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PART I - METHODOLOGY

The main objective of this portion of the study 1s an
assessment of natural water availability and of changes induced by
man's activity in the natural hydrelogic and hydrogeologic conditions.
As such, it corresponds to Phase B - Water Supply, Section I and 2
of the Terms of Reference,

According to the Terms of Reference, the study of the
natural water resources availability should cover the total area of
the Province. For this reason, methods of assessing the water
availability in any area are required since, in some cases, changes
in plans will result in locating new developments in areas which were
not initially designated for such purposes.

Since the study had to be based on existing data, the
methodology had to adapt itself to the amount of data available. Most
of the available information pertained to meteorology and hydrology,
and development of preliminary quantitative areal and time variation
of these characteristics throughout the Province was possible. However,
because of the relative scarcity of the data in the whole Province and
especially in Labrador, this required the application of special
techniques. Although for this stage of the study the estimates obtained
are considered adequate, further investigations to improve the data and
to check and complete the results obtained are necessary. The few
analyses available on surface water allowed only approximate generalized
appraisals of surface water quality. Data on groundwater quantity and
quality were insufficient for more than a general qualitative appraisal, with
extremely rough quantitative indications.

In using the results included in this part of the study, it should
always be borne in mind that they were developed for general planning
purposes, and as such are not valid for use in particular local problems
for which special investigations will still be required.

Water Resources Study - Newfoundland and Labrador
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1 SURFACE WATER METHODOLOGY

1.1 Surface Water Quantity Methodology

1. 1.1 Methodology of Areal Distributed and Interrelated
Meteorological and Hydrological Characteristics

Many of the meteorological characteristics have a continuous
areal distribution and can be represented by isolines on maps. Some
of the hydrological characteristics, especially runoff and actual
evaporation averages over a period of a year or more, are also
amenable to representation by isolines.

Because of the particularities of the information available,
the meteorologic and hydrologic data that can be analyzed in their areal
distribution (precipitation, temperature, evaporation, runoff) have
been processed using a technique for combining thera to produce more
meaningful results. Since there are very few meteorological stations
in the Province and most of them are located on the seacoast, their
data have reduced relevance to the meteorologic conditions inland. On
the other hand, the river gauging stations, although mostly located near
the seacoast, are recording data on basins which expand far inside the
central areas of the Island and the interior of Labrador. Since the
meteorologic and hydrologic data are closely interrelated, by combining
the local data obtained from the meteorologic stations with the data
recorded by the river gauging stations an assessment of the arecal
distribution of certain metcorologic and hydrologic characteristics
could be obtained. The combination of the two series of data was done
through the intermediary of the physiographical characteristics which,
in the final analysis, influence both the metcorologic and hydrologic
phenomena to a large extent,

With this in mind the methodology of assessing meteorologic
and related hydrologic characteristics has taken the following general
steps: (Figure 1-1})

1, An analysis of available data on the meteorologic
characteristics considered, assessment of
reliability, and synthesis of missing data by
correlation and double mass curve techniques.

2. A preliminary assessment of relationship between

the meteorologic and the related physiographic
characteristics.

Water Resources Study - Newfoundland and Labrador
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3, A preliminary estimation of areal distribution of
the meteorologic characteristics according to areal
distribution of physiographic characteristics.

4, A selection of relationships between meteorclogic
and hydrologic characteristics developed theoretically
and/or determined statistically for regions similar to
the area under study.

5. A preliminary estimation of the hydrologic characteristics
{rom the area distribution of the meteorclogic
characteristics and relationships between meteorologic
and hydrologic characteristics,

6. An analysis of recorded hydrologic data, assessment
of reliability, correction for systematic errors and
changes in storage, and synthesis of missing data by
correlation techniques.

7. A comparison of recorded (step 6) and estimated
(step 5) hydrologic characteristics on the basis of
basin data.

8. A correction on the basis of step 7 of preliminary
estimation of meteorologic characteristics (step 3)
and/or relationships between meteorologic and
hydrologic characteristics (step 4).

9. A correction of preliminary assessment of relationships
between the meteorologic and the related physiographic
characteristics (step 2).

10. [teration of steps 5,7, B, and 9 as many times as
required to obtain, in step 7, a satisfactory agreement
between computed and estimated hydrologic
characteristics.

11, A final estimation of areal distribution of the
meteorologic and hydrelogic characteristics based

on the last accepted iteration,

The application of this methodologic outline is illustrated in detail
in Sections B and 16,

Water Resources Studyv - Newfoundland and Labrador
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1.1.2 Use of a Computerized Square Grid System for
Physiographic, Hydrologic, Meteorologic, and
Other Data Storage Processing and Retrieval,

Since the arecal distribution of the meteorologic and hydrologic
characteristics with the physiographic characteristics requires the
assessment of the areal distribution of the physiographic characteristics
and, because of the large amount of work involved in both establishing
the areal distribution of all the characteristics and in the performance
of the iterative computations, a computerized system was considered
cxtremely helpful.

In order to adapt a computerized system to this type of operation,
the study area had to be converted to a schematic representation that was
manageable by computers. A very simple and reasonable way of doing this
was to divide the study area into a grid, the area afterwards being
considered as consisting of a series of squares. These squares reproduce
the area in the same way as a series of rectangular stones produce a
mosalic, or a series of points produce a television picture.

The grid interval determines to a large extent the accuracy of the
representation, since the finer the grid the more detail, Nevertheless,
for a given set of conditions, the pain in accuracy obtained by further
decreasing the grid interval diminishes greatly around a certain value of
the interval, and further incrcase of the number of squares was net warranted.
In general, the grid interval is determined by the size of the area, the size
of the individual drainage basins considered, the detail of the available data,
the required accuracy, the size of the available storape capacity of the
computer, the budget of the study, etc. For usual problems, grid intervals
between 0. % =nd 5 miles can be considered. The use of the grid marked on
the transverse mercator projection maps, scale 1:250, 000, (Surveys and
Mapping Branch, Department of Mines and Technical Surveys, 1960}, as
the basic framework was accepted since it enabled different groups working
on the same study to have a common reference This grid has an interval of
10 km {about & miles )=,

w Supplementary data on elevation at the middle of the interval and center
of the square, however, increases the accuracy of this grid to at least
that which would have been obtained with a grid interval of 4 miles.

-4 2A
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When a study along a river was considered with progressively
increasing size of drainage basin, its characteristics could be assesscd
by progressively adding the corresponding square or parts of squarcs,
A physical, hydrologic, or other characteristic such as elevation, runoff,
or population was assumed to be attached undifferentiated to a squarc,
hence the partial squares at the boundaries were considered with their
average characteristic in the computation. This introduced a certain
error, especially for small basins wherc the ratio between boundary
squares and fully-included squares is large. Although, for some very
particular casecs, the errors may be significant, in general if the ratio
between the size of the average drainage arca and the area of onc grid
square is larger than six®, the accuracy was sufficient for any practical
purposes.

The square grid system can be used for storing, processing,
computing, and plotting information on physical, meteoreclogic, hydrologic,
hydropower characteristics, economic, and demographic characteristics
of the study area, A few examples will illustrate this:

a) Physical characteristics. The average elevation of a river
basin can be obtained by averaging the elevation recorded
in cach grid knot, square center, and mid-interval of the
grid for the squares included in the basin. This closely
approximates the value of the average elevation obtained by
planimetering the areas betwecn successive contours, If
the arca-elevation distribution (hypsometric) curve is sought,
the distribution curve of these elevations will nroduce a very
close approximation,

Other physical characteristics can be computed from the
elevation data, The physical characteristics are slope,
asimuth, and barrier height (sec Volume Eight, Appendix A),
Several other characteristics of the watershed arc also
amenable to computer processing using the grid system
{area of lakes, marshes, forest, soil characteristics,
bedrock geology, distance to the sca in a given direction,
shortest distance to the sea, ectc.).

* Due to supplementary elevation data in the middle of the interval and
center of the square, acceptable accuracy has been obtained with the
adopted grid for basins larger than 70 square miles. Howcver, for
smaller basins the accuracy becomes doubtful and the application of
the techniques is acceptable for preliminary cstimates only, and
should always be checked by other means,

Watcer Resources Study - Newfoundland and Labrador
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Climatologic and meteorologic information.,  The grid

system allows the storage and retrieval of basic climatologic

and metecrologic data (in the square where the station is
located), and to obtain such information for a given arca is a
simple operation. Comparisons between physical characteristics
of neighbouring stations can indicate what correlations should be
developed for synthesizing missing data. Also, an important
advantage is that, by using the information stored, precliminary
correlations between climatologic and physical characteristics

at climatologic gauging stations can be developed.

Thesc correlations then allow the use of the file on physical
grid characteristics for estimating the value of the climatologic
characteristics for cach square. A correlation of this type is,
for example, that between a dependent variable such as average
precipitation or temperature and independent variables such as
clevation, latitude, distance from the sca, distance from the

sea in direction of prevailing winds, barrier ho "ght, etc. Once the

correlations are established, the v o= of aversac »recipitation
or temperature can be estimated for ~ ¢h squarc of the grid, and
digital maps or isohyet or isotherm maws can be produced for the
study arca,

The methods can be expanded if necessary for the estimation of
the distribution of extremes (maximum or minimum temperature,
precipitation, windspeed, etc. ) or other statistics as, for
example, standard deviations of ycarly or monthly precipitation,

Hydrologic information. This can be processed in a sinular
way as the climatelogic and meteorologic information.  Since
hydrologic data, cspecially {flow and runoff, represent average
figures for the basin, a preliminary distribution of the data can
be done by using the results of the climatologic-physical
correlations and estimated (preliminary) relationships bhetween
meteorologic and hydrologic characteristics. Preliminary maps
of annual average runoff, maximum and minimum annual runoff
with different frequencies, and other hydrologic characteristics
having a continuous areal distribution can be produced using this
technique, By using the available information and the iteration
technique described in Section 1. [, 1, corrections have been made
to both the hydrologic and meteorolopic data un to a satisfactory
level of consistency.

Water Resources Study - Newfoundland and Labrador
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The computerized grid system was also useful in storing,
retrieving, and processing information on demographic,
economic, and other characteristics of the area as shown

in Volume Three A, Section 2. Table A-5 in Volume Eight
Appendix A gives a summary of the input-output possibilities
of the computerized square grid system in different fields.

The above sets forth the reasons for using the computerized
grid system for the present study covering the Province. In
the course of setting up the system, discussions were held
and correspondence exchanged with the Canada Departments

of Transport and Agriculture to check availability of programs
which could be used in processing the meteorologic and
hydrologic data, As a result, it was agreed that processing

of a part of the meteorologic information available will be

done by the DOT using their computing facilities and programs.

1. 1.3 Approach for Hydrologic Characteristics which
have a Discontinuous Areal Distribution

Some of the very important hydrologic characteristics, for
example peak flood flows, minimum flows with different probabilities,
and the corresponding runoff values are not amenable to representation
by isolines. This is because these characteristics are the result of a
complex interaction between the meteorologic input and the river basin
system, and the latter can differ very much from one basin to another.
The most important factors for the above examples are the surface and
ground storage through which the meteorologic inputs (precipitation and
snowmelt) are routed. Other factors, such as forest area, agricultural
land, etc., can contribute and accentuate the differences so that similar
inputs c¢an result in dissimilar outputs.

In order to obtain generalized relationships for these
characteristics, the approach consisted of the following steps:

1. An analysis of available data for reliability,
correction for systematic errors and changes
due to man's activity, and synthesizing of
missing data by correlation.

2. An assessment of the hydrologic characteristics
at each gauging station using the available data
and statistical or deterministic processing,

I-7
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3. Verification of hydrologic characteristic values
obtained statistically by the most adequate
deterministic method, and of those obtained using
a deterministic approach by statistical analysis,
whenever possible. -

4, Correclation of hydrologic characteristic values
obtained statistically with the aggregated
physiographic characteristics of the corresponding
basins.

5. An assessment of aggregated physiographic
characteristics in ungauged basins, and by using
them with the correlations established in step 4, -
an estimate of hydrologic characteristic values
in the ungauged basins.

The approach will be dicussed further and illustrated in Sections
17, 18, 19.

It should be noted that, no matter what processing technique is
used, statistical or deterministic, the physiographic characteristics of
the basins were required for steps 3 and 4 or 5. The computerized grid
systermn, as shown in Section 1. 1.2, is able to provide the data for any
basin for which the percentage of included squares has been established,

1.2 Surface Water Quality Methodology

The water gquality studies carried out in the framework of this
report have the following objectives:

a) Assessing water quality criteria for different uses.

b) Establishing the water quality characteristics of
natural water bodies,

<) Estimating the adequacy of water quality for present
water use, and possible treatment requirements.

d) Assessing future water quality requirements in
connection with the developing economy, future
treatment requirements, and the cifect of changes
introduced by future water uses in watcr quality
including the effect on natural water bodies,

Water Resources Study - Newloundland and Labrador
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To attain these objectives, the following steps will be undertaken:

1.2.1 Water Quality Guidelines

A statement of general guidelines for various water demand,
for industrial and municipal use and for non-consumptive uses such as
fish, wildlife, and recreation. Quality classifications have been made
by physical, chemical, radiological, bacteriological, and biological
characteristics,

The statement has been based on a review of existing North
American water quality standards and requirements, as they relate to
industrial and municipal demand and non-consumptive uses, and made
with the aim of recommending standards for raw and treated municipal
supplies and for making economical analyses of projects for water
treatment to meet such standards and requirements.

l. 2.2 Data Collection and Review; Carrelation with Regional Factors

Existing data have heen collected from whatever sources are
available and location of sampling ascertained. A grab sampling
program was instituted to fill in gaps where possible and to check
estimations of water quality in basins where data were lacking.

For river basins where reasonably complete data are available,
correlation has been established with the physical, geographical,
geological, hydrological, demographical, and industrial factors in order
to interpolate quality in basins where data are lacking. Special attention
was pald to study areas and selected river basins,

Whenever it was considered that there were serious gaps in
available data, these have been identified, and recommendations made
for establishment of data collection programs in consultation with the
appropriate authorities.

1.2.3 Man's Activity Causing Changes in Water Quality

This section comprises a review of information on existing
quality of water used and of pollution by mining, industrial, municipal,
and other sources, and identification of present or potential problem
areas, The changes in river flows have been considered in relation
to present or forecast waste loads,

: - 1-9
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2 GROUNDWATER METHODOLOGY

2. 1 Groundwater Quantity Methodology

The Terms of Reference, recognizing the lack of basic
quantitative information on the Province's aquifers, require only the
compilation, review, and analysis of data, and indications on maps of
those areas suitable for groundwater prospecting and possible
development,

It must be recognized that the lack of accurate data on
precipitation, runoff, and evaporation makes it almost impossible to
estimate the water infiltrated to the aquifers from a hydrologic budget,
Furthermore, since an important portion of the groundwater is returned
to the rivers upstream of gauging stations, it cannot be distinguished
from the flow provided by releases from surface storage.

The assessment of possible groundwater occurrence was based
therefore on the combined analysis of the geologic and physiographic
features of the Province, including the occurrence and characteristics
of surface water bodies, in conjunction with the analysis of data on well
log sheets and yields, mine dewatering operations, and other pertinent
information, Consequently the methodology used consisted of the
following steps:

l. Compilation, review, and analysis of existing
bedrock geology information to estimate
permeability, weathering depths, faults, and
other features related to groundwater,

2. Preliminary presentation on maps of the bedrock
geology with indications of possibilities of
important aquifers in the bedrock, and of main
features related to bedrock aquifers at different
depths.

3. Compilation, review, and analysis of information
on surficial geology { glacial and recent) with
indications on permeability (transmissibilities },
and ranges of possible depths and yields for the
most significant phreatic aquifers.

4, Preliminary presentation on maps. of the surficial
geology with superimposed data on surficial water
bodies, with indications on important phreatic
aquifers, and of their main features (depths, yield,
and time variability ).

2-1
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Compilation, review and analysis, and map
presentation of data on wells, mine dewatering,
and other pertinent groundwater data, and
comparison with preliminary conclusions drawn
from steps 1, 2, 3, and 4 and correction of
conclusions where necessary and possible.

Review of surface water recession curves,
including analysis of possible surface storage,
and comparison of surface and groundwater
quality data during droughts and floods for
checking conclusions on groundwater storage
and depletion.

Final presentation on maps of bedrock and surficial
geology with indications on aquifer possibilities,
present day level of exploitation and problem areas.

Groundwater Quality Methodology

The objectives of the groundwater quality studies carried out
in this report were:

a)

The establishment of the water quality characteristics
of natural groundwater.

The assessment of the changes in water quality
occasioned by present water use.

The estimation of the adequacy of water quality
for present and future water use and possible
treatment requirements.

Attainment of these objectives has been achieved primarily

through:

1)

ii)

iii)

iv)

Review of existing water quality standards and
requirements,

Analysis of existing data on groundwater quality.

Investigation of problem areas exposed by
analysis of existing data.

Development of relationship between groundwater

quality and bedrock and/or surficial materials
with which groundwater is in contact.

Water Resources Study - Newfoundland and Labrador
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Existing data have been collected from all available sources,
and where possible grab samples for chemical analyses were obtained
to expand the geographical coverage. Since most use of groundwater is
by individuals in private homes rather than municipalities or industries,
very little data were available on water quality for review,

Special attention has been given to the problems of salt water
intrusion into groundwaters as well as the bacteriological pollution of
groundwater as a result of improper disposal of domestic wastewaters.

2-3
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PART II - PHYSIOGRAPHIC CHARACTERISTICS

3 GEOMORPHOLOGY AND TOPOGRAPHY

3.1 Island of Newfoundland

The Island consists basically of a tilted plateau, which is
higher in the west than the east. The highland areas in the west
range from 600 to 2000 feet in elevation, with some peaks rising to
over 2500 feet, In much of these areas, the originally rolling
topography has been extensively altered by erosion to produce a
rugged terrain, The central part of the Island has an elevation which
usually ranges from 600 to 1000 feet, and the rolling topography has
been less meodified by erosion than in the highland areas, The eastern
part of the Island, including the Avalon Peninsula, is at a generally
lower elevation, and has an undulating topography where only isolated
peaks reach an elevation of 1000 feet.

The pattern of the topography is largely controlled by
geological factors, Some areas of more resistant rocks form
highlands, while others of less resistant rocks form lowlands, The
drainage pattern of the Island was originally developed by the erosion
of valleys along the lines of weakness produced by folding and faulting.
For this reason, it tends to parallel the main trend of the geological
structure of the Island, which is southwest to northeast. The original
drainage pattern has been extensively modified by the glaciation of the
Island which over-deepened some of the valleys and interrupted the
drainage network on the plateaus by the deposition of drift. As a result
of the modification of the drainage pattern, the plateaus are now
covered with lakes and swamps over a large part of their area,

The depression of the Island relative to sea level by the load
of ice on the land and the fluctuations in sea level due to the amount of
water held as ice, has resulted in the formation of fjords and other
features of a drowned topography. Since the end of the glaciation the
Island has been rising as can be seen from the raised beach deposits
at elevations of up to more than 100 feet above the present sea level
and rivers which are now actively eroding deltaic deposits laid down
at a time of higher sea level. There is some evidence to suggest that
at least the northern part of the Island is still rising,

Water Resources Study - Newloundland and Labrador
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3.2 Labrador

Labrador forms the eastern extremity of the Canadian Shield.
The Shield is an ancient peneplain, much of which was buried by
subsequent deposition and then re-exposed by erosion of the sedimentary
cover. In late geological time, uplift took place and the surface is being
modified by erosion. The uplift has been greatest where the Labrador
plateau rises to the northeast and south, and reaches elevations in
excess of 5000 feet in the Torngat Mountains along the north Atlantic
seacoast, and elevations in excess of 3500 feet in the Mealy Mountains
south of L.ake Melville, The level of the plateau in the interior of
Labrador is generally between 1000 and 2000 feet, with occasional hills
rising to 3000 feet.

The drainage is generally immature, due to recent uplift of
the land surface and the effects of the glaciation, but some rivers flow
through deeply incised gorges that have developed as the land surface
has tilted, resulting in the drainage flowing in the opposite direction to
the general tilt of the land surface in parts of the course of some rivers.
The best develeoped valley is that of the Churchill River,

The central interior is termed the Labrador lLake plateau which
is an area where the glacial activity during the Pleistocene age has
interfered with the drainage leaving a large concentration of lakes and
swamps. More than 11,000 square miles of the surface of the interior
plateau is occupied by lakes.

The seacoast is generally rugged with many long, deep fjords,
particularly in the north where the depth of water is 1000 feet or more.
Uplift of the land surface relative to the sea in post-glacial time is
indicated by raised beaches and raised dissected deltas.

3.3 Numerical Representation of Topographic Data

Topography is a physiographic characteristic which
substantially influences the climate, vegetation, hydrology, and general
economic development of a region. A square grid was used to obtain
numerical values of the main topographic characteristics, As shown in
Volume Eight, Appendix A, Table A-5, by means of four elevations
determined on each square of the grid, it was possible to compute the
following data for an area or basin.

Water Resources Study - Newflfoundlund and Labrador
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a) The average elevation.

b) The angle to the horizontal and the azimuth of
the slope. (Both figures are indices rather
than actual values because of approximations
involved in averaging the conditions within a

square).
c) The barrier height in various directions.
d) The hypsographic curve for each bhasin,

Figures 3-1 and 3-2 show the average elevation and slope in
each square of the grid for the Island, Tables 14-1 and 14-2 show
the values of the apgregate (average) values of the topographic
characteristics listed above under (a), (b), and (c) for a series of
more important basins on the Island.

Figure 3-3 shows the hypsographic curves of the main river
basins of the Island and of the Churchill River in Labrador obtained
by using the approach indicated in Volume Eight, Appendix A,

Table A-5, Output 2.

Figures 3-4 and 3-5 show the average elevation and average
slope, by square grid, for Labrador,

Water Resources Study - Newfoundland and Labrador
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4 BEDROCK GEOLOGY

4,1 Island of Newfoundland

The geology of the Island is presented in the map entitled
"Geological Survey of Canada, Map 1231A, Geology, Island of
Newfoundland, 1967', the most recent geological map of the Island,
which is included as Figure 4-1 in the pocket at the end of this volume.

The Island of Newfoundland represents the northeastern
extremity of the Appalchian system, and is composed of rock of Pre-
Cambrian and Paleozoic age. It can be divided into three regions:

a western region, dominated by the Long Range complex; a central
region, often referred to as the mobile belt; and an eastern region
sometimes referred to as the Avalon terrain. The boundary between
the western region and the mobile belt runs roughly from White Bay
to the Cape Anguille Mountains. The boundary between the mobile
belt and the Avalon terrain runs from Hare Bay, in Bonavista Bay,
southerly to Fortune Bay.

The western and eastern regions are composed largely of
Pre-Cambrian rocks overlain by Lower Paleozoic deposits, The
mobile belt has a roughly symmetrical arrangement with clastic
deposits on the margins followed by a thin zone of ultra-basic
instrusions and a central area of thick Ordovician and Silurian
volcanic and sedimentary rocks. At the present time, no correlation
has been established between the Pre-Cambrian rocks of the western
and eastern regions.

The rocks over most of the Island have undergone extensive
alteration since their deposition. As indicated on Figure 4-2%,
much of the material in the Northern Peninsula and mobile belt has
been metamorphosed., As a result, most of the rocks have lost
much of any original porosity they possessed which has decreased
their potential as a source of water,

There have been a large number of plutonic rocks intruded
into the Island, particularly in the mobile belt. The age of these
intrusions varies from Pre-Cambrian to Devonian, but there are no
instrusives which are presently known to be younger than Devonian,

* For a discussion of groundwater potential see Volume Two B,
Part VII, Section 35, 6,
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The structural geology of the Island shows a2 dominant
northeast-southwest trend, which is followed by the contacts
between major rock types and by the major folding and faulting.

A large proportion of the known mineralized areas in the
Island occur in the mobile belt and a number of important mines
have been developed in this area, such as the base metal mines at
Buchans, Whalesback, Tilt Cove, Gullbridge, the Advocate asbestos
mines, and others., Among the mines that have been developed in
the Avalon terrain are the fluorspar mines at St. Lawrence and the
iron ore mines at Bell Island., There have also been attempts to
recover oil from the vicinity of Parsons Pond on the Northern
Peninsula, which have not been commercially successful. At the
present time, numerous companies are active in the exploration for
minerals in many parts of the Island, and exploration for oil and gas
is taking place in the offshore areas.

4,2 Labrador

Geological maps of Labrador are not available in the same
detail as for the Island. There has, however, been a great deal of
exploration carried out by the Geological Survey of Canada and
mining companies in Labrador in the past 30 vears, and the results
are gradually becoming available,

Two separate geological provinces are recognized in
Labrador., the Grenville Province in the south, and the Eastern
Churchill Province in the north. Both geological provinces extend
west of the Labrador-Quebec boundary.

In contrast to the Island where the majority of the rocks
exposed are of Paleozoic age, the rocks of l.abrador are nearly all
of Pre-Cambrian age, the only known exceptions being two small
areas of Cambrian sediment on the Strait of Belle Isle and some
lavas further north may be Devonian or younger. Most of the Pre-
Cambrian rocks are crystalline, but in some areas they are
overlain by late Pre-Cambrian sedimentary and volcanic rocks
that have undergone varying degrees of metamorphism. The most
important of these latter rocks are those of the Labrador trough of
which the southern oxtremity is within Labrador itself. This belt
of rocks contains the major iron ore deposits that are mined at
Schefferville and near the Carol Lake-Wabush area, the reserves
of Wabush Mines alone being in excess of one billion tons of iron
ore. Another area of similar rocks occurs northwest of Lake

Water Resources Study - Newloundland and Labrador
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Melville in the centre of Labrador, but only a limited amount of
information is available at present.

Major basic and ultra-basic intrusions, composed largely
of anorthosite and gabbro, occur south of Lake Melville, near Harp
L.ake, and in the coastal area near Nain and Nutak,

In addition to the iron ore deposits, a large number of
uranium cccurrences have been discovered over an area of 2500
square miles between Seal Lake and the seacocast, and it is possible
that mining of uranium in Labrador will commence during the next
few years. Other exploration programs in Labrador have discovered
deposits of beryllium and molybdenum in significant amounts, In
addition, numerous small occurrences of base metals and other
minerals have been discovered but no commercial deposits have yet
been reported,

Water Resources Study - Newfoundland and Labrador
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5 SURFICIAL GEOLOGY

5.1 Island of Newfoundland

Two surficial hydrogeclogical maps are presented (Figure
5-1 and Figure 5-2)*% which consist of surficial geological maps of
the Island of Newfoundland and the Avalon Peninsula with the surficial
units grouped to show their relative groundwater potentials.

During the Wisconsin glaciation, the ice that blanketed the
Province stripped off the pre-existing cover of unconsolidated material,
and eroded fresh material from the rock beneath. As the ice retreated
at the end of the glacial period, it left behind bare rock in some areas,
while in others it left up to 100 feet or more of debris.

