pri vilege of enjoying their benefits 
comes the responsibil ity of protecting them. 

Lakes and Ponds: To be Enjoyed and Protected 
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13 - Mean Annual Runoff 
Runoff is that portion of precipitation which flows into rivers, 

lakes, and oceans by surface drainage and through the ground. The 
remaining portion of the precipitation either is returned to the atmos­
phere through evapotranspiration or percolates into deep aquifers. 

The total volume of river flow from a watershed during a year 
expressed as an average depth of water in millimet res (mm) over the 
drainage area of the walershed is called the annual runofr. Annual 
runoff amounts from rivers vary from year to year depending upon the 
amount of precipitation and other factors such as temperature and type 
of vegetation cover. The mean annual runoff is the sum of all the 
recorded annual runoff amounts divided by the number of years in the 
period of record. 

Mean annual runoff is an important parameter in the design of 
water supply sys tems, hydro power generating plants j and other water 
resources engineering projects. It is also used in the management of 
fi sheries resources. 

The map of mean annual runoff on the opposite page shows 
isolines of mean annual runoff amounts for the province. These isolines 
were developed on the basis of calculated mean annual runoff amounts 
at 56 gauging stations on the Island and 14 gauging stations in 
Labrador. Because of the limited number and non-uniform spat ial 
distribution of the gauging stations, the mean annual runoff amounts at 
most points on the isolines were approximated from the known values 
at the nearest gauging stations. 

The map shows that there are significant differences in mean 
annual runoff between various regions of the province. In Labrador the 
mean annual runoff ranges from 600 mm to 700 mm. On the Island three 
di stinct regions of mean annual runoff can be delineated: (I) the eastern 
and southwestern areas where the mean annual runoff ranges from 1300 
mm to 2100 mm, (2) the central region where the mean annual runoff 
ranges from 700 mm to 900 mm, and (3) the Humber Valley and 
Northern Peninsula region where the mean annual runoff ranges from 
900 mm to 1400 mm. 

The differences between regional mean annual runoff amounts 
are indicative of the variations in mean annual precipitation across the 
province. A comparison between the mean annual runoff map and the 
mean annual precipitation map (Map 7) shows that both variables 
exhibit the same spatial pattern. The eastern and southwestern 
regions of the Island receive the highest amount of precipitation and 
also have the highest mean annual runoff amounts. 

A comparison of the mean annual runoff and mean annual 
precipitation maps also indicates that the fraction of precipitation that 
appears as runoff is approximately 0.8. In some regions mean annual 
precipitation appears to be less than mean annual runoff; this is clearly 
not possible. The explanation for the anomaly is that the mean annual 
preCipitation map was based on precipitation data obtained mostly from 
gauges located, for ease of access by observers, near communities at 
lower elevations along the coast. Since precipitation generally 
increases with elevation, the precipitation data at these climatic 
stations may underestimate precipitation over large areas with a range 
of elevations. 
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If mean annual runoff is conve rt ed into mean annual runoff 
volume, on the Island atiout 105 billion cubic mel res (bern) of water are 
discharged annually into the sea; in Labrador the annual di scharge is 
about 190 bern. Figure \ 3. 1 shows the regional mean annual runoff 
volumes. The regions were delineated on the basis of topography and 
major direction of flow, and they nearly correspond with the regions 
shown on the drainage basin map (Map 11). 

ATLANTIC 

OCEAN 

BCM : Billions of cubic metres 

o 200 Km 
~ 

Figure 13.1 Regional Mean Annual Runoff Volumes 

In Newfoundland the mean annual runoff ranges from 600 mm 10 

2100 mm. Figure 13.2 shows the spatial variation of mean annual runoff 
in various regions across Canada as published in the Hydrological Atlas 
of Canada. British Columbia has the largest variation: 100 mm to 3200 
mm, while in the Northwest Territories the range is only from 25 mm to 
100 mm. In certain areas in Alberta and Saskatchewan the mean 
annual runoff is less than 10 mm. The wide variation in mean annual 
runoff across the country is a reflection of the regional differences In 

precipitation, topography, and latitude. 
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14 - Annual River Flow 
The total annual discharge of the rivers of the world is estimated 

at 35,000 billion cubic metres, representing about one-third of the annual 
precipitation. The Amazon River in South America has the wo rld's 
largest annua l discharge, which is estimated to be about 6,000 billion 
cubic metres or approximately one-sixth of the world's lOtal discharge. 
Canada's largest river, the St. Lawrence, annually discharges an 
average of about 319 billion cubic metres of water at Nicolet; the second 
largest river, the Mackenzie, annually discharges an average of about 
312 billion cubic metres of water into the Arctic Ocean. 

The annual river flow map on the opposite page shows the 
annua l river flows from some of the larger gauged watersheds on the 
Island and in Labrador. The width of the arrow on each rive r represents 
the estimated mean annual flow at any point along the river. These 
arrows were developed on the basis of measured discharges at gauged 
sect ions; at ungauged sec tions the widths of the arrows were est imated 
by pro-rat ing measured flows with drainage areas. 

The annual rive r flow from the Exploi ts River, which has the 
largest wate rshed on the Island, is estimated at about 8.5 billion cubic 
metres at the gauging station. In Labrador the largest bas in is the 
Churchill River basin, and the mean annua l river fl ow at the gauging 
station is esti mated at 55 billion cubic metres. 

Figure 14.1 illust rates the es timated mean annual river flows 
from the larges t gauged bas ins in Newfoundland and the maritime 
provinces. Clearly, dra inage area, in addition to mean annual precipita­
tion, is a major factor in determin ing the magnitude of annual river flow. 
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Figure 14.1 Mean Annual River Flows from the Largest Gauged 
Basins in Newfoundland and (he Mari time Provinces 
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In New found land, for watersheds greater than 1000 square 
kilometres , the logari thm of mean annual river flow vo lume is almost 
linearly related to the logarithm of the drainage area of the river. Figure 
14.2 shows a plot of mean annual runoff volume for several watersheds 
of varying sizes on the Island and in Labrador. Basins in Labrador have 
lower mean annual runoff vo lumes than basins of similar areas on the 
Island ; th is is a reflection of the relatively lower mean annual precipita­
tion in Labrador (see Map 7). 
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15 - Monthly Streamflow 
Maps 13 and 14. respectively, show the mean an nual runoff 

across the province and the annual flows for some of the larger rivers. 
Another important aspect of river flow is its variation wi thin an average 
year. The monthly streamflow map on the opposite page shows the 
mean month ly flow s for se lected unregulated rivers in the province. 

The month ly mean flow is defined as the arithmetic mean of all 
the daily fl ows during a particul ar month . The mean monthly flow for 
any specific month is derined as the arithmeti c mean of all the monthly 
mean fl ows of that month over the period of record. 

Thirty gaug ing stations on the Is land and five stations in 
Labrador were se lected fo r depicting the patterns of mean monthly 
fl ows across the province. On the graphs shown on the map, the mean 
monthly nows have been expressed in cubic metres per second. The 
colours represent different ranges of the mean monthly nows. It is 
evident that watersheds of relat ive ly larger drainage areas genera lly 
have higher mean monthly nows. 

The monthly st reamllow graphs ind icate that all the ri vers have 
variable fl ows during an average year. A typica l graph shows a period 
o f high nows during spring preceded and followed by periods of low 
flows. Most of the high fl ows in the spring are the result of melting of 
snow accumulated during the winter months. A second period of high 
fl ows, due to ra instorms. occurs from October to December. This is 
most apparent on the eastern region of the Island. Winter low fl ows are 
caused by be low freez ing temperatures result ing ill very little prec ipita­
tion available fo r runoff, wh ile dep letion o f soil moisture reserves in the 
ground by evapotranspirat ion is the major cause of summer low n ows. 

In the eastern and southern reg ions of the Island. the high spring 
n ows start in March. Streams in these regions also exhibit a high runoff 
pe riod during January and February. This is primari ly due to the milder 
winter temperatu res which can induce combined ra infall and winter 
snowmelt events . With an increase in the la titude of the ri ve rs, the 
starting date of the spring high n ows is delayed : on the Northern 
Peninsula and in Labrador snowmelt starts in April and May, respect­
ive ly. The spring runoff takes about two monlhs to reach it s peak 
across the Island and Labrador. 

The ri vers in the province usuall y exhibit two periods of low 
flows: one during the winter months and the ot her during the summer 
months. In the eastern region of the Island. the summer low flows are 
more severe than the winte r low n ows and occur be tween Jul y and 
September. In the central region of thc Island. the winter and summer 
low fl ows appear to be equa lly severc. In con trast. in Labrador, the 
winter low n ows. which occur between January and March, are more 
severe than the summer low Ilows. 

Information presented on the map and the bar graphs indicates 
that the timing and duration of the high and low nows in the province 
depend on the latitudes of the rivers and hence on the reg ional climate. 
Figure 15. 1 illustrates the effec t of lat itude on the monthly di stribution 
of an average year's fl ow. The increased severity of winter low flows 
and the forward shift in the timing of the hi gh n ow period with an 
increase in lati tude are quite noticeable. 
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Figure 15.1 Effect of Latitude on Monthly Distri bution 
of Annual Runoff 

A knowledge of monthly streamflows is importan t for projects 
where a fi rm suppl y of water is required. Examples of such projects are 
mun ic ipal water supplies, hydro power generation and mining oper­
ations. As already di scussed, however, monthly streamnows from 
natura l ri vers tend 10 be highly vari ab le and, if they are not regulated, 
cannot be depended upon for a steady supply throughout the year. 
Figure 15.2 shows the effect of regulation on the variation of monthly 
stream fl ows. The ri vers se lected for illustrat ion are the unregulated 
Gander River and the regulated Exploits River. The flow in the Exploits 
Ri ver is regulated for hydro power generation. Figure 15.2 shows that 
mean month ly flows on a regulated ri ver are closer to the mean annual 
now than on an unregulated river. 
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16 - Minimum Streamflow 
All rive rs in Newfound land and Labrador have annual peri ods of 

low nows. Some of the ri vers occasionally even fun dry. Information on 
the ti ming and severity of the low now peri ods is import ant fo r several 
wa ter resources engineering and management app lica tions. such as: 
esti mat ing avai lable water suppl y for mun ic ipal and ind ustria l uses, 
dete rmining the waste water di lu tion potc nti ,i1 of a receiv ing stream, 
predicting the impac t of stream di vers ions on the minimum fl ow 
requi re me nts fo r spaw ning and mig rating fi sh. a nd. ge ne rall y. fo r 
e nvironme ntal impaci assess me nt s tudies. 

Cert ain te rms need to be de fined fo r unders tanding the in fo rma­
tio n o n low fl ows prov ided o n the minimum strea mflow map shown o n 
the o pposite page. The lowest dail y flow recorded d uring a year is 
ca ll ed the I-day annual minimum fl ow. S imil arty. the I-day mo nthl y 
minimum fl ow is the lowest da il y fl ow recorded du ring a mo nth . Very 
o fte n. o ne is interested in the lowest fl ow averaged over a period longer 
tha n I day. In thi s instance. the lowest fl ow averaged over a period of 
N consecuti ve days d uri ng a yea r is ca ll ed the N-day annua l mlllllnum 
flow. 

The N-day annual mllllllllllll fl ow varies fro m yea r to yea r and 
canno t be fo recas ted. One can on ly esti mate the freq ue ncy of its 
occurre nce based o n a statisti ca l ana lys is of severa l years of st reamfl ­
ow data . Hydrolog ists ex press the freque ncy and mag nitude o f the 
N-da y annual minimum fl ow in terms of a "return pe riod" . The return 
period is the ave rage time in tcrva l in years , over a long period of time. 
betwee n occ urrences o f low fl ows e ither equalling o r being less than a 
g ive n mag nitude. A return period o f X years docs not imply a reg ul arity 
o f occurrences. 

Figure 16 .1 shows that the recorded I -day annual mltlllllUIll 
fl ows o n the Rocky Ri ver at its gauging station varied considerably from 
year to year du ri ng the period 1950 to 1989. A freq uency anal ys is of the 
dat a g ives the I-day an nual minimum fl ow with retu rn pe riod of 2 years 
as 1.06 111 .1/s: the 20-year I-duy ann ua l minimum fl ow is 0.33 mJ/s . 
These val ues are ill us trated in Figure 16. 1. According to the definition 
o f the "re turn per iod", o ne would expec t the ave rage time inte rva l 
between occurre nces of the 20-year I-day min imum flow to be 20 years. 
or a lt ernati ve ly, one would expect it to occur, on the average. abo ut 
tw ice du ring the 40-year period of 1950- 1989. Figure 16. 1 shows there 
were four such occurrences recorded: deviati ons of recorded occurrences 
fro m stati stica l pred icti o ns sho ul d be expec ted whe n the per iod o f 
recorded fl ows is re lative ly small. Recorded minimum fl ows were equal 
to or less than the 2-year low fl ow about eve ry IwO years. 
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T he se lecti on of the duration and return period o f a minimum now 
for design purposes is based on the par ticul ar applicat io n. For example. 
the IO-year 7-day minimu m fl ow is usuall y o ne paramc tcr in the 
evaluat ion and desig n of water suppl y syste ms. 

The minimum s treamflo w map shows the magnitudes of the 
I-day, 7-day, I 5-day and 3D-day minimum flows of return periods o f 2. 5, 
20, 50 and 100 years. Simi lar in format ion is not prov ided for Labrador 
and some statio ns o n the Is land because o f insuffi cient data fo r a 
re li able stat is ti ca l anal ysis . Large r watersheds usuall y have larger 
minimum fl ows: therefore, for ease o f compari son between watersheds 
of d iffe rent s izes the fl ows were d ivided by the area of the wate rshed . 
and have been ex pressed in litres per second per square kil o metre. 
IIs1k m2. The map also shows the minimum daily fl ows, averaged over 
the peri od of record , for every mo nth o f the year. It is, of course, 
ex tremely unl ike ly that these min imum flows woul d a ll occur in a s ingle 
yea r. 

