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EXECUTIVE SUMMARY

Introduction

The serious consequences of flooding in the Steady Brook area have
been well documented, and there 1is continuing pressure to develop
additional lands in the Steady Brook floodplain areas.

On May 22, 1981, the Province of Newfoundland and the Government of
Canada entered into a General Agreement Respecting Flood Damage
Reduction; recognizing that the potential for future flood damages
can be reduced by controlling the use of areas prone to flooding.
The primary purpose of this Hydrotechnical Study of the Steady Brook
Area was to determine flood discharge and associated water levels and
flood prone areas for the 1:20 and 1:100 year recurrence interval
flood events, A secondary objective was to identify possible flood
remedial measures for future investigation. The extent of the study
area for the hydraulic and floodplain mapping investigations extended
from the outlet of Deer Lake to just downstream of the confluence of
Steady Brook with the Humber River,

The main report and associated appendices and supplementary report
concerning the field investigations describe in detail the methodol-

ogy and findings of the hydrotechnical investigations.

Main Findings

Computer simulation techniques, taking inte account hydrologic
conditions at upstream locations (e.g. snowmelt) and the effects of
lake, reservoir and channel routing, were wutilized in order to
estimate the peak flow rates and associated flood levels in the study
area.

The following points briefly summarize the main findings of the
hydrotechnical investigations:



1)

3)

4)

5)

Xi

Peak flow estimates for the Humber River just downstream from
Steady Brook were found to be 1180 and 957 m3/s for the 1:100
and 1:20 year peak flows respectively. These estimates were
determined by means of the calibrated SSARR model and were
verified by comparison to secondary estimates.,

Peak flow estimates for the stream of Steady Brook were estima-
ted to be 105 and 134 m3/s for the 1:20 and 1:100 year flood
events respectively. These estimates were determined by means
of a regional flood frequency equation and were verified by com-
parison to secondary estimates.

The meteorologic data base available for the Humber River water-
shed was found to be marginally sufficient for hydrolegic model-
ling in the continugus simulation mode. However, use of the
SSARR model for real-time flood forecasting would require
upgrading the meteorlogical data cellection network. This would
include installation of additional stations and adoption of a
telemetered data coliection system (refer to Appendix B).

Calibration and testing of the backwater models has confirmed
the accuracy of the flood level simulations along the Humber
River. The computed flood levels along Steady Brook are also
considered to be accurate based on the results of sensitivity
testing.

The 1:100 and 1:20 year flood levels were plotted on new topo-
graphic maps at a scale of 1:2500. The main flood hazard areas
were then identified as follows:
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i) The Community of Steady Brook is classified as having a
high flood risk due to peak flows in the Humber River.
Peak flows and ice jams along Steady Brook also contribute
to flood risk from the confluence of the Brook up to the
C.N.R. trestle.

ii) Small areas of development in the vicinity of Humber Vill-
age, Russell and Harrison are susceptible to some flood-
ing.

iii) There is a moderate to low risk of flooding in the area of
Governors Point at the outlet of Deer Lake.

6) The most attractive structural alternatives for reducing flood
losses presently appear to be:

i) A combination of raising the roads and berming or dyking
at several locations within the Community of Steady Brook,

ii) Individual flood proofing of structures located in flood
fringe areas currently susceptible to potential flood
damages.

7) The most attractive non-structural measures for reducing flood
losses presently appear to be:

i) Implementation of floodplain regulations to prevent devel-
opment in flood susceptible areas.

ii) Review and improve the operational policies of the Grand
Lake Dam such that the usefulness of this structure in
reducing downstream flood peaks is improved,

iii) Implementation of a flood warning system to be used in
conjunction with modified operation of Grand Lake,



Xifi

Main Recommendations

1)

2)

4)

5)

The 1:20 and 1:100 year flood profiles and associated flood-
plains as delineated on topographic maps at a scale of 1:2500
should be adopted and utilized for future regulation of develop-
ment along the Humber River and Steady Brook,

The S5SARR model should be adopted and utilized for real-time
flood forecasting along the Humber River. A real-time
(telemetered) data collection system for discharge and meteoro-
logic data should be implemented in the watershed for flood
forecasting purposes.

Additional feasibility investigations should be undertaken in
order to determine the cost-benefit ratio for possible structur-
al flood control measures within the Community of Steady Brook.

Investigations should be undertaken to determine the potential
for modifying the operational policies of the Grand Lake Dam in
order to improve the usefulness of this structure in reducing
downstream flood peaks.