Meore than half of the Island is covered by material of glacial
origin, The glacial materials can be divided into those which were
deposited directly from the ice over very large areas, the moraines;
those which were modified by the melt waters, the eskers and kames;
and those deposited by the melt water behind the retreating ice, the
outwash fans and deltas,

The other materials shown on the figures are only indirectly
glacial in origin. These are the marine deposits and raised beaches
that were laid down when the elevation of the sea relative to the land
was higher than at present. There are post-glacial alluvial deposits,
but these are generally formed in areas where glacial outwash
material or kame deposits are available to be eroded and redeposited,
as there is little other source material available for alluvial transport.
The marsh and swamp deposits are also indirectly caused by the
glaciation, as they develop where surface drainage over the glacial
material is peoor.

5.2 l.abrador

A map showing the surficial geology of Labrador is included
as Figure 5-3% The map is presented in the same way as the surficial
map of the Island, with the materials grouped with reference to their
groundwater potential,

* For a discussion of groundwater potential see Volume Two B,
Part VII, Section 35, 4,

()
t
—
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The northern part of Labrador and the region along the
seacoast are almost completely free of surficial materials, The area
immediately to the north of Lake Melville and the southern part of
L.abrador have a surficial cover over about half their area, while the
western area 1s almost entirely covered.

Much of the surficial material consists of ground moraine
which is often fairly thin, between 5 or 20 feet in depth, and ribbed
moraine occurs quite frequently in the southern part of Labrador.
In some areas there are numerous boulders or boulder fields on the
surface of the till and extensive boulder fields may also exist on top
of bedrock in some areas. Felsenmeer has developed widely on the
mountain tops and elevated plateaus, and there are scree slopes on
the steep hillsides.

There are extensive alluvial and fluvioglacial deposits in the
southern part of Llabrador, and also a few in the north, but they are
lacking in the western part. A large number of eskers, however,
occur in the western part of the area as well as in the south. Some
of the eskers can be traced for more than {ifty miles with only minor
interruptions and there are also many small eskers which are too
small to show on Figure 5-3.

The major areas of swamp and bog are shown on Figure 5-3,
but there are innumerable smaller swampy areas that are not indicated
because of the scale of the mapping. Even greater areas of L.abrador
are covered by bog than on the Island of Newfoundland,

Much of the surficial geolegy of Labrador has been mapped in
recent years by mining companies on a far more detailed level than
shown here. Unfortunately it was not possible to obtain permission to
use these maps for this compilation.

Water Resources Studv - Newfoundland and Labrador
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6 SOILS

6.1 General

The soils of the Province were formed largely by the action
of weathering on the surface of material laid down by glaciers. Most
of this material was coarse and stony, with fragments of rock in a
sandy, silty, or clayey matrix and, under the climatic conditions
that have prevailed in the relatively short time (about 7500 years)
since the end of the glaciation, there has been little breaking down of
the parent material in the formation of the soil profile. For this
reason most soils are coarse and stony and contain boulders, except
where they are formed on alluvial and organic materials, and in
areas of relatively soft bedrock, such as shale, where the fragments
have been more broken down by weathering,

6,2 Island of Newfoundland

The only comprehensive classification of soils in the Island
was prepared for The Royal Commission on Agriculture by Mollard
and Munn! in 1955 and was based on the nature of the surface geology
as determined from air photographs. For each of their divisions of
surface geology they described the corresponding relationship of the
soil to the surficial material and topography and also gave the land
use-capability, Most soils were classified as coarse textured podzols,
with gleysols developed in the poorer drained areas.

The classification of surficial materials developed in this
report is based on essentially the same divisions as those used by
Mollard and Munn; but the distribution of the different types have
been modified by additional information which was not available at
the time of The Royal Commission on Agriculture, but which has
been incorporated in the surficial hydrogeologic maps (Figures 5-1
and 5-2).

The present classification should be used with reservations
for several reasons. The scale of the mapping, 1:500,000 in 5-1
and 1:250, 000 in 5-2, is such that detail must be omitted and the
classification is essentially regional, Later work by Wells?® and
Damman?> also has shown that the moisture regime of the soil
together with the aspect and steepness of the slope on which it is
situated can be at least as important as the nature of the parent
material,

Water Resources Study - Newfoundland and Iabrador
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Table 6-] summarizes the classification used by Mollard
and Munn, and relates their divisions of surface geology to the
surficial units on the maps presented in this report, Figures 5-1
and 5-2, The most favourable bedrock units for each soil type are
also shown on Table 6-1 since the quality of the soil is also affected
by the rock fragments within the surficial material which will break
down under weathering more or less rapidly depending on their
composition. In addition, the chemical composition of the bedrock
material in the soil parent materials will affect the composition of
the soil produced; for example, limestone will help neutralize the
characteristic acidity of the scils of the Island. As most of the
bedrock material in the surficial materials is locally derived, the soil
will be affected by the bedrock beneath it.

Practically all of the soils occurring in the Island are coarse
textured, leached, and acid., The only more detailed available
information on the composition of soils is in reports prepared by Wells
and Damman>.

2

Wells carried out a soils survey of the Gander and Gambo
map sheets which covered an area including several different types of
surficial and bedrock material. The results of his work are discussed
here as they illustrate both the deficiencies of the type gross
classification given above, and the characteristics of soils in a typical
area of the Island, showing the difference between soil composition in
Newfoundland and other parts of Canada.

The soil types are divided into Podzols (soils with a light
coloured eluviated A horizon, underlain by an illuvial B horizon in
which iron and aluminum oxides and organic matter are the main
accurnulation products} and Gleysols (soils which have poor drainage
and cannot develop into Podzols). In Table 6-2 Wells' soil
classification has been summarized and is shown in relation to the
surficial hydrogeologic and hydropetrologic units developed for the
present report, Wells' classification includes the drainage
characteristics of individual soil types, the pH in the different horizons
and the soil capability class. (Yollowing the procedure of the Canada
Land Inventory, Soil Capability Classification for Agriculture4. ) As a
further illustration of the characteristics of the [sland's soils, the size
distribution at two sample sites are shown graphically on Figures 6-1A
and 6-1B,

Although the data presented are from a restricted area, they
are believed to illustrate fairly well typical Newfoundland soil conditions.

Water Resources Study - Newfoundland and Labrador
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6.3 Labrador

Although no overall classification of the soils of Labrador has
been made, 1t is possible to subdivide them on a similar basis to that
described above for the Island. Table 6-1 shows the surficial units
mapped in Labrador

The reservations that apply to the classification and mapping
of the Island are even more applicable to Labrador, where the mapping
is on a very much smaller scale. None of the bedrock units favourable
to goed soil development is widely developed in Labrador, hence no
attempt can be made to relate soil quality to bedrock in this part of the
Frovince.

No detailed information is available on the composition of the
soils of LLabrador, but some general information has appeared in
various reports of the Geological Survey of Canada,

In the cool climate of Labrador, with abundant moisture and
thick surface vegetation, the development of Podzolic soils is also
favoured., Although growth is slow, the decay of organic matter is
also slow, allowing the accumulation of humus and the formation of
the acid environment that produces the leached lower A horizon
typical of a Podzol,

Where there 1s a cover of spruce-lichen, an A horizon develops
with a humus rich horizen 1 to 2 inches deep on top of a grey leached
zone. Where only lichen covers the ground, the vegetation may directly
overlie the leached zone. Some B horizons are high in iron and may be
indurated, forming hardpan. The low fertility of the Podzels contributes
to the slow growth of the forest cover,

On the exposed uplands, particularly in the north, frost
churning and solifluction mixes the soils, bringing deeper lying materials
to the surface and making differentiation into horizons difficult, The
upland scils are similar to tundra soils which develop over permafrost,

6. 4 Permafrost

The permafrost region is defined on the basis of the temperature
within the ground. The minimum definition of a permafrost zone is that
the temperature in the ground remains below 32 deg F for a period of at
least one full year.

Water Resources Study - Newfoundland and Labrador
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There are two zones within the permafrost region, a
continuous and a discontinuous zone. The boundary between the
two is taken at the 23 deg F isotherm of mean annual ground
temperature, measured immediately below the zone of seasonal
variation in the ground.

The Island of Newfoundland lies to the south of the 23 deg F
isotherm. A substantial part of Labrador, however, lies within the
region of discontinuous permafrost, The accompanying Figure 6-2
is taken from Geological Survey of Canada, Map 1246A - 1967,
Permafrost in Canada, and shows the projected distribution of
permafrost in Labrador. In the absence of information about ground
temperatures, the boundaries have been based on the 25 deg F and
30 deg F mean annual air temperature isotherms.

As part of the study of the climatic conditions in the Province,
Section 8, a set of mean annual air temperature figures were obtained
for 10 kilometer grid squares in Labrador, using a correlation between
temperature data at meteorologic stations and the physiographic
characteristics. On Figure 6-3, the 25 degree and 30 degree isotherms
have been drawn in to indicate how the limits of permafrost would fall
using this data. In Labrador in the southern part of the discontinuous
permafrost zone, permafrost patches will occur in the better drained
portions of bogs and peatlands; while in the northern part of Labrador
it is more widespread and may also occur in the bedrock, At
Schefferville, drilling in the iron ore deposits encountered patches of
permafrost at depths of 20 to 40 feet, at a level well betow that which
would be affected by the modern climate. These are relics of a period
of colder climate when the permanent permafrost belt extended this far
south, and it is probable that similar relics exist elsewhere.

Patches of frozen material are quite often encountered outside
the permafrost zone where digging takes place in summer, but these
probably represent in the main the basal part of the previous winter's
annual frost layer and would normally melt before the end of the
season. A phenomenon sometimes observed in L.abrador is the
sudden lowering of the water level, and even complete drainage of
upland ponds and small lakes in August. This is probably due to the
late thawing of the previous winter's frost in the bottoms of these
ponds and lakes.

On the Island itself, there are some areas on the Morthern

Peninsula where the estimated annual mean air temperature of
individual 10 km grid squares is below 35 deg F', see Figure 8-6.

Water Resources Study - Newfoundland and Labrador
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In these areas, it is probable that some patches of permafrost will
exist on slopes with a northerly aspect, Additional evidence to
suggest the existence of permafrost in this area is the presence of
polygonal stone patterns adjacent to bulged stony slopes.

In areas of permafrost, the development of groundwater or
the introduction or reduction of surface water storage will result in
a change in the temperature regime in the ground. This in turn can
result in changes in ground conditions that could lead to increased
permeability where the temperature has risen and the permafrost
melted, or decreased permeability where the temperature has fallen,
allowing the formation of permafrost. The site of structures in areas
where permafrost may exist, as indicated in Figures 6-2 and 6-3,
should be carefully investigated.

Wiater Resources Study - Newfoundland and Labrador
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NEWFOUNDLAND

SOIL PARTICLE SIZE DISTRIBUTION DIAGRAM
AT TWO SAMPLE SITES IN THE
GANDER AND GAMBO MAP SHEETS
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7 VEGETATION

Vegetation in the Province can be divided into four broad
groups: forests, bogs and swamps, barrens, and agricultural
CTrops.

7.1 Forests

The areal distribution of forests by square grid obtained
from 1:250,000 scale maps is shown on Figures 7-1 and 7-2. It
should be emphasized that the forest arca indicated on these figures
includes a large amount of bush and arctic forest which has no
economic significance, but is classified topographically as forest.
In the hydrologic computations the area of forest was included as
shown by the topographic maps. As shown in Figures 7-1 and 7-2,
the forests cover most of the northern half of the Island and the
southern part of Labrador. A large part of the Avalon Peninsula
is also forested, The total area of forests on the Island is 21, 000
square miles and in southern Labrador {(south of 56 degrees - 30
minutes north latitude), according tothe available maps, there are
about 88, 000 square miles of forest, a good deal of which should
no doubt be called scrub.

According to Ralph and Monro 1, ", . .the forests of
Newfoundland are composed of three main specics: black spruce,
balsam fir, and white birch. Also present in smaller quantities
are yellow birch, aspen, white pine, red pine, larch, and white spruce'',

The type of forest is closely related to the type of soil,
humidity, forest exploitation, occurrence of forest fires, etc. The
succession of different types of forest in undisturbed areas, after
legging and after forest fires, has been studied by Damman ® in
relation to the type of soil and the moisture regime. His conclusions
are summarized in Figure 7-3.

The same work contains an interesting relationship between
the type of forest and soil moisture regime which is reproduced in
Figure 7-4 because of its application from the viewpoint of water
resources. Indeed using the indications included in Figure 7-4 if
an areal delineation of forests according to the types indicated in
the figure wcre available, some conclusions about the soil moisture
conditions could be drawn,

Water Resources Study - Newflfoundland and Labrador
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The influence of forests on the hydrologic regime is
discussed in different sections of Part I V. Further details about
forests from the economic viewpoint can be found in Volume
Three A, Section 8,

7.2 Bogs and Swamps (Marshes)

There is not yet a consensus about the definition of bogs
and swamps in scientific literature. In this study, the definitions
suggested by Damman 3 were accepted. According to this author
a bogis''. . . awet, extremely nutrient - poor organic site with
a vegetation in which sphagnum species play a very important role,
and the remains of which make up a major part of the organic
horizon", and a marsh is '". . . a rich site covered with a vegetation
of sedges and grasses, a vegetation of periodically flooded alluvial
soil or shore vegetation of nutrient rich ponds and lakes'.

Although there is a basic difference between bogs and
marshes, it appears that an accurate delineation of these two
formations cannot be obtained from the available 1:250, 000 scale
maps. Since the effects of bogs and marshes on the hydrologic
regime may be assumed to be similar, the areas occupied by these
two formations in river basins were considered together in hydro-
logic computations. The areas occupicd by bogs and marshes in
different portions of the Island and in Labrador are indicated on
Figures 7-5%5 and 7-6, The total area of bogs and marshes in
Newfoundland is 2700 square miles and in Labrador, socuth of 56
degrees - 30 minutes north latitude, 4200 square miles. Since bugs
have a definite economic potential, whereas marshes are less
important from this viewpoint, bogs are discussed in Volume
Three A, Section 9.

Vegetation formations found in bogs are characterized
mainly by a mass of white moss, heather, and scattered brushwood
together with some types of sedge. More details about the plant
species can be found in a report by Loddesol? . Details of the
botanical characteristics of the marshes can be found in the two
papers by Damman 2, 3,

The influence of bogs and marshes on the hydrologic regime
was difficult to determine in the Province's conditions, since the
statistical indications obtained {see Part [ V) are either not
significant or are contradictory,

Water Resources Study - Newfoundland and Labrador
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It is interesting to note that the degree of humification
of a bog is closely related to its moisture content, the amount of
humus being higher with the decrease in humidity. A mapping of
the bog areas according to their degree of humification could
therefore be helpful in estimating the moisture of the corresponding
organic soil,

Bog drainage for agricultural purposes may have a local
influence on the water body receiving the drainage water. Eoclean
soil erosion following bog drainage i1s also a possibility in
Newifoundland's conditions,

7.3 Barrens

The area which is unoccupied by forest, lakes, bogs and
marshes, or farmland is given the general name of barrens, and
may include a large variety of geologic and vegetation formations,
from bare rock outcrops to a mixture of grass, brush, scattered
trees, and small bog areas,

The barrens are probably a result of the interplay of geologi
topographic, and ciimatic conditions, better drainage conditions
being probably the main reason that an area is a barren rather than
a bog. It appears that some of the earlier forests were transformed
into barrens hecause of repeated forest fires and consequent erosion,
because they were used for agriculture and then abandoned, or
finally because of overcutting for fuel wood in areas close to
populated centres.,

The area of barrens was not included in the physiographic
characteristics as such, as it represents approximately the
difference between the total river basin area and the areas of lakes,
forest, bogs, and marshes. The approximate distribution of barrens
on the Island is shown on Figure 7-7,

7.4 Farmland
Farming is practiced only on the Island and the total farm-

land area is very small, namely 49, 500 acres of which only 20, 600
acres are improved land.

Water Resources Study - Newfoundland and Labrador
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The areas where agriculture activity is more significant
today are indicated on Figure 7-8. Details on the types of crops
produced in these arcas are given in Volume Three A, Section 9,

The influcnce of farmland on the hydrologic regime has
only a local character. The most significant effect consists in
incrcased soil erosion and sediment load. Bog drainage can
also be a factor in this context, as mentioned in Section 7. 2.

Water Resources Study - Newfoundland and Labrador
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NEWFOUNCLAND

SUCCESSION OF FOREST TYPES IN UNDISTURBED,
CUT, AND BURNT FOREST AREAS

SUCCESSION IN UNDISTURBED FOREST
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SOME FOREST TYPES OF CENTRAL NEWFOUNDLAND AND
THEIR RELATION TO ENVIRONMENTAL FACTORS BY: A.W.H. DAMMAN
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NEWFOUNDLAND
ECOLOGICAL POSITION OF THE FOREST TYPES

AS A FUNCTION OF

THE MOISTURE REGIME
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ECOLOGICAL POSITION

Appendix I: The Moisture Regime

Scale

Characteristic Soils of the
Moisture Regime Classes

—Estremely dry: steep eroding sands, rock
piles, gravel, Lithosols, sandy and eroded
regosols,

0—Very dry: medium and coarse sands; shallow
suils. Lichen podzol {Tamm 1920, iron humus
pudzol (Kubiéna 1953).

1—Drvs deep silty sands and loamy sands, lron
humus podzol (Kubieéna 1933) and iron podzol
{I'armm 1920, Kubivna 1953},

2 Well-drained: deep sandy Joams and loams,
Iron podzal and “rich’™ podzol (Appendis
110,

3--Somewhat moist: loams and sandy loams with
mottling in lower part of B or C horizon,
Moist variants of zonal soil types,

4—Moist: soil surface above the masximum water
level; normal soil profile development ham.
pered  because of imperfect drainage. On
mineral soils a severcly mottled 10 homo-
geteous brown horizon (color B) is present.
Oceurs also on heavy textured sotls with stag-
nating rain water and on dry deep peat layers,
Seepage glevsolic molken  poidzol
{Kubitna 1933}, dry peat soil.

soils,

SOURCE:

OF THE FOREST TYPES

5 Somewhat wet: maximum water level at or
close to the soil surfuce. Mottling o soil
surface on mineral soils, Gleysol (NSSC 1938),
peat soil, peat podzol (Kubiéna 1953).

—Wet: water level at soil surficce for most of
vepetative season. Reduced gley layer up to
mineral soil surface on mineral soils; motthing
usuzlly absent or insignificant. Organie soil,
{peat and muck soil}, glevsol,

F—Very wets water level above soil surface for
most part of vegetative scason. Minimum
water level approximately at soil surfuce. Or-
ganic soll (peat and muck soil.

B—Permanently inundated: minimum water level
above soil surface, soils permancntly inun-
dated. Sapropel, dy and gyrgja soils (Kubiténa
§953).

Svepage moisture regimes are underlied, (for
ihstance 4) whereas the moisture regimes of om-
bar the

hrovenous organic soils have =a over

maoisture regime figures (for instance 5.

SOME FOREST TYPES OF CENTRAL NEWFOUNDLAND AND
THEIR RELATION TO ENYVIRONMENTAL FACTORS
BY: A.W.H. DAMMAN
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NEWFOUNDLAND
SQUARE GRID DISTRIBUTION OF
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NEWFOUNDLAND
AREAS WITH COMMERCIAL FARMING
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8 CLIMATE

Since clirmate has a decisive influence on other natural
conditions, primarily on hydrology and hydrogeology as well as
on economic activity, special attention has been paid to it in the
framework of this study.

Climatic studies were based to a large extent on studies
made by different agencies, especially the Meteorological Branch
of the Canada Department of Transport., These studies were
complemented where necessary by further investigations by the
project team or the Meteorological Branch on the basis of a special
agreement with this agency. This refers especially to studies on
maximized storm precipitation and seasonal snowfall, and critical
spring temperatures for the computation of snowmelt.

The distribution of mean annual temperature and
precipitation has been investigated in more detail than other climatic
characteristics in connection with the runoff distribution for the
whele Province., A rough estimate of actual evaporation has also
been obtained. Other climatic characteristics were studied in more
depth for the Island than for l.abrador because of lack of data for
the latter area. However, even for the Island, most of the data are
incomplete and the conclusions and generalizations included in this
study are considered to be preliminary.

Whenever possible data were computed over a climatological
study period selected to coincide with the hydrological study period
which 13, for reasons indicated in Section 15, October 1939 to
September 1966,

Water Resources Study - Newfoundland and Labrador
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8.1 Climatologic Network

The first climatological gauging stations in Newfoundland
date back to 187] when four stations were installed at Belle Isle,
Forteau, Harbour Grace, and 5t. John's. In 1967 there were 57
stations operating in the Province as a part of the Canadian
climatologic network, of which only ten were in Labrador (Figures
8-1 and 8-2, Table 8-1). This represents an average of one station
per 2800 square miles for the whole Province, one station per 915
square miles in the Island, and one station per 11, 200 square miles
in Labrador compared with an average of one station per 1500 square
miles for the whole Canadian network. According to the World
Meteorological Organization guidelinesl. the norms of gauging
stations tolerated under difficult conditions for an island with very
irregular precipitation and a very dense hydrographic network
(a situation which closely approximates the Island's conditions)
indicate a minimum density of one station in about 370 square miles
(1000 square kilometers). Under very difficult conditions this may
be extended to 750 square miles (2000 square kilometers), For arid
and polar zones the minimum density recommended is one station in
about 3700 square miles (10, 000 square kilometers). This indicates
that both the Island and Labrador are lacking a bare minimum of
climatological stations. The situation is actually worse thanthat
indicated by the density figures, because of the concentration of the
stations in coastal areas,

The density of the climatologic network of the Province has
increased very slowly in the last three decades, and its position
compared to the overall Canadian network has deteriorated during

this period, as shown in the following table?.

* According to the information available, in addition to the main
network operated by the DOT Meteorological Branch, there are
four additional stations operated by different companies. Only
some data {rom these stations were included because the data
were not in a readily usable form. However, data from the
station at Corner Brook Lake, kindly provided by the Bowaters
Pulp and Paper Company, were used to check data at other stations
and results obtained from the general precipitation analysis. Snow
course data were also available as shown in Table 8-17. Most
useful in the analysis were data on snow courses carried out by the

Bowater Power Company.

g-2
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Climatological Stations Percent in Canadian
Newfoundland Network
Year Canada {total) and Labrador 100 x (3)/(2)
(1) (2) (3) (4)
1867 12 0
1877 105 8 7.6
1887 301 4 1.3
1897 313 7 2.2
1907 339 7 2.1
1917 605 9 1.5
1927 804 11 1. 4
1937 955 41 4.3
1947 979 35 3.6
1957 1741 50 2.9
1967 2385 56 2.3

Table 8-1 contains a list of the climatological stations with
their geographic position, elevation, and observing program, as well
as the periods of record, Many stations of the earlier years of
settlement have long been abandoned and their records are short,
According to Potter® the following table summarizes the length of
record at stations operating at the end of 1966 for the different types
of observations,

Water Resources Study - Newfoundland and Labrador
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Type Number of Stations Period of Record (years)
of Canada  Nfid & Lab Newfoundland-Labrador _,

Observation Dec 1966 Dec 1965 ﬁ 2 Eg _‘_B_Q
Temperature -
Extremes 1704 45 42 15 3 1
Precipitation 2266 52 46 15 3 ] ,
Rainfall
Intensity 299 4 1 =
Soil
Temperature 41 2
Evaporation 72 0
Sunshine 203 7
Radiation 27 2 -
Upper Air 34 3
Snow Survey® 82 3

In addition, at the end of 1966 at 18 stations in the Province,
observations of pressure, humidity, cloud cover, visibility, and wind
were also obtained,

8.2 Analysis of Available Information

The climatologic information presently available is inadequate
for a complete analysis of the climatic conditions of the Island as
required for a comprehensive water resources study. The data are
not adequate either from the quantity or quality aspect. The
quantitative aspects were discussed in Section 8. L.

# A complete list of snow course stations is included in Table 8-17
for Newfoundland and Labrador,. i

8-4 2ZA
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From the qualitative viewpeint the difficulties are related
to:

a) Inadequate distribution of stations, which results
in lack of information in the interior of the
Province and especially at higher elevations.

b) Incorrect observations over long periods at some
stations (see excerpts from the Department of
Transport letter of August 18, 1967, at the end
of this section),

c) Approximations in the determination of
precipitation during the winter by measuring snow
depth and assuming a snow density of 0. L.

Since this last problem affects all stations of the Province
(although measures to correct the situation at some stations were
initiated in the early sixties), this deserves further discussion.

As indicated by Thomas3, '... depth of snow observations
cannot be reliable since this meteorological parameter is perhaps one
of the most difficult to measure. The quality of fresh snowfall varies
widely from fluffy and light to wet and heavy. If snow occurs with
quiet, calm conditions, the amount of fall is relatively easy to measure
by taking several sample probes and averaging the results. More often,
however, there is blowing and drifting and the observer has to average
out the depth in drifts with the wind-swept bare spots, In blizzards there
is always a question of whether snow is actually falling or is merely
being transported horizontally along the ground by the wind, and there
are also the days when the snowfall melts soon after it falls, perhaps
before the observer can make the proper measurements, "

Besides the difficulty of measuring the snow depth, there is a
serious error in assuming a snow density of 0. . While this value
might be correct on the average, it is obvious that it varies greatly in
time and space. It can be assumed that the density is larger than 0.1 in
more humid areas, as is the case of the Island. An illustration of the
effect of the approximation made in estimating snow density is given in
Figure 8-3, which is reproduced from a paper by Potter’. The figure
indicates that, according to the preliminary investigation of this problem,
the Province of Newfoundland and Labrador was the area in which the
largest underestimation of the water content of snow occurred in the past.

Water Resources Study - Newfoundland and Labrador
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Because of the circumstances described above, a special
technique was developed to obtain more reasonable and Province-
wide estimates for at least the main meteorological characteristics,
as shown in Section 8. 6.

The meteorologic data used in this study were made available
by the DOT, Meteorological Branch}, This information was supplied in
two forms: as partially published data and on punch cards.

A description of the information included in these cards is
given in the DOT, Meteorological Branch card librarys. The data
included in the cards were screened for errors. Additional checks
were done for this study by means of correlations and double-mass
techniques only for the stations indicated by the Meteorological Branch
as having possible erroneous data. As a result of these checks some of
the data were completely discarded (precipitation data at Gull Pond and
Rattling Brook Norris Arm), and others were used only partially to the
extent to which the checks did not indicate significant errors.

Because of the inadequacy of the climatologic data available,
a significant improvement of the network is considered necessary.
Recommendations on this subject are included in Section 8. 9.

The results of the evaluation of the quality of data of the stations
with doubtful records is included in the following excerpt from a letter of
the Department of Transport of August 18, 1967:

"Baie Verte - There was a change in location at this station in
1963 with a move of approximately three miles and a change in elevation
at the site from 15 to 362 feet. The first site was near a pulp and
paper mill* and the present site is at the Advocate Mines. Different
members of the staff apparently take observations as part of their duties
and the result has been a variable record depending on the interest of
the individual on duty. Thus throughout the record there are many
months where the precipitation is incomplete due to poor observers
missing observations.

"Colinet Peatbog CDA - This is a sub-station of the Canada
Department of Agriculture Experimental Farn at 5t. John's West. Since
1962 it has been run as a summer program with observations normally
only for the period June to October. The observations of rainfall have
been generally fair to good, but should be used with some caution as our
records indicate that the observers have made many errors in reading

the thermometers.