As shown on the map, o n the Island, the 2-year I-day minimum 
flow va ri es between 2 IIs/km2 and 8 IIs1km2. There is no d ist inct trend 
in the mag nitude o f the minimum flows ac ross the Is land. The bar 
c harls o n minimum dail y fl ows ind icate that there are two peri ods o f 
min imum flows o n the Island : winter and summer mo nths. In the 
eas te rn reg io n o f the Island, the summer minimum fl ows tend to be 
lower than the winte r minimum flows. In the central reg ion and in the 
Northe rn Pe ninsul a. the winte r and Slimme r low fl ows te nd to be 
equall y seve re. In Labrador, the winter low flows are s igni ficant ly more 
seve re th an the summer lo w flo ws. 

The mo nth ly frequency of occurre nce, shown in Figure 16 .2, of 
recorded I-day annual minimum flows over the peri ods of records o f the 
rive rs shown o n the map indicate that there is a shift fro m summe r 
minimum fl ows to winter minim um flows with an increase in latitude. 
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17 - Maximum Streamflow 
All ri vers in the province have annua l periods of high flows. 

These high flows can be caused by heav y rainfall , mc lting of snow 
accumul ations. or bo th simultaneously. Moderate to rela ti vely high 
flows are generally beneficial fo r wa ter supp ly. hydro power generat ion. 
fi sh habitat management, and other uses. Ex tremely high flows. on the 
othe r hand, can cause conside rable damage to bridges. dams, roads, 
houses, and other structures across or alongs ide rivers. Loss of life 
may also occur. 

In the hyd rologic literatu re. the max imum instan taneous ri ve r 
flow recorded during a year is ca lled an annual flood fl ow. Est imates of 
these flood flows are requi red as in puts in fl ood ri sk mapping (see Map 
19) and studies for flood control. In addition , esti mates of flood fl ows 
are required for the adeq uate design o f hydrau lic structu res such as 
da ms. levees, bri dges, cu lvert s, etc. The magnitudes of the annual fl ood 
fl ows va ry from year to year and cannot be fo recasted. One can only 
es timate the freque ncy of occurre nces of these flood flo ws. T he 
esti mate is based on a statis ti ca l analys is of severa l years of recorded 
a nnual flood fl ows. For design purposes. hydro logists express the 
frequency of flood flows in terms of a "return period" . The return period 
is the average time in terva l in yea rs. over a long pe ri od of time, 
be tween occurre nces of fl ood flow s which equal or exceed a ' given 
magnitude . A return peri od of, say, X years does nOl imply a regulari ty 
o f occurre nces, rat her, it is an average time interva l be tween occur­
rences. 

Figure 17. 1 shows that the recorded fl ood flows on the Isle aux 
Mort s River varied considerably from year to year between 1962 and 
1988. A frequency ana lysis of these flood fl ows gives the fl ood flow 
with a 2-year return period, also ca lled the 2-year fl ood flow. as 357 
m3/s, the 20-year flood fl ow as 648 m3/s and the IOO-year flood flow as 
798 01 3/s. These values are shown in Figure 17.1. Accord ing to the 
definition of "return period", one would expect the average time interval 
between two success ive occurrences of a 20-year fl ood fl ow 10 be about 
20 years. or alternatively, one wou ld expect the 20-year flood fl ow to be 
equall ed o r exceeded, on the average. at least once over the 27-yea r 
period be twee n 1962 and 1988. Figure 17. 1 shows that the 20-year 
flood flow was exceeded once, in 1985, du ring the period of record. The 
fi gure also shows that no IOO-year flood fl ow has been recorded yet. It 
is certain that thi s flood flow will occur sometime in the futu re. bu t the 
year of its occurrence cannot be predicted. 
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The return pe riods of flood fl ows se lec ted for des ign of water 
con tro l o r hydraulic structures depend on the type of structure and the 
ri sk to property and life if the structure fai ls due 10 nooding. For 
example, it is usua lly recommended that culverts be des igned for the 
25-year fl ood flow, whereas, for major dams, whc~c failure could be 
catast rophic. the des ign fl ood fl ow may be the ISO-year fl ood fl ow or 
cven onc of a higher return peri od. 

T he max imum streamflow map on the oppos ite page shows the 
magnitudes of the 2-year, IO- year, 20-yea r, 50-year and IOO-year flood 
fl ows expected on wa tersheds o n the Island and Labrador. These 
values were obtained from a freq uency analys is of recorded an nual flood 
fl ows. Larger watersheds usuall y have larger fl ood flows; therefore, for 
ease o f comparison between watersheds o f diffe rent sizes, the fl ood 
flows we re div ided by the a rea of the watershed, and have been 
expressed in c ubic met res per second per square ki lomet re, m3/s/km2. 
The map also shows the average of max imum dail y fl ows recorded, over 
the period of record. fo r every month of the year. It is, of course, 
ex tre mely un likel y that these monthly max imum fl ows would all occur in 
a s ingle year. 

T he bar charts for expected maximum streamflow indicate that , 
on the Island, fl ood flow s are higher on the eastern and south western 
reg ions than in the central and Northern Peninsula reg ions. The fl ood 
flows, on a per unit area basis. are lowest in Labrador. The fl ood flows 
are highe r in the lower latitudes of the province because of the greater 
amounts of precipitation in these regions. 

The bar charts for average max imum daily fl ow ind icate that in 
Labrador most of the high fl ows occur between April a nd Jul y and are 
caused by snowmelt . The same observation can be made for the 
Northern Pe ninsula and centra l reg ion of the Island. Flood fl ows 
be tween October and December. due to rai nstorms. are a lso poss ible. 
In the easte rn and south wes tern reg ions of the Island. fl ood flows are 
possible in a lmost any month of the year. Flood fl ows in these reg ions 
during the period Jan uary 10 March are often due to combined snowmeh 
and ra in fa ll. Figure 17.2 shows the monthly frequency of recorded flood 
flows for the ri vers shown on the map in the eastern and south-western 
regions of the Island and in Labrador. 
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Figure 17.2 Frequency of Annual Flood Flows 
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18 - Ice Conditions 
Most ri vers and lakes in the province are covered with ice during 

the winter season. Break+up of the ice covers usually occurs in spring. 
The timing of these freeze-up and break-up events affects a variety of 
wate r uses including water supplies, tra nsportation, and rec rea tional 
uses. Break-up. in particular, can cause ice jams which are the most 
important ca li se of noeding in many reg ions of the province. These 
noods often have serious economic consequences. 

In rivers the fo rmat ion of an ice cover is dete rmined primarily by 
weathe r conditions: other fac tors include the size and shape of the ri ve r 
channel. river slope, and runoff volume. An ice cover wi ll start to form in 
a ri ve r or lake after the air temperature drops be low freezing. The type 
of ice cover formed depends on the ve loc ity of the water in the channel. 
These types are illustrated in Figure 18. 1. 

Figure 18. 1 Types of Ice Cover 

Fragmented or 
solid ice cover 

\ 

In the low ve loc ity reaches of a ri ver ice cover format ion usuall y 
sta rts along the banks. This process produces a thin . continuous strip 
of ice. called border icc , which progresses towards the centre of the 
channel. In areas where the veloci ti es of the fl ow are less than 0.6 
me tres per second (m/s) and the temperature is below freezing a 
thermal ice cover will form as takes place on a lake or pond. 

In ri ve rs whe re the flow ve locities are greater than 0.6 mls 
surface turbulence may prevent the formation of an ice sheet. In thi s 
case, the water becomes supercooled and tiny icc particles called frazil 
ice are formed. These ice particles cling together and form clusters, or 
ice pans, wh ich move downstream with the current and come to rest at 
a channel constriction or at a low veloc ity reach of the ri ver. Wi th cold 
temperatures the ice pans wi ll freeze together and form a continuous ice 
cover which will progress upstream. Figure 18.2 shows a reach of the 
Exploi ts Ri ver with border ice and ice pans. 

Figure 18.2 Border Ice and Ice Pans On the Exploi ts Ri ver 

42 

A hang ing dam is formed when frazil icc is transported under an 
icc cover where it adheres and accumulates. A hanging dam can cause 
ex tensive blockage of the fl ow wh ich resulls in higher upstream water 
leve ls and potential fl ooding . Figure 18.3 shows a reach of the Exploits 
Ri ver where partial blockage of fl ow by ice has occurred. 

Figure 18.3 Blockage of Flow by Ice on the Ex ploits Ri ver 

In wide. shallow ri vers wi th turbulent reac hes frazil ice particles 
may form. cling to the ri ver bed. and accumulate to form anchor ice. As 
wi th the hanging dam. anchor ice can cause a signifi cant blockage of 
flow which can result in local flooding. 

Break-up normally occurs in the spring when the ice cover is 
weakened by warm temperatures . A mid-winter break-up can a lso 
occur on ri vers in the eastern and southern parts of the Island. If the 
snow pack me lts slowly the icc cover will deteriorate gradua ll y Without 
serious flOOding. Rapid snowmelt and mild temperatures, however, 
particularl y when accompanied by rain , cause the break-up to occur 
quickly. In thi s case, broken pieces of icc may be swept downstream 
until a constric tion is reached, fo rm an ice jam. and create the potentia l 
for a serious flood. 

Au tomatic streamnow recorders insta ll ed on many ri vers in 
Newfoundland and Labrador maintain continuous records of di scharge. 
It is possible to determine from the di scharge data the times o f first 
freeze-up and last break-up of the ice cover on these ri vers. The map on 
ice conditions On the oppos ite page shows the average dates of first 
freeze-up. and last ice break-up of the ice cover. along with the ave rage 
number of days between first and last ice cover. 

First freeze-up over much of the Island occ urs be tween 
mid-November and early December. Break-up occurs during late Apri l 
or earl y May, except on the Avalon Peninsula where break-up tends to 
occur earli er in April. The average number of days from first to last ice 
cover progresses from less than 100 on the Avalon Peninsula and south 
coast to more than 130 days on the Northern Peninsula. There is a lack 
of adequate data fo r the central interior region of the Island. 

First freeze- up in Labrador occu rs much ea rli er than on the 
Island , ranging from mid-October to early November. Spring break-up is. 
de layed until late Mayor even earl y June at some stations. The 
average number of days from freeze-up to break-up increases from less 
than 170 in the south to more than 180 further north . 



o 
I 

Source : Newfoundland O.pa" ...... nt of [ nvifon......,' Ind L_ I . 
Wi t .. Resources 0;".;""",. 

~ 

I 
100 Km 
I 

ICE CONDITIONS 
Newfoundland and Labrador 

Contour Interval "" 1 0 days 

Mean Annual Days Between 

First Ice and Last Ice 

Contour Interval '" 15 days 

A J J 

____ 700_ 

Ice Extremes by station 

Earliest 
Freeze-up 

January 

July 

latest 
Breakup 

Hydrometric Station 

o 5-' 

0 10-14 Years 

of • 15-20 Dala 

• 20+ 



19 - Flood Risk Zones 
Newfoundland has had its share of serious floods in the past. In 

fact. Newfoundland led Canada in the number of flood events reported in 
the period 1983-1987. Flooding in Newfoundland, as in many other 
places, causes damage to personal property, disrupts the li ves of 
individuals and communities, and can be a threat to life itse lf. The 
con tinuing developments in flood prone arcas increase these ri sks. 

Floods in Newfoundland can be the result of many faclors, oftcn 
acting in combination as illustrated in Figure 19.1, 19.2, and 19.3. 

Figure 19. 1 Heavy rain and snowmelt flooding In Bishop 's Fa ll s 111 

1983 resulted in severe damage. 

Figure 19.2 High tides combined with onshore winds and storm surge 
caused extens ive flooding in Placentia. Cox's Cove and 
Stephenville Crossi ng a lso experience thi s type of 
flooding. 
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Figure 19.3 Ice jams and high ri ver flows can cause fl ooding in 
com munities a long rivers, such as Badger. Other 
com munities prone to thi s type of flooding incl ude 
Rushoon, Gloverlown, and Black Duck Siding. 

In order (0 reduce flood damage, the governments of Canada and 
Newfoundland s igned a cos t-shared agree ment in 1981 under the 
national Flood Damage Reduction Program. The objective of the 
program is to reduce flood damage to properties located in fl oodplains 
along the shores of lakes, rivers, and the sea, and by di scouraging 
further development of fl ood prone lands. The preferred approach 
adopted for reducing potential flood damage is to identify the probable 
ex tent of flooding and to discourage development in these flood risk 
zones. If a development does proceed, however, the structures should 
be floodproofcd. 

The objective of the program is accomplishcd, in part. by the 
flood ri sk mapping program. Flood ri sk maps are produced to infonn 
bOlh the genera l public and professionals of the ri sks involved in the 
dcvelopment of flood prone areas. Two types of maps arc produced: a 
Flood Information Map designed to be easily understood by the genera l 
public and a detailed Flood Risk Map suitable for use by engineers. 
planners, or Olhers invo lved with developments proposed in floodplain 
areas. 

For se lected fl ood prone areas in Newfoundland, new base maps 
at I :2500 scale, with contour intervals of 0.5 m, were prepared. 
Hydrotechn ical studies involving hydrologic, hydraulic. oceanographic, 
and ice analyses provided the water surface profiles for the I :20 and 
1: 100 year recurrence inlerval floods. These values were applied to the 
detailed topographic maps to delineate the areal ex tent of the flood risk 
zones. 

The n ood ri sk maps de lineate the flood risk areas using a two 
zone approach. The "designated noodway" (I :20 year flood zone) is the 
area subject to the most frequent flooding. The "designated tloodway 
fringe" ( I: 100 year flood zone) constitutes the remainder of the fl<XXi 
ri sk area. No building o'r structure should be erected in the "designated 
floodway " since extens ive damage may resu lt from deeper and more 
swiftly flowing waters. It is often acceptable, however, to use land III 

thi s area for agricultu ral or rec rea tional purposes. Development IS 

acceptable in the floodway fringe provided that the structure IS 

noodproofed. 