Additional hydrotechnical studies should be carried out in the
areas of South Brook, Bell's Brook and Governors Point in order
to better define the potential flood risk in these areas.
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INTRODUCTION

General

Historically, the development of urban centres in many areas of Canada
including Newfoundland, has taken place on flood prone lands. These
lands were developed by the first settlers because of their agricultural
productiveness and, in some cases, so that the river could be utilized as
the main transportation route. These early uses of the floodplain have
evolved into present day highly urbanized communities which still attempt
to utilize floodplain lands. An increasing trend towards urban develop-
ments in Canada has resulted in an increased potential for higher flood
losses. A nation-wide survey of potential flood hazards (8)* has indi-
cated that more than 200 communities in Canada have some developments
located in flood hazard areas., In particular, the serious consequences
of flooding in Newfoundland and more specifically, in the Steady Brook
area have been well documented in a number of reports (17,23,40,41).

There is continuing pressure to develop additional lands in the Steady
Brook floodplain areas, as evidenced by recent attempts to provide some
form of flood and erosion control along parts of the Humber River and
Steady Brook. The development pressures have led to an increased
potential for future flood losses in the Steady Brook and Humber River
floodplain. However, structural measures to provide protection are very
costly to construct and do not provide absolute protection from flood
damages. In addition, structural measures to provide flood protection
tend to invite additional development in the floodplain. Controls to
prevent development in the flood prone areas are a more desirable means
for reducing the potential for increased flood losses in the future.

On May 22, 1981, the Province of WNewfoundland and the Government of
Canada entered into a General Agreement Respecting Flood Damage Reduc-
tion. The main objective of this Agreement is to reduce the potential

Note: * (8) Number{s) in brackets denote sources given in the list of
references.
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for flood damages in floodplains and along the shores of lakes, rivers
and the sea. This Agreement also recognizes that the potential for
future flood damages can be reduced by controlling the development in the
areas prone to flooding.

The General Agreement Respecting Flood Damage Reduction allows the two
levels of government to enter into a number of other agreements on speci-
fic aspects of flood damage reduction, including but not limited to; land
use planning, flood proofing, flood risk mapping, flood forecasting,
flood control works and flood studies,

To provide for the identification and delineation of flood prone areas in
Newfoundiand, the "Agreement Respecting Flood Risk Mapping" was also
signed on May 22, 1981. Under the terms of this agreement, a number of
flood prone areas in the Province are to be mapped and flood risk zones
delineated and ultimately designated as areas where the Federal and Prov-
incial governments will agree to restrict their funding of new develop-
ment. These agreements were amended in May, 1983 and a related "Studies
Agreement"” was signed in June, 1983. (In this report, projects completed
under these agreements are referred to as work done under the C(Canada
Newfoundiand Flood Damage Reduction Program; abbreviated to CNFDRP.)

The reach of the Humber River from the outlet of Deer Lake to 0.5 km
downstream of its confluence with Steady Brook and the portion of Steady
Brook downstream of the falls was considered to be of high priority in
regard to the potential for reducing future flood losses and is one of
the first areas in the province to be studied in detail under this
program, Subsequent to this investigation, future work may be required
to provide structural or non-structural measures for flood damage reduc-
tion and/or to provide regulations for preventing future development in
flood prone areas.

The primary purpose of the present study was to determine flood discharge
and water levels and to identify flood prone areas and possible remedial
measures along the Humber River and Steady Brook.
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Authorization and Scope of Study

The agreements previously mentioned provide for the establishment of two
committees; the Steering Committee which is responsible for general
administration of the agreements and the Technical Committee which pro-
vides technical support to the Steering Committee. On June 10, 1983,
Nolan-Davis & Associates Limited, in association with Cumming-Cockburn &
Associates Limited were commissioned by the Newfoundland Department of
Environment on behalf of the Steering Committee to undertake a "Hydro-
technical Study of the Steady Brook Area". As described in the Terms of
Reference (10), the main objective of this investigation was to develop
the 1:20 and 1:100 year recurrence interval flood hydrographs and associ-
ated backwater profiles for the study area.

The scope of the study is described in detail in the Terms of Reference
(10) and is summarized by the following points:

1) Review of background information to characterize the flooding prob-
Tem

2) Evaluate the significance of various factors affecting flooding in
the Steady Brook area

3) Design, coordinate and manage a field program for the purpose of
collecting hydrologic and hydraulic data for calibration and vali-
dation of models

4) Determine 1:20 and 1:100 year recurrence interval open water flood
discharge and backwater profiles for:

- the Humber River from the Deer Lake outlet to 0.5 km
downstream of its confluence with Steady Brook
- Steady Brook downstream of the water supply pump house.