* The site referred to as a pulp and paper mill was actually a shipping

depot.
8-6 ZA
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"Goose Rawinsonde - At Goose Airport the sites of the surface
observations and the upper air observations are at a considerable
distance, and formerly the surface observations were taken by
Canadian personnel and the upper air observations by the U.S. Air Force
In our catalogue these have been carried as two separate sites, You
will notice that no surface temperatures or precipitation are available
from Goose Rawinsonde.

"Gull Pond - This station was established on the property of
the Gull Bridge Mines and the observations are taken by the mines'
staff. During the operation there have been different observers each
year and the data are quite variable with precipitation incomplete for
many months due to missing observations.

"Hearts Content, New Chelsea, Rattling Brook Norris Arm,
Seal Cove, Topsail and Westbrook St, Lawrence - All these stations
were originally established by the Newfoundland Light and Power
Company* at their installations and reported to their St. John's office.
Originally arrangements were made through their Head Office for the
observers to also furnish reports of their observations to the
Meteorological Branch. In most cases it was found in the early
reports that the observers were either not measuring snowfall or
reporting very low amounts, and tended to disregard small amounts
of precipitation. Thus in the published record and punched cards for
these stations there will be months when the totals are incomplete or
all the precipitation data for a month were not transferred to punched
cards and published. In this group of stations the more reliable data
are likely available for Rattling Brook Norris Arm and New Chelsea,
and the least reliable from Topsail. "

8.3 Radiation and Temperature

Radiation data are useful for estimating indirectly potential
and actual evaporation. In the Province's conditions this is difficult
since solar radiation measurements are made only at St, John's West
CDA and Goose Airport and only since June 1966. Table 8-2 gives a
summary of the results of these measurements.

Radiation can be estimated well enough, however, from data
on cloud cover as shown in Figure 8-4. The formula indicated in the
figure could be used to expand radiation data at stations where cloud
cover records expand over a longer period. This can be very helpful
in estimating radiation in the Province, since at present there are
18 stations recording cloud data.

* With the exception of Rattling Brook Norris Arm, these stations
were established by United Towns Electric, a predecessor company.

8-7
Water Resources Study - Newfoundland and Labrador
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Data on temperature were available at 112 stations, 88
stations on the Island and 24 in Labrador (Table 8-1). Out of these,
33 stations with reliable data and a reasonable length of record period
were selected on the Island and 13 in Labrador for further reference.
These stations are given in Table 8-3, and their location is shown in
Figures B-1 and 8-2. Missing records were synthesized for the hydro-
meteorological study period (1939/40 to 1965/66) by correlations
established on the basis of monthly averages. The mean monthly
temperature correlations at two stations even when located many miles
apart are generally very good (Figure 8-5).

The long term mean annual temperature is a climatic
characteristic of special significance in hydrologic computations since
it is one of the factors influencing evaporation. In the hydrologic
computations, these data are required in their areal distribution and,
to obtain them without introducing the possible bias involved in tracing
isotherms on the basis of data at stations only, the following approach
was used:

a) The mean annual temperature for the hydro-meteorologic
study period was computed at each selected station
{Table 8-3).

b) For the Island, a correlation was established between the
physiographic characteristics at each station and the
corresponding mean annual temperature {Table 8-4}. The

coefficient of correlation is 0. 86 which, for the number of

data (30) and variables (5), is significant at 1 percent level,
The coefficients of the variables included in the correlation
have the sign corresponding to their possible physical

influence on the mean annual temperature, and are statistically
significant at the ! percent level.

c) For Labrador, a similar procedure was used but, because
of the scarcity of data, the correlation was based not only on
the Labrador stations but also on the isotherms traced by the
DOT and included in a working paper {Figure 8-7a), which
were used as data having a weighting factor 100 times lower
than the station records. The correlation between temperature
and physiographic characteristics for Labrador is shown in
Table 8-5.

d) The above correlations were used with the data file on grid
physiographic characteristics (see Volume Eight, Appendix A)
to estimate the mean annual temperature in each grid square.
The results of the computation are shown in Figures 8-6b and

8-7b.

8-8
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The mean annual isctherms derived recently by the DOT,
Meteorological Branch are shown on Figures 8-6a and 8-7a. By
comparing the two sets of fipures, it becomes obvious that there
is a similar pattern in regions without too varied a topography.
However, in the more rugged regions, in the Long Range Mountains
area especially, a more detailed relationship with the topographic
features can be obtained by the suggested approach.

Average, minimum and maximum mean monthly and annual
temperatures at different stations of the Province for which data
were available for the study period (1939/40 to 1965/66) are given
in Table 8-5.

Boughner and Thomas® characterize the temperature
variation in the Province in the following way:

"Winter temperatures in Newfoundland are noteworthy for the
coldness of the interior, the mildness of the coasts, and the varijability
of the day-to-day temperatures. January mean temperatures vary
between 15 and 20 deg F in the interior and increase to 25 deg F on the
southeastern coasts. Following a late spring, summer is usually
brief but pleasant. July mean temperatures are above 60 deg F in
the interior but the cool Labrador Current holds the mean temperature
to slightly in excess of 55 deg F along the southern and eastern coasts.
Hot spells occur occasionally during the summer and maxima of 85 deg
F are not unusual along the railway belt acress the interior.
Temperatures decline rapidly in autumn, falling more quickly in the
north than in the south, thus ending the anomalous flat distribution of
temperature across the Island typical of summer. The Long Peninsula
presents a remarkable gradation in climate. At the southern end
temperatures are representative of the central interior but at Belle
Isle the mean July temperature is only 49 deg F as a result of the cold
Labrador Current which is often ice-laden even in mid- summer.

The climate of 2ll Labrador is severe, the yearly mean
temperature for the whole area being below freezing. Along the coast
January mean temperatures range from zero in the north to 10 deg F
in the south and are lower than - 10 deg F in the most westerly part
of the interior. Summer temperatures are cool along the coast owing
to the influence of cold offshore waters, ranging from 45 deg F to
50 aeg F in July, but are 5 and 10 deg F warmer in the interior.
Goose Airport with a mean July temperature of 61 deg F has recorded
an extreme summer maximum of 100 deg F and an extreme winter low
temperature of -38 deg F. "

VWoater Resources Study - Newfoundland and Labrador
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If separation of the year into seasons was made, according to
the temperature data, the length of the four seasons would be as follows:

Season Temperature Lirmits The Island Labrador
(mean daily temperature)

Winter below 32 deg F Dec, Jan, Nov, Dec,

Feb, March Jan, Feb,
Mar, Apr,

Spring between 32 and 42 deg F April, May May

Summer above 42 deg F June, July, June, July,
Aug, Sept, Aug, Sept.
Oct.

Autumn between 42 and 32 deg F Nov. Oct.

This unequal season duration was not used in the study since
it makes comparisons with other regions difficult.

The mean duration of the {rost-free season varies widely in
the Province. In the Island, along the south seacoast, the frost-free
season ranges from 140 to 150 days with the Burin Peninsula the most
favoured area. On the Avalon Peninsula, the frost-free interval
ranges from 110 to 140 days. In the interior of the Island, the season
averages 100 days or less. The average fall frosts occur in the middle
of October and the last frosts in early June. In Labrador, along the
seacoast, the frost-free period extends to almost 100 days in the south,
gradually decreasing to 40 days in the north, Goose Bay has an average
frost-free period of 96 days. In the interior, Sandgirt Lake has an
average frost-free period of 84 days based on a short record. The
average fall frosts occur in the middle of September and the last frosts

in the middle of June.

The computation of snowmelt for flood estimates requires
the assessment of maximum temperature sequences during the spring.
Although an accurate computation would require applying associate
probability data to these sequences, since estimates of maximum
sequences were already obtained by the DOT as envelopes of
maximum recorded data’''"”, these results were accepted in the study

{Figure 8-8).
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8. 4 Air Pressure and Winds
A+~ pheric pressure is of little climatic significance in
L, 7 btitc o .ls the movements of the atmosphere and thereby

m st of the clim tic characteristics of an area. The mean, monthly

| annual sea level pressures at 14 stations in the Province having
data for recording the period 1952 to 1965 have been used to estimate
the average annual and seasonal isobars (Figure 8-9). The winter and
spring sea level pressures are lower than the average and present a
complicated pattern related to the influence of the mass of land and the
ocean. The summer - nd fall pattern is more definite indicating a
grac. 1 decrease in the pressure from south to north, leading to the
conclusion that the main air movements originate from the southeast
and soutl- - This is also indicated by the mean annual variation of
sea level pressure.

Mean, maximum, and minimum monthly and annual sea level
pressure at 25 stations in the Province for the period of record are
shown in Table 8-7.

A summary of wind data at one station is shown in Table 8-8.

T i Y ' m 7'y and annual peak wind velocity and direction,
T 'z ¢ . ind velocity, and most frequent direction of peak winds
"1 se o m* L of record. Data on wind characteristics for three
stations ~ (7 77 ince, St. John's-Torbay Airport, Gander Airport,
« 1 C o0se Air or. are included in Reference 16, The reference
e~ lon -1 2 (30 years) monthly average data on the direction
" perce age of most prevalent winds, and on the wind velocity, If
C- v latt r data were characteristics for the whole Province, it could
1" cedt *the prevailing winds across the Island are from the
we: b in the vinter and from the southwest in the warmer part of the
- ur. How .r, alr pressure indications are that winds from the

:ast can also be prevalent in some areas. The mean wind speed
varies between 11 1nd 19 miles per hour. In Labrador, the prevailing
‘i T3 are * 1y from September to February, northeasterly from

wooch to Jun:, and southwesterly from July to August. Average wind
~pexds are bet veen 8 and 11 miles per hour. However winds with a
velocity up to 3} mph have been recorded on the Island.
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8.5 Humidity

Humidity is generally very high both in the Island and in
IL.abrador. Table 8-9 shows the average, maximum, and minimum
mean monthly relative hurnidity at 17 stations in Newfoundland and 9
stations in Labrador. It indicates that the annual average relative
humidity does not reach values lower than B2 percent in the Island and
80 percent in Labrador. The minimum mean monthly humidity does
not go lower than 64 percent in the Island and 56 percent in Labrador
for the whole period of record. The relative humidity decreases
slightly in summer in the interior, but this is obviously only a
reflection of higher temperatures rather than of lower absolute
humidities. On the seacoast the relative humidity varies little.

Figure 8-10 shows the approximate variation of the average
annual relative humidity (at 8:00 a. m. ) in the Province. The little
variation indicated by the map reflects the influence of the ocean and
land on relative humidity, as well as of the many bodies of water
scattered all over the Province.

Because of the high humidity and rapid drops in temperature,
rime deposition is heavy and frequent.

B. 6 Precipitation

This is the most significant climatic characteristic from the
viewpoint of water resources. Average precipitation is the most
important factor determining runoff. Variation of precipitation within
an area gives an indication of storage requirements. Differences in
precipitation in neighbouring areas might indicate the advantages of
diversions. Storm precipitation and snow accumulation are important
factors determining the peak flow and volume of floods. Finally, the
drought duration is the main factor determining minimum flows.

8.6.1 Mean Annual Precipitation

Data on precipitation were available at 120 stations - 97 in the
Island and 23 in Labrador (Table 8-1). Of these, 46 stations with more
reliable data and a reasonable record period were selected for further
reference, 35 in Newfoundland and 11 in Labrador {(Table 8-3).

Checks for reliability and synthesis of missing data by
correlation were done when considered necessary in the same way as
for temperature data (Section 8. 3). It should be emphasized, however,
that correlation of monthly precipitation at two stations which are even
less than forty miles apart is generally weak (Figure 8-11). However,
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the correlation coefficient of all correlations used was significant, at
least at the 5 percent level., Whenever required, the data at one station
were correlated with the data at two or more neighbouring stations.
Correlations were used mainly to complete long term averages. Their
use for completing missing monthly records should be made very
cautiously, and it is obviously out of the question to complete the daily
precipitations by correlations,

The correlations were used to complete the mean annual
precipitation at the 46 stations - 35 in the Island and 1! in L.abrador
(Table 8-3).

The distribution of the mean annual precipitation, an important
meteorologic characteristic, was recently (1967) plotted by the DOT,
Meteorological Branch, for the whole country. The portion of the map
covering the Province is shown in Figure 8-12a. Since the isohyets
drawn on this map are too general for the purpose of this study, and
because of lack of consistency between the precipitation and runoff data
(Section 16), it was decided to attempt a more accurate and consistent
distribution. For this purpose the following approach was used:

a) For the Island, a preliminary correlation was established
between the mean annual precipitation at stations and a series
of physiographic characteristics (Table 8-10). The coefficient
of correlation is 0. 89, which, for the number of data (33) and
variables {7}, is significant at the 1 percent level, The
coefficients of the variables included in the correlation have
the sign corresponding to their probable physical influence on
the mean annual precipitation, All the coefficients are
significant at the | percent level except distance to the sea in
a southwest direction which was nevertheless maintained in the
correlation because the general pattern of air mass circulation
indicates that many storms on the Island come from this
direction,

b) For Labrador, a similar approach was used to obtain a
preliminary relationship between precipitation and physiographic
characteristics, However, because of the scarcity of data, in
addition to the data recorded at the L.abrador stations, the
indications from the preliminary isohyets contained in the maps
prepared by the DOT were also used in Figure 8-13a, Map B.
The latter were considered with a weighting factor 100 times
smaller than the actual records. The equation of the correlation
between precipitation and physiographic characteristics is shown
in Table 8-11. The results obtained in this way for Labrador
are less reliable than those obtained for the Island.
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c) The above correlations were used with the data file on grid
physiographic characteristics to make the preliminary estimate
of the mean annual precipitation in each grid square. The
results of the computation are shown in Figures 8-12B, Map C
and 8-13B, Map C.

d) Comparison of Figures 8-12B, Map C and 8-13B, Map C with
runoff data shows a better consistency than Figures 8-12A,
Map B and 8-13A, Map B. However, since this consistency
is not completely satisfactory, further investigation was done
using a special approach of combining hydrologic and
meteorologic information described in Section 16. As a result
of these investigations, three correlation equations (for the
western and eastern regions of the Island and for Labrador)
have been established relating the mean annual precipitation
to the physiographic characteristics (Tables 8-12, 8-13 and
8-14). These correlations have been used with the file on grid
physiographic characteristics to produce the mean annual
precipitation shown in Figures 8- 12B and 8-13B.

Although the very high precipitation around 100 inches,
obtained at very high elevations, around 2000 feet, appear
justified by rapid increases of precipitation in certain areas
with similar topography, a check by direct gauging stations
installed at high elevations is considered necessary.

8.6.2 Annual Precipitation Variation

The variation of annual precipitation at four selected stations
in the Island and two selected stations in Labrador is shown in Figure
B-14A. The figure indicates significant variations of the annual
precipitation around the mean during the period of record (from 68.5
percent up to 135 percent at St. John's, and from 74 percent up to 141
percent at Cartwright). It also shows that the minimum and maximum
annual precipitations do not generally coincide at various stations,
indicating the possible usefulness of interconnected systems in drought
periods. Figure 8-14B represents the empirical probability curves of
the annual precipitation for the same stations. The figure indicates
that it can be assumed that the annual precipitation has a log normal
distribution. Annual precipitations with different probabilities can be
read directly from Figure 8-14B.
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8.6.3 Monthly Precipitation Variation

A summary of recorded monthly precipitation in the Province
is given in Table 8-15., It shows that the precipitation variation in a
month around the mean is large, making predictions based on a seascnal
pattern very unreliable. The average distribution of the mean monthly
precipitation at selected stations in the Province, based on the records
available, is shown on Figure 8-15. It indicates that the largest
monthly precipitation occurs on most of the Island in November
(exceptionally in October or December), while the minimum occurs in
spring or summer as follows: in June {(exceptionally July) in the Avalon
and Burin Peninsulas; in April (exceptionally in May) on the northeast
seacoast; in March-April on the west and southwest seacoast and to a
large extent also in Labrador. This again points out the possibility of
obtaining advantages from the proper operation of interconnected
electrical systems using water resources.

8. 6.4. Storm Precipitation

A summary of storm precipitation data in the Province is
given in Table 8-16. An attempt was made to produce storm
precipitation - frequency - duration - area relationships. However,
due to the scarcity of data, this attempt was limited to estimates of
maximum in 24-hour point precipitation for frequencies up to 1/20
years (Figure 8-16). Maximum storms for flood computations
required for this study have been based on a series of storm
maximization studies done by the DOT, Meterclogical Branch ' ",

On the basis of these studies, maximized storm precipitation -
area - duration curves have been established in eight regions of the
Province, six in the Island and two in Labrador., The results of these
studies are shown in Figure 8-17. A rough comparison of the storm
precipitation values obtained from frequency analysis with those shown
on Figure 8-17 indicates that the maximum storms obtained by the
maximization studies represent roughly 1.4 - 1.5 of the precipitation
1/10, 000 years for the maximum 24-hour precpitations. Nevertheless,
further investigations of the problem of storm precipitation - frequency -
duration - area relationships are recommended, after data at higher
elevations are obtained.
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B.6.5 Snow and Maximum Possible Seasconal Snowfall

As indicated in Section 8. 2, the measurement of snow depth
and water equivalent is affected by errors which were partially reduced
beginning in 1960 with the introduction of snow gauges into the DOT
meteorologic network., However, as data at most of these gauges only
date back to 1963, it is still too early to estimate the actual values of
snowfall. A study by Potter? has concluded on the basis of relatively
short period of observations that the density is approximately 0.1 in
the average for southern Newfoundland and western Labrador, but that
in northern Newfoundland and eastern Labrador it is 0. 12 in the
average as shown in Figure 8-5, Potter? also indicates that during
this short period of record (October 1956 - January 1959) the density
of snow at St. John's-Torbay Airport station varied between 0.04 and
0. 28 for snowfalls larger than | inch in depth,

A complete analysis of snowfall conditions, including maps of
earliest, median, and latest dates of first snow cover; earliest,
median, and latest date of last snow cover; minimum, median, and
greatest number of days with snow cover; least, median, and greatest
maximum snow cover, and median depth of snow cover at the end of
each winter month are also given by Potter'~. Figure 8-18 reproduces
from Potter's work the snow cover frequency for the winter months at
four metcorological stations in Newfoundland and two stations in
Labrador. It indicates particularly that in Newfoundland the snow cover
starts in November and ends in April, whereas in Labrador it starts in
October and ends in May. The snow cover in Newfoundland reaches up
to 50 inches in February (possibly more in the higher areas), and is
almost double in Labrador.

In addition to the data obtained by the meteorological stations
there is valuable information included in the river basin snow course
data, consolidated and published by the DOT, Meteorological Branch
carried out in Newfoundland essentially by the Department of Energy,
Mines and Resources, Inland Waters Branch; the Department of
Transport, Meteorological Branch; and the Bowater Power Company
Liimited, and listed in Table 8-17. As indicated in the table, the
record of the longest number of years for the river basin snow course
is from Bowater Power Company Limited (Greenlz). The results of
these snow surveys expressed in inches of water equivalent average for
the Humber River basins above Deer Lake power plant, around the
middle of March, are shown in Figure 8-19. The figure indicates that
the average snow depth is about 10 inches of water equivalent, reaching
18 inches, within a period of 40 years. The limited records available
at the other stations tend to indicate that this average value is

B8-16 ZA
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characteristic for the Island with smaller values to the south and larger
in higher and more northern areas, Values higher by 20 to 30 percent
can be expected in Labrador. The fact that the average water equivalent
of snow at the middle of March has a value which is not significantly lower
than the average water equivalent of the total snowfall over the whole
period as estimated, for example by Thomas3, again substantiates the
conclusion that the current estimates of average snowfall are lower

than the actual average snowfall.

Extensive studies conducted recently by the Meteorological
Branch’'8 have resulted in recommended values for the "maximized"
seasonal snowfall which would represent between 190 and 280 percent
of the average seasonal snowfall (Figure 8-20). Significantly the
results of these studies indicate, for the average seasonal snowfall,
values much larger than those previously indicated in the available
literature (ThomasB). According to these data, the maximum seasonal
snowtfall would vary approximately between 32 and 45 inches of water
equivalent. Preliminary investigation of the probability distribution of
seasonal snow depth indicates that these values correspond to 1.3 - 1.4
times the seasonal snow depth with a probaility of 1/10, 000 years. The
probability that the total of this snow cover accumulates and is available
at the end of the winter for melting 1s much lower.

8.6.6  Drought Frequency and Duration

Assuming conventionally a drought to be a period of at least
five consecutive days without total precipitation of at least 0. | inches,
an attempt has been made to analyze the frequency and duration of
drought from July to Octoeber, The basic data, including records from
17 stations in Newfoundland and 3 stations in Labrador, are summarized
in Table 8-18. The results of this analysis are shown in Figure 8-21
which gives estimated isclines of drought durations for the probability
of 1/2.33 years, 1/5 years, and 1/20 years. The results should be
considered as preliminary, especially in Labrador, because of the
small number of data. The variation of the average drought duration
is small (from 10 days in the Corner Brook area to 1[4 days in the
Gander area), For the 1/20 year probability the variation is relatively
smaller ( from 18 days in the St. John's area to 21 days in the Buchans
area in Newfoundland, and from 17 days in the Goose area to 21 days in
the Hopedale area in Labrador). From the hydrological viewpoint, the
drought could be actually larger since precipitations of 0, I inches or
more may be stored in the soil or evaporated over a period of five days.
Further discussion of the problem of hydrological drought is included in
Section 19.
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B.7 Evaporation

From the hydrologic viewpoint it is important to distinguish
between potential and actual evaporation. FPotential evaporation, as
defined, is the evaporation from a moist surface so small that the
evaporation has no appreciable influence on the air passing over it.
Under this definition, potential evaporation is directly related to
regional climatological conditions, and is influenced indirectly only
by the amount of water available for evaporation.

Potential evaporation was computed by Bruce and Weissmann!d
for two stations on the Island - St, John's and Gander, and one in
Labrador - Goose, using Penman's formula. Solar radiation
observations were used in the formula for the S5t. John's and Goose
stations, whereas at Gander the solar radiation was estimated from
data on actual sunshine.

Using pan evaporation data in conjunction with computed (from
solar radiation) potential evaporation and a correlation between small
lake evaporation to potential evaporation, Bruce and Weissmann
have established mean annual and monthly evaporation isolines
(isopleths) from small bodies of water for Canada. The relevant
portion of the mean annual isopleths map is shown in Figures 8-22 and
B-23.

Actual evaporation is the real evaporation (including transpiration)
which occurs from a certain area, and from the hydrological viewpoint
represents the difference between precipitation and runoff. Actual
evaporation also depends on the climatic conditions, but is heavily
dependent on the amount of water available for evaporation,

Bouchet!4 has shown that in humid regions potential and actual
evaporation is of the same order of magnitude and does not differ much
from small water bodies' actual evaporation. Actual evaporation for the
Province was estimated by using Turc's formula’~ which relates actual
evaporation to precipitation and temperature by means of the grid data
on precipitation and temperature shown in Figures 8-6B, 8-7B, 8-12C,
and 8-13C. The results of these computations are shown in Figures
8-22 and 8-23. The comparison shows that, as expected, the two
methods of computation lead to results which are not very different,
actual evaporation being, as expected, lower however by 15 to 25
percent than potential evaporation. This indicates that, in the very
humid conditions of the study area, Turc's formula is applicable for
rough preliminary estimates of actual evaporation,
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It should be kept in mind that the values of evapotranspiration
and actual evaporation vary from one year to another as a function of
the variation of climatic conditions, including precipitation (magnitude
and distribution in time). In very dry years, the potential evaporation
probably may increase to as much as twice, whereas the actual
evaporation decreases because of lack of water to be evaporated. Since
lawn watering is usually done in a restricted area, it does not influence
the climatic conditions to a significant extent, and the evaporation
which determines the water used is closer to the potential evaporation
rather than to the actual,

Preliminary computations indicate that, for the Province's
conditions, potential evaporation is equal to about 55 percent of the net
radiation and this in turn can be estimated from the solar radiation with
an albedo varying between 0. 5 (for years with a longer period of snow
cover) to 0. 4. Since radiation can be estimated well enough from data
on cloud cover (Figure 8-4), this suggests a method of computing the
annual variation of potential evaporation,

8.8 Climatic Regions

The regional pattern delineated by the Metecrological Branch
for their studies of storms and seasonal snowfall, which correspond to
main physiographic subdivisions, has been accepted in this study as
indicating a general delineation of climatic regions.

Accordingly, the Province is considered as consisting of eight
climatic regions, six in the Istand and two in Labrador (Figure 8-17A).
Further, most of these regions have been divided inte two or three
sub-regions corresponding to internal variation of physiographical
characteristics, where this was also indicated by the estimated variation
of the climatic characteristics. The average climatic characteristics
(mean annual precipitation, temperature, relative humidity, potential
evaporation, maximized storm precipitation and seasonal snowfall, and
average drought duration) for each climatic sub-region are given in
Table 8-19.

Since these data are obtained from generalized maps which
were based on little actual information in the inland regions, the use of
these characteristics should be made with caution. Only further studies,
some of which are indicated in the next section, will show if these
generalizations are correct or what amendments have to be introduced.
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8.9 Recommendations for Further Climatologic Studies

Most of the Province's areas lack climatologic information and
the completion of the network will require additional stations located in
the interior and at higher elevations. Figures 8-1 and 8-2 suggest the
minimum number of additional stations required.

Most of the additional stations will have to be located in
relatively inaccessible areas remote from centers of population. Because
of this, the use of a telemetering system would be advisable. For some
stations it may be possible to use existing cables, however, in most cases
it will be necessary to transmit data by radio to the nearest population
center. At the present time, battery-powered radio-telemetering units
are capable of transmitting over distances of 30 to 40 miles.

The new stations should be designed to make observations on
all gignificant climatologic characteristics. Data should be recorded
for rain and snow precipitation, rime, temperature, humidity, solar
radiation, wind and possibly evaporation. Consideration should also be
given to expand programs at existing stations and to ensure at least the
density recommended in Guide to Hydrometeorology, with gauging
measuring key climatologic characteristics mentioned above.

In the expansion of the network, the co-operation of private
companies and various government agencies should be sought. For
example, advantage should be taken of the new hydro-electric
developments at Churchill Falls and Bay D'Espoir. These areas are of
economic significance and the introduction of meteorologic stations in
the areas which are not yet gauged will be beneficial.

Since the co-operation of public and private bodies would result
in the most efficient network, a plan should be developed to detail
questions regarding responsibilities and schedules for the supply of
equipment, i1ts installation, operation and maintenance, and the obtaining,
collection, and processing of the records.