Flood ris k maps have been produced for sixteen communities in 
the province. Some of these are shown on the accompanying map. 
Municipal authorit ies are encouraged to incorporate the flood risk zones 
into the ir development regulations. Also, federal and provincial 
agencies and Crown corporations wi ll not fund developments within the 
I :20 year n ood zone. Further information on the Flood Damage 
Reduction Program may be obtained from: 

Flood Damage Reduction Program 
clo Water Resources Di vision 
Department of Environment and 

Lands 
P.D Box 8700 
St. John's. Newfoundland 
AI B 4J6 

Flood Damage Reduct ion Program 
c/o Inland Waters Direc torate 
Envi ronment Canada 
4th Floor, Queen Square 
45 Aldemey Drive 
Dartmouth, Nova Scotia 
S2Y 2N6 
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SURFACE WATER QUALITY 



Introduction 
Pure water is not found in nature . As it makes its way through the vanous phases of the hydrological cycle water 

accumulates various substances in suspension, solution, and colloidal dispersion. Droplets of water in the atmosphere incorpor­

ate dissolved gases and dust particles. Falling as precipitation, water may trap or dissolve other substances. Upon rcaching the 

surface and on its journey over and through the ground it picks up silt, bacteria, decaying mauer, and various minerals which occur 

in soils and rocks. In addition to the natural processes that cause water quality (0 vary over time and space, human activity can 

have an impact through urban ization, industri alization, deforestation, sewage disposal, mining, and recreational act ivities. 

Even in its natura l state water usually contains measurable amounts (parts per million) of dissolved gases and major 

ions, as well as traces (parts per bi ll ion or tri ll ion) of other substances such as organic compounds. Water quality can also be 

characterized by physical properties such as acidity (pH), colour, and conductivity. Different users of water may be concerned 

with different aspects of water quality depending upon the nature of the beneficial water use. 

A description of some of the significant water quality parameters is presented in the next five maps. The data presented 

In these maps were obtained under the Canada - Newfoundland Water Quality Monitoring Agreement signed in 1986. The 

Agreement provides for the regular monitoring of an index network of about 56 stations on the Island and Labrador, as well as an 

annual recurrent study concentrating on some aspects of water quality in selected watersheds. Water quality monitoring consists 

of the regular collection of water, sediment, and biological samples at carefully selected sites for analysis of a variety of physical, 

chemical, and biological parameters. 

Collecting Water Samples from a River 
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20 - Water Colour and Turbidity 
The map on the opposite page shows the average level of colour 

and lUrbidity in water sampled at various locations in the province. 
These two parameters largely determine the appearance of a sample of 
water, that is, clear or coloured. and transparent or cloudy. 

Water colour is affected by dissolved substances in wate r, often 
these arc naturally occurring organic materia ls. Bogs and swamps 
produce large amounts of dissolved organic materials such as tannins, 
lignins, and humic acids. which can give water a tea-like colour. Calcium 
carbonate from regions with limes tone bedrock may give water a 
greenish colour, whi le ferric hydroxide ( iron) may impart a reddish 
colour. The degree of colouring wi ll depend on the concentrations of 
these and other substances. 

Turbidity is a measure of how cloudy a water sample appears, or 
how we ll it transmits light. Turbidity results from suspended solids and 
material s such as clay and si ll or microorganisms in the wate r. It may 
also be caused by naturally occurring silt and sedi ment runoff from 
watersheds. These substances tend to scatter light and make the 
water sample appear cloudy. They are kept in suspension by turbulent 
flow , or by random movement (Brownian motion) of the water mol­
ecules. Turbidity is often highest during spring runoff. 

Colour is measured in Relative Units which represent a standard 
sca le against which a sample is compared. Turbidity is expressed in 
Jackson Turbidity Units (lTU), a standard scale against which samples 
are compared. The values shown on the map are the averages over a 
number of years of record for each stat ion. 

Water colour is categorised by the colour of the dot at each 
sample station locat ion. The colours of the dots fall in four categories 
covering a range from 5 to 100 colour units. The least coloured waters 
tend to occur on the west coast and Northern Peninsula, and the upper 
Avalon Peninsula. More heavily coloured waters occur in centra l and 
northeastern areas, and on the Burin and southern Avalon Peninsulas. 
Labrador has lightly coloured waters with one exception (Eagle River) 
to the east. Water colour is highl y influenced by land cover in a basin. 
Bog or swampy drainage wi ll contribute high levels of colour to surface 
runoff, while less organic soil s or exposed bedrock in a bas in will 
contribute little to water colour. Central Newfoundland and the 
southern Avalon and Burin Peninsulas conta in large bog areas which 
contribute st rongly to the observed patterns. Figure 20.1 shows the 
number of stations reporting various levels of water colour. 
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Figure 20. 1 Frequency of Occurrence of Various Levels of Water 
Colour in Newfoundland 
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Turbidity of waters in the province ranges from zero to two JTU, 
with the exception of one station on the Churchi ll Ri ver which consist­
en tl y shows high turbidity of around 6 JTU. This site may be overly 
influenced by local upstream conditions such as so il eros ion, channel 
degradation. etc. Water samples at the other stations in Labrador also 
have generally higher turbidity than at the stations on the Island. 

Patterns of turbidity on the Island tend to follow those found for 
colour, with low colour waters showing low turbidity, and higher values 
of colour coi nciding wi th higher values of tu rbid ity. There are, however, 
interesting exceptions ( 0 thi s. The four stations in the 51. John's area 
on the northeast Avalon Peninsula ( inset map) showed low colour 
coinciding with high turbidity values. The drainage basins above these 
sites have been extensively urbanized, with large areas developed for 
housing. business, roads, etc. Urbanized areas are often subject to soil 
di sturbance from development activi ti es, runoff of dirt and debri s from 
roadways, and higher variability of runoff due to reduced water holding 
capacity in an urban drainage system. These fac tors may all con tri bute 
to increases in sediment input and siltation in a ri ver, leading to higher 
turbid ity values. The stations o n the southern Avalon and Burin 
Peninsulas showed hig'h colour from bog drainage, but low turbidity 
values, indicating low levels of sediment and suspended solids. 

Concern about water colour in drinking water is essen ti all y an 
aestheti c one. Treated drinking water should not have much appa rent 
colour. Turbidity in drin king wate r shou ld be reduced as much as 
possible prior to treatment since the suspended organic materials which 
contribute to turbidity have the potent ial to form trihalomethanes 
(possibly tox ic compounds) when subjected to ch lorination. Excess 
colour and turbidi ty are also of concern to industri aJ water users. For 
example, excess colour can affect the quality of paper products, whi le 
excess turbidity can cause corrosion and deposition control problems for 
industrial use rs. 
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21 - Concentrations of Sodium, Chloride, 
and Sulphate Ions 

A very large number of clements and compounds may be presen t 
in dissolved form in varying concentrations in natural waters of lakes 
and ri ve rs. Chemical compounds are made up of combinations of 
elements united by elec trica l attrac tion s be tween the constituent 
e lements. Whe n a compound di ssol ves in water. it se parates o r 
di ssoc iates into e lec tricall y charged ions. Ions may be d ivided into two 
groups. depe nding on whether the ion carri es a positi ve Of negati ve 
electrical charge. Those ions with nega ti ve charges arc termed anions. 
and include c hloride. sulphate. carbonate and bicurbonatc . hydroxide . 
and o thers (suc h as fluoride. bromide. iodide. and nutri ents such as 
nitrile and phosphate) which may be prese nt in trace concent rations . 
Ions with positive charges are termed Cal ions. and include calcium. 
magnesium. sodium. potass ium. and o thers which may be present in 
smaller concentrations. 

The Illap on the opposite page presents da ta for two major 
a nions. chloride and sulphate. as we ll as for a major cation. sodium at 
s tations whe re water samples are collected regularl y fo r ana lys is. The 
bar g raph for each sta tion shows the concentration fo r each ion 
measured in milligrams per litre (mg/l ) o r parts per million. The scale 
for the bar graphs is logarith mic. meaning that the verti ca l ex tent of the 
1- 10 mg/I range is the same as the ve rti ca l ex tent of the 10-100 mg/l 
range. In thi s way. widely di ve rse values between I and 200 mglt can 
be convenientl y di splayed on the same sca le. 

Two of the c lements represe nted on the map. sod ium and 
chloride. whe n combined chemically make the ve ry fam il iar compound 
sodiu m chloride. or cOlllmon table salt. These e lements are major ionic 
consti lll ent s of natural waters. The third ion, sulphate. is a component 
of acid precipitation produced by human activi ti es such as the burni ng of 
fossil fue ls. Su lphate combi ned wi th hydrogen ions forms sulphuric ac id . 
wh ich di ssoc iates 10 release the hydrogen ions in water thus increasing 
<lc idity. Elevated sulphate concentrations may indica te the effects o f 
acid prec ipi tation. although there are also natural sources. 

Natural sources of chlo rides include sedimenrary rocks, natural 
salt deposi ts. and con tributions from ocean spray which may be carried 
some di s tance inl and . The latt er source is obv iously of particu lar 
importance in marine areas such as Newfound land and the Maritimes. 
Othcr sources resulting from human ac ti vi ties may include domestic and 
industrial contamination, soil o r bedrock d isturbances from construction 
activ ities. and the application of road sa lt in urban areas. High chloride 
conce ntration in coas tal arcas is some times the result of direct 
contaminat ion of surface or groundwater by ocean water, which contains 
abo ut \9.000 mgll of chloride. Such con tamination can be a problem for 
water we ll s in coas tal are<lS . 

The Canadian and U.S. standard fo r ch loride in drinking water 
supp lies is 250 mg/1. Natural water may contai n from a few mg/I to a 
few hundred. Drinking water standards are based mostl y on consider­
ati ons o f taste rathe r than health implications si nce food sources 
con tribute a much higher proportion of tota l c hlor ide intake. Average 
dail y intake of chloride for Canadian adults is about 6000 mg. of wh ich 
only abou t 20 mg is li kely to come from drinking water. Other con sider~ 
at ions include the corrosive po tential for pipes and equipment. Fresh 
waters used for cooling should have less than 600 mgll of chloride . 
Steel manufacturing requires less than 150 mgll of ch loride fo r process 
water, while the pulp and paper and petro le um industr ies generall y 
require less than 200 mg/I of chloride for most uses. Chloride concen­
tration guidelines for the food and beve rage industri es range fro m 20 to 
250 mg/I for different uses. Agricultural usc of wa ter for irrigation may 
be limited by ~h l oride concentration. Sensiti ve crops should no t be 
irri gated with water of more than 100 mg/l of chlo ride. wh ile tole rant 
crops may be irri gated wi th water of up to 700 Illg/1 of chloride. Remova l 
o f chloride from wa ter sources is diffi cult. and requires expensivc 
treatment methods such as reve rse osmosis. ion eXC hange. or di stilla­
tion. 
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Sources o f sulpha te incl ude rock weathering. as well as human 
sources such as industrial release o r burning of fossi l fu els high in 
sulphu r. The Canadian dri nk ing wate r guideline for sulphate is 500 mgll. 
wh ile the U.S. guide li ne is 250 mg/1. nlthough drinking waler sources 
freq ue ntl y exceed thi s level. Po te nti a l health effec ts include 
gastro in testina l irritnt ion. partic ularl y in c hildren. at leve ls greater than 
600 mg/1. Objec tionable taste is al so a consideration. Da il y adu lt 
sul phate in take is about 500 mg. of which approx imately 100 mg comes 
from drinking water. Sulphate is not usuall y a concern for agri cullUral 
water use. For indus tri al use cooling water should have less than 680 
I11 g/1 o f sulphate. and process water should have less than 200 I11g/l of 
sulphate for stee l manu facturi ng. The food and beverage industry may 
require less than 20 mg/l of sulphate for sugar m;mufacturing. although 
100-250 mglt is acce ptab le for other uses. Removal of sulphate from 
water sources requires ex pensive procedures simi lar to those for 
chlo ride. 

Sodium is considered to be a major ionic constituent for Illost 
wa ters. Rock s and soils. sewage input and industria l waste are 
common sources of sodium in wate r. Sodium in concentrations normally 
found in natural wa te rs is not considered to ha ve any hea lth il1lplica~ 

ti ons. and there arc no drinking water guide line limits. If sodium is 
present at high leve ls re lative 10 calc ium and magnes ium. the re may be 
implications fo r irrigation Li se from e ffects on soil structure. Sod ium 
concentration is not normall y a considera tion for industrial water use rs. 

The map shows that the highest sodium and chl oride concentra­
tions tend to occur at stations on the eas t and west coasts. those 
closest to pote ntia l marine sources. Interior sites showed much lower 
leve ls of sodium a nd chloride. In partic ular. the hi ghest sodium and 
chlo ride concentrations were found in the urbani zed watcrsheds of the 
SI. John 's region o n the eas te rn Ava lon Pe ninsul a. re fl ec ting the 
contributions from a va riet y of runoff sources in an urban environment. 
The trend fo r sulphate is simil ar. but less pronounced . wi th s lightl y 
higher values in coastal areas and slightl y lower va lues inland. 

Figure 2 1. 1 shows the monthl y va ria tions of sodium. ch loride. and 
sulphate ions in Re nnies Ri ve r at Carrell Drive in SI. John 's. The 
no ti ceab le annLlal peaks in leve ls of sodiuTll and chloride duri ng the 
period January to March are due to road salt from urban runoff. 
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22 - Concentrations of Calcium, 
Magnesium, and Potassium Ions 

Calc ium, magnesium, and potassium are all major ion ic const itu­
e nts o f natural waters. The va lues shown on the map on the opposite 
page are the average concentration of each parameter calculated over 
the number of years of record at each si le. Concentrations in mill ig rams 
pe r litre (mg/I) are presented as ba r graphs with a logarithmic sca le. 
mean'ing that the ve nica l ex tent o f the 0. 1- 1.0 mgtl ra nge is the same as 
the verti cal ex tent o f the 1.0- 10 mg!1 range. In th is way. wide ly di verse 
values between 0. 1 and 20 mg/I can be convenientl y disp layed on the 
same scale. 