Although the existing network is not complete, considerable
data are available and have provided the basis of the work carried out in
this report. The use of published precipitation data has led to the belief
that re-examination of the data would result in its improvement,.
Specifically, the published data assume a constant ratio of snow density
wherecas, in fact, this is the function of a number of variables such as
temperature, wind, and humidity. A sampling program to determine
correlations hetween these factors and snow densities could be used as
the basis for revised precipitation records,
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Climatologic analysis carried out in this volume was based on
historical records available up to and including 1966. The review of
this analysis as new data become available from existing and new

stations should be considered later (after four to five years of records
at the new stations}.
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FLOW REPORTING HYDRO
ELECTRIC PLANTS

STATIONS CORRESPOND T0

NO. NAME OWNER
1 DEER LAKE BOWATERS
11 BAY D'ESPOIR N.L.P.C.
II1 RATTLING BROOK N.L.P.C.L
1Y SANDY BROOK N.L,P.C.
¥ GRAND FALLS PRICE
VI HEARTS CONTENT N.L.P.C.L
Vil NEW CHELSEA N.L.P.C.L
YIII PETTY HARBOUR N.L.P.C.L
1X PIERRE’S BROOK N.L.P.C.L
X MOBILE RIVER N.L.P.C.L
X1 SEAL COVE N.L.P.C.L
NOTE: * INCREMENTAL DRA!INAGE AREAS
: BETWEEN MEASUREMENT POINTS
N.L.P.C.  NEWFOUNDLAND AND LABRADOR
POWER GOMMI SSION
N.L.P.C.L. NEWFOUNDLAND LIGHT AND POWER
COMPANY LIMITED
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GAUGE WI;L BE INEFFECTIVE
AFTER 1868 DIVERSION

AREA WILL INCLUDE GRANITE
LAKE DIVERSION IN
NOVEMBER 1968

UNGAUGED RIVERS *

DRAINAGE AREA
AS OUTLINED

NO. NAME (S4. MILES) COMMENTS
1 BIG BROOK 78
2 ROCKY COVE BROOK 59
3 WEST RIVER 58
4 TEN MILE LAKE 118
5 SALMON RIVER 177
& CASTORS RIVER 211
7 NORTHWEST RIVER 83
8 CLOUD RIVER 198
g EAST RIVER 50
10 UNNAMED RIVER 72
11 UNNAMED RIVER 74
12 SOUFFLETS RIVER 157
13 RIVER OF PONDS 340
14 GREAT HARBOUR DEEP RIVER 83
15 LITTLE HARBOUR DEEP RIVER 187
16 PORTLAND CREEX POND 372 [RIVER TOBE GAUGED
11 CAT ARM RIVER 324~{FALL OF 1968
WESTERN BROOK POND B0~ CE PROPOSED AT
19 MAIN RIVER 390
20 PARSONS POND 15 f"‘LL POND OUTLET
21 ST. PAULS INLET 123 LN UPPER AREA
22 LOMOND RIVER 154
23 TROUT RIVER 99
24 LOWER HUMBER RIVER 323
25  OLD MANS POND 81
26 HUGHES BROOK 51
27 SERPENTINE RIVER 168
28 FOX ISLAND RIVER 71
29 ROMAINES BROOK - GAUGE PROPOSED
30 LOWER WARRYS RIVER 77
31 BOTTOM BROOK 83
32 SOUTHWEST BROOK 220
33 LITTLE BARACHO!S BROOK 138
34 FLAT BAY BROOK 216
35  FISCHELLS BROOK 140
36 ROBINSONS RIVER 185
37  BARACHG!S BROOK 92
38 CRABBES BROOK 204 —GAUGE PROPOSED
33 HAGHLAND RIVER 86
40 CODROY RIVER 293 —GAUGE PROPOSED
41 £ITTLE CODROY RIVER 89
42 GRAND BAY RIVER 59
43 GRANBYS BROGK 107
44 GARIA BROOK 84
45 LA POILE RIVER 204
48 CINQ CERF 82
47 UNNAMED RIVER 121 [GRANITE LAKE AREA
48 GRANDY'S BROOK 228 |70 BE BIVERTED IN
43 KINGS HARBOUR BROGK 51 |1969 GAUGE PROPOSED
50  LOWER WHITE BEAR RIVER 464<{NEAR RIVER MOUTH
AND GRANITE LAKE -
S0 LOWER GREY RIVER 572 GAUGE PROPOSED
52 DOLLANG BROOK 238
53 MORGAN BROOK 88
54  BOTTOM BROOK 68
55  D'ESPOIR BROOK 113
56 CONNE RIVER -239
57 LITTLE RIVER 72
58  LONG HARBOUR RIVER 390
59  PARADISE RIVER 190
60  SANDY HARBOUR RIVER 184
61  BLACK RIVER 68
62  SOUTHWEST RIVER 185
83  NORTHWEST RIVER 265
64  LOWER TERRA NOVA RIVER 278
65  GAWBO POND 143
66  TRAVERSE BROOK 181
~ 67  INDIAN BAY BROOK 230
68  POUND COVE BROOK GAUGE PROPOSED
69  DEADMAN'S BROOK 187
70 RAGBED HARBOUR RIVER 173 GAUSE PROPOSED
71 LOWER GANDER RIVER
72 TEN MILE LAKE 143
~ 73 INDIAN ARM BROOK 118
74 GREAT RATTLING BROOK 563
75 NEW BAY RIVER 84
76 WEST ARM BROOK 10
77 SOUTH BROOK 244
78 BARNEYS BROOK 198
79 BURNT BERRY BROOK 80
80 MIDDLE ARM BROOK 131
81  SALMONIER RIVER 45 GAUGE PROPOSED
82  FORTUNE BROOK =" GAUBE PROPOSED
83 FRESHWATER POND (UPSTREAN
OF TIDES BROOK) 58 —GAUGE PROPOSED
84  COLONET RIVER 64
85  SALMONIER RIVER 101
B6  LITTLE HARBOUR RIVER 85
87  CROSSING PLACE RIVER 54
88 BISCAY BAY BROOK 84
89 LA MANCHE 82
90 SOUTHEAST RIVER 55— GAUGE PROPOSED
81 HORSE CHOPS RIVER 13
* RIVERS WITH DRAINAGE AREAS OF LESS
THAN 50 SO MILES GENERALLY EXCLUDED
A3 A6
A4 ANy
A5 A8

NEWFOUNDLAND

CLIMATOLOGIC AND HYDROMETRIC NETWORK

FIGURE 8-1




The Shawinigan Engineering Company Limited

James F. MaclLaren Limited

\. p!
7
A2
?
LEGEND g
M GAUGED RIVERS UNGAUGED RIVERS *
~«= RIVER BASIN OUTLINE o/
] > ,
. EXISTING RIVER GAUGE ( . D:glgagf‘ﬁggA DRAINAGE AREA
o B 1 AS OUTLINED
(C:| RIVER GAUGE DRAINAGE AREA N NO. NAME (SQ. MILES) COMMENTS NO NAME (SQ. MILES)
@® DISCONTINUED RIVER GAUGE )7 |
[ A CHURCHILL RIVER 5,700 TOTAL 13, 100 I l NORTH RIVER 630
Q PROPOSED NEW RIVER GAUGE Q 7 AT FLOUR LAKE ! ' S0. MILES 2 KINGYRUTIK RIVER 1,410
~ 3 FRASER RIVER 890
B8  FLOW REPORTING HYDRO PLANT e B UNKNOWN RIVER AT 7,700 s MNAKTAL | X BROOK 80
o LA
XYY N 6 NOTAWANON RIVER 2,310
RILY HYDRO PLANT DRAINAGE AREA ?\,x——f\‘\ c CHURCHILL RIVER AT 6,500 TOTAL 30,400 SQ. MILES 7 HARP LAKE 4;810
A OROLOGIC STATION ' ¢ NUSKRAT FALLS | 5 CANAIRIKTOK RIVER 4,970
ED METE e~ ’
DISCONTINU Ct;x D EAGLE EAVER ABGVE 3,900 ;? té;PgKUKS§AXE$ . ],390
A EXISTING METEOROLOGIC STATION oY o, FAGLE FALLS 12 BIG RIVER IVER 2180
; ~ 2 E NASKAUP! RIVER AT 3,470 13 CROOKED RIVER 860
A\ ProPoSED METEOROLOGIC STATION | EXACT LOCATION o FREEMONT LAKE 1 UNNAMED RIVER | 530
' £y 3 16 BEAVER RIVER 74
Q@ PROPOSED NEW RIVER GAUGE UNDETERMINED I . p68 17 GOOSE RIVER 1,340
“‘K S 19 KENAMU RIVER 1,700
Y FLOW REPORTING HYDRO 20 NORTH RIVER 890
> » ELECTRIC PLANTS 22 SAND KILL RIVER 2200
/ ;,‘ - P
(] 23 AWKE RIVER
NOTE: NUMBERS OF METEOROLOGIC STATIONS f},,\ s : 3 HAKE RIVER | g0
TABLE 8-1 N T : ' 2 ST. LEWIS RIVER 950
CORRESPOND TO NUMBERS IN \ \ S~d\. DRAINAGE AREA 26 PINWARE RIVER 970
P CRes . RS OUTLINED. ~ .
' *  RIVERS WITH D
NO. NAME OWNER (S0. WILES) CONMENTS LR LR .

1 ASHUANIPI RIVER AT 1.0.C.0. 7,400
MEN [HEK RAPIDS

II UNKNOWN RIVER AT T.F.P.C. 1,100 * TOTAL 8,800 sA. EMILES
TWIN FALLS . f
[»83 *
NOTE: INCREMENTAL DRAINAGE AREAS

BETWEEN MEASUREMENT POINTS

LABRADOR
CLIMATOLOGIC AND HYDROMETRIC NETWORK

A13

SCALE - MILES

FIGURE 8-2




The Shawinigan Engineering Company Limited
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CANADA
RATIO OF THE MEASURED WATER CONTENT OF SNOWFALL
TO AN ESTIMATED WATER CONTENT USING 10 INCHES
OF SNOWFALL AS EQUIVALENT TO 1 INCH OF WATER

SOURCE: DEPARTMENT OF TRANSPORT
METEOROLOGI CAL BRANCH
CIR. U232 - TEC. 569, MAY 12, 1965.
WATER CONTENT OF FRESHLY FALLEN SNOW
BY J.G.POTTER

FIGURE 8-3




James F. MaclLaren Limited

NEWFOUNDLAND AND LABRADOR

CORRELATION BETWEEN RECORDED RAD!ATION
AND COMPUTED RADIATION FROM CLOUD COVER DATA

RECORDED SOLAR RADIATION
LARGLEYS / DAY

The Shawinigan Engineering Company Limited

" { T 1 ‘ T
/
n + t + = :
x
¢ |
AA |
109 ——? 4
K
£
AL t _
< ,+
| LEsEw
200 WoOST JOMN'S ... KD
a X (GOYT. OF ANADw
% DEPT. OF 4GWICULTURE)
A | A GOOSE EIRPORT, LABRADOR
108 A _
' ’ L I L
190 200 [TH TE 13 800 Y]
COMPUTED SOLAR RADIATICN
LANGLETS / DAY
TOTAL SCLAR AND SKY REDIAT W FCR
CLOUDLESS SYIFS £XPRESSED IN INCHES
[ i EGUIVALENT
{Ryg)
LATI TUDE
(1% JER FEB MER aPR. pAY JUNE JuLy A6, SEPT. ceT, HI¥.
&0 1.1 2.6 b.U 10.3 13.9 14.9 1.l 10.9 7.0 4,1 1.7
55 2.0 3.7 7.7 1A 14,3 15.1 14,7 1.8 8.2 5.1 2.7
50 3.1 5.0 9.0 1.9 164.7 15.3 15.0 12.5 9.5 6.4 3.9
45 L.k 6.3 10.3 12.7 151 15,5 15.3 34 10.7 7.7 5.1
u 5.8 7.7 11.3 13.3 15.3 15.7 15.5 141 11.7 8.9 6.5
35 7.2 9.1 12.3 14.0 15.3 15,7 15.% 0.5 12.5 101 7.9
0 8.5 161 13.0 Tl 15.3 15.7 15.5 4.8 13.2 1.0 9.1
5 9.5 1.0 13.5 14,5 15.3 15.6 15.4 4.9 13.7 1.7 10.0
20 10.3 1.7 13.9 14,5 15,1 15.3 15.1 14.8 4.0 12.3 10.9
13 111 12.2 14,0 14,4 14.7 14.8 14,7 4.5 14,1 12.8 1.5
10 1.6 12.7 14.0 14,2 14,1 .1 14,1 1.1 i1 13.1 12.0
5 12.0 13,0 13.9 13.9 13.6 13.2 13.4 13.7 13.9 13.3 12.4
0 12.3 13.2 136 3.5 12.8 12.0 12.9 134 13.6 13.3 12.7
MEAN ANNUAL VALUES OF g
LATITUDE (DEGREES)
0 5 10 135 20 o) 0 35 ] 45 0 55
k=03 0.3 0.3 0.33 0.3} 0. 0.32 0.1 0.33 0.34 0.% 0.3

SOLAR RADIATION (R!) FOR THE CLOUDINESS N

FIGURE B-4
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The Shawinigan Engineering Company Limited

James F. MaclLaren Limited

CORRELATION BETWEEN MEAN
MONTHLY TEMPERATURES AT
GOOSE AIRPORT AND CARTWRIGHT

(PRODUCED BY COMPUTER - PLOTTER)

T TEMPERATURE AT CARTWRIGHT (8501100) V5
TEMPERATURE AT GOOSE A (B501900)

1800 (OEG-F!

fE
:

E

WiBAAAEEERERELR

CLRYE MO-L
MOWTHE LB - 1R 2a¥d7d ROl
NS ICIENT OF DDWARLATION - C-SNEE

FIGURE B8-%




The Shawinigan Engineering Company Limited

James F. MaclLaren Limited

NEWFOUNDLAND
MEAN ANNUAL TEMPERATURE DISTRIBUTION
(°F)
7
AR K
34
< ST. ANTHONY
32 - o 36
34 7

%
DANIELS HARBOUR
K:!

GANDER @

BONAVISTA

40
40

“ﬂ,

S\ AL A g
PORT AUX BASOUES

RS

ST. JOHN'S

ST. LA\'RENCE CAPE RACE

A

MEAN ANNUAL | SOTHERMS
(DEPARTMENT OF TRANSPORT -
WORK ING PAPER)

FIGURE 8-64
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NEWFOUNDLAND
MEAN ANNUAL TEMPERATURE DISTRIBUTION
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FIGURE 8-7A
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MEAN ANNUAL TEMPERATURE DISTRIBUTION
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MEAN ANNUAL |SOTHERMS
(DEPARTMENT OF TRANSPORT-
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NEWFOUNDLAND AND LABRADOR
CRITICAL SPRING TEMPERATURE SEQUENCES
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NEWFOUNDLAND AND LABRADOR
CRITICAL SPRING TEMPERATURE SEQUENCES
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NEWFOUNDLAND AND LABRADOR
MEAN ANNUAL AND SEASONAL |SOBARS
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NEWFOUNDLAND AND LABRADOR
MEAN ANNUAL HUMIDITY

MEAN ANNUAL RELATIVE HUMIDITY (AT 8 A.M.)
RECORD PERIOD 1952-1965

FIGURE 8-19




The Shawimigan Engineering Company Limited
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CORRELATION OF MONTHLY PRECIPITATION AT
BELLE |SLE AND BATTLE HARBOUR LORAN
(PROLUCED BY COMPUTER — PLOTTER)

PRECIPITATION AT BELLE ISLE (B8500500) VS
PRECIPITATION AT BATTLE HARBOUR LORAN (8500398)
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The Shawinigan Engineering Company Limited

FIGURE B-12A

James F. MacLaren Limited

NEWFOUNDLAND
MEAN ANNUAL PRECIPITATION DISTRIBUTION

v
MELLE ISLE

TCRRENT
SV.7 Iadyr,

CAMIELS HARBOUR

VPRI SUHBER
B dn
bl kb PIPERS HOLE
8.4 afyt

< 9
“ ' 3 g
A
ISLE Au€ MERTS ”
T3 Sy
EAPE RALE

ANNUAL PRECIPITATION CDISTRIBUTION (INCHES)
ACCCRDING TQ THE ATLAS OF CANADA
(DEPARTMENT OF MINES AND TECHNICAL SURVEYS, 1957}

BELLE [SLE

T, ANTHQNY

TORRENT
5.7 inSye.

DAMIELS HARBOLR

LPPEA HLMBER

8.3 Indyr. PIPERS HOLE

4 inSyr.

PT‘\'T WX PASOYES
?

ISLE LUK MORTS
Te 3 inyl

REVISED ANNUAL PRECIPITATION DISTRIBUTION (INCHES)
{DEPARTMENT OF TRANSPORT -
METEOROLODGICAL BRANCH WORKING DOCUMENT)
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B4 1%, SEw L ARE MELD 49 10 057 28 3% 1933 03 T xoa i | I : 19%2 0%
i .
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B4D150) ) NPEER LAKE & HFLD S 49 13 (%7 24 196% 07 2 x x X xi 1965 11
840152% [+ DOYLES HFLD 67 S0 %9 127 2% 195« 01 X L 19%4 Q1 1954 01
A40 1525 [+DITYLES MFLD &7 S0 u%9 . 25 1994 Q1 . 1954 09 195%4 0%
FY 8401525 | pOYLES WELO &7 0 04%9 14 2% 19%& Qb 2 1955 03 1956 10
8401525 | DAYLES Cha L[¥F NFELD 47 S0 0%9 1 25 19%% oI , Ao 1962 06 3 1943 08
B daninso | ExpLOITY DAM RELD 4 &4 LSk Ak 504 L1946 OB KX 19%6 0b
. I .
A&0160C | FOGD MFLD 49 43 D94 H'| 4“BZ2 148712 10 | | 17z 10 LB73 Ob
BL01600 4§ FOGO NFLDi 49 &30 Oud l'f| «82: 1817 10 x Co 18%3 Q7 1880 12
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B&0Y 00| FU ) LD | a% 43 0%4 LY 482 1872 10 x 1926 12 1927 06
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aLnleoof Fi ! N 4% 4 054 17 s42 1 1872 10 X! 192% 10 1920 0l
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Banladu wi NE D 49 4 N W 4872 1872 10 X 1934 11 19236 12
HeQ1600 o} NFLD )| 49 &3 117 4h2 1872 10 X 1935 0l 1938 08
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A1 700 1+ LAND] A MFLD  4H 57 054 34 fac L9337 OF ] H X 1940 08 1942 03
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Han il b} . S 0% 10 1937 02 x 1952 0%
850150u) 1 SF A NEe, 53 1% 06 25! 1ea’ 1val 12 b ox 1941 12 19«2 01
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B501900[ ! >t A& MF 9% 19 ¢ ' lad 194l 12 XA 1947 05 964 06
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8501500 G& St & 53 19 uvgo 2 1aa " 1941 12 XX T L9454 11 1961 04
A501900 [ (7 SE A NF_ . 53 19 060 25 L4 194l 12 Ifh X T 1961 0% 19868 10
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[ran; 47 06 0%% 4s 519 10 s P X 1943 11 166k 03
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Aypril

May

June

July
Aupust
Septembuer
October

Novermber

ST, JOIIN'S

Solar Radiation in

Muax

Langleys
Mean Min

incomplete=--

incornplete---

203 44
1 i 18
i 20
59 |
55 17
176 30
245 te
358 90
367 85
5213 T8

incamplete---

594 140

483 sz
173 39
102 ]

WEST

Tempuedslure

e Tl

ChA

-

Average

Cloudineas

Tatal Hright

Sunshine in

ih degrede 1 percent hours
52,9 7T 158. 6
61,9 70 213, 0
I T4 212, 8
LTS 63 137. 1
5. 8 75 97. 8
482. 0 8O 62,1
#8. 5 88 29,9
- o [ 40 82.9
230 73 122. 8
4. b 7 99,5
30,1 T8 124, 6
41.7 76 143, 2
54,5 61 252, 7
G4, 6 69 38,9
Gh. 4 67 204, 3
53.56 66 139.8
47. 9 (9 90, -k
42,0 76 83,7

The Shawinigan Engineering Company Limited

Year

1966

1967

James F. MacLaren Limited

Month

June

July
August
September
October
Novermbhbeoer

December

January
February
March
April

May

June

July
August
September
October

Novembuer

COOSH

Snlar Padiation in

Nax

765
694
613
4306
298
171
111

1i2
206
498
U443
742
74
697
520
1§
311
150

Langleys

MMoean

443
407

406
508
411l
419
252
163

78

Min

109
57
59

120
80
22
12

16

BAaY A

Temperature

=g

[ I T = I Y =)

AvverTaoer
in deprovs
S e

9
. B

L6

.~

Avpra B

Clowdihess

Total Brigh

Siunehifne

in

topercent hrours
ik 196, 4
187. 0

Ki 139. 6
71 149, 8
106 84,7
7 G703
69 72,2
57 04, 2
58 935, 4
53 204, 0
59 170. 2
T 139,06
71 237. 6
78 191, 8
24 224, 1
71 116, 8
62 118. 3
73 70, 2

NEWFOUNDLAND AND LABRADOR

SUMMARY OF RADIATION DATA
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The Shawinigan Engincering Company Limited

James . MacLaren Limited

NEWFOUNDILAND

LONG TERM ANNUAL PRECIPITATION AND TEMPERATURE
AVERAGES USED IN THE CORRELATION WITH
PHYSIOGRAFHIC CHARACTERISTICS

& STA. STATION PRECIP. AYGE PRECIP. TEMP, AVGE TEMP,
MEASUREMENTS USED IN THE STUDY MEASUREMENTS  USED IN THE STUDY
TAKEN { INCHES) TAKEN (F)
| ARGENTIA A, X 3.5 X 41.7
2 AVONDALE CDA ] X
3 BADGER % 36.2 X 39.3
4 BALE VERTE X 41.0 b4 3.1
5 BONAY|STA X 4. X 39.8
6 BUCHANS X 42,0 X 36,9
7 BURGEOQ % 59.2 o 39.5
8 CAPE BROYLE X 57.9
9 CAPE RACE X 53.3 X 39.7
10 COLINET ¥ 57.0 X Wil
bl COLINET PEAT BOG CDA X 57.0 X 0.7
02 CORNER BROOK X 43.3 1 40.6
13 DANIELS HARBOUR X 33.4 X 38.0
14 DEER LAKE X 79 X 39.3
15 DEER LAKE A X X
16 EXPLOITS DAM ¥ 42.0 X 38.5
17 FOGO X X
18 GANDER INTERNATIONAL 4 X 42.7 X 39.7
19 GLENWOOD X 38.2 % 39.7
20 GRAND BANK X 50.5 X HI.9
21 GRAND FALLS X 36.1 X 40.3
22 GULL POND X X
23 HEARTS CONTENT X 5l.6 X i.9
24 HOLYROOD X by X 4.2
25 HOLYROOD GOLDEN EAGLE X X
pi NEW CHELSEA X 54,0 X 1.9
27 PETTY HARSOUR X 48.8
28 PIERRES BROOK X 50,0
29 PORT AUX BASQUES X 51.9 X 39.7
30 RATTLING BROOK NORRIS ARM X X 40.3
31 ST. ALBANS X X 4.3
32 ST. ANDREWS X uy.7 X 40.5
33 ST. ANTHONY X 36.5 X 34.9
34 ST. ANTHONY A, X X
35 ST. JOHNS X 60.3 X 4{,8
36 ST. JOMNS TORBAY A X 59,5 X uo.6
37 ST. JOHNS WEST CDA X 62.5 X 40.8
8 SEAL COVE X 65.2 X 42.6
39 SPRINGDALE X 4.9 X 39.1
4o STEPHENVILLE & X 40,2 ¥ 40.8
4l TERRA NOVA NAT PARK H.Q. X X .5
42 TERRA NOYA NAT PARK § X X
43 TOPSAIL X
4y TORS COVE X 54.0
u§ TWILL INGATE X 37.5 X 39.8
it WESTBROOK ST. LAWRENCE X 57.0
47 WHALESBACK X

TABLE 8-3A



The Shawinigan Fngincering Company Limited

James F. MacLaren Limited

LABRADOR

LONG TERM ANNUAL PRECIPITATION AND TEMPERATURIL
AVERAGES USED IN THE CORREILATION WITH
PHYSIOGRAPIIC CHARACTERISTICS

= STA. STATION PRECIP. AYGE PRECIP. TEMP, AYGE TEMP.
MEASUREMENTS USED IN THE STUDY MEASUREMENTS USED IN THE STUDY

( INCHES ) TAKEN [ F)

[ BATTLE HARBOUR X 33.7 X 33.1

2 BATTLE HARBOUR LORAN X 27.8 X 32.9

3 BATTLE HARBOUR MARY'S RIVER X - X 35.7

4 BELLE ISLE X 34.2 X 3.9

5 CAPE HARRISON X 3.9 X 30.7

6 CARTWR | GHT X 36.9 X 32.3

7 GOOSE A X 34,0 X 32.3

8 HOPEDALE X 30.0 X 8.7

9 MENTHEK RAPIDS X 26.6 X 4.2

10 MA N X 20.7 X 2.5

H SANDGIRT LAKE X 36.6 X 2.1

12 TWIN FALLS X - X 25.2

13 WABUSH LAKE X 32.2 X 5.2

TABLE 8-3B



The Shawinigan Engineering Company Limited

James ¥ MacLaren Limited

NEWFOUNDLAND

CORRELATION BETWEEN
TEMPERATURE AND PHYSIOGRAPHIC CHARACTERISTICS

STER AT 4
£ OLEVEL Hel86
STANZARD £372 0F 330 vails9.f = Bel363
R - 362

CONSTANT uZb,81329
VAR ATLE INIFF STANDARD ERIRQR/
x - 1 =710 2478 Cel3062913 LATIY JE ()~ “ATE OF @ JARE IW MASTER FILE - SIE APPENDIX &)
L TalELESLZT CeNZ3061455 oS 1T TF K EST . TIOW - KILDMETERS
P Sel2731129 Ne23833549 MEFS £ LEUOT IS S ATH EAST | LTION - CFEET XY
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el el adif Libe9B2e9 =l.55253 297.720006 399.089712 ~2s08966
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DATA FROM [SOTHERMS AS TRACED BY DQT,

The Shawinigan Engincering Company Limited

James I MacLaren Limited

LABRADOR

CORRELATION BETWEEN
TEMPERATURE AND PHYSIOGRAPHIC CHARACTERISTICS

ACTULAL PREDILTED DEYIATICH

131.00000 326sF0lal Se25833 BETTLE HARBOUR
329,00000 327410992 1.36727 BATTLE HARBOUR LCRAN
3%7T.0G6000 324430800 324451200 BATTLE HARBOLR MART'S RIVER
319.00000 317.18292 181707 BELLE 15LE
307.00000 314,003%4 =7400354 CAPL HARRISON
323,00000 322438388 Deb 1633 CARTWRIGHT
323.00000 313.83355 Falbban GCOSE A

Z87.00000 294431933 =Te31933 HOPEDALE

242400000 233.,85609 1l1.14%90 VENIHER RAPIDS
255.00003 294,20117 -39,20111 NN

251.00000 26702044 3497945 SANDGIRT LAKE
252,00000 24D, 78772 11.21229 TRIN FALLS
252,0C000 262405450 -10405447 WABUSH LANKE

METEORCLOGICAL BRAKCH (Fi6.8-

78) WERE USED IN THE CCRRELATION WITH & WEIGHT CNE FUNDRED YIMES SMALLER
THAN THAT OF A RAIN GAUGING STATION HAVING & FULL PERIOD CF RECORD.
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The Shaw inigan Engincering Companv Limited
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NEWFOUNDLAND AND LABRADOR
AVERAGE AND EXTREME MEAN MONTHLY TEMPERATURES
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The Shawinigan Engineering Company Limited

James F. MacLaren Limited
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The Shawinigan Engincering Company Limited

James I'. MacLaren Limited

NEWEFOUNDLAND AND LABRADOR
PEAK WIND VELOCITY DATA AT A SELECTED STATION

3900~ TORBAY As JAN
PERIOD OF RECORD = 1/1942=12/1966
AVRGE NCeDAYS WITH WIND GRT 32MPH Sa
AVRGE NOeDAYS WITH WIND GRT 39MPH G4e
AVRGE PEAK WIND SPEED (MPH) 784
AZIVMUTH OF AVRGE PEAK WINDINORTH]I 150
MAX,PEAK WIND SPEED (MPH) 97
AZIMUTH OF MAXPEAK WINDINDORTRY 220
Jury
AVRGE NODAYS wlTH WwWIND GRT 32MPH Ue
AVRGL NUeTAYS ANITH W IND GRT 39Mp4 U
AVRGE PEAK o IND SPEED (MPH) G4is g
AZ1wUTH OF AVRGE FEAK WIKDINORTH) 180
“AXePEAK WIND SPEED (MPH) 504
AZIMUTH OF “AXWPEAK WINDINCRTH) 140

TABLE 8-8
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120,
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70
240 e
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dUU .
76
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Ge
le
66
16V
VS .
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wCT

3
le
b4 a
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T5 e
5O«
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Sy
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360
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le
3
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e
240 e

JUN
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54,
250,
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130
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ZA

Station

Argentia Airport

Bonavista

Botwood

Buchans Airport

Cape Racce

Daniels Harbour

Fogpo

Gander International

Adrport

Grand Bank

Period of
Record

1952 66

1960 -66

19424-50

1944 -64

1944 -45
1955-65

1953
1986-66

1940-44
1946-49

1940-66

1940-48
1952-65

Max
Mean
Min

Moax
Mean
Min

Max
Mean
Min
Max
Mean
Min
Max

Mean
Min
Max
Mcan
Min
Max
Moeun
Min
Max
Mean
Min
Max
NMean
Min

January

97
83
71
90
84
78

BY
83
77

99
90
78

96
89
82

94
8é
&0

95
30
84
95
88
81

94
85
74

February

93
83
74
91
His
80
g1l
87
82

98
90
76
94
88
84
G2
85
80
94
90
85
95
88
78
96
84

71

NMarch

91
a4
T3
S
88
82

58
81

el

=]

28
88
76
93
89
BS
26
86
80

93
90
86

94
87
2

95
84
73

Ihe Shawinigan Engineering Company Limited

James F. MacLaren Limited

Relative Humidity - [Pereent

April

May

Junc

NEWFOUNDLAND

93
Hé
B
91
87
g1

87
79
66
()3
87
79
95
91
59
91
86
80
93
G0
84
g2
B4
75
95
85
77

92
‘.I?'
al
92
86
81

82
T
68
89
80
72

27
90
87

8G
82
76

93
86
73
90
80
72

94
87
78

o I
54
5
41
B2
76
69
85
78
70

95
90

-

D
a8
g2
79
91
86
78
589
78

94
86
50

July

71
59
83
89
i

g3
78
75
59
8l
T
96
94
b
90
84
78
88
85
ki
BT
T8
72
34

88
51

AN EuEL

94
84
g2
B
B5
&1
85
81
77
87
84
75

a7
92
89
90
84
B0
89
86
79
87
82
(=
95
88
g3

Sl!}a[:':ll]}\.‘r

93
54
76
89
84
81

85
82
77

30
54
BO
935
92
843

89
83
77
92
86
83

90
83
76
93
87
B0

October

92
83
75

87
34
83
]
85
B2

92
88
84

97
89
83

38
83
78

90
84
g2
93
86
82

91
Bt
79

November

90
84
74

91
86
79

G0
88
B4

96
90
86
37
90
83
92
35
79
93
87
85
93
89
81

96
B6
30

December

90
33
75

g8
83
B0
89
86
g1

97
89
83
95
88
85

90
86
81
93
88
84
93
88
82

33
84
77

Annual

97
835
71
28
B85
78

91
B2
66

99
86
70

a7
30
32

96
84
76
95
37
75

95
g4
66

96
56
71

NEWFOUNDLAND AND LABRADOR

SUMMARY OF HUMIDITY DATA
AT SELECTED
CLIMATOLOGIC STATIONS

TABLE 8-9
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2A

Station

Millertown

§t,

St

St.

St.

St.

Andrews

Anthony Alrport

Georges

John's

John's Torbay

Airport

Stephenville Airport

Twillingate

he Shawinigan Engincering Company Limited

Peried of
Record January IPebruary March April May June

NEWFOUNDLAND

1940-45 Max 92 94 92 91 87 87
Mean 90 91 89 87 84 83
Min 59 90 87 83 L0 &0
1944-63 Max g2 94 31 88 88 87
Mean 6 86 84 B2 79 81
Min 81 75 81 7T 70 74
1947 -65 Max a1 94 afh 95 90 g0
Mean 81 82 B4 36 84 80
Min 64 72 75 T3 T4 71
1940-44 Max 87 90 87 38 87 )
Mean 82 83 83 84 85 84
Min 75 72 78 79 79 83
1949-54 Max 96 37 95 a8 92 88
Mean 90 90 89 87 84 80
Min 88 88 85 85 79 70
1942-66 Max 95 97 95 94 89 86
Mean g8 89 38 86 82 81
Min 72 79 82 77 70 71
1952-57 aax 96 85 H2 82 75 83
Mean 81 80 77 76 72 7
Min 72 76 74 67 67 72
1951-66 Max 31 91 91 91 90 38
Mean 86 85 87 a7 84 83
Min 7o 77 83 81 78 70

James 7

Relative IHumidity - Percent

July

86
g4
B2
88

83
77

88
§3
72
87
d5
83
84
82
77

89
83
73

78
s
73
87
S4
30

MacLaren Limited

August

90
88
87

91

80

89
83
70

30
86
83

89
85
79

91
85
77

84
80
77

91
86
82

September

g2
89
86

93
87
g2

86
81
75

87
86
83

97
83
78

92
84
78

BG
81
T
93
84
78

October

92
90
89

92
56
82

B9
84
79

86
85
g2

95
82
79

923
86
80
83
g1
I
93
85
79

November

92
91
90

93
58
g2

91
87
g2

92
88
86

36
90
88

96
89
85

86
83
78

92
87
80

December

95
91
§9

93
86
81

91
83
76

88
84
80

95
91
88

96
88
81

86
80
74

95
534
76

Annual

95
88
T

94
84
70

96
83
64

92
85
72
97
86
70

97
86
70

96
79
67

95
85
70

NEWFOUNDLAND AND LABRADOR

SUMMARY OF HUMIDITY DATA
AT SELECTED
CLIMATOLOGIC STATIONS

TABLE 8-9
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The shawinigan Enginecering Company Limited

James F. MacLaren Limited

Relative Humidity - Percent

Pecriod of
Station Record January February March  April May Junce July August Seplember Octobuer Novembuer Doecomber A rrreanl
LABRADOR
Battle Harbour Loran 1958-66 Max BT 92 94 92 92 93 92 94 88 90 90 90 94
Mean 80 80 84 87 86 87 S0 89 84 84 86 g1 )
Min 72 69 78 83 81 33 85 84 81 79 83 74 69
Belle Isle 1943-50 Max 96 98 96 97 95 98 98 97 98 99 96 97 99
1952 Mecan 88 89 39 95 93 93 94 93 92 92 91 89 91
1955-57 Min 79 82 83 84 89 88 91 88 g1 86 87 §2 79
1959-66
Cape Harrison 1948-61 Max 88 38 91 94 92 89 91 89 86 87 89 86 94
Mean 80 79 g1 85 83 78 80 79 B0 81 84 81 31
Min 65 68 63 78 75 71 73 71 74 71 76 74 63
Cartwright 1943-66 Max 92 93 94 94 95 95 94 94 94 97 94 93 97
Mcan 84 84 86 89 88 86 87 88 87 39 89 85 87
Min 71 65 T4 8¢ 79 78 81 79 ra 82 83 75 65
Goose Alrport 1942-66 Max 91 94 91 93 81 86 g2 94 86 85 39 96 96
Mean 81 83 78 76 69 71 73 76 77 79 82 82 7
Min 63 64 69 68 59 61 59 66 70 67 76 67 59
Hopedale 1951-53 Max 98 92 97 94 93 91 93 93 04 91 95 95 98
1956-65 Mecan 78 77 80 g2 84 82 85 89 g3 32 85 78 82
Min 59 59 68 69 3 71 77 74 73 70 78 66 59
Saglek 1955-58 Max B0 82 81 85 85 87 85 86 84 73 g2 80 a7
Mean 70 68 76 T4 80 81 80 80 77 7 78 73 76
Min 56 &0 70 65 75 T4 71 69 72 63 72 fH0 56
Sandmrt Lake 1943 -48 Max 93 98 94 36 92 90 86 87 G0 32 99 100 100
Mecan 89 87 88 g8 87 85 B2 35 HE 4% by 2 483
Min 30 71 70 81 81 78 T8 81 87 H4 86 7 70
Wabush Lake Airport 1961-66 Max 82 80 83 80 78 78 83 88 29 30 B8 86 30
Mean 77 76 77 75 78 74 79 85 B& 86 85 80 80
Min 69 66 70 72 72 70 Th 81 KO 79 8O 70 66

NEWFOUNDLAND AND LABRADOR

SUMMARY OF HUMIDITY DATA
AT SELECTED
CLIMATOLOGIC STATIONS

TABLE 8-9
Page 3 of 3



STEP NO»
F LEVEL
STANCARD

CONETANT

PRELIMINARY CORRELATION BETWEEN

The Shawinigan Engineering Company Limited

James IF. MacLaren Limited

NEWFOUNDLAND

MEAN ANNUAL

PRECIPITATION AND PHYSIOGRAPHIC CHARACTERISTICS

15

Lell?

EXRIR OF DEP vaA]AB_L =

AC T AL

anly 20008
Sls.00014
P V)
633520200
5720306l
340.C00000
IV SCUSS
420,00006
a2J.,50008
4lCe 0000
362 C00SE
349400006
20200008
3614Q0U00
169,00008

»70.C001L2

382.,00008

TABLE 8-10

C

~la 7o
=i FER
-lal 4a !
sell72R527
-l [

PREZICTES
wflalblvy
23denmTed ]
LulegaZit
DY R P
D3veE7 w0
AUt edZ b2

AB8allar

37398162
3724680275
Dhbslleh
GuUeTiébh
373473816
9bLe bl FE

369489910

w2aGZ6w

P
i 3.
v

sov DA lUN

—2%e.6193

P -1 B

—icavbl 30

L

LI EEE
=Gl al 2
=3%s 71239

=8, &Ll

BaT304b

lEe 12093

80 IA L EARDSS
LeTwaibel?
CeroL8TT

Te

4

LATITWRE
DISTAMCE

SLOPE QF

® - 868

COORDBENATE OF iuul#E IW WASTER FILE - SEE APPEXDIY &)

|
%0 SEA - KILDMETERS
OVSTANCE 1O SEA 1% SOUTH WEST TIRECTION - K(LOMETERS

SOUARE - 1 10%

SYFANGE BARNIER HEIGHT IN SGUTH EAST DIRECTION - (FEET % 10)

ACTUAL ELEVATION OF STATION - FEEY

a4l TUAL
3175,0C0086

w2ie 3000
L35a.009J6
2 iZeu031E
PRI I s TS
21680012
4ite 20006
sul60034d
Galy i0eut
Sudel04d
EEETRVIEI
2794000 LE

culal00id

625.0021¢
5 92,03012
agbeO0C0L

603470012

PREJLICTED

360.11090
w33e32874
221 3aty
sZbw e BE
G22eGHECD
521036953
70Le8HBTS
wThabh53d
3325367
232494905
576sll3u7
DePLU2b 3
Suge.?rinY
241935004
SEle6G3ZD
SFLe37297
223475333

DI% e I6D L

prgc(e ( CONERSTERMD 1 10°0) =

DEVIATION
lugaHb9ls

—-2Ge22667
—Bhe 3HGEY
L3e 75330
17e.807
—5e36040
=4 T,65870
65e20l69
i 75634
lyssnlb?
-4y, i236
257375
~E, TTIRT
LBy 36999
3s 20089
LebF7le
—57.7%322

w3.43506

-1.85881028 v, -1.95528254 1y - 13474007 1,

o J1T28827 ng - 52004843 1y -+ (18038302 1y

+ 382.5048

(EQ. 11 - D)



10
11

PRELIMINARY CORRELATION BETWEEN

The Shawinigan Engincering Company Limited

James T, MacLaren Limited

LABRADOR

MEAN ANNUAL

PRECIPTATION AND PHYSIOGRAPHIC CHARACTERISTICS

ACTyAL
3347,99951
2775, 00049
3421.00050
3194,00000
3689, AN0D0
160099951
2998.00000
2643,05000
2071.00000
3642.00000

3228.9%951

NOTES

BRESICTED
3334599624
3331.04787
3409 . Ta2bB
3168.040807
J693,93306
3394487500
2893.23828
3319.0833%
2544 ,55674
3491sTaola

3702.00879

DATA FROM ISOHYETS AS TRACED BY DOT,

SEVIATION

Ile60527

=556.06750

=1B8.T4270

25498117

195.06697

bel2u51

104474173

=656.08410

-473,465680

TO.25387

=473.00933

BATTLE HARBOUR
BATTLE HARBOUR LORAN
BELLE I5LE
CAPE HARRISON
CARTWR I GHT
GOOSE A
HOPEDALE
MENIHEK RAPIDS
NAIN

SANDGIRT LAXE
WABUSH LAKE

METEOROLOG ICAL BRANCH (F1G.8-

134) WERE USED IN YHE CORRELATION WITH A WEIGHT ONE RUNDRED TIMES SMALLER
THAN THAT OF A RAEN GAUGING STATION HAVING A FULL PERIOD OF RECDRD,

SOEFFICIENT OF CORRELATIONN =0.8491

Xt
X
®
x1
Xt
b4
xi
Xt
X!
X110}
%L1
LARE-3
xi13)
Xila?
X185}

DU~ Om o wk b e

NOTE:

LAT]TUDE
SLOPE
{SLOPE) su2

APPLIES
LATITUDE MNORTH

OF SQUARE |

DISTANCE TO THE SEa

FT/FTia100000

ONLY SQUTH OF 56° 307

J NUMBER CF SQUARE IN GR'D

1

[(XILCVETERS)

{TENS CF FEET)

[TNEH/YEARY®100)

IKILCHETERS)

STANCAQD EQROR CF DEP VAQIABLE »

AZIMUTH OF SLOPE MEASURED FROM NCRTH {RANGE = O T35 180 DEGREES!
AVERAGE ELEVATION OF SCUARE QR STATION (TENS CF FEET)
[AVEQAGE ELEVATIOV}ws2
DISTANCE TO THE SEA IN EAST DIRECTION
IOISTANCE TO THE SEA [N EASY DIRECTION)=e2
IN S0UTH EAST DIRECTION
[DISTANCE TO THE SEA IS S0UTH EAST DIRECTIOW)®e2
BARRIER MFIGTH IN EAST OIRECTION
(BARRIER HWEIGTH 1IN EAST DIRECTION})=e?

BARAIER HEIGHT IN SOUTH EASY DIRECTION [TENS CF FEET!
{BAYQLER HEIGHT [N SCUTH EAST DIRECTICN)Iee2

DEPEMNDANT VARIABLE = PRECIPITATICON

CONSTANT 3291.8711

vartasLe (X)) CoefF {RC,)
X = & 0420488006
X = 5 74030248298
X = & =2,0117189%
- 7 3263064149
X = B =3.00498444
X =~ 10 =0.00764T82
X = 11 =2y65003843
- 13 Ne278I4853

I00.9378

STANDARD ERROR

Oelbla84567
0s5328865684
0.0028533%
023224872
0,00027829
0a00008427
CelG275822
0023350814

THE EQUATION OF THE CCRRELATION IS FOUND
B REPLACING THE REGRESSION COEFFICIENTS

(RC,) 'N THE FORMJLA
n
Yoep = CCNSTAKT ¢ & RO, X,

TABLE 8-11



I'he Shawinigan Engincering Company Limited

James ¥ MaclLaren Limited

NEWFOUNDLAND - EASTERN REGION

FINAL CORRELATION BETWEEN
PRECIPITATION AND PHYSIOGRAPHIC CHARACTERISTICS

STEP NOo 7
F LEVEL 2e251

STANDARD ERROR OF DEP VARIABLE = 37&.4658

CONSTANT 576844296 R- a0
VAR! ABLE COEFF STANDARD ERROR
X = 1 19437985997 5,83990002 LATITUDE () COORDINATE GF SOUARE |N MASTE® FILE - SEE #PPENDIX &)
X = 3 =2,24798060 0+87899851 DISTANCE TO THE SEA IN SOUTH EAST DIRECTION - WILOMETERS
X = 5 0el7123192 0.072686532 SLOPE OF SOUARE & ((f1/11) X 10-5}
X = 7 26,068422246 4,5793119% AYERAGE ELEYATION OF SQUARE -(FEET 1 10}
X - 8 -6.7531385% a.sngbbvgo AVERAGE BARRIER HEIGHT IN SOUTH EAST DIRECTION -(FEET x 10)
X = 10 ~0.19265168 0+0270362% ¥
oY 0N 09488147 0 03188622 (SWORTEST DISTANCE TO THE SEL)

(AYERAGE ELEYATION BF SOQARE) 2

ACTUAL PREDICTED DEVIATION
4200,00098 4176ala356 25485742 4610400098 4730472266 =320,72174
420000098 2798495752 401404303 5520400098 5323454433 196445608
5100,00098 3683.640%0 4lbed6nl 5330,0009H 5783.63150 43363052
31620400049 31856062598 236462551 5790.00098 S4BT 441607 300438502
3u90.,00Ca9 3404 e 688593 85.3i398 5. QD.D0098 5608,960283 —Z08 456487
5050400098 5361457513 291427721 600000096 LU .B38HE B98416223
3HL0.000LT “QZ5e021 4% =alb.02103 6250,L0U%B 6185 ,¢9298 Gi, 10802
5700.00098 5756436571 ~56,36670 59504 00CSE b2bhanTl2bb —2%as07174
302040006% 391B.83651 1,16357 436, 00096 5336483989 - 76483852
37504000469 31550436279 159463772 60120.00098 5787455669 24Zebab3l
£270,00098 4953414258 —£093 14172
4350,00098 4887428302 =937.58213
5700,00098 2290.02110 499.37994 PRECIF. { CINCH/TERRY 1 10T = -19.3198599) 1, -JOH&HSI; -2 urunn.3
5700.00098 377125684 ~7ladn387 o 17123192 5 o(20. 484222448 -0.B405HAT 1) 3,
5160400098 S04 THG 56 85,231 46 67531355 1, + 51684208
L140.00098 51lBBe35767 -1047, 394673
5400,000%8 4666482130 733417781

OTE

DATA COMPARIKG ACTUAL (ESTIMATER) TO COMPUTED PRECIPITATION &RE WOT SHOMK BUT TWEY ARE AVAILABLE o THE CONPUTER FILE.
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The Shawinigan Engineering Company Limited

James 1. MacLaren Limited

NEWIFOQUNDLAND - WESTERN REGION

FINAL CORRELATION BETWEEN
PRECIPITATION AND PHYSIOGRAPHIC CHARACTERISTICS

STEP “Ca 3
FLEVEL 3e04ad
STAVIARD EIRDI IF DER vAxlABLZ = “3velyal
COBTANT 5962,34017
R - gsa
YAxlad, = COEFF STawl 45 EYROR/
x - . —lmeZTebbS.3 Jet 1626253 LATITUDE () COORDINATE OF SOUARE In MASTER FILE ¢ SEE APPENOIX A )
X = 4 =TeudT3Li3i Zeuc Ty 3H3 DISTANCE YO THE SEA IM SOUTH WEST DIRECTION - KiLOWETERS
X = > CeilDiuT9L TL3634.889 SLOPE OF SQUARE w((11 11) X 10-%)
x - 7 ihadInise > cat 3323590 AVERAGE ELEYATION OF SGUARE -(FEET z 10)
X = 8 —teug32L T es Zaliveab2i AYERAGE BARRIER HEIGHT IN SOUTH EAST DIRECTION -(FEET ¢ 10}
& = 10 -Ge37203202 CaTBT33002 (SHORTEST DISTANCE TO THE SEA)7
x = i Jel3236.47 JilU927686 CAYERAGE GARRIER HE(CHT 1N SOUTH WEST DIRECTION)?
ACTUAL IREDICTED DEVIATION
4ol 00098 a9 a2 Tdu bbb
Z.9C.0C094 2o9Hh. 89337 =l B.0Flkt
Wd224300aS 37LTebEdnE 202 e 33097
©232,00096 L3E1. 98264 -5Tenbibe
5927400098 SGaZeibbl T 27T 83697
334U d00a? 3627460254 —87.6(700
3792400045 Jubdai2232 el.d632
3650400089 3871.79688 -22l.7560.
PRECIP  { INCH YEAR) 1 13°0) =
& 2TERLT 1 - ATEE3A02 00 7 WTTZIT e
© L VIDITE g o 74 BI6ISEEE 1, B BB51BT4R 14
o« B3206197 0 4 4 5365 3017
OTE

DATA COMPARING ACTUAL (ESTIMATED) TQ COMPUTEZ PRECIPITATION N YHL "65 SCUARES RRE WOT SHOW  BUT ARE AYAILABLE (N THE ECMPUTER FILE

TABLE 8-13



The Shawinigan Engincering Company Limtted

James I, MacLaren Limited

LABRADOR

FINAL CORRELATION

BETWEEN

PRECIPITATION AND PHYSIOGRAFPHIC CHARACTERISTICS

ACTUAL PREDICTED DEVIATION
1 31368400049 3298,22217 69,77833 BETTLE MARBOUR
2 2775+00049 3224024317 49224273 BATTLE HARBOUR LORAN
3 31421,00069 3261437403 159462649 BELLE ISLE !
i 319400049 318BL127 44 5.87304 CAPE HARRISON
5 3489, 00049 1592,41797 96438253 CERTHR I GHT
[ 3anle00049 3391.18067 G.B1682 GO0SE A |
? 299B. 00049 2916404639 8la9%all HOPEDALE
s 2663.00049 3242448242 -579.48205 MENIHEK RAPIDS
9 2071.0006% 2B801.14600 =730.14563 NA N
10 3662.00049 3220.T0l21 w4l,25933 SANDGIRT LAKE
11 3229.0004% 3287,68408 =58.68340 WABUSH LAKE
NOTE: RUNDFF DRTA AUGMENTED BY ESTIMATED EVAPOTRANSPIRATION WERE ALSD USED

IN THE CORRELATION WiTH A WEIGHT ONE HUNDRED TIMES SMALLER THAN THAT OF A
RAIK GAUGING STAT(ON HAVING A FULL PERVOD OF RECORD.

COFEFICIENY OF CORRELATION =0R.785%0 STANDARD ERROR CF DEP VARIABLE = IT4e509%3
X0 17 = LATITUDE ( J KyMBER OF SQUARE IN GRID | CONSTANT 1917, 220% '
- -
o %; - f;f;gg?:,§DUARE ¢ FT/ET1e100000 VARTABLE (X)) COEFF (RC,) STANDARD ERROR
X( &) = ALIMUTH OF SLOPE MEASURED FRO™ NORTH [RANGE = C TQ 180 CEGREES!
Xt 51 = AVERAGE ELEVATION OF SQUARE OR STATION (TENS OF FEET) x- 1 33,85361654 0s1310909¢
X! 61 - (AVERAGE ELEVATION!e®Z x - 2 ~0.12¢51689 0400093753 !
Xt 7 - DISTANCE TO THE SEA IN EAST DIRECTION (KILOMETERS) X - 3 0.00001276 0,0000000%
XU 8} = (DISTANCE TO THE SEA IN EAST DIRECTION]»e2 xXo= & 1431562345 0400973820
X0 91 = DISTANCE TO THE SEA IN SOUTH EAST DIRECTION (KILOMETERS) kK= 5 1e05901148 000220757
X(101 - IDISTANCE TO THE SEA IN SOUTH EAST DIRECTICN =eZ X - 8 =Ce00957492 0400027037
Xt11) = BARRIER HEIGTH IN EAST DIRECTION [TENS OF FEET) X = 7 Tel67452082 0402208624
X1121 = (BARRIER HEIGTH 1IN EAST DIRELTIONI=eg X~ 8 =0,00487484 0.00002125 -
Xi13) = BARRIER HEIGHT IN SOUTH EAST DIRECTION (TEANS GOF FEET! x = % =7a13289834 Ra02696256
Xlla) = [(BARRIER HEIGHT IN SOUTH EAST OIRECTION)we2 x - 1l0 D.00180%29 Ta00002036
X113} - DEPENDANT VARIABLE — PRECIRITATION ( {(INCA/YEARI®1G0) x - il -11.21993258 0403196910
X - 12 0.0424090% 0e00030366
x = 13 04094 T4BLE 0.02236134

APPLIES ON.Y SOUTH 0% SA° 30’
LAY ITUBE NORTH

TABLE 8-14

THE EQUATION OF THE CORRELATIQN IS FQUND
BY REPLACING THE REGRESSION COEFFICIENTS
(RC,) IN THE FORMULA
n
«

X

} 1

RC
I

XpEp = CONSTANT

2;'-..1



The Sh;m'inigan l";nlz-im'cring Company Limited

James I MacLaren Limited

NEWFOUNDLAND AND LLABRADOR

AVERAGE AND EXTREME MEAN MONTHLY PRECIPITATION
RECORDED AT SELECTED STATIONS
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2A

Storm Center

Fort aux Basquoes
Cape Race

Port aux Basqucs
Cape Race

Grand Falls
Cape Race
Corner Brook
Cape Race

Grand Dank

5t. John's

Corner Brook Luke

Grand Bank
Channel
Rarriea
Glenwood
Channel
Buchans

Ramea

Cape Race
St. Johns
Grand Bank
Channcl
Burgeo
Howley
Grand Bank
Cape Nerman
Burpgeo
Burgeo

St. Johnk Torbay
Channel
Grand Bank

Datc

1925

1927
1933
1934

1935

1936

1637

1938
1939

1940

1941

1942

1943

May
June

Jun
Aug
July
Oct

Aug
Sept
Oct
Oct
Nov
Junc
July
Dec

May
Sept
Oct
April
July
Aug
Deoc
April
Deoc
July
Aug
Aug
July
Nowv
Dec
Sept
Nov

I- 3

16-19
2- 3
12-13

15-17
12-14

2.3
27-29
1- 2
14-16
28-29
15-17
14-15
11-14

28-29
16-18
- O
18-19
z0-22

6- 8
11-12

9-10
B- 9
12-14
2- 4
16-18
19-21
- 4
2.3
23-26
1617

Greatest Rainfall
in Storm Conter
(inches)

[T
L [aS Y]

o)

S (TR Y
-

L
[>n i s RNV E \SERN= N (S IV e

Ll A T s BRI
[AER LIS R © i oo S

o]