Calcium a nd mag nes ium are s imilar ca tions in many res pects. 
and both are deri ved from many types of rocks and soi ls. Calc ium may 
bc di ssolved from limestone (calc ite), do lomite a nd gy psum, while 
mag nesium is dissolved from do lomite, magnesi te. mica, and other rock 
types. T he concentrati ons of calcium in watcr are generall y higher than 
those of magnesium , re n ec ting calc ium's g reater ab unda nce in the 
ea rth's c rust. The concentrati o n of calcium in wa ter is typica ll y less 
than 15 mgt!. although thi s may increase to 30- 100 mg/I in areas with 
ca rbonate roc ks. Concent rat io ns of magnes ium may excced those of 
calcium in mari ne areas. Th is, however. does no t occur in thc waters of 
the province. Calcium and mag nes ium together largc ly determine the 
hardness o f water. De pos it s of calci um and magnes ium may fo rm 
sca les fo llowing evapora tion of wate r con tai ning them . Calcium and 
mag nes ium are bo th essential nutri ents in the human die t, and are 
considered des irable in appropriate quantiti es for most bene fi cia l uses 
of water. 

Calcium in drinking water is no t conside red to have any health 
implica tions. and there are no guide line limits fo r it. A recomme nded 
guide line limi t of 1000 mgtl o f calcium for li vestock watering is included 
in the Canad ian Water Quality Guide lines. High concentrati o ns may 
contri bute to phosphorus deficie ncy. Calc ium leve ls can be important for 
ind ustrial water uses. primaril y because o f calcium's contribution to 
water hard ness, and subsequent te ndency to fo rm scales in pi pes and 
equipme nt. Recomme nded guide lines incl ude: <200 mg/I for cooling 
watcr. <20 mgtl fo r pulp and paper industry usc, <75 mg/I for petro leum' 
ind us try use. a nd < 100 mgtl for the brewing a nd food process ing 
ind ustries . 

T he U.S. Public Health Service recomme nds a limit o f 50 mgtl fo r 
mag nes ium in d ri nking wa ter d ue to the potcnti a l fo r gastroi ntestinal 
upset; the Canad ian drinking water g uidelines. howcver. do not set an 
upper limit for magnesi um. Mag nesi um is no t considered to be a 
pro ble m for agr icultural o r most industria l uses of water. Guideline 
limits recomme nded in Canada are 12 mgll for the pulp and paper 
industry. 25 mgtl for the petroleum industry. and 30 mgtl for the brewing 
industry. 

Po tass ium is another metal norma ll y conside red as a majo r ion 
III wate r. Potass ium is similar in many respec ts to sodi um, although it 
IS normall y less easi ly dissolved from roc ks and the refo rc fo und at 
lower concen trations than sod ium. no rmall y less than 10 mg/!. Potas­
s ium is an essentia l nutri ent fo r both p lants and ani ma ls. There are no 
d rin king water guidelines for potassi um. nor are there any gu ide lines fo r 
limi ts o n potassi um fo r agri cultural or indust ria l uses of water. 
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The map shows that the highest concentrations of calc ium 
concentrations occur on the west coast of the Island. reflecting the 
presence of carbonate roc ks. The concentra ti o n of magnes ium a lso 
tends to be highest o n the west coast, and at some si tes o n the Ava lo n 
Peninsul a. 

The temporal vari ation of the ionic constituent s in surface water 
samples is no t re Oec ted in the average data presented o n the map. 
Analys is o f no n-averaged data show that the concentrati ons o f the ionic 
constituents te nd to fo llow a yearl y cyc le. This pa ttern occurs because 
river d ischarge varies over the course of a year accord ing to cli matic and 
prec ip itation cycles. The re lati ve contribu tio n o f surface water runoff 
and groundwater seepage to streams a nd rivers c hanges with time of 
the year. and in turn affec ts water che mistry. While the contri butio n o f 
grou ndwate r to river di scharge tends to be relati ve ly stable over the 
course of a year, that of surface runoff can be quite variable. Ground­
water often has h igher concentrati ons o f ions than su rface water from 
longer-term contact with rocks and soil s , so that io nic concentrati on of 
ri ver water is often inversely re lated to di scharge. At relati vcly h igher 
d ischarges. the g reater contri bution of more d ilute surface water lowers 
concentrati ons o f the ions. This in verse temporal relati o nship, however, 
is complex and generall y more pro nounced in arid regions than in the 
more humid cl imate of Newfoundl and. Thc concent ra ti o n of ionic 
constitue nt s also va rics along a ri ver. wi th concentratio ns tending to 
increase from headwaters to the ri vcr mo uth . Figurc 22. 1 shows the 
temporal va ri ati o ns of calc ium, potass ium, and mag ncsium in Rennies 
River at Carrell Dri ve in St. John 's. Peaks in leve ls of calc ium each 
winter arc due to road salt in urban runoff. 
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23 - Surface Water: pH and Total Alkalinity 
One aspect of water qualit y which recentl y has been of particular 

concern is ac idity result ing from inc reased ac id loads contributed to 
lakes and rivers by human activ ities. The acidi ty of wate r is measured 
on the pH sca le, which provides an indication of the concentration of 
hydrogen ions (H+). The higher the hydrogen ion concentration. the 
Illore ac idic the water wi ll be. The pH scale ranges fro l11 0 (most ac idic) 
to 14 (mos t alkal ine). A va lue o f 7 is neutral (neither acidic nor 
alkaline), and the scale is logarithmic, meaning that a change of I pH 
unit reOcets a IO-fold change in the ac id ity. Thus, for example. a pH of 4 
is ten t imes as ac idic as a pH of 5. and a pH of 12 is ten times as 
alkal ine as a pH of II. Distill ed water has a pH of 7. while natural 
uncontami nated rai n has a pH of 5.6. 
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The extra acid ity in pure rain comes from carbonic acid produced 
whe n atmospheric carbon diox ide di ssolves in the ra inwater. When rain 
becomes contaminated by nitri c and sulphuric ac ids from human 
acti vities the pH level can fall below 5 or even 4, which is between 10 
and 100 times as acidic as pure rainwater. Su lphuric acid comes mostly 
from the burning of foss il fue ls (coal and o il ) in power plants, and from 
industria l sources such as non-ferrous metal smelting. The largest 
source of nitric acid is motor vehicle emiss ions. When sulphur dioxide 
and oxides or nitrogen are released into the atmosphere they are further 
ox idized by ozone and oxygen under exposure to sunlight , and then 
combine wi th moisture to fo rm sulphuric and nitri c acids. Such 
pollutants may be transported by moving weather systems hundreds or 
thousands of miles from their sources, and e nter terrestrial and aquatic 
ecosystems through prec ipitation (wet deposition) or direct deposit or 
gases and particulates (dry deposition) . 

Rain in Newfoundland is most acidic along the south coast and 
southwestern reg ion of the Island, which is the area of the province 
closest to major sources in the northeaste rn U.S. , and centra l and 
eastern Canada. This area is al so in the path of weather sys tems 
movi ng northeast and bringing rainfall with an average pH leve l of 4.5 
(about 12 times as acidic as clean ra in ). The pH level of ra infall 
increases (less acidic) toward the northeast, for example averaging 4.8 
around Bonavista Bay. Labrador also has less acidic rain; the ave rage 
pH leve l of rain is 4.8 at Goose Bay (about 6 times as acidic as clean 
rain) and the pH level increases (less ac idic) furthe r north. It is 
estimated that, of the acidic pollutants deposited in Newfoundland from 
outside sources, approximately 60% originates from Canadian sources 
and 40% from the United States. 

One of the most obvious effects of acid preclpllation is the 
reduction of the pH of surface waters. The abi li ty of water to neutrali se 
excess acid is termed the buffering capacity and depends on the 
dissolved materials in the water, particularl y carbonate and bicarbonate. 
Alkalinity is "- measure of the acid-ne utrali zing capaci ty of water. The 
re lative amount of ilcid-neutralizing ions in surface waters depends 
largely on the rock types in the drainage basin, increasing with higher 
proportions of carbonate rocks such as limestone, and decreasing with 
higher proportions of insoluble rocks such as granite. 
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Parameters which exe rt a significant innuence on ac idity and 
alkalinity include nutrients (phospha te. ca rbona te. ammonia. s ilica te , 
.tnd sulphide). meta ls ( iron. manganese. magnes ium). o rganic acids 
(amino. fu lvic. and humic). gases (carbon diox ide. hydrogen sulphide), 
and parti cul ates (a luminum. iron and manganese oxides and hydroxides, 
clay mine ral s. organ ic partic ul ates). Alkalini ty is primaril y controlled by 
ca rbonates. and is usually ex pressed in te rms o f calcium carbonate 
(CaCO,) equi va lents (mg/l ). 

The range of pH reported for na tu ral wa te rs in Canada is 
gene ra ll y be tween 3 and 10. while a ve rage p H for waters in 
Newfoundland and Lab rador is between 5.3 and 8.0 . Alkal inity fo r 
Canad ian waters ranges from below detection limit (0.5 mg/I) to 750 
mgt!. The range for Newfoundland is from 2 mgtl to 60 mg/I. 

The Canadian guidelines for drinking wa ter spec ify a range of pH 
be tween 6.5 and 8.5 in order to avo id corros io n and e ncrustation 
problems. and to avoid the fo rmation of triha lomethanes when raw 
water is subjected 10 c hlorination treatment. Adjustment o f pH is 
feasib le dur ing wate r trea tment processes. Waters for contact 
recreational use shou ld fall in the range 5.0 10 9.0 10 avoid any poss ib il­
ity of eye irritation. Water for industrial cooling uses should be in the 
range of 5- 10. while the iron and stee l industries requi re waler between 
5.0 and 9.0. The pulp and paper industry guide lines for pH are from 6 to 
8 fo r corrosive considerations. while the food and beverage industries 
have va rying requireme nts in the range from 6.5 to 8.5. 

The map on the oppos ite page presents median data for surface 
water pH and average alka lin ity. calcul ated over the num ber of years of 
record at each sampling station. The map shows that the pH of surface 
water is g reatest on the west coast of the Island. in the Stephen­
ville-Gros Morne reg ion. This rellcets the predominantly ca rbonirerous 
bedrock characteri stics of thi s area . Alkalin ity paHerns para ll el those of 
pH. with highest va lues on the wes t coast. and lower va lues on the 
south coast. Burin and Avalon Peninsulas. These watcrs will be much 
more susceptib le 10 ac id ification. Figure 23.1 shows monthly variations 
in pH and to tal alkali nity in Rennies River at Carrell Dri ve in 5 1. John's. 
Reductions in a lka linity eve ry spring may rellect the pulse of acidic 
runoff fro lll snowmelt: the acids are neutrali sed by carbonates present in 
the water. thus loweri ng the alka lini ty. 
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24 - Sensitivity to Acid Rain 
The abi li ty of wale r 10 res ist changes in pH. and in particular to 

resist acidifi cation. is measured by its alka linity. Alkalinity in most 
wate rs is determined by a number of di sso lved substa nces. primarily 
calci um carbonate. Alkalinity is usuall y expressed in terms of ca lcium 
carbonate equivalents. either in milli g rams per lit re (m g/l ) or in 
microcquivalcnts per litre ()Jcqll ). Sensiti vi ty of wulcr to ac idi fication 
caused by acid prec ipitation can thus be measured by alka linity. The 
map on the opposite page shows the sensi tivity of water in the province 
to ac id rai n in microequi va lent s of alkalinit y. Water wi th an alkalin ity 
be low 60 j.l cqll is genera ll y regarded as extreme ly sensiti ve to acid 
prec ipitation, mean ing that the water has litt le capac ity to buffer any 
addit ional ac id , Water wi th an alkalinity from 60- 100 ).lcq/J is considered 
highl y sens iti ve, while wa ter with 100-400 ).l eq/ l of a lka linity is 
progress ively less sensiti ve to acidification, Wate r with a n alkalinity 
grea ter than 400 ).leq/ l is not likel y to suffer any reduction in pH from 
acid precipitation and should be ab le to complete ly buffer any added 
ac id , 

The sensIti vity of an area to ac id precip itat ion may also be 
j udged on the basis of the underly ing rocks. The geology of an area will 
strongly influence the buffering capacity of surface waters. since it is the 
substances di ssolved from rocks in a drainage bas in which provide the 
bu ffering capac it y. Carbon iferou s rocks, sll ch as li mestone, can prov ide 
s tro ng buffering capacity. whi le many other rocks such as granite are 
qui te inso lu ble and provide little buffe ring capacity. The small inset map 
accompanying the main map shows sensiti vi ty 10 ac id precip itat ion 
based upon the 'nature of the underlying geology. 

The major acid ic constituent of acid ra in is sulphur dioxide. or 
sulphate ion. It has generally been accepted that moderate ly sensiti ve 
aquat ic ecosystems can to lerate a wet sulphate deposition rate of no 
more than 20 kilog rams per hec tare per year (kg/ha/y r). This is 
equi va lent to rainfa ll with an average pH between 4.4 and 4.5. Extreme­
ly sensi tive arcas may tol erate onl y 15 kg/ha/yr of wet sulphate 
deposition before suffering significant effec ts. Areas of the south coast. 
central region, and Burin and ' Avalon peninsulas on the Island rece ive 
more than 15 kg/haly r. so ex treme ly sensiti ve areas in these reg ions 
may suffer some ac id ificat ion effec ts. The west coast. northeast coast, 
the Northern Pen insula. and most of Labrado r rece ive less than 15 
kg/halyr sulphate. and so sensiti ve areas in these regions will be less 
like ly to show an y ac idi fication e ffects. Sulphate reduc tion e fforts in 
Canada and the United States attempt to achieve leve ls of sulphur 
d ioxide emi ss ions which should protec t sensiti ve target ecosystems. A 
max imum "target loading" leve l of 20 kg/haly r has been se lec ted as a 
pre liminary goa l fo r suc h reduc tion programs, in order to maintain the 
pH of surface water above 5.3 for all but the IllOst sensitive areas. 

Ac id depos it ion causes multip le stresses in aquatic commun­
ities. There are three general stages of lake ac id ification: 

I. 

2 

3. 

The first s tage is characteri sed by decreased a lkal ini ty. but the 
bicarbonate buffering syste m is maintained and pH levels s tay 
above 5.5-6.0. 

The bicarbonate buffe r system is lost during longer periods of 
stress. and severe pH fluctuat ions occur. 

The final stage is c haracte ri sed by c hronica lly depressed pH 
leve ls (below 4.7). and an elevation in toxic meta l concentra­
ti ons. especially aluminum. 

The most noticeable effec ts of ac idi fi ca tion have been docu­
me nted fo r fi sh popUlations. Symptoms of ac id stress in fish include 
phys ica l deformities. reproductive inh ibiti on. dec reased growth . and 
subsequent deplelion of fi sh stocks. Trout are highly susceptible to acid 
rain , with brook trout di sappear ing whe n the pH goes be low 5.1. 
Restoc king is unsuccessful due to effec ts on embryonic deve lopment. 
At lanti c salmon have declined in Nova Scotia recentl y in ri vers wi th pH 

56 

va lues below 5.0, and have di sappeared in ri vers with pH values below 
4.7. Il is es timated that one third of Nova Scotia's Atlanti c salmon 
produc tion has been lost through acidifica ti on. Shifts in species 
composition of fi sh communities with changes in pH have been 
docume nted for lakes both in North America and Europe. Tolerant fish 
species such as yellow perch become abundan t in ac idified lakes. 
Undo ubtedly, these changes in fish s tocks resu lt in lake-wide alter­
ations in preda ti on pa tt erns whic h subseq ue llll y affect plankton 
community structure. 

Likewise, acidi fication directly affects much of the foodweb wh ich 
supports fi sh production. The small , mostl y unice llular plant spec ies in 
aquati c communities. known as phytoplankton. provide the primary 
production for the community. Tiny ani mal spec ies, known as zooplank­
ton. live off the phytop lankton, and in some cases prey on each other. 
Zooplankton communities in acidified lakes become less complex wi th 
fewer spec ies coexisting as acidity inc reases. Some groups, such as 
daphniids. arc into lerant of increasing acid ity and di sappear at a pH of 
approxi mately 5.0. Indirec t e ffects of ac idification on zooplankton 
include changes in the thermal regime. changes in food abundance o r 
quality. increased metal concentrations, and shift s in predation a nd 
competitio n pa tt ern s. Phytoplankton commun iti es a lso exhibit 
decreased diversity w ith acidifi ca tion . As primary production 
decreases, wate r transparency inc reases . Certain phytoplankto n 
groups such as green algae and some diatoms le nd to dominate in ac idic 
lukes. while blue-green algae increase at higher pH . Gcnerally. there is 
a dec rease in overall lake prod ucti vity wi th acidifica tion, and some 
acid-toleran t bottom plan ts such as sphagnum may increase. This 
furth er degrades ava ilable habi tat fo r the remaining fi sh. Insec t spec ies 
wh ich are important food resources for fi sh may also decline. 

Acid deposition has effec ts on resou rces o the r than aq ua ti c 
systems. although these have been more d ifficu lt to docume nt. Forest 
decline and diebac k has been attributed to both direct effects of acid 
rai n. as we ll as indirec t effects caused by increased susceptibility to 
insects and di sease in trees. Quebec. for example. is expe riencing 
widespread dieback of its extensive sugar maple fore sts, with c ircum­
stantia l evidence point ing to air pollution including ac id rain . The 
pollutants wh ich cause ac id rain also affect vi sibi lit y through production 
of haze and smog. These pollutants affec t material s in buildings. and 
there is increasing concern for potential effect s on human hea lth . 

The map on the oppos ite page presents surface water data fro m 
the Canada-Newfound land Water Qual ity Agreement and ot her 
sampling programs. It is clear th at the most sens it ive areas, as 
de te rmined by surface water alka lini ty. occur on the south coast. parts 
of the cent ra l and north -east coastal areas, and on the Burin and Avalon 
Pe ninsulas. The west coast and northe rn peninsula are we ll buffered, 
and hence much less sensiti ve. The limited data ava ilab le fo r Labrador 
indicates that th is reg ion is moderatel y sensit ive. a lthough its location 
is suffi cientl y remote from major sources of sulphates. The area of most 
concern is along the south coast of the Island. where ri vers and lakes of 
extre me sensit ivi ty coincide with areas whe re the prec ipitation is likely 
to be ac idic (below 4.5) , and sulphate depos ition g rea ter than 15 
kg/halyr. 

The tre nd in sen sitivity as represented by sur face water 
a lkalinity is gene rall y confirmed by patterns of sens iti vity based on 
geology. Areas of low sensit iv ity resulting from carboniferous rocks 
appear on the west coast of the Island. whi le areas of higher sensit ivity 
are found on the south coast and north-east cent ral regions. 
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Introduction 
Below the surface of the earth lies a huge reservoir of water many times larger than the amount of water on the surface 

and in (he atmosphere. Groundwater comes from precipitation which filters down into the soil until it reaches the water table. If 

the water moves th rough a geological formation at measurable speeds, and can be withdrawn at significan t rales, this zone is 

ca ll ed an aquifer. 

Groundwater is important for t~o reasons. Fi rst, like surface water bodies, it feeds streams and rivers, sometimes 

sustai~ing flows during. ~eri ods of low prr cipitation. Second, it can be intercepted by wells, thus supplying water to thousands of 

users m many commumtles. 

The following two maps describe the distribution of waler we lls in Newfoundland and Labrador and the expected yield 

from various regions of the province. 

Schemat ic of an Artes ian Well 
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25 - Distribution of Water Wells, 1950 - 1988 
The province has numerous ponds, lakes, and rivers that provide 

the major source of water for the population. About 29% of the 
population li vin g in the smaller communities, however, re lies on 
groundwater as a source of water. The mai n use of groundwate r is for 
domestic purposes. 

Most communities in the province are situated where bedrock is 
exposed or just below the surface. thus making the construction of 
community water and sewer syste ms very expensive. This, in addition 
to the "spread out" nature of houses in most communities, makes the 
use of waler we lls morc economical. The groundwater obtained is 
genera lly of good quality, further increasing the advantage of water 
wells. 

Groundwater is obtained from both dug and drilled wells. Dug 
wells are usually between 2 and 5 metres (m) deep, depending on the 
depth at which bedrock was encountered during construction. No data 
exists on the number of dug wells in the province. The dug we lls draw 
upon water from the wate r-filled spaces between the grains of the 
overburden material. The porosity and permeability of overburden 
material , and hence the water yield, can be quite high where large grain 
sizes are encountered. In many locations the yield from sands, gravels, 
and glacial till overburden is much higher than the yield from we lls 
drilled in bedrock. These high yield wells are found in the Codroy 
Valley, Bay S1. George, and Deer Lake areas where the groundwater 
yield may vary from 20 to 140 litres per minute (l/min). 

Approximately 750 wells are drilled every year in the province. 
More than 90% of these wells are drilled in bedrock and have an 
average depth of 60 metres. Fracture now in the bedrock is the primary 
source of water into drilled well s. The yield of a drilled well is generally 
not as high as from an overburden or dug well due to the low porosi ty 
and permeability of bedrock compared with overburden material ; most 
drill ed wells yield between 3 and 10 IImin. 

Figure 25 .1 shows that the depths of most wells in the province 
are in the 30 to 45 m range. Figure 25.2 shows that the yield of wells in 
Newfoundland is usually less that 8 l/min. This is due to the fact that 
the majority of wells are located into low-yield bedrock aquifers. 
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Figure 25. 1 Well Depth Histogram 

60 

220 

200 ... 
180 

.!!l 160 .. 140 :;: - 120 a 
" 100 ~ 
.0 
E 80 
0 

,.., ... 
Z 60 I 

40 I'" 

20 

0 In rl J ,Fln - ~ ~ 
,? OJ" ". ,~ ,~ " ,,.~', ".. ~v OJ':' OJ''';' ~ OJ,,Oj' OJ,t;',;P ~ ,'1: ,'-1 ","" cO' 

Range of Yield (Iitres per minute) 

Figure 25.2 Well Yie ld Hi stogram 

The map on di st ribution of water wells on the opposite page 
shows that the majority of drilled wells is located along the coasts of 
the province. The Avalon Peninsula has a high proportion of drilled 
wells because of higher population densities. Other areas where hih 
numbers of drilled wells exist are Notre Dame Bay, the Bonavista and 
Burin Peninsu las, and the Bay S1. George area . Factors that influence 
the distribution of water we lls are unfavourab le site conditions for 
surface water supplies, inadequate surface water supply through 
existing services, and size and development patterns of communities. 

Problems wi th the use of water wells include sa lt water 
intrusion of coastal aquifers, road sa lt contamination of wells in close 
proximity to a public road where salt is applied for ice control p~rposes, 
o il spi lls from leaking underground storage tanks, and sept ic tank 
contamination of wells situated close to the distribution fields. 

The process of contamination of coastal wells due to salt water 
intrusion is shown schematica ll y in Figure 25.3. During pumping, water 
is drawn to the we ll from every direction of the surrounding aquifer. If a 
salt water/fresh water interface ex ists within the radius of influence of 
the pumping we ll , thi s interface will be drawn toward the well. The 
higher the pumping rate , the closer the interface approaches the well. 
Pumping the well at very high rates can draw thi s interface into the well 
opening and contaminate the water being withdrawn. Owners of wells 
in sa lt water intrusion areas must keep the pumping rate of their well to 
a minimum to avoid th is problem. 
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26 - Groundwater Yield from Bedrock 
The information on groundwater yield from various regions of the 

prov ince, shown on the map on the opposite page, was summarized 
from a series of e ight reports prepared by consult ing firms on contracts 
with the Department of Environment and Lands. Figure 26. 1 shows the 
areas of the Island to which the reports pertain . These reports were 
based on data contained in we ll drilling records prepared by local well 
drill ers, and hydrogeological investigations that may have been done in 
the development of mu nic ipal wate r suppl y systems. The bulk of the 
information was deri ved from well drill ing records. 
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Figure 26. 1 Areas Covered by Hydrogeological Reports 

Since the fi rst hydrogeological report was completed in 1979 the 
number of well records received from we ll drillers has increased every 
year . Before 1983 well records were submitted VO luntari ly by we ll 
dri lling companies. After the passage of the Well Dri ll ing Act in 1983 
the nu mber of records submitted rose dramaticall y. 

The bedrock hydrostratigraphic maps prepared fo r each area 
covered by the hydrogeological reports were combined to fo rm a 
hyd rostratigraphic picture of the whole Island. As shown in Figure 
26. 1, some in terior areas of the Island and all of Labrador were not 
covered by the mapping due to a lack of groundwater related informa­
tion. In the preparation of the map on groundwate r yield these areas 
were mapped using the average yie ld results deri ved for the bedrock 
formations of the areas that were covered. 

Groundwater is an integral part of the hydrolog ic cycle. It has 
been estimated that on a world wide bas is, groundwater makes up 
about 98% of all liquid fresh water. This may seem inconsistent with 
the appearance of bedrock as a sol id- looking mate ria l. Bedrock, 
however, contains a matrix of major. small . and ha irli ne microfractures. 
The vo lume of these open spaces in the apparentl y so lid rock, 
expressed as a percentage of the tota l rock volume, is called porosity, 
and determines the volume available for storage of water. In any 
geologic materia l zones which are ab le to yield usable quantities of 
groundwater are called aq uifers. This abi lity depends not only on the 
porosi ty. but perhaps more importantly, on the permeabil ity of the rock. 
Permeability is a measure of the ab ility of the materia l to transmi t 
water. 
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The groundwater yield map shows that aq ui fe rs ex ist beneath 
most land areas of Newfoundland. h has nO( been poss ible, with the 
data available, to map out individua l aq uifers in the bedrock. Such 
distinct zones ex ist, no doubt , but much more data on poros ity and 
permeabili ty would be requ ired to identify them. The approach which 
has been util ized in the production of thi s map was to group geologic 
formations according to their yie ld characteri stics as reported from the 
available we ll records. Using thi s single criterion various rock types 
hav ing similar yield characteri stics were included together in the same 
grouping. Three ca tegori es of yield, namely, low yield with a mean 
va lue of 12 litres per minute and suit able fo r domest ic purposes, 
moderate yield with a mean value of 27 litres per minu te and suitable fo r 
small communit ies, and high yield with a mean va lue of 58 litres per 
minute and su itable for large r municipal and industri al supplies, were 
chosen for ill ustration on thi s map. 

In many rocks such as grani te and shale primary openings are 
ve ry small. Ground water flow through such voids may take years. In 
addition to the primary openings there are four other major conduits in 
bedrock through which groundwater moves. These are depic ted in 
Figure 26.2. These major vo id spaces are formed afte r the roc k has 
fo rmed, and are called secondary openings. Although movement in 
these fl ow paths may be re lati vely un impeded it is usually ve ry 
tortuous. Solution channels, in contrast to fractu res, are only common in 
so luble roc ks such as limestone. Developing a dependable well in 
bedrock with large primary openings is usua lly qu ite easy. Such 
formations, however. are not common in Newfoundland. Developi ng a 
dependable well in bedrock which has low primary porosity depends on 
intercepting one or more of the secondary openings; the attempt may 
not always be successful. 

Solid 
Rock 

Fracture Zone 

Solution Channels 

Figure 26.2 Major Groundwater Conduits in Bedrock 



, 
I 

? • 

o 100 Km 
I ! 

" I lOOKm 

I 

GROUNDWATER YIELD FROM BEDROCK 
Newfoundland and Labrador 

Flow Rate. litres per minute (Lpm) 

Known Infelled· 

D D low Yield 
mean - 12lpm 
range 1 - 136 Lpm 

D D Moderate Yield 
mean - 27 Lpm 
range 1 - 454 Lpm 

D ~ High Yield 
mean - 58lpm 
range 1 - 545 Lpm 

? Insufficient Data . 
' '''1 .. ,0<1 now ,.'e. bu." on ~y. 