[FE

ol e e U L
MOOC o w Be W DD L e

Puration
of Storm
(hours)

60
26

36
36
54
k0

36
3G
30
66
40
60
54
7z
519
60
T2

42
42
72
48
38
48
54
&6
60
72
84
24
96
48

The Shawinigan Engineering Company Limited

James F. MacLaren Limited

NEWIFOUNDLAND

Mawimizalion
Factor

1,94
1. 69
i, 65
i.43
i. 78
1.57
1. 48
1, 69
1. 41
1, 33
153
b, 43
1. 66
1,72
1. 05
1, 25
1. 65
1,72
1. 30
1. 28
1. 28
1,75
1.51
1. 23
1. 49
.17
1. 10
1. 60

1. 27
164

Storm Cenler

Cape Race

Cape Race

Burpoo

Fogo

Grand Bank

Burpeo

Harrington Ilarbour

Channcl
Burgco
Burgeo
St, Johns Torbay
St. John's Torbay

Burgeo

Corner Brook
Burgco

St John's Torbay
Gander Airport
Burgeo

Burgeo

Grand Bank
Burpea

Grand Bank
Colinet

St. Johns
Burgco

Grand Bank
Burgeo

St. Johns West
Stephenville Airport
Tor's Cove
Arpgentia

Date

1944

1945

1946
1947
1948

1951

1354

July
Aup
Sept
Sept
Oct
QOct
Nov
Jan
May
Nov
Nowv
Scpt
Mavy
Sept
Jan
April
Aug
Nov
eb
Nov
June
Ccet
Dec
Mar
May
Ccl
Dec
Jan
Sept
Sept
Nov

&=
4= 7
i- b
14-15
2- 4

5- &
4- 6

I5-18
6- 8

26
10-11
19-22
21-25
19-21
G- 7
19-22
T-11
9-10

Greatest Rainfall
it Storm Genter

[mches)

R ST Rt SRS 1

“
L)

L -
—_ L

wJ
el

=
~0

W e e A bl b O N e b
e~ LT - NP . S R

s P o b L
[ASER e

[S o]
[l o B - B

Duralton
of Starn
{hours)

48
78
96
18
48
T2
g4

20
54

60
72
90

102
44

66
s
72
42
36
54
96
T2
36
G2
72
96
66
(613
T2

96
48

Maxin

ration

AC10r

.15
.28

—_— i e e e

P A

—_—— —

15

.57
44

.56

.75

-

32
12
53
i7
29

.46
.27
. 35

.07
.67
.24

t >

.70
.26
.20
R

28

i6

L 04
.34
. 34

.93

NEWFOUNDLAND AND LABRADOR

SUMMARY OF STORM
PRECIPITATION DATA
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Storm Center

Ronavista

Badper

Terra Nova

Petty Harbour

St, Johns Taoarbay
Daniels Harbour

Bargeao
St. John's

Cape Broyle

St. Androws
Daniels Hurbour
Cape Racs

Baie YVerte

Port aux Bisques
Waest Brook
Cander

Burguen
Pierre's Brook
Colinet

St. Johns West
Buegen

51, Johna West
CGrand Hunk
Granml Bank
Burgeo

St. Androews
Petty ilarbour
St, John's

St, Andrews
Cuolinet

Daniels Harbour
Burguo

Burgeo

Burgeo

Colinet

Cape Broyle
Burgueo

Date

1957

1959

1960

19361

1262

1962763
1963

1964

West Brook St Lawrence

Narris Arm
Hearts Centent
Torbay

West Brook

5t, Andrews
Grand Falls
Bonavista
Colinet

Daniels Harbour
Tor's Cove
Burgco

Poert aux Basgucs
S5t. Andrews
Seal Cove

Burgeo

Waest Brock
Burgeo

Buchans

Port aux Basques

1865

1966

NEWFOUNDILAND

Mar
July
Sept
Nov
Nov
Hov

Scpl
Oct

Mar
May
Aug
Aug
Sept
Oct
Feb
Mar
Aprial
Qct
Naov
Dee 3

lin
April
May
SL‘P[
Sept
Nav
Nov
Doec
Duec
April
April
Junc
June
July
July
Aug
Sept
Gt
Oct
Oct
Now
Dee

Fueb
Juno
Junc
July
Aug
Scept
Cct
Nov
Dec

Jan
July
Aug
Sept
CGet
Cct

9-12
1317
5-10
1- 3
7-11
28-29

12-14
17-18

25-27
in
F2-13
i2-13
25-27
3. 4
Q-2
1- 4
l- 2
21-22
1920
V-Jan 3
13-4
1
i3<16
)-11
253-10
i- 4
]
Bod
10
2- 4
1G-17
10-13
24-25
4- 9
26-27
4- 5
l4-15
9-11
22-24
30
5
17-18

26-28
3- 4
30-July |
4
19-20
7
- 2
16-19%

4- 3

28
21-22
18
5
5- 6
30

Greatest Rainfall
in Storm Center
{inches]

n

L
o
—

L bl o o B Dy
Rre
gre]

L R G e L e O
r

Poo NN bl

[ N R
(v

[

.56
44
0+

04
56
78
53
39
57
.08

SN RN

P b

15
B2
57

[l

Daration
of Storm
(hours)

48

96

42
T2
L4
3]
[
36
24
30
2
b
54
72
43
108
42
=0
20
66
T2
24
30

54
42
54
24
48
24
36
49
18
24
14

24
36
18

Maximization

Factor

.50
.30
.56

.30
C43
LT
.00
Sl
.15
.96
-

. e
44
L2l
.24
!
B

. BT
.98

77
62
45
.
e
.04
.03
.58
.78
.39
l()'&
.42
.65
22
LAT
.90
.84
.25
.42
GG
LT
L B7

31
. GO
.58
.70
V62
.60
.24
.56
.97
N2
P Ee
{75

.39

1l

James 1Y MacLaren Limited

Storm Lenter

Belle 1l
MalbaTguan
Falle Isle
Belle Isle
Belle [ale
velle Tale
Hebiron
Asuhnnig
Amsuhanips
Hapedale
Goore
Hebron
Muemihek Rapids

Clunys
Cape Harrison

Hapniale
Goner
Wabueh Lake

Cartwright

Irate

143
1948

1589

198 8
1963

1958
1960

1961
1963
1964
1966

June
Jumi
Sepl
Oct
July
May
July
June
Tuly

A

Aug
Sept

Avg
Feb
Sept
Juse
Junc
Nay
Ot

e shuwinigan Engingering Company Limited

LABRADOR

14-17
16-17

1&-19

Grebtenl Ralndsld

i Storm Center

[imechyma

e

[E )
[AVE V)
~& =

L
ol o)
foul

o
o8]

~]
2aun

[ESEERYY

o]
A

Drarataui
af Jtorm
(rraurs)

26
48
4B
24
43
24
72
54
72
18
30
42
42

Maxymvenkit

Facltor

1,62
1,29
1,43

ar

NEWFOUNDLAND AND LABRADOR

SUMMARY OF STORM
PRECIPITATION DATA
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RIVER BASIN
SWOW COURSEH
NEWFOUNDIAND
Badger

Beaver Brook
Cochrane Fond
Gander River
Garnish River
Goocbiaos

Grey River
Hodgewater Pond
Holyrood

Indian Brook
Isle aux Morts

Middle Brook

Northeast Pond River

Pipurs Hole River
Rattling Brook
Rocky River

Salmon River

Terra Nova National Park

Terra Nova River

Torrent

Upper Humber River

White Bear River

Windsor Lake

(1)
(1)
(1)
()
(1)
(1)
()
(n
(1)
(1)
)
(n
(n
(1)
(1)
(1
(n
(n
()
(1)
(L
(n
(n

Gander International Airport (3)

St. John's - Torbay Airport

SOQURCE: I Water Resources Branch, Department of Enurgy, Mines and Resources
2 The Bowater Power Company Limited,
3 Meteorological Branch, Department of Transport.

(3)

levation

B

feot

350

50
450
100

50
250
830
330
250

50
250
100
450
125
400
100
650
oo
350

50
100
900
525
482
463

48
50
47

47
47
48
47
47
49
42
48
47
47
39
47
48
48
48
48
49
49
47
48
47

Latitudce

58
55
28
g1
13
55
10
26
22

kN
48
38
57
03
13
o7
32
27
27
14
05
37
57
37

36
56
52
54
55
53
56
53
53
56
59
54
52
54
53

53 ¢

56
53
54
57
57
57
52
54
52

Lonpitude

01
09
52
81
20
57
49
25
07
07
0l
L4
50
17

s

0l
59
22
a9
22
22
46
34
45

Yuears of
Record

L A v A T L =T = L S A B v

-]

S0 ND

Lh

No,

represcntative of
each sub area

NOTES

af observations

15 x 100

15
16

15

13
15

he

X

x

100t
100!
100!

10!
1007

The Shawinigan Engineering Company Limited

James F. MacLaren Limited

RIV ER BASIN
SNOW COURSE

irand Lake Basin
G d Larke B

Whetstone Point (NE cnd)
Coal Brook

Hinds PFlain (on Hill)
Hinds Flain (Camp 10)
N. Plateau {Is, Cove Bk)
Valley of Lakces

Glover Island (N end)
South Shore {Camp 17)
Little Grand Lake (I, S1)
Little Grand Lake (W, S1)
Grand Lake (Stray Pond)
Grand Lake (SW end)
Sandy lL.ake (Coamp 8)
Sandy Lakce {Beaton Bk}
Sandy Lake (Camp 55)
Birchy lLake (E, Slope)
Sheffield Lake (N Shore)
Sheffield Lake {S Shore)
Glide Brook

Indian Brook

Labrador

Muskrat Falls

Flour Lake

Goose Airport

(2)
{2)
(2)
(2)
(2)
(2)
(2}
(2}
(2)
(2)
(2)
(2)
i2)
(2)
(2)
(2)
(2}
(2)
(2)
(2)

(1)
(1)
(3)

Elevation

foet

404

1300
500
1200
1300
700
600
750
750
400
400
750
500
500
500
300
700
400
300

75
1450
144

48
48
a8
48
48
48
48
49
49
49
49
49
19
49
49

Latitude

G5

00

2

57 -

87
87
|- § 4
B
58
28
57
56
56
56
36
56
57
56

60 -

64
[eX4]

Longitude

24

7 03

36

56
49
49
+9
25
38

38
25

Years of
Record

L 5
10
10
58
38

-~ b

w

NOTLES

Wo. of cbaervations
representative of
cach sub arca

}

L]

0

10

10

15 x 100"

SNOW COURSE LOCATION
AND RECORD LENGTH

NEWFOUNDLAND AND LABRADOR
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Years
of
Staticn Record Max
Argentia Airport 18 18
Buchans Airport 21 22
Burgeo 26 16
Cape Race 26 21
Colinet 27 19
Corner Brook 23 22
Daniels Harbour 20 17
Deer Lake 27 22
Gander Intl, Airport 27 23
Glenwood 27 23
Grand Bank 23 26
St. Andrews 22 20
S5t, Anthony 21 27
5t, John's Torbay A, 25 17
Stephenville Airport 19 22
Twillingate l1&6 19
Belle Isle 27 23
Cartwright 27 18
Goose Airport 25 17
Hopedale 19 20

@ Estimated values from neighbouring stations

NOTIE: Drought is defined as :

Mean

20
12
12
12

10
12
12
12

14
13
14
12
12
12

12

Min

VS R v B v o S e N e

[o=Ru= <R v S

-}

[« I L v v

1940

s
13
12

12

11
10

Da

kS

v
ys =
14 14 i5
111112
15 13 13

il
13 11 i
11113
12 1t 14
20 13 12

12
13 12 13
128 11
113 12
1z 17 1l

1945

12
i2
13

10
20

10
12

The Shawinigan Engincering Company Limited

1949

Days
NEWFOUNDLAND

1 14
11 9 12 10
o1 12 16
§ 11 18 10
19 17 7015

1210 11 10

9 15 8
12 10 16 13
9 8 12 15
1120 13 15

9 20 11 4%
9 10 11 16
23 12 18 11
14 16 10 11
15 10

LABRADOR

17 16 12 15
15 9 3 12
12 8 10 13

1110

James I'. MacLaren Limited

o o s o
o - o =
= Days <y e Diiys -
14 15 18 14 14 1h 15 14 i1 12w
17 17 15 11 8 14 10 & 10 9
13 16 123 9 8 13 10 1009 7
i4 10 13 15 12 g 11 15 9 13
9 9 16 14 10 9 9 1l 9 lo
14 & 9 9 15 7 8 & to0
13 10 15 14 17 9 12 11 12 12
13 9 14 11 17 10 15 8 10 9
16 13 12 10 23 12 9 10 8§ 13
18 14 12 13 23 12 19 9 & 13
14% 15% 12 15 13 15 15 12 10 8
19 17 12 9 15 10 8§ 20 8 9
18 16 15 21 15 9 27 12 10 9
17 11 1% 11 15 13 9 11 9 10
14 13 11 9 13 8 9% 11 9 7

10 11 10 14 119 14 9 19
16 15 11 10 14 20 23 10 9 1o
8 10 8 16 12 12 18 9 12
14 17 9 8 16 12 9 12 16
9 9 & 18 16 15 10 12 o 12

period of at least 5 consecutive days with total precipitation lesgs than 0. 1 inches,

= -
- -
= Daya ==
20 19 11 15 8
13 12 22 12 11
13 12 14 137
21 13 13 Ml 14
12 13 12 15 7
13 9 22 11

I3 10 13 9 10
13 9 22 12 8
9 22 12 7 5
9 17 19 8 7
26 18 22 15 7
1o 12 9 12
11 15 18 12 10
17 14 11 12 7
19 10 22 9 7
10 10 14 7 8
10 12 14 10 11
1 10 12 10 10
§ 15 12 10 10
12 20 17 15 10

L5965

10
10

12

12
10
14
L6
16

17
12
16
12
11

10
12

|1966

13

10
13

NEWFOUNDLAND AND LABRADOR

JULY TO OCTOBER DROUGHT
DURATICN DATA
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NEWEFOUNDLAND AND LABRADOR

MAIN CLIMATIC CHARACTERISTICS OF CLIMATIC REGIONS
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PART III - MAN'S ACTIVITY CAUSING CHANGES
IV WATER QUANTITY AND/OR QUALITY

9 CHANGES DUE TO NON-WITHDRAWAL
 (NON-CONSUMPTIVE) USES

Only two non-withdrawal uses have a significant influence on
river flow and river and lake levels in the Province; and these are
production of hydro-electric power and log driving, On the Island
both are important; in Labrador, at the present time, only hydro-
electric power production is significant from this viewpoint.

9.1 Changes Due to Hydro-electric Power FProduction

At the present time, the two hydro-electric plants in Labrador
and the larger hydro-electric plants on the Island (Bay D' Espoir,
Deer Lake, and Grand Falls) are operating as base load plants. These
plants tend to regulate the natural flow, decreasing the maximum and
increasing the minimum. This effect is illustrated in Figure 9-1
which compares the regulated outflow of the Deer Lake plant to the
natural inflow which was computed from the outflow and changes in
storage, This comparison indicates that plant regulation is able to
increase the minimum natural mean monthly flow from about 800 to
2300 cfs, and to reduce the maximum ocutflow from 18, 300 to
B800 cfs. A similar regulating effect is obtained on the Exploits
River where the minimum mean monthly flow does not generally drop
below 4000 c¢fs, whereas the natural mean monthly flow could reach
500 cfs and even less,

In analyzing these figures, it should be noted that the
corrections for storage of controlled lakes are computed as if the
lake were an artificial reservoir (discussed in Section 1[5, 2, 2},
The total change in storage is thercfore considered to be artificial
and is removed, In fact the lake uncontrolled had a natural regulating
capacity which is now ignored in these computations, and the regulating
effect shown above is actually exaggerated to some extent,

Besides this general regulating effect, these power plants can
also produce sharp variations of the daily flows related to their load.
For example, at the Deer Lake plant, before seven-day operation was
introduced, there was a sharp drop in the flow from 5000 cfs or more
to slightly above 1000 cfs every Sunday during the summer. Also,
as a consequence of flow regulation operations, the water levels
upstream of the power plants generally have a larger variation than
would occur under natural conditions,

Water Resources Study - Newfoundland and Labrador
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On the other hand, at the present time the small power plants
on the Island are often used only for peaking. The outflow from such
power plants, for example, Pierres Brook plant, is extremely variable
and often zero for extended periods or for part of a day, depending
upon the operation of the plant. Generally, when data on outflow and

change in storage were available, the estimation of the mean monthly E
natural flow was possible, although some errors, discussed in
Section 15. 2. 2, could not be completely avoided in these estimates.
However, at many small hydro-electric plants, these data were not a =
available or were unreliable, and therefore the natural flows could not
be computed.
In addition to the changes related to the change of the flow
regime, the development of hydro-electric power also generates
withdrawal demand and use (diversions) which changes not only the
regime but also the average flow of the rivers affected.
At the present time the following diversions for hydro-electric
power production have been developed in the Province:
a) The Indian River diversion (92 square miles) into the Humber
River to incrcase the production of the Decr lLake plant.
b) The diversion of the upper Grey River {375 square miles) into
the Salmon River, and of the Salmon River (1020 square miles)
into the Northwest Brook as part of the Bay D'Espoir
development (Volume Six A, Figure 4-5).
At the present the following diversions are under construction:
1) The diversion of the Victoria River (408 squarc miles) into —
the White Bear River, and of the upper White Bear River
{456 square miles) into the Grey River in the framework of
the Bay D'Espoir development (Volume Six A, Figure 1-9): -
i) The diversion of the Canairiktok River and the Naskaupi River
(4384 square miles) into the Churchill River, and of the Julian -
River (357 square miles) into the Churchill River in the
framework of the Churchill River development.
The closing of one of the outlets of the Unknown (Atikonak)
River to provide all the flow of this river above the Churchill Falls
plant is also a special case ofdiversion (Volume Six B, Figures 28-1
and 28-3),
9-2 24
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9, 2 Changes Due to Log Driving

LLog driving occurs extensively on the Island, although the
activity has declined of late. There is no organized log driving in
Labrador,

With a few exceptions, during the period of average and low
flows on the Island through most of the summer and fall, log driving
requires the release of a surge of water to increase both the velocity
and the water depth in the river to carry along the bulk of the logs. In
order to obtain the water and head required for these surges, small
logging dams are usually built on the rivers used for logging. An
illustration of the effect of operating such a dam during the summer-
fall period is indicated by the daily flow regime of the Victoria Lake
River shown in Figure 9-2. A comparison with the daily flow regime
of the neighbouring White Bear River, also shown in the figure, indicates
the significance of the regime changes produced by the operation of dams
for log driving.

The changes due to water storage and release for log driving
affect the natural regime of many rivers on the Island. Itis also
ebvious that some of the river level and flow records and measurements
are affected by rapid changes in the river's hydraulic conditions during
the surge. However, no records of the operations of these dams are
known to be available. In addition, the operation of the dams is related
to the woods operations in the area, and is initiated or discontinued
according to the requirements of these operations. Therefore, it is not
possible to account for these effects and synthesize the natural flows
which would have occurred if these changes had not occurred. Log
driving is discussed in some detail in Volume Four, Section 3, as well
as in the river basin studies in Volume Six.

Water Resources Studv - Newfoundland and Labrador
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10 CHANGES DUE TOC INDUSTRIAL
AND DOMESTIC WATER SUPPLY

10,1 Changes in Water Quantity

Changes in water gquantity caused by man's activities relative
to obtaining domestic and industrial water supplies come under the
following four principal headings:

10. 1.1 Diversion of Water from One Stream into Another

Diversion of one stream into another is normally carried out
when the drainage area of the primary stream is inadequate to provide
the required volume of water, and physical and economic conditions are
such that an adjacent drainage area can be diverted into the primary
stream to augment its flow,

To date no significant drainage area in Newfoundland has been
diverted to augment another stream for either industrial or domestic
water consumption although a number of minor diversions have been
carried out. One of these minor diversions is now under construction
at Marystown where the Black River is being diverted into Clam Pond
to provide an adequate water supply for industrial and domestic purposes,

10.1.2 Withdrawal of Groundwater

Although withdrawal of groundwater and return to surface water
takes place in many inhabited areas of the Island, this is generally of
little significance to groundwatcr availability. However, the pumping
for mine dewatering may significantly reduce the water table in the area
around the mine, and the amount of groundwater available for various
uses. The amcunt of water involved in the mine dewatering cperations is
indicated in Volume Three A, Section 7.5. 2. No instance has been noted of
artifical recharge of the groundwater in order to increase its supply.

10, 1.3 Depletion Uses

Loss by evaporation through the use of water for cooling, and
the incorporation of water into products such as in the beverage industries
and other food processing, reduce the natural quantity of water by the
difference between the guantity of wastewater discharge and the total
quantity of process water utilized. However, nowhere in Newfoundland
does such consurnptive use exert any significant influence on the quantity
of water downstream of such a plant, Volume Three A and B, Sections 8
to 16, indicate the estimated amount of water depleted by various industrial
uses,
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10. 1.4 Construction of Storage Reservoirs

The increased water surface resulting from man-made storage
reservoirs represents a potential change in the qguantity of water
available. Since evaporation {rom water surface is slightly larger than
that from land, an increase in water area may result in the reduction of
the amount of water available under natural conditions, However, as
shown in Section 16. 1, the difference between the evaporation from water
surface and that from land surface does not amount to more than 2 to 4
inches annually. Therefore the relatively minor changes in water surface
produced by the existing developments have not affected in any significant
way the average quantity of water, although it has reduced it to some degree.

10.2 Changes in Water Quality

Changes in water quality caused by man's activitics relative to
obtaining domestic and industrial water supplies are principally as
follows :

10. 2.1 Temperature Variation Through Storage

Withdrawal in swmmer of stored surface water from shaliow
depths will result in an increase of water temperature over that which
would have been obtained without storage, Conversely, withdrawal in
summer of stored water from a considerable depth will result in a
decrease of water lemperature compared to that which would have been
obtained without storage.

Withdrawal of stored water in winter from depths exceeding
fifteen to twenty feet will result in an increase in water temperature.

Although no data are available on the temperature of domestic
or industrial water withdrawn from storage, it is very likely that,
because of the relatively shallow storage reservoirs constructed, the
temperature of the water supply will be somewhat above that which
would have prevailed without storage.
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10.2.2 Turbidity Variation Through Storage

It is generally assumed that storage reservoirs, either
natural or man-made, reducc turbidity through long-term storage,
[t has been shown, however, that this is not always true in that
storage reservoirs moderate the peak turbidity but they extend the
time period during which highly turbid waters are discharged from
the reservoir, in comparison to the time period which would have
prevailed without storage. No data are available to substantiate this
observation with respect to changes in turbidity as a result of
man-made reservoirs,

10, 2.3 Variation in Chemical Content Through Diversion

Diversion of one stream into another can cause significant
changes in the quality of the recelving stream if the diverted stream
is of a markedly different chemical content. As a general rule,
however, adjacent streams in Newfoundland will have similar chemical
characteristics, and can be diverted without adversely affecting the
quality of the receiving stream. This would obviously not be the case
if the diverted stream were polluted as a result of man’s activities;
that is, through disposal of untreated domestic or industrial wastewaters,

10.2.4 Intrusion of Salt Water into Fresh Groundwater

Excessive rates of withdrawal or long-term withdrawal in
excess of recharge capability, particularly in coastal arcas, can result
in the intrusion of salt water which will materially affect the quality of
the groundwater, rendering it unfit for either domestic or industrial use.
The incidence of salt water intrusion into groundwater in Newfoundland
is extremely low and very localized. At [Holyrood wells serving the
Golden Eagle Refinery experienced intrusion of salt water through
fissured granite; with reduced rates of groundwater withdrawal, intrusion
was eliminated. A few similar instances have been noted elsewhere in
Newfoundland where drilled wells serving houses adjacent to the seacoast
have been rendered useless by salt water intrusion through fissured
rocl,

From the foregoing it can be stated that, with respect to
obtaining either domestic or industrial water supplies in Newfoundland,
man's activities have had only minor effects on the quality of the water
resource, Variations in temperature and turbidity as a resuit of storage
have not been apparent, and variation in chemical content through diversion
of one stream into ancther has not been ohserved., Some evidence of salt
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water intrusion has been noted, but instances of this are limited to a
few isolated wells located immediately adjacent to the ocean and these
do not indicate a large scale problem,.
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11 CHANGES DUE TO INDUSTRIAL
AND DOMESTIC WASTEWATER DISPOSAL

11.1 Water Quantity

Changes in water quantity caused by man's activities relative
to the disposal of domestic and industrial wastewaters result in general
from the following:

a) Disposal of wastewaters to a receiving body
other than the source of supply.

b) Addition of dilution water to the receiving
stream through diversion.

No instances have been encountered in the study of either
domestic or industrial wastewaters being discharged directly to
groundwater regardless of the origin of the water supply; that is,
either from surface water or from groundwater. On the other hand,
the study has shown that generally the wastewater derived initially
from groundwater is discharged te a receiving body other than the
source of supply, with the exception of the disposal of domestic wastes
by means of septic tank and tile bed systems.

Generally, domestic and industrial wastewaters resulting from
rman's activities at the seacoast are disposed of directly into the sea
without treatment. This method of disposal of wastewaters reduces the
quantity of water available for other uses in the original source of supply
but only insignificantly; more important, however, is that disposal of
wastewaters into the sea eliminates changes in quality which certainly
would result from discharge of such wastes with or without treatment
into the source of supply.

Inland from the seacoast, disposal of wastewaters to a receiving
body other than the source of surface supply does not occur to any
appreciable extent. At Gander, although the source of supply is Gander
L.ake and disposal is to Beadly Creek, flow from this creek is eventually
returned to Gander Lake,

There are a number of instances where municipal and industrial
wastewaters originating from groundwater have been disposed of into
surface receiving bodies. For example, at Badger and Bishops Falls
wastewaters originating from groundwater sources are discharged into
the Exploits River. However, these discharges of groundwater into
surface water bodies have no significant effect on the quantity of the
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receiving body. Similarly, the discharge of the wastewaters from
dwellings served by individual wells into surface receiving bodics has
no appreciable effect on the quantity of such bodies,

No diversion of flow from one stream into another to effect
dilution of pollution has yet been carried out in Newfoundland.

From the foregoing it may be concluded that, for all practical
purposes, the changes in water quantity caused by man's activities
associated with the disposal of domestic and industrial wastewaters
are not significant.