WATER USE 



~ 
f 
J 

I 

Introduction 
The accessibi lity and frequent replenishment of water stored in lakes, reservoirs, and streams make surface water the 

most important source of supply for our municipal and industrial needs. In add ition, the mountainous topography of some regions 

of the province, combined with the relatively high amounts of precipitation, has meant that Newfoundland derives a significant 

amount of its energy needs from water. Last , but nol least, rivers and lakes provide outlets for recreational act ivities such as 

boating, swimming, fishing, and also enhance the aesthetic quality of campgrounds, picnic si tes, and hiking trails. 

The final sec tion of the Atlas presents maps which describe some of the more significant uses of water in the province. 

Since many of these uses requi re the now of water to be controlled by means of dams, the first map in thi s section describes the 

di stribution and purpose of some of the major dams in the province. 

Rivers and lakes in Newfoundland have tremendous recreational potential. 
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27 - Distribution of Dams 
Early man sctll ed ncar lakes and rive rs whe re there was a 

suit able suppl y of drinking water. La tc r darns were constructed to 
impound or di vert wate r to maintain a constan t wa ler supply for 
domest ic and irrigat ion purposes. Darns. no doubt. have played a very 
important ro le in the deve lopment of civilization by allowing relatively 
large numbers of people to li ve in close proximity. Ruins in Egypt. the 
Middle East, India, and Ch ina indicate that da ms have been in Li se for at 
least the past 5000 years. 

Dams are constructed for a varie ty of purposes. Some of the 
morc common uses of dams include water impoundment or diversion for 
the fo llowing: munic ipal and domesti c watef supp ly. irrigation and 
li vestock wate r. hydroelec tri c deve lopmcnts. s trea mtl ow reguliltion 
including high and low tlows. industrial uses. and rec reati ona l uses. 

Darns arc diverse structures whic h may be class iried based on 
size: smal l and large; runction: s to rage. di ve rs ion. a nd de te nt io n; 
hydrauli c design: overflow and nonoverfl ow: construction materi al: 
earth , rock. and concrete ; s tructu ra l des ign: grav ity, arch. etc. The 
se lection of a parti cular type or darn is large ly gove rned by the purpose, 
loca l conditions. and the cost of construct ion. 

In Newfound land the primary uses o f da ms are for water 
impoundment and d ive rsion ro r hyd roelect ric deve lopme nl. for wa te r 
deten tion to permit log dri ving in the fo rest ry sec lOr. and ro r wa te r 
impoundment for a munici pal supply. The map on the opposite page 
shows the d ist ribution of 470 dams in the province. About 190 dams 
are used for hydroelectric de ve lopme nt. About 200 are used in the 
fores try industry. Most of the dams in the "Other" class are used for 
munic ipa l wate r supplies. 

Because New roundland has a natural abundance of wa leI' it s 
e lectri ca l e nergy require me nts are me t al mos t exclusive ly th rough 
hydropower. There arc abo ut 45 dams const ructed at large-scale 
hydroe lect ri c deve lopme nt s ites and abollt 145 dams on small -scale 
hydroelec tric deve lopment s ites. For the province. large-scale can be 
defined as having a capacity exceeding 40 megawatts. Fi gure 27. 1 
shows an example of a large hyd ro dam in the province. Because of 
loca l topograph y, the large-scale deve lopments are located in western 
and southern Newfound land. The largest, Churchill Fall s, is located in 
western Labrador. Most of the small-scale hydroelect ri c developments 
arc located on the Avalon Peninsula. Figure 27.2 shows an example of 
a small hydro dam. 

Figure 27.1 Large Hydro Dam on Deer Lake 
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Figure 27.2 Small Hydro Dam on Paradise River 

In the fo rest ry sector ri ve rs are sometimes used as an economi­
ca l transportation system for logs. Rapids are e ncountered alo ng some 
sect ions which result in log jams because of the low de pths o f now. 
Small dams arc sometimes constructed to rai se and mai ntai n the water 
leve l in these areas to allow the fl oatation of logs downstream. In o rder 
1O permit the passage of logs these dams are usuall y des igned fo r now 
over their top. Most of these dams are located in central and western 
Newfoundl and near the two major pulp and paper mill s in G ra nd Falls 
and Corner Brook. 

In Newfoundland municipal water suppl y is usua ll y take n rrom a 
nearby pond. lake. or ri ve r. In some instances the wa ter suppl y is 
inadequate to meet community needs ror drinking, bathing, fire fighting, 
e tc. In s ituat ions of inadeq uate water supply a sma ll dam is con­
struc ted ac ross a r ive r channel , or at the out let of a pond o r lake, to 
provide addi ti onal sto rage for Illunici pal uses. These dams are numer­
ous and arc locatcd near the communities that they serve . Figure 27 .3 
shows an example of a munic ipal dam. 

Figure 27.3 Municipal Dam for Arnolds Cove's Water Supp ly 
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28- Municipal Water Supplies 
According to the 1986 census. the lolal populat ion of the 

province is 568,349. Of Ih is total, 539,608 live on the Island and the 
re ma ining 28,741 in Labrador. The distribution of communities for 
se lected popul ation sizes is shown in Figure 28. 1. Geographic 
distribution of the population indicates that 90% of the popu lation is 
concentrated along the coasts. 
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Figure 28.1 Dist ribution of Community Sizes on the Is land of 
Newfoundland 

Approx imately 85 % of the total popula tion is serviced by 
municipal water supply syste ms, whil e the remaining 15%, living in 
s ma ll er com munities. gene rall y re lies upon groundwater we ll s. 
Municipal water supply se rvices for thc o the r At lantic provinces are 
reportcd to be 90% for New Brunswick, 95% for Nova Scoti a and 8 1 % 
fo r Prince Edward Island. 

Surface wa tcr const itutes the primary source of water for 
domest ic and municipal uses as well 3S for other purposes. The su rface 
water supply systems generally receive water e ither from nat ural lakes 
or ponds or directl y from strcams and rivers. Because of un favourable 
hydrogeologic conditions, and conscquc nt low we ll yield, the use of 
groundwater is generall y limited to indiv idua l homes, tho ugh in some 
cases wells provide wate r for sma ll communi ti es. There are 332 
munic ipal watcr supp ly systems in the prov ince, of which 294 use 
surface water sources and 38 use groundwate r. Des ign capac ities of 
surface wate r supply sys te ms rangc from 44 m3/day to 65.46 1 m3/day , 
whil e capac ities of groundwater based systems range from 21 m3fday to 
2272 m3/day. A breakdown of the numbe r of systems fo r cach design 
capacity range is shown in F igure 28.2. In most of the sys te ms 
chlorinat ion is the commonly used trcatmcnt. 
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Figure 28.2 Capacity of Municipal Water Supply Systems 
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Municipal wa ter supplies a re used to meet domestic 
( resident ial, commerc ial, and inst itut iona l) and. in a few cases, 
industri al watcr nccds. In Newfoundland fi sh p lants are thc major 
industrial demand sec tor ; some of these plants ha ve the ir own wate r 
supply systems wh ile others meet the ir demand through munic ipal 
water suppli es. The per capita municipal water use in the prov ince 
ranges from 4 10 lit rcs/day in rural communit ies to 820 litres/day in 
urban centres. Average munic ipal water demand fo r other Atlan ti c 
provinces is reported to be 528 litres/capita/day fo r Prince Edward 
Island. 705 for Nova Scotia, and 1433 for New Brunswick. 

Water suppl y sources arc adequate to meet the present and 
future water demands of the province. T herc are some areas whcrc 
supply-demand ratio is less than o ne and water suppl y is c ri tica l during 
low now periods. Water shortage problems can be overcome, in most 
cases, by some s tructural modificat io ns to upg rade the s torage 
facilities. 

Wate r quality of surface a nd ground wa tcr is genera ll y good. 
Leve ls of co lour, turb idity. iron. and manganese in a few sources of 
water suppl y are sometimes higher than desirab le . In areas sll ch as the 
Northern Peninsula wate r te nds 10 be harder because of unde rl y ing 
limestone fo rmat io n unit s. whi le in other arcas it te nds to be soft wi th 
low pH, as d iscusscd in the tex t accompan yi ng thc Bedrock Geology 
map (Map 3). 

Municipa l wa ter users in Newfoundland pay for their water 
consumptio n on a n at rate bas is fi xed by indi vidual municipa liti es. 
According to a recen t survey, watcr charges are in the range o f $84 to 
$212 per year wi th a typical va lue being $140, which is comparable to 
the Environment Canada Survey (1989) fi gure of $ 129 per year. This 
annual c harge does nOI take into account the capi tal cost of the facility 
and the econo mic val ue of water. 

The map on the opposite page shows the communit ies served by 
munic ipal water supplies along wit h protected wate r supply areas. 
Sect ion 26 of The Department of £lIv;ronmelll and Lands Act authori zcs 
the Department 10 designate public wa ter supply areas as protectcd 
areas where resource dcvelopmcnt activ ities having potentia l to impa ir 
wate r quality are not permitted. One hund red ninety seven wate r 
supply areas in thc province ha ve so fa r been designated as protected 
wate r suppl y areas. Figure 28.3 shows the source of water suppl y for 
one of the protected water suppl y area. 

Figurc 28.3 Wate r Supply Source of a Pro tected Area 
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29 - Hydroelectric Developments 
Newfoundland has tremendous hydroe lec tri c power generation 

po tenti al because of the rugged landform, abundant and evenl y 
distributed precipitation, and consequently large flows. Hydroelectri c 
power plants uti lize the energy of flowing water combined with a 
difference in water level elevat ions. Hydroelectri c power was first 
generated on a large scale early in the century by the two pulp and 
paper companies at Grand Falls on the Exploits Ri ver and Deer Lake 
on the Humber River. The generat ion and distribution of power for 
domesti c and other purposes was done by various smaller companies 
which were amalgamated in 1966 into one company kno wn as 
Newfoundland Light and Power Company Ltd. 

The Newfoundland and Labrador Hydro Act, 1975, makes the 
Crown Corporation, Newfoundland and Labrador Hydro, responsible for 
the generation, di stribution , and sale of all hydropower in the province 
subject to the existing rights of a few companies. Newfoundland and 
Labrador Hydro is the parent company of the hydro group of companies, 
comprising of Newfoundland and Labrador Hydro, Churchill Falls 
(Labrador) Corporation Ltd. , Lower Churchill Development Corporation 
Ltd., Gull Island Power Company Ltd., and Twin Falls Power Corpor­
ation Ltd. 

As shown on the map on the opposite page, a significant number 
of drainage basins on the Island contributes water for generation of 
hydroelectric power. The Bay d'Espoir development . operated by 
Newfoundland and Labrador Hydro. is by far the largest (604 MW) 
fo llowed by the Deer Lake plant (124.7 MW). In contrast to the Island, 
hydroelectric power developmen t in Labrador started in the mid- 1950's . 
The Churchi ll Fa ll s hydroe lectric power generating station, the largest 
underground power facili ty in the western world , has a gross capacity of 
5428 MW. The power generated at thi s station is exported to Quebec 
under the terms of the agreement between Newfoundland and Hydro 
Quebec. 

There are 39 hydropower plants in the province (sec Appendix) 
with a gross power generating capacity of 6853 MW . The gross or 
installed capacity describes the size of a power plant in terms of its 
potential to produce electrici ty. Eight hydroelectric plants with a total 
capaci ty of 899 MW are being operated by Newfoundland and Labrador 
Hydro. The Newfoundland Light and Power Company is responsible for 
22 plants on the Island with a total capacity of 84 MW . Three plants 
owned by the Abitibi-Price (Nfld.) Pulp and Paper Ltd. have an installed 
capacity of 63.5 MW. Two plants operated by the Deer Lake Power 
Company have a capaci ty of 134 MW. The Twin Fall s Power plant was 
mothba lled after the completion of the Churchi ll Fa ll s plant , while the 
Iron Ore Company has been operating the Meni hek plant which has an 
installed capacity of 18.7 MW since 1954. The first small -scale 
hydroe lect ri c plant with a capacity of 150 KW, located in Labrador. is 
operated by Mary's Harbour Hydro of Clarenville. Figure 29.1 shows 
the installed generating capacity of hydroelec tric plants operated by 
various agencies in the province. 

Newloundlalld 
Hydrn 

Twin Co. 
Abitibi 

INSTALLED GENERATING CAPACITY 
6853 MW 

Ne'wf~",dl.nd Power (12%) 

/ Ch", hlill Falls (Labrador) Corporation 
(79.2%) 

Figure 29. 1 Installed Generating Capacity of Hydropower Plants 
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The average annual water use by the various power companies 
is shown in Figure 29.2. 

Power Company 

Newfoundland 
Power 

Churchill Falls (Labrador) 
Corporation 

Menlhek 

Abitibi - Price 

Deer Lake 

Newfoundland and Labrador 
Hyd", 

112.1 billion cubIC me1res 

1.9 bmi'! oobi, mre, 
10.0 billion cubIC metres 

I I 
3.9 billion cubic metres 

I I 
11 .5 billion cubic metres 

o 10 20 30 40 50 60 70 80 90 100 110 120 

Cubic Metres (billions) 

Figure 29.2 Average Annual Water Use by Hydropower 
Companies 

Newfoundland and Labrador Hydro also operates 36 thermal 
(d iese l/gas/wood chip) plants which serve nearly 30,000 customers 
living in rura l and iso lated communities. The most significant thermal 
plants are Holyrood (diese l/gas) and Roddickton (wood chip) which 
accounted for 34% of the gross Island interconnected energy supply by 
Newfoundland and Labrador Hydro in 1990. 

Although the economically feasible hydroelectric potentia l of the 
Island is a lmost exhausted, a fc w large scale possibilities still remain 
wh ich may be developed sometime in the future. Numerous small scale 
hydroelectric schemes ( I MW to 20 MW capacity) have been identified 
which may be developed by private developers since Newfoundland and 
Labrador Hydro has rel inquished its franchise rights for hydro projects 
of 10 MW capacity or less. There is a tremendous potential to develop 
hydroelec tric power in Labrador. Future development of large hydro­
electric projects in Labrador wi ll depend upon the province's ability to 
economica ll y deve lop and export the energy through Quebec. 

The va lue of the large block of developed hydroelectric potential 
of the Island needs to be given prominence as it has contributed very 
significant ly to the development of the industrial base of the province. 
Due to the inherent difference between hydro and thermal technology 
and the renewable nature of water resources, the operating and 
maintenance costs of hydropower tend to be virtually inflation proof and 
relati vely lower than the costs of thermal power. Utility experience, 
over reccnt years, has shown that variab le operating and maintenance 
costs of hydro plants are about 30% of the thermal plants, while the 
fixed operating and maintenance costs of thermal plants, on a $/KW 
basis, are typically twice that of hydro operations. 
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30 - Industrial Water Use by Source 
Surface water consti tutes the main source of water supply for 

industri al purposes in the province. The use of groundwater is generall y 
limited to areas where yields are high. The largest wi thdrawal demand 
for water on the Island is for the pulp and paper industry; in Labrador, it 
is for the mining indust ry. The total fresh water intake for indust ri al 
uses amounts to about 350 million cubic metres/year. Amongst other 
small industria l users , fi sh processing plams arc the main users of 
water. Average annual water use, including both fresh and salt water, 
by major industries in the province is shown in Figure 30.1. 
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Figure 30.1 Average Annual Water Use by Major Industries 

FISH PROCESSING lNDUSTR Y 

Fishing in the ab undant wa te r surround ing the coas t of 
Newfoundland dates back to the 16th century. Despite diversification of 
the province's resource based economy wi th the development of the 
forestry and mining industries. the fishery has retained its predomi­
nance due to mult i-species resource base. Its annual contri bution to the 
province's Gross Domestic Product is approximately 5% and employs 
more than 20% of the province's workforce. 

The fish processing sector is comprised of 2 19 plants, with 104 
engaged in the production of frozen products. Both fresh and sea water 
are used for various purposes and the water demand varies widely 
depending on the type of product and in-plant technology. The average 
water use by a fish processing plant , during its peak production, is 
estimated to be 10,000 m3/year for various processes. Figure 30.2 
shows the percentage of water usage from different sources by fi sh 
plants in the provi nce. 

I Newfoundland (Island) I Labrador 

Figure 30.2 Source of Water Used by Fish Plants in the Province 
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O IL REFINERY 

The refinery at Come By Chance is the on ly oil refinery in the 
province. It has a dail y production capacity of 105,000 barrels/day. 
Water usage in refineries varies with the process used, type of cooling, 
recycli ng, and quality of water. On average, the refi nery at Come By 
Chance uses 4864 m3/day. The water is extracted from Inksters Pond. 
The wastewate rs with a temperatu re of about 2 1'C to 24'C are 
lagooned before di sposa l. 

MINING INDUSTRY AND MINERAL PRODUCTION 

Newfoundland produces about 37.5% of Canada's iron ore, 3.5% 
of its copper, 9.5% of its lead, and 8.5% of its zinc. Despite the fact that 
mining is the major primary resource of the province, no smelting and 
refining activ ity takes place, and concentrates of copper, lead, zinc, and 
iron are shipped to smelters outs ide the province. 

The water usage per tonne of ou tput is dependent' upon the type 
of mining operation and the extent of recycling. The average an nua l 
water use by the mining industry is about 215 million cubic metres. Iron 
Ore Company of Canada uses about 9 1 % of the tota l water used by this 
sector followed by Wabush Mines using about 8. 1 % whi le the remaining 
0.9% is being used by smaller mining activities. 

PULP AND PAPER INDUSTRY 

The pulp and paper industry accounts for approxi mately 75% of 
the economic acti vity of the province's forest sector. Approximately 
1.77 million hectares (63%) of the productive forest area on the Island is 
controlled by two companies hav ing three pulp and paper mills located 
in Corner Brook, Grand Falls, and Stephenville. The Corner Brook mill 
is owned by Kruger Inc., whi le the other two are owned by Abitibi-Price 
Inc. These mills have a total production capaci ty of 754,000 wnnes and 
provide employment for about I % of the workforce. 

The water requirements of these mill s vary apprec iab ly with the 
process used. Processes such as de-bark ing freque ntly use untreated 
water whereas paper making and bleaching require water of good 
quality. Average annual water consumpt ion values are as follows: 

Name of 
Company 

Source of 
Water 

Debarking 
(mJ/s) 

Kruger Inc. Corner Brook 0.15** 

Abitibi-Price 
Abi tibi-Price 

River 
Exploits River 
Mine Pond 

2.6** 
0.18** 

**Used only 8 to 10 hours/day 

Processing 
(mNs) 

1.1 

1.4 
0.3 

Avg. Annual 
Water Use 

(m3) 

36,500,000 

73,000,000 
8,500,000 

ENERGY PRODUCTION - THERMAL GENERATING STATIONS 

It is estimated that about 95% of the water usage in a thermal 
plant is for cooling. There arc two major thermal plants in the province· 
one at Holyrood with a generati ng capacity of 2.140 million kwh and 
another at Roddickton with an annual capacity of 32 mill ion kwh. 
Average annual sa lt water use by the Holyrood plant is 274 million 
cubic metres, while the Roddickton plant uses 8 mi llion cubic metres. 
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31 - Water Recreational Areas 
Newfoundland is blessed with an abundance of both fresh and 

salt wate r oriented rec reational areas. It has a land area of 405,720 
square ki lometres (km 2) of which 34,032 km2 or 8.4% is covered wi th 
water. The total length of the province 's coastl ine is approx. imately 
17,540 km . Wi th a population of about 580,000. an average of less than 
two persons per square ki lometre, Newfou ndl and is a re lati ve ly 
uncrowded place for water ori ented recrea tioni sts. There is an 
abundance of clean water in the many lakes. ponds. and ri vers through­
out the province. Hundreds of small islands dot the scenic coastline, 
and a number of bird species and other wi ldlife can be found on the high 
coastal cliffs. From Apri l to June one is certain to be treated to a 
spectacle of huge icebergs drifting past on their way to melt in the 
warmer waters of the Gulf Stream. 

There are two national parks and 76 provincial parks in the 
province as shown on the map on the opposite page. The provincia l 
parks have 2317 campsites and 1347 picnic si tes for usc. Practica ll y all 
parks have e ither ponds, ri ve rs, or beaches within the ir bou ndaries. 
The main recreat ional ac ti vities are canoeing. boating. swi mming, and 
fi shing. July and August arc the best months for swimming. The cold 
waters of the Labrador Current fl owi ng from the north can make 
swimming at the seas ide beaches an invigorating experience. 

Salmon fi shing by both res ident and non resident anglers is 
permitted on 174 scheduled sfilmon ri vers in the province. These ri vers. 
which are frequented by thc Atlantic sa lmon for spawning, are regulated 
or schedu led for the protection and conserva tion of the salmon run , 
while at the same time increasing the economic benefit of thi s resource. 
Un like some sa lmon species on the west coast of Canada. all Atlant ic 
sa lmon do not die a fter spawn ing, bu t can re turn to the sea and spawn 
aga in in subsequent yea rs. Their sea habita t areas include the 
Labrador Sea. northern parts of the Grand Banks. and the ocean ncar 
G reen land. On the scheduled ri ve rs regulations concerning fi shi ng 
seasons. licensi ng , type of fi shing gear used. bag limit, and season 
dates are enforced by the Department of Fisheries and Oceans. Only 
salmon called grilse, that have spent one winter at sea. Ill ay be taken 
on the Island. Both gril se and larger mult i-sea-winter salmon may be 
taken in Labrador. Salmon must be caught by fi shing rod and art ificial 
ny. 

Salmon Fishing 

Power boating along the coast provides easy access to beaches 
and coves not accessible by land. Fuel and provis ions. along with 
public wharves for berthing, are availab le in most coastal communi ties. 
Advance planning of trips is recommended to make sure supplies are 
avai lable when needed. Scuba diving is becoming popular because of 
Newfoundland's clear waters, abundant fi sh, and many shipwrecks. 
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The province offe rs many rivers and lakes for the rec reational 
canoeing and kayaking enthusiasts to explore. For those who enjoy 
flat water paddling, ponds and gullies exist with short portages between 
them. Canoeing and kayaking are available on a number of ri vers on the 
Island and in Labrador; high ri ver flows occurring after spring snowmelt 
in Apri l, May, and June provide the optimum conditions. Due to the 
remoteness of many ri ve rs, especially in Labrador, fl y in trips are 
necessary. Part ies must be well equ ipped to deal with changing 
weather conditions and the lack of services. The relatively new water 
sport of sea kayaking is ideal in the numerous bays and inlets along the 
coastl ine. 

Water Raftin g 

The leve l of skill rating shown on the map for canoeing on rivers 
re lates to the challenge a canoeist may expec t to find on a particular 
river. On a difficult ri ver. a canoeist will encounter numerous rocks. 
ledges. and class III and IV rapids requiring a high skill level of 
manoeuvering. Portages over difficult terrain may also be encountered. 

Many residents have cottage lots adjoin ing water bodies. Crown 
land for COllage lots is normally avai lable throug h two processes: 
identification and se lection of a suitab le site by an ind ividual , or by 
pub lic draw of prepl anned cottage subdivisions in high demand areas. 
Prospective cottage lot owners must submit a Crown lands application 
for their sites and comply with all provincial regulations. 

Cottage Lots 
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Conclusion 
The current s tale of the wate r resources o f the prov ince has been desc ribed in the Wate r Resources Atlas of 

Newfo und land by means o f maps and tex ts. The data present ed ha ve great intr ins ic va lue because of the info rmation Ihey 

provide on the waler resources. They al so have economic va lue as they form the basic requirements for pl anning. des igning. and 

operating water resources projects. 

The collection. analysis. and presentation of data on geo logy, climate. hydrology, water quality. ground wa te r. and wa te r 

uses are , however. just one as pec t in the protec tion of our water resources. Other components inc lude assessment o f the 

potemia] impac ts of wate r-related projec ts on waler quantit y and qualit y. determining wate r ri ghts. and defining water m .. magc· 

menl policy. Water ri ghts arc concerned with the ri ghts of indi viduals or organisa tions to di vert and usc water or to use it in 

place. Wate r policy is the deve lopment of guidel ines. strateg ies. and programs within the framework of. and consistent with . 

economic and soc ial polic ies. with a view to increasing the we lfare of the whole population. These aspec ts are diffi cult to 

illustrate on maps. bul. together with data co ll ection and anal ys is. are essentia l for an efficient and equitable management of the 

wate r resources of the province. 

The dramatic inc rease in magnitude and scope of human intervention in natural wa ter systems during the lasl quarte r 

century has made the task of managing our water resources very complex. Water management is alread y hampered by incom­

plete understanding of the water resource systems in their present state and the ir vulnerability to cumul ati ve impacts. In the 

futu re a range of environmenta l changes is expected to result from continued urbani zation. agri cultural and industria l pollution. ,md 

from progressive ly larger schemes of water development. Changes in globa l and regional climates will affec t ri ver hydrology and 

watershed geomorphology. The impacts o f these changes on our water resources are ve ry di fficult to predict. Co llec tion and 

analys is of w.lIer resources data. together with the other as pects of water resources management. will become even more criti c<l l. 

And the di ssemination of the information on the changing attributes of the water environment will continue to be an import ant part 

of water resources management. 
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Appendix 

I HYDROELECTRIC PLANTS I 
AVERAGE ANNUAL SOURCE OF WATER SUPPLY 

NORMAL HEAD INSTALLED WAT ER USE 

NO. PLANT NAME OWN ER YEAR (M) CAPACITY (m')X IO' 
COMPLETED (mw) Main Diverted 

I I SLA~D OF NEWFOUNDLAND I 
I Pe lly Hr. NF Light & Power 1908 58 5.25 162 Redmans Brook 

2 Victoria NF Light & Power 1914 " 0 .45 25 Rocky Pond 

3 G rand Fall s Abitibi Price 1909 33.2 44 .5 4271 Exploits Rive r 

4 Bishop', Falls Abitib i Price 1909 10.6 17.2 5713 Exploits River 

, Port Union NF Light & Power 1918 21 0.51 44 Whirl Pond 

6 HearlB Conlenl NF Light & Power 1917 46 2.65 94 Hcarts Conte nt Sk 

7 SuI Cove NF Light & Power 1924 58 3.111 93 Seal Cove River 

8 Deer Lake Deer Ld:e Power 1925 7S 124.65 3&05 Humber River Indian RivH 

9 Buehaos (AR ASCO) Abitib i Price 1927 49.6 L8 27 Buchans Brook 

10 Low" NF Light & Power 1930 20 0.63 48 Low" 

" Pierres Brook NF Light & Power 1931 86 4.0 151 Pierres Brook Witless Bay Diversion 

12 Topr;ail NF Light & P<Jwer 1932 86 2.34 74 Island Pond Manuels Pond 

13 Fall P<Jnd NF Light & Powu 1939 " 0.35 39 Waterfa ll Brook: 

14 Tors Cove NF Light & Power 1942 56 6.75 282 Tors Cove 

" West Brook NF Light & Power 1942 43 0.76 27 SI. Law~nce 

16 Rocky Pond NF Light & Power 1943 3S 3.10 245 Tors Cove Pond 

17 Look:out Brook NF Light & Power 1958 ISS 5.55 89 Look:out Brook 

18 Mobi le NF Light & Power 1951 120 11.97 167 Mobile Big Pond 

19 Cape Broyle NF Light & Power 1952 51 6.4 349 Cape Broyle P<Jnd Crossing Place River/Cape Broyle/ 
North Wc~t River Diversion 

20 Horse Chops NF Light & Power 1957 89 7.60 276 Horse Chops Pond Crossing Place River/Cape Broy lel 
North We~t River Diversion 