11.2 Water Quality

Changes in water quality caused by man's activities in
connection with the disposal of domestic and industrial wastewaters
can be very marked, and in general they result from the direct
discharge of such wastewaters into the receiving body,

Wastewaters from individual dwellings not served by municipal
scwerage systems are generally disposed of by means of septic tank
systems or cesspoels. Properly operated septic tanks complete with
tile beds in overburden and not in close proximity (less than 50 feet)
to dug wells will have no adverse «fiect on the quality of groundwater.
Where septic tank systems or cesspools are installed in rock or areas
of very thin overburden, they can contaminate groundwater for some
distance, and in fact do so in some of the more congested communities,
This study has revealed at least one case of widespread contamination
of the groundwater through the disposal of wastewaters by means of
septic tanks or cesspools; but, as previously stated, localized
contamination does occur,

Seacoast municipalities with sewerage systems discharge their
wastewaters directly to the sea without treatment; this practice avoids
pollution of the freshwater resource but does bacteriologically pollute
the adjacent sea water. In Part VI of this volume a detailed discussion
of estuary and sea water quality is presented with particular reference
to bacteriological pollution,

Inland municipalities, by reason of their location, must
discharge their wastewaters into freshwater receiving bodies. With
the exception of the municipalities of Gander, Glenwood, Badger,
Wabush, and Labrador City which operate sewage treatment plants, all
inland municipalities in the Province discharge untreated domestic
wastewaters directly into adjacent receiving bodies, The major inland
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municipalities discharging untrcated wastes are Buchans, discharging
into Buchans Brook; Deer Lake, discharging into Deer Lake; Windsor
and Grand Falls, each of which discharge into the Exploits River, The
study has not revealed any problems of organic pollution in Buchans
Brook, nor in Deer Lake; but has confirmed the presence of organic
pollution in the Exploits River below the pulp and paper mill at Grand
Falls (Volume Six A, PartI).

This discharge of untreated municipal wastewaters increases
the bacteriological pollution of the receiving stream, making such
waters unsuitable for human consumption without 2 minimum of
chlorination and possibly filtration as well, When municipal wastewaters
are discharged in conjunction with industrial liquid wastes, they can have
the effect of seeding such liquid wastes bacterially which results in a
more rapid deterioration of water quality.

Changes in water quality caused by man's activities associated
with the disposal of industrial wastewaters are evident in a number of
significant instances in Newfoundland and in many minor instances
throughout the populated areas of the Province.

On the Island, industrial wastewaters generated by industries
located on the scacoast are invariably discharged to the sea without
‘reatment. The most noteworthy example of this 1s the disposal of the
wastewaters from the pulp and paper mill at Corner Brook into the
Humber Arm. In order to establish if the disposal of these untreated
wastewaters into the Humber Arm is deleterious, it is essential that
pertinent data be collected on an annual basis starting at the earliest
opportunity since these untreated wastes could be limiting the use of
the river by sea run salmon. This problem is discussed in detail in
Volurme Six A, PartI]1.

Inland the disposal of industrial wastewaters into receiving
bodies has generally been carried out without prior treatment. In recent
years, in order to reduce the concentration of copper and zinc in
receiving streams to a level less than that lethal to fish, the tailings
from copper and zinc concentrating operations have been impounded.
This inexpensive form of trcatment may have reduced the concentration
of heavy metals but does not necessarily ensure the ultimate reduction
of the pollution effect on the receiving body. It remains to be seen
whether or not the copper and zinc emanating from the tailings which
nave settled out on the lake bottoms over many years of untreated
disposal will produce a lethal concentration in the lakes. A more
detailed discussion of this situation is presented in Volume Six A, Part 1.
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The disposal of untreated wastewaters from the pulp and paper
mill at Grand Falls into the Exploits River adversely affects the guality
of this river to a marked degree. The major pollutants added by this
industry are sulphite waste liquor which has an extremely high
biochemical oxygen demand as well as being toxic itself to fish; and bark
and fibre which upon decomposition, albeit slow, can create a scrious
biochemical oxygen demand due to the large quantitics of wastes involved,
There is no doubt that continued discharge of untreated wastewaters from
the pulp and paper mill at Grand Falls will ultimately limit the use of the
Exploits River below Grand Falls to the disposal of industrial wastes to
the exclusion of all other usecs.

In Labrador the disposal of tailings from the iron ore mines at
Wabush and Labrador City into Flora Lake and Wabush Lake, respectively,
has resulted in some pollution of these lakes in that fish are adversely
affected by the resultant increased turbidity. The incrcased turbidity
destroys spawning beds through siltation, smothers plant and invertebrate
growth on the lake bottom, reduces penetration of sunlight thus decreasing
general food production, and directly affects respiratory and other tissues
of the fishes exposed to this turbidity. The Canada Department of Fisheries
are hopeful that excessive turbidity can be confined to Flora Lake and a
small area of Wabush Lake to be converted to an impoundment basin thus
sparing a large portion of the balance of Wabush Lake from the adverse
cifects of this turbidity.

From the foregoing it may be concluded that, in general, the
disposal of domestic wastewaters has a limited effect on the quality of
the fresh water resource mainly because most of the disposal is to the
sea. Where this is not the case, disposal is into inland water affording
more than adequate dilution tc mask bacteriological pollution. On the
other hand, disposal of industrial wastewaters in some localities causcs
serious deleterious effects on the quality of the inland receiving waters
and will continue to do so until such time as these wastewaters arc
treated.

Man's activities in the primary industries may also affect the
water quality. This is particularly true of forest spraying and, to a
lesser extent, agricultural practices as discussed in Volume Three A,
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12 CHANGES DUE TO ACTIVITIES AFFECTING
PHYSIOGRAPHIC CHARACTERISTICS

Apart from the direct influence on river flow and level regime,
man's activity in the river basins is liable to produce many changes in
the hydrologic cycle and also in the water quality. Main activities which
can induce changes in the natural hydrologic regime are {in the
FProvince's conditions) forest expleitation, bog reclamation, the con-
struction of roads and other construction activity, urbanization, and
agriculture,

Generally speaking man's activity in the Province's basins,
and specially in Labrader, has changed little of the natural regime of
the bigger watersheds, but it is passible that here and there the regime
of small brooks has been changed significantly, The following comments
arc intended to point out possible causes of such changes, but any figures
guoted should be considered as an order of magnitude indication only,
This is because most of the comments on the changes in the natural
regime included in the present section are based on results obtained

from the statistical processing of data by multiple correlation analysis
only.

It is recognized that physical inferences drawn from the
rmultiple correlations are very approximate and subject to misinter -
pretation because of intercorrelation of the so-called independent
v riables or lack of knowledge of the real relationship between the
¢+ :nden’ and independent variables, For example, if a multiple
cosrelation indicates an increase of runoff in basins with larger forest
. reas, it is hard to state whether the runoff increased because of the
forests, or the forest area is larger because of more hurmidity in the
area. A more accurate statistical infercence requires more sophisticataed
analysis {(factor analysis, principal components, etc). Because of the
scarcity of data, such analyses were nct considered to be warranted
for this stage of the study; nevertheless, these should be included
whenever special problems such as the effect of forest fire on hydro-
logic conditions are considered. This wculd require cellecting more
information, both on the historic and present conditions, than was
available for the present study.

12.1 Forest Exploitation

An analysis of the influence of forest arcas on hydrologic
conditions, as indicated by the correlations between hydrologic and
physiographic characteristics is included in Volume Threc A, Scction 8. 4,
This analysis, which is subject to the above reservations on the possible
weaknesses of physical inferences from multiple correlations,
indicated that:
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a) The average runoff is not significantly influenced by the
arca of the forest.

b) Summer maximum flows, and the flow variation generally
is influenced by the arca of forest, This is confirmed by
the correlations discussed in Section 13, 1.1, and is well
illustrated by the flow hydrograph of the Pipers Hole River
before and after a forest fire occurrced in the basin, as
shown on Figure 12-] and discussed in Volume Six B, Part VI,

c) Although there are indications of soil ercsion and scdiment
load increasing sometimes after forest clear cut and forest
fires, there are insufficient data to determine this increase
numerically. Thus, forest cutting and forest fires are
liable to increase the maximum flows and sediment load in
the afiected basin, at least in some areas, but the available
data are not sufficient to provide quantitative estimates of
thesc changes,

12. 2 Bog Reclamation

Bog reclamation including drainage has been carricd out in
scveral areas on the Island but only during the last decade and on a
small experimental scale. Although the draining of bogs may
contribute locally to the increasc of the flows, ne direct data on this
problem were available for the purposc of this report. The location
and arca of bogs which are prescently drained is shown on Figure 12-2.

The runoff multiple correlations (Tables 16-2 to 16-4)
indicate a decrease of runoff with increase of swamp area in castern
Newfoundland, while the reverse is true for Labradeor. Although the
increase in Labrador is relatively small (0.4 inches per vear morc
runoff in an area completely covered by bogs, over the runoff which
would occur in an otherwise similar area without bogs) the statistical
significance of the Labrador coefficient is much higher than that
obtained for the Isiand. While one could speculate on the climatologic
and vegetation differences in the two areas to explain the contradictory
result, this points out again that statistical inference based on multiplc
correlation only is not conclusive. Although other evidence on the
Island, as for cxample the correlation between minimum summer flow
and physiographic characteristics {(Table 19-1), also indicates a
decreasc of flow with incrcased bog area, thus confirming the result
obtained for average flow in the Island, quantitative estimates of eficct
of bog reclamation on flows is difficult to make. In any case it can be
stated that given the small scale of bog draining in the past, the effect
of this activity on the river flows has been extremely limited.
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12,3 Construction of Roads, Construction Activity,
and Urbanization

Although at the scale of the Island this activity is relatively
small when compared to that in more populated areas, circumstantial
evidence indicates that road construction may occasionally increase
local runoff concentration and may lead to soil erosion. This has
some significance in the intensively exploited forest areas, Local
extreme concentration of runoff in ditches opened for construction
purposes have been reported, especially in periods with significant
snow cover and unstable weather. Borrow pits and quarries may have
similar effects, Obviously urbanization accelerates the runoff
concentration due to reduction of infiltration and evaporation. However,
this is not a significant factor at the present time on the Island outside
of St. John's and Corner Brook, and even there the topographical and
geological conditions indicate that the changes in the river flow regime
have not so far been significant except for the areas where storm
precipitation is collected in sewer systems having their outfall directly
into the sea.

12, 4 Agriculture

Historically the regime of some rivers on the Island was
affected by deforestation related to land clearing for agricultural
purposes. The changes induced by this deforestation cannot be
cstimated because of lack of hydrologic data or information on initial
extent of forest cover. Agriculture as practised today undoubtedly
contributes to soil erosion, but on a very small scale, Data on this
subject are not available. Irrigation has not been carried out in an
extensive way; according to the available information, only two farms
practise irrigation at the present time, and that on a moderate scale,
It can therefore be concluded that irrigation does not affect the
hydrologic regime in the Province in any significant way. Farm
sewage and consequent pollution is also of little significance, except
for the local small streams which receive these waters. Problems
of this nature are reported in some detail in Volume Three A, Section 9.

Regime changes due to bog reclamation which is mainly done
for agricultural purposes were discussed under Section 12, 2.

In summary, at an earlier stage agriculture may have induced
some minor changes in the hydrologic regime of the Island, but has
little influence on it at the present time.
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13 WEATHER MODIFICATION

Weather modification is attempted at the present time in water
deficient areas mainly in two ways: by cloud seeding and through
evaporation control especially from lake surfaces. While neither the
Island of Newfoundland nor Labrador can be generally considered as
water deficient, in certain periods emergency conditions may develop
when additional water is required (forest fires or low flow periods
coinciding with high power demand).

13,1 Cloud Seeding

Cloud seeding operations were attempted both on the Island
and in Labrador in 1966 by Wceather Engineering Company of Canada
Limited.

In Newfoundland the target area comprised 2000 squarc miles
in the Humber River basin above the Deer Lake hydro-electric plant,
and the cloud seccding operation was intended to increase the flow and
storage available at this plant, Comparisons with meteoroclogic stations
outside the target area indicated an increcasce of 15 percent in the
precipitation in the basin. It is even more significant that correlations
of the flows of the Humber River with the average flow of two other
rivers, Gander and Bay du Nord, far enough from the target area to
assume that they were not affected by the seeding operation, seem also
to indicate an increase in runoff (Figure 13-1). Although neither the
precipitation nor the runoff comparisons can be considered as conclusive,
the possibilities of increasing the precipitation and runoff by cloud
seeding should not be dismissed without further investigation.

The increases in runoff obtainable by cloud seeding range
between 6 and 8 percent in areas with significant orographic lift, as
indicated in an unpublished study by The Shawinigan Engineering
Company Limited on the effects of cloud seeding in the Gatineau River
hasin, and by other authors, for example, Elliot and Langl.

An interesting application of cloud seeding techniques for
conditions in the Province could be the control of cold fog, as indicated
by Schieusener?.

In Labrador, cloud seeding operations were conducted on an
emergency basis for forest fire purposes, Although it is claimed that
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the operation was successful, statistical evidence was not available for
an evaluation of the results obtained. In the Shawinigan study for the
Gatineau River basin, it was not possible to show any significant
reduction in the forest fire frequency or intensity during the cloud
seeding operations., It is true that the cloud seeding operation in this
basin was not oriented toward forest {ire containment, its purpose being
mainly to increase the precipitationduring favourable weather conditions,
which more often than not did not coincide with periods favouring forest
fire occurrences,

13,2 Lake Evaporation Control

According to the information available, no attempts have been
made to reduce evaporation from lakes in the Province. A cursory
examination of the possibilities of controlling evaporation from lakes
by means of monomolecular films indicated that it does not appear to be
a practical way of increasing water availability for the following reasons:

a) The evaporation is low, probably 15 to 20 inches per
year on the average with fluctuations to a maximum of
about 25 to 30 inches,

b) Because of the frequent and strong winds, maintaining the
monomolecular films would be very difficult and expensive,

¢} The temperature differential created by accumulated
energy in the lakes because of inhibited evaporation would
increase the frequency and velocity of winds, thus creating
additional problems in maintaining the films,

d} Because of the availability of storage possibilities over the
whole area, increases in storage which would supplement
the fl ow during droughts would probably be cheaper, more
effective, and more reliable,

e) Side effects of evaporation control, including cifects on
surrounding vegetation and wildlife, are not completely

ascertained and may produce undesirable effects, such as
increased chances of forest fires.,
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PART IV - INLAND SURFACE WATER - QUANTITY

14 HY DROGRAPHIC NETWORK

The hydrographic network of the Province is the result of the
complex interaction of its topography and glaciated geology on one hand
and its humid and cold climate on the other., This interaction has
produced different types of rivers, lakes, and marshes in the Island
and in Labrador, In addition, there are bog formations which represent
a combination of vegetation and hydrologic systems characteristic of
northern areas, A discussion on bogs is included in Section 7,

In general, the whole Province has a ''glaciated' hydrographic
network in the sense that runoff drainage occurs according to the
topographic pattern which resulted from the glaciation, the contribution
of erosion by rivers to the general hydromorphology being very limited,
Therefore, in some cases, delineating the river basin drainage area
is difficult since some areas have no definite drainage pattern, and
lakes and marshes sometimes have outlets in two different basins,

In many cases the rivers actually consist of a string of glacial lakes
of various sizes joined by narrower portions, including rapids and
falls. It is only near the seacoast and in areas with significant slopes
(the Long Range, the Avalon, and Northern Labrador) that erosional
activity of the rivers made a larger contribution in shaping the
hydrologic network,

14,1 Island of Newfoundland

The main rivers and lakes of the Island are shown on
Figure 8-1 which also includes a list of the drainage basin areas of
the rivers shown on the figure. DBecause of the special topographic
conditions, namely, the closeness of the divide to the ocean, the
rivers in the Isiand with only a few exceptions have relatively smalil
drainage basins; that is, from a few miles to a thousand miles, A
multitude of small rivers have drainage areas under 100 square miles
and uswally drain into {jord-like cstuaries. These are especially
chasacteristic of the Avalon and Burin FPeninsulas where the basins
rarely exceed a hundred square miles, There are many small lakes
on the two peninsulas but none larger than a few square miles.

On the south seacocast the river drainage basins vary between
less than a square mile and less than a thousand square miles, with
one cxception, the Salmon River which has a drainage area of 1, 080
miles, Other significant drainage basins on this seacoast are, from

14-1
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east to west, Pipers Hole River (300 square miles), Long Harbour

River {334 square miles}, Bay du Nord River (484 square miles), -
Conne River (239 square miles), Grey River (947 square miles),

White Bear River (772 square miles), Grandys Brook (228 square

miles), and La Poile River (204 square miles). -

Besides a myriad of small lakes dotting the drainage basin,
there are a few large lakes in the area, such as Gisborne (11 square :
miles) in Long Harbour River basin; Kaegudeck (10 square miles);
Jubilee (11 square miles) in the Bay du Nord River basin; Island Pond
(12 square miles); Great Burnt Pond-Crooked Lake (24 square miles);
Round Pond (18 square miles) in the Salmon River basin; Maelpaeg-
Pudops (40 square miles) in the Grey River basin; and Granite (14
square miles) in the White Bear River basin. -

Decause of the closeness of the Long Range Mountains, the
west coast generally drains only small rivers, with one exception, the
Humber River with a total drainage basin of 3077 square miles above
the river mouth. The largest of the numerous other small river basins
of the west coast are, from south to north, the Codroy River (298
square miles); Harrys River (322 square miles); Portland Creek (372
square miles); Torrent River (240 square miles}; and Castors River
(211 square miles),

The larpest lakes in the west coast area arc found in the
Humber River basin: Grand Lake-Sandy Lake {179 square miles), the f
largest lake complex of the Island; and Deer Lake (25 square miles).
In addition, a series of lakes inland or near the seacoast are included
mainly in the drainage basins of the rivers on the west side of the
Great Northern Peninsula, The largest inland lake complex is Ten
Mile Lake-Round J.ake (18 square miles), and Portland Creek Pond is
the largest lake on the seacoast., The southern part of the west coast
has fewer large lakes,

The rivers drained by the east coast of the Great Northern
Peninsula are similar to the rivers of the west coast and their basins
are also relatively small, The largest rivers in this area are, from
north to south: Cloud (198 square miles); Cat Arm (325 square miles);
and Main {390 square miles). No very important lakes can be found in
this area.

14-2 ZA
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The drainage pattern of the north and east coasts 1s dominated
by a few larger rivers. The development of bigger drainage areas was
possible in this case because of the longer distance to the divide
produced by the general tilting of the Newfoundland Platcau. The rivers
draining to the north and east coasts have the direction of their main
stems parallel to the general direction of the geologic formations. The
main rivers flowing ta the north are the Exploits (4420 square miles
above the mouth, excluding the Exploits Arm drainage), the largest in
the Island; and the Gander (2070 square miles). In addition, there
are many smaller basins, the largest from west to cast being Indian
Brook (376 square miles, from which 92 square miles are diverted into
the Humber River basin); Barneys Brook (198 square miles); and
South Brook (244 square miles)., The main lakes in these river basins
are Red Indian (72 square miles); North Twin (16 square miles); and
South Twin {14 squarce miles) in the Exploits River basin; and Gander
(47 square miles) in the Gander River basin. Some of the lakes in the
river systems flowing to the north are very deep.

The east coast rivers are dominated by the Terra Nova River
basin (740 square miles), and the Gambo-Mint Brock hasin (443 square
miles). There arc two other smaller rivers which should be mentioned:
the Indian Bay Brook (230 square miles; and the North West River (265
square miles), both flowing intc Bonavista Bay. There are numerous
lakes in these river basins; the largest are in the Terra Nova River
basin-Terra Nova Lake (10 squarce miles) and Maccles Lake (11 square
miles).

A summary of the chief physiographic characteristics of the
main drainage basins of the Island and of some of the more important
tr butarics is shown in Table 14-1. This table gives the drainge area,
the average clevation, slope (index), arca of forest, lakes, bogs and
swamps, and other physiographic characteristics uscd further in the
hydrologic section.

The profile of the most important rivers and some of their
tributaries as obtained from the 1:250, 000 scalc maps are shown in
Volume 3ix A and B, Figures 1-7, 6-5, 10-6 to 10-9, 18-5, and 24-8.
The hypsographic curves of the main rivers are shown in Figure 3-3,

14-3
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14, 2 Labrador

There are two main drainage areas in Labrador, one to the
Gulf of 5t, Lawrence and the other to the Atlantic Ocean.

The rivers which drain to the St, Lawrence have their upper
basins in Labrador, and their lower basins in Quebec. None of the
river basins flowing into the south has a very large drainage basin at
Labrador's scale except the Little Mecatina with a drainage basin of
about 2500 square mites, Although there are many lakes in the area,
none is of important size.

The rivers flowing into the Atlantic Ocean have drainage areas
ranging from a few square miles to the 31,500 square mile drainage
area of the Churchill River., DBecause of flat topography, marshy land,
and lakes having more than one outlet, the delineation of the watersheds
is not always possible and the size of the drainage areas indicated
below may be considered as approximate,

The drainage areas of the rivers flowing to the Atlantic Ocean
are shown on Figure 8-2. As indicated, besides the big drainage area
of the Churchill River, four other rivers have sizeable drainage areas;
namely, from south to north, the Eagle 41460 square miles), Naskaupi
(7BB0 square miles); Canairiktok {4520 square miles); and the
Adlatok {4800 square miles). All these larger rivers are in southern
Labrador, Towards the north, because of the decreasing distance
between the divide and the ocean, the drainage areas and the length of
the rivers tend to decrease,

There are many large lakes, especially in the scuthern part
of Labrador, the largest being Lake Michikamau (685 square miles) in
the Naskaupi River basin. The Churchill River basin has a series of
big lakes including the Lobstick-Sandgirt lake system (315 square miles),
the Gabbro-Ossokmanuan lake system (189 sguare miles), Attikamagen
{126 square miles), the Petitsikapau-Dyke-Astray lakes (153 square
miles), Menihek lake system (113 square miles}, Shabogamo-Wabush
(117 square miles), Ashuanip: (167 square miles), and many others,
The more northern region has only smaller lakes, the Mistastin (53 square
miles} in the Kogaluk River basin being the most noteworthy,

Table 14-2 is a list of the most important southern river basins,
their drainage areas, average eclevations, slope (index), areas of forests,
lakes, swamps and marshes, and other physiographic characteristics

14-4
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which were used in the hydrologic studies. Figure 14-2 shows the
square grid distribution of the L.abrador Lake area,

The profiles of mest of the southern rivers are shown in

Volume Four, Figures 1-11to 1-14. The hypsographic curve of the
Churchill River is shown on Figure 3-3,

l4-5
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NEWFOUNDLAND
PHYSIOGRAPHIC CHARACTERISTICS OF RIVER BASINS
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15 HYDROMETRIC DATA

The hydrometric data for the Province are collected, processed,
and published by the Canada Department of Energy, Mines and Resources,
Inland Waters Branch, in co-operation with the Province and other
agencies, especially companies operating hydro-electric plants., However,
there are some hydrometric data which, for various reasons, are not
currently transmitted to the Inland Waters Branch, Since this latter
information is neither very significant nor reliable, the hydrologic
investigations for this report were based almost exclusively on the data
collected and processed by the Inland Waters Branch,

15-1 Hydrometric Network

Hydrometric data are obtained in the Province at two types of
hydrometric stations, conventional river gauging stations and flow
reporting hydro-electric power plants (Figures 8-1 and 8-2, and
Tables 15-1 and 15-2).

Most of the conventional river gauging stations were introduced
in the Province in 1949, The extensicn of hydrometric surveys was onc
of the conditions under which the Province entered Confederation, and
an agreement, dated March 24, 1950, for co-operative continuation of
these operations was ratified by the Canada Department of Resources
and Development and the Provincial Department of Natural Resources,
The Department of Energy, Mines, and Resources and the Newfoundland
and Labrador Power Commission are respectively the successors to the
agreement.

A list showing the index number, river, gauging station,
drainage area, period or record, length of record, and the type of station
is presented in Table 15-1. The total number of river gauging stations
is 34, with 27 in the Island and 7 in Labrador. The total area of gauged
river basins is 7800 square miles for the Island or 18 percent of the
area, and 37, 700 square miles for Labrador or 33, 4 percent of the area,

The flow-reporting hydro-electric plants have, in a few cases,
longer periods of record than the conventional stream gauging stations
because of the early hydro power development. These hydro-electric
plants are listed in Table 15-2.

i 15-1
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The total number of flow-reporting plants is 14, with 12 on
the Island and 2 in L.abrador, The drainage area above the Island's
flow -reporting plants is about 6000 square miles, of which 350 square
miles arec gauged by river gauging stations inside these basins, so that
the net area gauged by flow-reporting plants represents 5050 square
miles or about 11 percent of the Island's area. The drainage area
above the flow-reporting plants in Labrador is 16, 200 square miles,
but this area is actually a part of the conventionally gauged river basins.

Thus the total area for which there are flow data in the
Province represents 12, 850 square miles in Newfoundland or about 29
percent of the Island's area, and 37, 700 square miles in Labrador or
about 33. 4 percent of the region's area.

The density of total gauging stations (river gauging plus flow-
reporting plants) is, considering all stations including the discontinued
ones, one station for about 1100 square miles in Newfoundland and one
station for about 12,500 sguare miles in Labrador. According to the
World Meteorological Orgamizationl guidelines, mountainous regions of
temperate zones should have a minimum network of one station for each
110 to 370 square miles (300 to 1000 square kilometers), the range
provisionally tolerated in difficult conditions being one station in 370 to
1830 square miles (1000 to 5000 square kilometers), the latter figure
corresponding to exceptionally difficult conditions. For arid and polar
zones the range of minimum network is one station for 1500 to 7300
square miles (5000 to 20, 000 square kilometers). It may be concluded
that, according to these guidelines, the density of the hydrometric
network is acceptable in the Island but is much too small in Labrador.
Actually the neceds for an expanded network station in the Island are
related mainly to an improved areal distribution, rather than for
increasing the density., However, in Labrador both an increased density
and a better areal distribution are required as discussed in Section 22. I.

15. 2 Analysis of Available Data .

The hydrometric data available are generally of acceptable
quality., However, at the river gauging stations, privately operated
before 1949, the flow data are of doubtful value, and in at least one
case the flows reported by the flow-reporting power plants are affected
by significant errors.

15-2 ZA
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15,2, 1 River Gauging Stations

At these stations (Table 15-1) the Inland Waters Branch
maintains stapge discharge relationships and the mean daily flows are
computed from the water level records. At stations with recording
gauges, indicated in the table, the flow can be computed for any
required time interval, The daily flows of these stations arc published
by the Department of Energy, Mines and Resources. Prior to 1949,
gauging stations were operated on the Humber, Gander, and Salmon
Rivers by interested parties and the data were published as received,
Subsequent studies have indicated that some of the information may be
inaccurate, and the Department has elected to discard these for
several yvears on the Gander River below Weirs Brook and the Upper
Humber River at Seal Pond., A compilation of the flows at the river
pauging stations was included on a magnetic tape and made available
for this study,

The Water Survey of Canada reviews its historical data for
accuracy from timc to time. However, to date no review has been
carried out on data for the Province of Newfoundland and Labrador.
There are some gaps in the data for the winter months, because of
the difficulty in computing tlows when levels arc affected by ice and
no metering was carried out. The magnetic tape was comnleted in
Decermnber 1967 with the addition of flows for the period {rom October
1964 to September 1966.

As a result of the analysis of data, it was decided to disregard
all daily flows prior to 1949/1950, and all monthly flows prior to 1939/
1940, because of their doubtful nature and the difficulty of checking the
data reliability. The most doubtful data uscd in the present study arc
the mean monthly flows of the Upper Humber River at Seal Pond which
secem to have been overestimated during the winter in the period 1939
to 1951 and possibly up to 1953, A correlation analysis of the annual
flows of the Upper Humber at Seal Pond, and Humber River at Deer
Lake, however, has not indicated a significant shift in the correlation.
A monthly correlation was alsc attempted with similar results,
However, as shown in Section 15. 2. 2, since the monthly flows at Deer
Lake may also be affected by some errors, the results of the annual
flow correlations are considered as morce conclusive. A simple ratio
comparison of the flows at the two stations in various periods has
indicated that the maximum error which might be expected in the
estimation of the Upper Humber mean annual flow is 6 percent on the
high side, Since measurement errors are gencrally larger than this
error and there was no means of ascertaining and correcting the flows,
the Upper Humber flows have been accepted {for the period 1931 to 1966
as included on the magnetic tape,

15-3
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Other errors which arc less important may have occurred at
various stations for the winter flows, but these were considered as not
being significant for this gencral study. Actually, corrections of these
individual flows would have required data which are not available {such
as ice thickness and conditions), and any corrections based on simple
correlations would probably not have improved the accuracy of the data,

The gencral examination of the winter flows indicates that
average values of runoff are not significantly affccted by these occasional
errors, but the flow variation in some months may be distorted to some

extent,

In addition to the above-mentioned errors, the runoff
investigations reported in Section 16 indicated that the flows of the Terra
Nova River at Eight Mile Bridge may be overestimated, However, flow
measurement by the Department of Energy, Mines and Resources in the
summer of 1968 have failed to prove or disprove this indication, and
further investigations will be required to elucidate the problem. The
possibility that this inconsistency in the generalized relationship for
runoff obtained in Section 16 is related to an erroneous delineation of
the Terra Nova River watershed should not be completely dismissed,

15, 2.2 Flow Reporting Power Plants

The flows reported by the hydro-clectric plants are based on
rclationships between flow, sometime including head, and power, and
on rating curves for gates, spillways, and other wasted flows.

The data reported by the power plants are corrected for changes
in storage in appurtenant rescrvoirs and controlled lakes; however, this
information includes crrors which, in some cases, arc significant for
the following causes;

a) Computations of the flow through the turbines and spilling
facilities are often approximate due to unchecked co-efficicents
in hydraulic formulae, neglect of the variable cfficiency with
head and flow, possible decrease in efficiency due to temporary
or persistent deterioration of facilities, and uncontrolied leakage.

b) The method of computing the change in storage is usually based
on the assumption that the level in the lake or reservoir is
horizontal., Actually where the reserveoir has intermediary
control section, the lake surface will have a comnplicated slope
and the zctual storage variation may be different from the
assumed one. For large lakes, ice and seiches can also
influence the storage-eclevation relationship.

15-4
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c) The corrections in storage of controlled lakes are computed as
if the lake were an artificial reservoir, and the total change in
storage is considered as artifical and is removed. Actually
the controlled lake had a natural regulating capacity which is
now discarded by the correction applied.

It should be noted that the errors in (a) may lead to a false
assessment of the average flow; whereas those in (b} and (¢ ) have no
effcct whatsoever on this important hydrologic characteristic, Errors
{b) and (c) distort the actual distribution in time of flow, and error (c¢)
affects the assessment of the effect of basic physiographic characteristics
on flow variation.

Because the assessment of the average runoff was one of the
rmain objectives of this study, a check of the relative importance of the
errors of type {a) was required. The possibility of a significant error
of this type at the Grand Falls power station on the Exploits River was
detected in an earlier hydrologic study of the Island”.

The error was assessed to be of the order of 700 to 800 c¢fs or
approximately 10 percent of the reported mean annual flow, Checks
made on the flows reported by the Bishops Falls power plant, also on
the Exploits River, indicate completely unreliable data, and therefore
could not be used in assessing the errors at the Grand Falls station.

Further checks of type (a) errors by the Inland Waters Branch
in co-operation with the Shawinigan-MaclL.aren study team were
conducted at two power plants, Pierres Brook and Petty Harbour, and
the results are shown in Figures 15-1 and 15-2,

As scen from Figure 15-1, Pierres Brook, the average flow
15 probably slightly overestimated if the single unit of the power plant
15 usually operated in the zone considered by the operators to be that
of maximurn efficiency (2500 to 2900 kw), If the checking results are
correct, the zone of maximum efficicncy seems to range from 2600 to
3600 kw. Itis possible that eit.. r the measurements were in error or
the plant uses an efficiency test r ade many years ago although the
runner and penstock were replaced in recent years, The flow-output
relationship used is a straight line which assumed a constant efficiency,
As expected, the measurements indicate a variable efficiency resulting
in an underestimation of the flow in the zones of lower cfficiency and
vice versa.

Figure 15-2 indicates a similar pattern at Petty Harbour, but

this is more difficult to evaluate because of the complications introduced
by the opcration of two or more units.

15~
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It can be concluded that the curves presently in use at the two
power plants are accurate enough for estimating average monthly flows.
Daily flows may be affected by errors which are, however, less than

10 percent.

A general evaluation of the flow of the Humber River at the
Grand Lake outlet reported by The Bowater Power Company indicates
that their accuracy is generally satisfactory with a slight overestimation
of the computed outflows~ following the replacement of 7 of the 9 units,

Special checks of the type (b) and {¢) errors have not been
initiated since extensive surveys would be required which are outside
the terms of reference of this study.

Because of the multiple errors affecting the flow data reported
by power plants which short periods of time are considered, itis
generally not possible to compute daily flows at these locations.
Consequently, as a rule, data at flow-reporting plants were not included
on the magnetic tape which was designed to store daily flow records
only, althouph daily flows were computed and included on the tape for a
few of the years. For reasons discussed above, these flows have not
been considercd in this study.

The monthly flows for the whole period of record at the flow-
reporting power plants are published in the Water Resources Papers
The daily flows are also published at some {low-reporting power plants.

Apart from the hydro power plants listed in Table 15-2, there
is a series of hydro power plants for which partial data on flows are
available but which require an intensive critical evaluation before being
used in hydrologic computations, Efforts madc during the present study
to obtain an evaluation of these data werc not successful.

15-06
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NEWFOUNDLAND AND LLABRADOR
RIVER GAUGING STATIONS
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Y0,

2YO3

221

271,

2ZM,

2ZM 3

2ZM3

2ZMsg

304

30D,

River

Humber
River

Exploits
Raver

Rattling
Brook

Hearts
Content
River
New
Chelsea
Brook
Petty
Harbour
River
Pierre's
Braok

Mobile
River

Scal Cove
River

Ashuanipi
River

Unknown
{Atikonalk)

Station

Grand Lake

Cutlet

Grand Falls

Rattling
Lake

South West
Cove Pand

Seal Cove
Pond

Second Pond

Gull Pond

Mobile First
Pond

White Hill
Pond

Menihek
Rapids

Twin Falls

Perod
of
Record

1898-04
1906-08
1914-66

1914-21

1928-66

1959-66

19249-66

1957-66

1931-66

1931-66

1331-64

1947-66

1954 -066

1962-66

Max
Mean
Min

Max
Mean
Min

wax
Mean
Min
Max
Mean
Min

Max
Muean
Min

Max
Mean
Min
Max
Mean
Min
Max
Muean
Min

Max
Mean
Min

Max
Mean
Min
Max
Mean
Min

January

8, 990
2,995
t, 060

16, 300
&, 269
1, 640

775
267
80

340
140
47
239
80
26
321
173
33
296

150
42

448
185
106

336
Lco
49

6, 790
5,435
4, 040
8,979
7,321
4, 681

February

6,550
2,423
G617

14, 300
4,654

680
237
35

202
127

15

177
79

484
222
73

398
179

37
354
212

88
280

138
47

7,240
5,042
2,990
10, 604
7,054
3,925

March

11,300
2,564
1,010

16, 175
4,769
20
735
254
55
283
131
49
179

129
27

394
261
81

390
205
57

393
233
87

327
150
58

&, 260
4,681
2,720

6,212
5,317
3,328

April

The Shawinigan Engineering Company Limited

Monthly Flow
cfs
May

13,600 22,500
6,112 14,794
2,090 5,360
21,400 35,800
11,064 21,326
3,150 6,650
1,012 2,570
540 1,244
140 295
423 314
197 141

68 46

301 221
162 115

85 19

794 582
379 255
158 93
530 382
295 171
129 55
676 386
308 215
150 33
413 272
204 129

91 53

LABRADOR

6,280 38,090
4,681 18, 864
3,060 4,380
7,601 19,713
5,624 15, 386
3,202 10, 489

James F. MacLaren Limited

June

NEWFOUNDLAND

13,014
5,994
2,750

16, 700
7, 644
3, 640

1,110
374
140
123

T4
19

70
35
17
337
109
8

243
95
11

236
125
55
150
69
24

56, 640
3G, 886
18, 660
54,554
42,436
19, 967

July

9,560
2,964
1,350

8,460
4,151
188
370
167
15

93
3z

58
19

130
58
11l

136
51

169
89
45

73
44
12

35,790
22,889
11,080

51,5850
37,635
27,816

August

7,480
2,839
740

12, 800
4, 696
226
575
167

0

83
33
0

42
15
0

201
-8
i}

169
64
0.3

188
103

126
51

22,340
17,120

7,320
35,053
25,513
17,322

September QOctober

&, 590
2,944

730
11, 200
4,300

505
201

157
52

94
25

303
99

262
92

263
126

144
65

25, 340
16,222
5,800
24,411
19, 458
16, 078

10, 994
5,814
2,210

18,798
9,922
1,560

758
446
75
232
G4

162
54

574
256G
64
438
217
7T

344
249
g2

212
149
16

21, 300
14,981
8, 320

21,257
14, 098
9, 238

Novermber

3,290
4, 039
1,530

17, 400
6, 743
1, 720

B43
302
B5
230
160
37

205
109
34

402
245
121

400
168

54
548
235
117

274
145
58

16, 000
10, 094
6,410

16, 446
10, 262
4,615

NOTE: Data abstracted from Water Resources Papers, Surface Water Data for Atlantic Drainage, Department of Encrgy, Mines and Resources,

December

8, 990
2,995
1, 060

15, 000
5,274
1,110
1,084

270
60

210
140
96
154
98
71

608
234
73

477
186
40

444
227
134

242
147
66

9,220
6, 988
4, 900

11,290
§, 747
5,473

Average Annual

Flow

cfg per

cfs 5q. mi.
4,790 2. 46
7,518 2. G&
372 2,55
110 3.10
76 2,71
197 3. 69
159 3.53
192 4, 44
116 3, 87
13,907 1. 31
16,571 1, 88

NEWFOUNDLAND AND LABRADOR
SUMMARY OF FLOW DATA

AT FLOW REPORTING
HYDRO-ELECTRIC PLANTS

TABLE 15-4
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L6 AVERAGE RUNOFFE DISTRIBUTION

The average runoff and flow is an important hydrologic
characteristic, especially under the conditions prevailing in the
Province, since it is frequently possible to obtain storage for regulation.
Although data on average flow of most of the major rivers and some of
the smaller ones are available or can be estimated by correlation,
very little is known of the distribution of the runoff; this makes it very
difficult to assess properly the variation of the flow along the major
rivers, the significance of the tributaries, and consequently the
availability of water even in basins gauged at their outlet or somewhere
along the main stem.

16,1 Combined Use of Meteorclogic and Hydrologic Data
for Obtaining Average Runoff Distribution Results

It was shown in Section 8. 5 that, because of lack of meteoro-
logical stations in the interior of the Island and generally in Labrador,
it is very hard to estimate with any degree of accuracy the mean annual
precipitation distribution in the Province. As an illustration of the
difficulty of assessing the precipitation from rain gauging statians only,
Figure 8-12A reproduces the average annual i1sohyets in the Island, as
suggested by a recent unpublished study of the Department of Transport,
Meteorological Branch., Data on mean runoff at stations with long
records are superimpcsed. The comparison indicates that in a few
places the precipitation is lower than the recorded runoff. If consideration
is also given to cvaporation, the extent of the error becomes more evident,

In Section 8.5 it was shown that preliminary relationships
between mean precipitation at rain gauging stations and their physiographic
characteristics have been obtained (Tables 8-10 and 8-11), and that final
relationships were derived by combining the meteorologic and hydrologic
data {Tables 8-12, 8-13, and 8-14). As indicated in that scction, the final
relationships were obtained by combining precipitation and runcff data
which also permitted obtaining generalized relationships between runoff
and physiographic characteristics. The basic data and the method used
to obtain these relationships are described in this section.

The basic runoff data were those obtained in 25 watersheds in
the Island and 7 in Labrador (river gauging stations and flow-reporting
power plants} as shown in Table 16-1. The average flow was computed
for a period of 27 years (1939/40 to 1965/66 which was considered in
this study to be close enough to a standard normal hydro-meteorologic
period and which includes most of the usable recorded data. Missing

16-1
Water Resources Study - Newtoundland and Labrador
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data which are indicated in Tables 15-1 and 15-2 were completed by
correlation using monthly or annual flows. In some cases, when
monthly flows were used, several seasonal or monthly corrclations
have been delineated (Figure 16-1). The flows used in the regional
analysis have been as included in the Inland Waters Branch tape or,
when not included in the tape, as published in the Water Resources
Papers. A weight proportional to the years of record has becn
allotted to each basin., Only one of the flows was corrected, that of
the Exploits River where a flow of 700 cfs was added to account for

the different errors included in reporting the flows at Grand Falls
plant, (Section 15,2, 2) =

In combining the runoff data as listed in Table 16-1 with the

precipitation data, the approach consisted of the following:

a)

d)

e

16-2

The correlation equations given in Tables 8-10 and 8-11,

relating precipitation at gauging stations to their physiographic -
characteristics, were used with the file on physiographic

characteristics of the grid squares to make a preliminary

assessment of the precipitation distribution in the watersheds -
with flow data.

The correlation equations given in Tables 34 and 8-5, relating o
temperature at gauging stations to their physiographic
characteristics, were used with the file on physiographic
characteristics of the grid squares to make an assessment
of the temperature distribution in the watersheds with flow
data.

Turc's cqz:ta.tic:-nl relating actual cvaporation E to mean
precipitation P and mean temperature T of an area waaz then
used with the precipitation and temperature data for ecach square
for a preliminary assessment of actual evaporation and runoff
(as difference between precipitation and evaporation) for cach
square of the watcrsheds with flow data,

The preliminary runoff as established under (¢) was used to

compute a preliminary average runoff and flow on cach of the

basins with flow data, and coefficients K representing the ratio u
between the recorded and computed average flow were established.

The values of K obtained in the first trial are shown in Table 16-1,

A new precipitation distribution was computed in cach square of

the basins with flow data, using K as a correction factor, as

follows: |

Water Resources Stunly - Newfoundland and Labrador
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Precipitation (corrected) = K Runoff + Evaporation where
Runoff and Evaporation correspond to the previous estimates.
The error was thus assumed to be included completely in
precipitation since, for the high values of the precipitation
and low values of the temperature, characteristic for the
Province. Turc's formula indicates little change in the
corresponding evaporation for significant changes in
precipitation,

f) With the corrected values of the precipitation estimated in
the squares and the precipitation data at rain gauging stations,
a new correlation between precipitation and physiographic
factors was established (in which the rain gauging statidns data
have a weight a hundred times larger than the precipitation
estimated in each square).

g) The computation was then repeated as many times as required
to obtain K as close to | as considered to be reasonable, taking
into account that individual runoff values are probably affected
by errors up to 6 percent,

For this computation, the limits set for K were between 1.1
and 0, 9. However, it was found that it was impossible to reduce K to
less than 1. 17 for two basins - the Terra Nova basin at Eight Mile
Bridge and the Mobile River at Mobile First Pond {(Table 16-1). It is
surmised that the flows of the Terra Nova River are overestimated
because of errors in the stage-discharge relationship. It is possible
that the error is also due, at least partially, to the fact that the
drainage basin of this river is not very well defined. With respect to
the Mobile River, it might be that the error is primarily in the
computation of the average runoff from the grid because of the very
small size of the river basin (43. 4 square miles).

As shown in Table 16-1, most of the final values of K are
highcr than 1, and this indicates that, generally, the estimate of runoff
by the suggested method will be on the conservative side.

The correlation hetween corrected precipitation in squares
plus precipitation at gauging stations and physiographic factors
obtained after the last runoff iteration was considered as the final
correlation for precipitation (Tables 8-12, #-13, and 8-14),

16-3
Water Resources Study - Newfoundland and Labrador
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The values of the computed runoff, from the last iteration in
each of the squares of the basins with {low data multiplied by the final
values of K, were correlated with the corresponding physiographic
characteristics. The physiographic characteristics used in the
precipitation correlations, as indicated in Section 8.5, were related
mostly to topographic conditions and geographic location with respect
to principal humidity sources and dominant winds. In the runoff
analysis a series of new characteristics which might influence the
runoff (proportion of forest, lake, swamp areas, and depth of over-
burden) were added. Although these factors may also influence the
precipitation and temperature distribution, it should be pointed out that
it is hard to link such physiographic characteristics to a rain gauging

station.

In the course of the iterative computations it became apparent
from the examination of the relative errors that better correlations can
be obtained if the Island is divided into two sub-regions corresponding
roughly to two main and distinct physiographic areas; the western sub-
region characterized by relatively high ridges and steep slopes, and the
eastern sub-region with lower clevations and gentler slopes. This
division is indicated in Figure 16-2. Accordingly, after the preliminary
distribution of precipitation, the iterative computations were carried out
separately for each sub-region.

The equations of the final runoff - physiographic characteristics
corrclation are shown in Tables 16-2, 16-3, and 16-4. The square grid
distribution of the average runoff in the Province obtained as a result
of the above-described computations is shown in Figures 16-2 and 16-3,

16, 2 Appreciation of Average Runoff Distribution Results

The coefficients of the runoff correlations are high for all
three regions, However, these statistics do not help in establishing the
reliability of the correlations since the data themselves have been derived
by using a correlation with part of the independent variables. More
significant are the checks done by using flow data at stations not included
in the correlation because of brevity of the record period. At a few of
these stations, some of them of particular interest from a practical
viewpoint, the flows have been estimated both from the short records
available (not less than a year), by correlation with neighbouring
stations and from the above-mentioned correlations with physiographic
factors. The results are shown in Table 16-5. As indicated by the table,
the runoff computed from the results obtained using the square grid
technique are always lower than those obtained from dircct flow data

16-4 2A

Water Resources Study - Newfoundland and Labrador



ZA

The Shawinigan Engincering Company Limited

James . MacLaren Limited

completed by correlation with neighbouring stations. This is a result
of the fact that the precipitation data are underestimated, whereas some
of the river gauging station flows are overestimated during the winter
because of snow and ice effccts. The runoff estimation method being
based on both series of data, the results obtained arc near the average
and include reasonable correctfions for both series of data.

Thus these preliminary results seem to indicate that the
reliability of the method is satisfactory for the purpose of this study.
It 15 felt, however, that further checks of the results are required,
especially in the western region of the Island where the errors affecting
the earlier flow of the Upper Humber River, and those derived by
correlation with this river for basins located in the Great Northern
Peninsula, may have resulted in a slightly distorted picture of the
runoff distribution in this area. A very important feature of the runoff
correlations described above 1s that generally dependent variables have

the sign one would expect them to have from deterministic considerations.

This is less true for the Labrador results where the correlations for
precipitation and temperature were based on the indications obtained
from isolines drawn by the Department of Transport, Meteorological
Branch, rather than on actual data. Obviously one cannot interpret
these correlations as deterministic equations because of the statistical
methods which were used to establish them, and of the implications
related to the complex inter-correlations between the independent
variables. There are also some differences in the way in which the
variables indicating the influence of the distance from the center of the
square to the sea in different directions enter into the correlations, It
is felt that these differences can be explained mainly by the topographic
dissimilarities between the two regions and the variation in the
orographic effects of the dominant winds.

Although the correlations obtained scem to be reliable, caution
should be observed in using them for sniall basins (less than 200
square miles) since, in such cases, by computing the physiographic
factors, errors may be introduccd. For these basins a more refined
analysis of the physiographical factors based on a grid with smaller
intervals would be required, Nevertheless, a first approximation of
the runoff in these basins can be obtained from these correlations as
shown by the results obtained in Table 16-5,

For the purpose of this report the average flow along the main
stem and majpor tributaries of the river basins selected for more
advanced studies have been computed using the runoff-physiographic
relationships, and the results of these computations are shown in
Volume Four, Section 1, L.

16-5
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It is interesting to mention, in concluding this section, the

average data of the simplified water budget for the Province:

16-6

Island Labrador
' {South of 56°30'N Lat)

inches/year

Precipitation 55.9 32.1
Runoff 42.9 23.9
Evaporation 13,0 8.2

Water Resources Study - Newfoundland and Labrador
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CORRELATION OF MEAN MONTHLY RUNOFF OF WHITE BEAR

RIVER AT WHITE BEAR LAKE, AND THE AVERAGE MEAN MONTHLY
RUNOFF OF THE LEWASEECHJEECH BROOK AT LITTLE GRAND LAKE

AND SANDY BROOK AT SANDY BROOK POWERHOUSE

(PRODUCED BY COMPUTER - PLOTTER)
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NEWFOUNDLAND
SQUARE GRID DISTRIBUTION OF
AVERAGE RUNOFF
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LABRADGR

SQUARE GRI'D DISTRIBUT!ION
OF AVERAGE ANNUAL RUNOFF
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Station Ho.

2¥¢)
2YDI
2¥K |
2YK2
2YK3
2YKY
291
2YM1
2Y0|
2703
2YQ)
2YR|
2YS|
2781
2201
27E|
27FI
27H|
2261
274
27M1
27M2
27M3
2IM5

2746

A - NEWFOUNDLAND

Recoded
Average Discharge
CF§.

915
359
U790
59 1
370
522
it )
920
8205
372
4122
243
1392
435
980
2840
1369
gua
288
372
197
|58
191

116

Initial
K 0

I, 3324
1.6108
.9388
1.0010
I 0099
L8604
L. 2795
1.0248
.882!
., 9509
. 1062
|.0555
. 2964
I 3808
.9202
. 0084
1.0770
I.0649
I. 1559
L1774
|.0977
10612
1 3016
1367
1,0819

Final

L9916
|.0534
L9700
t 0203
[,0u82
1.0212
1. 0090
1.0395
L9676
9881
|.0085
.9337
. 1557
1.0382
L9U72
L9824
1.0107
L9379
1.0109
|.0287
|.0246
9513
{1462
1.0213

L9637

The Shawinigan Engineering Company Limited

James IF. MacLaren Limited

B - LABRADOR
Station No Recorded Initial
Avetage Discharge K-
C F.S.
3041 13900 0.8870
3082 25200 0.9152
30C! 19600 0.7239
30E1 30900 0.7215
3PBI 8970 0.8236

RATIO BETWEEN RECORDED AND ESTIMATED FLOW
INITIAL FROM ESTIMATED PRECIPITATION AND EVAPORATION
FIKAL FROM CORRELATION BETWEEN RUNOFF AND PHYSIOGRAPHIC FACTORS

Final
K

1,069
|. 0094
0.9607
0.9968

I.0061

NEWFOUNDLAND AND LABRADOR

RATIO BETWEEN RECORDED AND
AND COMPUTED AVERAGE FFLOW
AT HYDROMETRIC STATIONS

TABLE

16-1



The Shawinigan Engineering Company Limited

James F. MacLaren Limited

NEWEFOUNDLAND - EASTERN REGION

CORRELATION BETWIEN
RUNOFEF AND PIIYSIOGRAPINIC CHARACTERISTICS

STER ~Q. 18
FoLEWEL il

STANDARD ERRCA SF JEP ¥AR[A3CE =2 2374292

CONSTANT H£193sd2bn 2 237
vAXIABLE “OE F STANDARS ERROR/
x = 1 -4 6213760 224252205C L 3 . i
= 3 =iulel Q3229 LeQ9TTLTIY A : Fa
X = 4 =i3Beb_Gohut P 3y¥T8262 b v '
X - 5 =le4iluui. Selyi LAl h S
X - & LTel L. Il . 1
X = 3 ~3s327 38 s ceg.. 2 (LI N Tyl
L Seid w% i Caldanl s Sy Lot
Ko= i T R 2e737Y . ' i
X 132 =ay it T lei29%uia? i TN . . . Feela
Xo= 4 —lelyu 436l GewidTilule [ «
X - iz ~ el 2 Ja 39¢4d [ T T
=1 - 2.5T7Te. JeLJt 4ad” . Ty <
£ =13 ~lsu32lblzo JelizndbTy 5 : = s
o= 1% =Cei3 Je Tix

SmIEr { PINeH TEMR) 1 1072 = 47 TA2IRMAN Y 142 16403238 ty 138 47854143 LT 2 411384725 f te QL IR Lr 171 B2 395

ikt EE rzl ' {1 DRU3EART - DINENT4
13013182 &7

fa

1! 3 oos LHLAEEIY L III (13 4173131 03726034 ‘I\ 3

o 4 ITEDNERD ry e BEZD BEEM

DATA CONPRRISE ACTOAL (EXTIMRIED, T2 EosMEied ®¥are N THE oD EOUARES ARE w01 iwbw ST JAE R9LiLEBLL (N INE COMPUTER FitE

TABLE 16-2
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The Shawinigan Enginecring Company Limited

James I'. MacLaren Limited

NEWFOUNDLAND - WESTERN REGION
CORRELATION BETWEEN RUNOFF AND PHYSIOGRAPHIC CHARACTERISTICS

STER NO. 17

FOLEVEL 1eC 46
STANDARD £ANGi UF DEP vax]agoif - 231.7601
CONSTANT 570801630
vAS]AJLE [ - 5TE ) iR/
no= e 73 caurora. 3 LATITUBE ¢} COORDINATE OF SOUARE IN MASTER FILE - SEE APPEMDIX 4.3
- 2 it danr - fevat 18419 AREL OF LAKE  AREA OF LAND
X - 7 —seri a Tt @ s DISTAMCE 10 THE SEA IH SOUTH EAST DIRECTION  KILOMETEAS
T - 8 - . F0T uem e DISTAWCE TO THE SEA IN SOUTH RESY GIRECTIGN - XILOMETERS
- 9 Gelil a? i ZaClely 7 SLOPE OF SQUARE - ((11-11) X 10°%)
x o~ i1l e L4 tednnilTok AJCRAGE ELEVATICK OF SOUARE ¢ FEET X 13)
X - 2 =.Ge‘ cu> Gh 1, 1173, 1« AVERAGE BARRIER HE!GHT !N SOUTH EAST DIRECTION (FEET X i0?
X = 13 el w Letlonives ATERAGE BARATER HEIGHT (N SGUTH WEST DIRECTION (FEET X 10)
A o= 4 —ue FaTEul Leulsealo (SHORTEST DISTANCE TO THE SEM)?
X = o . te7o3 el L9327 (GISTANCE 70 SEA M SOUTH EAST DIRECTION)?
X~ la L Inil7%a Celn bT31° C(BISTANCE TO SEA 1% _SOOTH WEST DIRECTION)?
X - 18 e i3 CaGis B4 (AJLFASE ELEVATICN)?
K= .5 Ceoleell e celal3. 77 UAYERAGE BARRIEA HEIGHT N SOUTH WEST GIRECTION)?
" souar
RUNDFF ((1%eH YEAR) 3 10°2) = 10 SUBKFBTS T | - 