21 Lochton NF Light & Power 1955 82 3.0 38 Lock:ston 

22 New Chelsea NF Light & Power 1957 84 3.73 7S New Chelsea Brook 

2J Snooh Arm NF & Lab Hydro 1957 83 0.56 23 East Pond 

24 Venam's Bight NF & Lab Hydro 1957 79 0.36 17 Long Pond 

25 Walsons Brook Deer Lake Power 1958 170 9.2 97 Cornu Brook 

26 Rattling Brook NF Light & Power 1958 100 11 .50 266 Rauling Brook: 

27 Pitmans Pond NF Light & Power 1959 20 0 .6\ '0 New Chelsea 

28 Sandy Brook NF Light & Power 1963 33 5 .70 256 Sandy Brook West Stony Brook 

29 Bay O'Espoir NF & Lab Hydro 1967 176 604 5531 Salmon Rive r G~y RiverlWhite llel r Ri ve rl 
Victoria RiverlUoyds Ri ver 

30 Hinds Lake NF & Lab Hydro 1980 217 75 .00 491 Hinds Brook: 

31 Upper Salmon NF & Lab Hydro 1982 SO 84.0 4196 Salmon River 

32 Morris NF Light & »Qwer 1983 29 1.14 109 Mobile Big Pond 

33 Cal Arm NF & Lab Hydro 1985 380 127 800 Cal Arm River 

34 Pal1ldisc River NF & Lab Hydro 1989 44 8.0 Paradise River 

3S Marble Brook: NF & Lab Hydro 1980 47 0.4 Marble Brook 

I LABRADOR I 
36 Churchill Falls Churchill Fa ll s Corp . 1971 312 5428 112181 Upper Churchill 

37 T win Falls Twin Falls Corp. Mothballed 225.0 Unknown 51~am 

38 Menihck IOCC 1954 12 18.7 1883 Ashuani pi River 

39 White Rock Fall s Mary's Hr. Hydro 1987 7.3 0.135 30 51. Mary's River 
(p rivate) 

MAJOR THERMAL PLANTS 

'" Roddicklon NF & Lab Hydro 198 1 , 8 (cooling) Shoal Cove Po nd 

41 Holyrood NF & Lab Hydro 1989 '00 274 (cooling) S .. 
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Glossary 
ALKA LI NE: Wate r which contains a sufficient amount of alkali substances 10 
raise the pH value above 7.0. 
ANCHOR ICE: Frazil ice that has collected on rocks on the stream bed. 
ANNUAL fLOOD: The highest peak discharge in a water year. 
AQU IFER: A body of earth malerial capable of tran smittin g water through it s 
pores at a rale sufficient for water suppl y purposes. 
BASE FLO W: Thai ponion of the stream disc harge which is de ri ved from 
groundwater QUI now or o ther sources outside the net rainfall which crealed th e 
surface runoff. 
BENEF ICIAL USE OF WATER: The use of water for some purpose from which 
benefi ts arc derived. Such use includes dome stic, irri gat ion , hydroelec tric power. 
indu strial. e tc . 
C LIMATE : The sum tolal of the meteorologi ca l c lements that characte ri ze the 
average and ex treme condition of the atmos phere over a long peri od of time at 
anyone place or region of the earth's surface. 
CONVECT IVE PREC IPITATIO N: Prec ipit ati o n res ulting from ve rti cal 
move ment of moi sture- laden air. which upon risi ng cools and prec ipit ates it s 
mo isture. 
CYCLON IC PR ECIPITATION: Preci pitation resulting from the lift ing of a ir 
converging into a low· pressure area or cyclone. 
DAILY TEI\ .. IP ERATU RE RA NGE: The differe nce between the highest and lowest 
temperatures recorded on a particular day. 
DENSITY OF SNOW: The ratio. ex pressed as a percentage, of the volume which a 
given quanti ty of snow would occupy if it were reduced to water, to the volume of 
the snow. 
DEPTH OF RUNOFF: The IOta I runoff from a dra inage basin , di vided by th e 
area. For con venience in comparin g runoff with precipitation, the term is usuall y 
ex pressed in mill imetres of depth du ring a given period of tillle over the dra inage 
area . 
DIR ECT FLOOD DAMAGE: The damage done to property, structures, goods. 
elC .. by a flood as measured by the cost of replacement and repairs. 
DIRECT RUNOFF: The runoff ente ring stream clwn nels promptl y after rain fall 
or snowmelt. 
DISCHARG E CU RV E: A curve that expresses the relati on between the discharge 
of a stream at a gi ven locati on and the stage of the water surface at or near that 
loc ati o n. 
DOMESTIC USE OF WATER: The use of water primarily for household purposes. 
the wate ring of livestock. the irri gation of gardens, lawns, shrubbery. etc., 
surrounding a house or domicile. 
DRAINAGE AREA: The drainage area of a meam at a speci fied location is that 
area , measured in a hori zontal plane. whi ch is enclosed by a dra inage di vide . 
DRAI NAGE BASI N: A drainage system which consists of a surface stream 
together wi th all tributary surface streams. 
DRAINAGE DIVIDE: The boundary line. along a topograph ic ridge or along a 
subsurface formation. separating twO adj acem drai nage basi ns. 
EVA I~RATION: The process by which water is changed from the liquid state into 
the vapour state. 
EVAPORATION PAN: A pan used to hold wate r during observati ons fo r the 
determinati on of the quantity of evaporation at a given locat ion. 
EVAPOTRANS PIRATION: The volume of water evaporated and tran spired from 
soil and plant surfaces per unit land area. 
FLOOD: ( I ) An overflow or inundation that comes from a river or olher body of 
wale r and causes or th reate ns damage. (2) Any re lati vely high stream now 
overtopping the natural or artifi cial banks in any reach of a strclIm . (3) A relatively 
high n ow as measured by ei ther gauge he ight or dischnrge quanti ty. 
F LOOD ZONE: The land bordering a stream wh ich is subject to noods of about 
equal frequency. 
GAUGING STATION: A particular site on a stream , canal. lake. or reservoir 
where systemat ic observations of gauge height or discharge are obtained . 
GROUNDWATER: Water in the ground that is in the zone of saturati on. from 
which well s. springs. and groundwater runoff arc supplied. 
GROUNDWATER DIVIDE: A line on a water table on e ithe r s ide of which the 
water table slopes downward. It is analogous to a drainage di vide between two 
drainage basi ns on a land surface. 
HYDROLOG IC CYCLE: The complete cycle of phenomena through which water 
passes. commencing as atmospheric water vapour. passing into liqu id and solid 
form as precipitation. thence along or into the ground surface. and finally again 
returning to the form of atmospheric water vapour by means of evaporati on and 
tran s pirati o n. 
HYDROLOGY: The applied sc ience concerned with the waters of the earth -- their 
occurrences. di stributi on. and circulati on through the unending hydrol ogic cycle 
of: prec ipitat ion. co nsequ ent run off . in filtrati on, and s lOrage ; eventual 
evaporati on: and reprec ipitation . It is concerned with the physical and chemi cal 
reacti on of water with the rest of the earth . and it s relation to the life of the earth. 
INDUSTRIAL C O NSUM PTIO N: The quant it y of wat e r co nsumed in a 
Illunic ipality or dislrict for mechanical. trade, and manufacturing purposes. in a 
give n period, generally one day . 
MEAN ANNUAL PRECIPITATION: The average over a period of years of the 
annual amounts of prec ipitation. 
MEAN ANNUAl.. TEMPERATURE: Is the average of the monthl y means for t he 
ye ar . 
MUNICIPAL USE OF WAT ER: The vari ous uses to which water is pu t in 
deve loped urban areas. including domestic use. industrial use. street sprink ling. 
fire pro tection . e tc. 
OROGRAPHIC PR EC IPITAT ION: Precipitati on which is caused by hills or 
mountain ranges de fl ecting the moisture· laden air masses upward. causing them to 
coo l and prec ipitate their moisture. 
POTENTIAL EVA POTRA NSPIRATION: Water loss that will occur if at no time 
there is a defic iency of water in the soil for use of vegetation. 
"RECIPITATION: As used in hydrology. preci pitati on is the discharge of water. 
in liquid or solid state. out of the atmosphere . generally upon a land or water 
surface. Precipitation includes rainfall . snow, hail. and sleet. and is the refo re a 
more general term than ra infall. 
QUALITY OF WATER: The physical. chemical. and bi ological characteri sti cs of 
wate r re lating to its suitability for a given usc. 
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RAIN GAUGE: A device for calCh ing and measuring the depth of rainfall . 
RAINFALL: The quantity of water that fall s as rain only. Not sy nonymous with 
prec ipitat io n. 
RAINFALL-INTENSITY CURVE: A curve which expresses the re lation of ra tes 
of rainfall and their durat ion . Each curvc is generally for a period of years du ring 
which time the intensities shown will not. on the average. be exceeded more than 
o nce. 
REGULATION: The artificial manipulation of the now of a stream. 
RESERVOIR: A pond, lake, or basin, eithe r nlll ural or artificial, fo r the storage. 
regulat ion . and control of water. 
RETURN PERIOD: In stati stical analysis of hydrologic data. where the interval 
between observati ons is a year. a return period of 100 years. for example, means 
that . on the average in the long ru n, nor more often than once in 100 years is an 
event of thi s magnitude. or greater. expected to occur. 
RIV E R BAS IN: A term used to des ignate the arca drained by a river and it s 
tr ibuta ries. 
RIVER STAGE: Is the elevation of the water surface at a specified station abo ve 
some arbi trary zero datum. 
RUNOFF: That part of the precipitation that appears in surface streams, drains or 
sewers. 
SNOW: Precipitation in the form of branched hexagonal cry slal s or stars, often 
mi xed with simple icc c rystals. which fa ll more or less continuou sly from a solid 
cloud sheet. These crystals may fall eithe r separately or in co herent clu sters 
forming snowflakes. 
SNOWFALL: The amount of snow, hail . sleet. or other prec ipi tation occurring in 
solid form which reaches the earth's surface. It may be ex pressed in millimetres 
depth as it fall s. or in terms of millimetres depth of the equi valent amount of water. 
STAGE: The height of a water surface above an estOlblished datum plane, 
STAGE-DISCHARGE CU RV E: (Rati ng curve) A graph showing the relation 
between the gauge height , usually plolled as ord inOlle . and the amount of water 
flowing in a channel. expressed as volume per unit of time. plotted as absc issa. 
STORM: A di stu rbance of the ordinary average condition s of the at mosphere 
whi ch, unl ess specifica lly qualified, may include an y or a ll meteo ro logical 
disturbances. such as wind. rai n, snow, ha il. or thunder. 
STREAM : A general term for a body of flowing water. In hydrology, the te rm is 
generall y applied to the water nowing in a natural channel as distinct from a canal. 
STREAMFLOW : The di scharge that occurs in a natural channel. 
SUR."ACE RUNOFF: That part of the runoff which travels over the soil surface to 
the nearest stream channel. 
SUR.' ACE WATER: Water on the surface of the earth . 
TRANS'~IRATION: The process by which water vapour escapes from the li ving 
plant. principa ll y the leaves, and ente rs the atmosphere. 
WATER ANALYSIS: The determinati on of the physical. chemical, and biological 
characteristics of water. Such analyses in volve usually four diffe rent kinds of 
examinations. bacte rial . chemical, mic roscopic . and physical. 
WATER EQUIVALENT OF SNOW: Amount of water that would be obtained if 
the snow should be completely melted. 
WATER LEVEL: Wate r-surface elevation or stage. 
WATER QUALITY : A term used to desc ribe the chemical. ph ysical. and 
biol og ica l charac teri stics of water in respect to it s s ui tability for a particular 
purpose. The same water may be of good quali ty for one purpose or use, and bad for 
an other. depend ing upon its characteri stics and the requirements for the 
particular use. 
WATER TARLE: The upper surface of a zone of saturation. where the body of 
ground water is 110t confined by an overly ing impermeable formation. Where a n 
overl ying confining formation exists. the aqu ifer in question has no water table. 
WAT E RSHED: The area contained within a divide above a specified point on a 
s tream. 
WEATHER: One phase of the succession of phenomena whose complete cycl e , 
rec urring with greate r or less uniformity every year, constitutes the cl imate or any 
loc ality. 

GEOLOGY 

PROTEROZOIC I: 2500 - 1600 million years ago. 
PROTEROZOIC II : 1600 - 900 million years ago. 
PROTEROZOIC III: 900 - 550 million years ago. 
CAMBRIAN: 570 - 505 million years ago. 
ORDOVICIAN: 505· 438 mi llion years ago. 

GLAC IAL-LACUST RI NE SEDIMENTS: Si lt and clay deposits formed in the 
quiet waters of lakes that received meltwater from glaciers. 
GLACIAL OUTWASH: Well- sorted sand. or sand and grave l. deposited by the 
meltwater from a glacie r. 
GLACIAL TILL: A glac ial deposit composed of mostly un sorted sand, silt. cl ay. 
and boulders and laid down directly by the melting ice, 
I'ORE SPACE: The volume between mineral grains in a porus medium. 
POROSITY: The ratio of the volume of void spaces in a rock or sediment to the 
10lal volume of the rock or sediment. 
I'OROSITY, EFFECTIVE: The volume of the void spaces through which water or 
o ther nuids can travel in a rock or sediment divided by the to tal volume of the 
rock or sediment. 
POROSITY, PRIMAR-Y: The porosity that represents the original pore open ings 
when a rock or sediment is formed. 
POROSITY, SECONDARY: The poros ity that has been caused by fractures o r 
weathering in a roc k or sediment afte r it has been fo rmed. 
RQCK, IGNEOUS: A rock formed by the cooling and c rystalli zation ofa mo lt en 
rock mass called magma. 
ROCK, METAMORPHIC: A rock formed by the application of heat and press ure 
to preex isting rocks. 
ROCK, PLUTONIC: An igneous rock formed when magma cools and crystallizes 
within the earth. 
ROCK, SEDIM ENTARY : A rock formed from sedimen ts through a process 
known as diagenesis or formed by chemical precipitation in water. 
ROCK, VOLCANIC: An igneous rock fo rmed when molten rock call ed lava cools 
on the earth's surface. 
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