5) Produce the 1:20 and 1:100 year flood profiles and plot the 1:20
and 1:100 year recurrence interval flood lines on topographic maps
to determine the areal extent of flood prone areas

6) Undertake sensitivity analyses of peak flow estimates and backwater
profiles

7) Assess the significance of ice jamming, debris jamming and other
hydraulic factors affecting flood lines
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8. Identify possible remedial measures for flood damage reduction
which may be analysed as reguired in possible future phases of the
flood hazard investigations.

Study Area Description

The general location of the study area is depicted on Figure 1.1. The
Community of Steady Brook is located on the south bank of the Humber
River between Corner 8rook and Deer Lake. The upstream drainage area is
comprised of the Humber River system which has a drainage area of over
7800 kml to Steady Brook. The Humber River watershed is drained primar-
ily by two main branches; Upper Humber River and Grand Lake. The Upper
Humber River is relatively large (over 2100 kmZ to its outlet at Deer
Lake) and remains in a relatively natural state (with respect to both
land use and streamflow regulation). The watercourse originates in the
north in Gros Morne National Park and flows in a southerly direction
eventually outletting into Deer Lake. The subwatershed representing the
discharge from Grand Lake can also be characterized as being relatively
Targe (over 5000 kmz). A significant portion of this subwatershed con-
sists of Grand lake itself, which 1is used to produce hydroelectric
power. The outflow from Grand Lake discharges to Deer Lake which i1s an
unregulated natural reservoir. Downstream from Deer Lake, the water-
course flows in a southwesterly direction to the Gulf of St. Lawrence.

As previously discussed, a portion of the study area consists of flood-
plain lands adjacent to Steady Brook. This is a relatively small water-
course which drains an area of 81.4 kmz, and outlets into the Humber
River at the Community of Steady Brook.

A large portion of the historical flood damages along the Humber River
have occurred in the low-lying portions of the Community of Steady Brook,
due to flood «conditions on both the Humber River (which can
occur at any time of the year) and Steady Brook (which occurs primarily
during spring runoff). |
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Overview of Study Methodology

The accurate determination of 1:20 and 1:100 year flood profiles along
the study area depends on several hydrologic and meteorologic factors,
including the following:
- historical flood conditions in the study area
- climatologic and hydrologic characteristics of the Humber River and
Steady Brook watersheds
- peak discharge rates associated with the 1:20 and 1:100 year recur-
rence interval floods
- hydraulic characteristics of the channel and floodplain in the
vicinity of the study area
- upstrean requlation of flow along the Humber River system,

The complex interrelationships between the above mentioned factors have
been considered in the course of undertaking these investigations.

The first step in the investigations was the collection and review of
available background information and existing data on climatologic and
flood flow characteristics. This information is briefly summarized in
Chapter 2.0, entitled, "Background Information".

The next step was the determination of appropriate 1:20 and 1:100 year
peak discharge rates, including the effects of upstream storage. In
order to determine the 1:20 and 1:100 year peak flows and associated
water levels, it was necessary to simulate the hydrologic response of the
entire Humber River watershed for flood conditions. This was undertaken
for the Humber River using the SSARR model, as described in Chapter 3.0.
Computed peak flows were also compared to secondary estimates undertaken
by statistical techniques, as described in Appendix B and discussed in
Chapter 3.0. Peak flow estimates for Steady Brook were undertaken by
statistical techniques, and compared to secondary estimates undertaken by
the HYMO model as described in Section 3.3.
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The peak flow estimates were then converted to flood water levels (pro-
files) along the study reaches by means of a computer model of hydraulic
characteristics, The hydraulic investigations were undertaken along
those reaches of the floodplain and channel of the Humber River and
Steady Brook as indicated in Figure 1.2, This 1is discussed in Chapter
4,0 including model calibration, verification and sensitivity testing of
the most important hydraulic parameters. Supporting information descri-
hing the field surveys which were undertaken to provide input for set-up
and testing of the computer models is described in Volume II which is a
supplementary report.

Finally, the extent of the flood hazard area was plotted on copies of new
topographic mapping for the study area. It was then possible to identify
possible remedial measures which might be considered in more detail in
the future for alleviating the potential for future flood losses., These
measures are identified in Chapter 5.0.

As required by the Terms of Reference (10), the documents entitled,
"Hydrologic and Hydraulic Procedures for Flood Plain Delineation" (24)
and "Surveying and Mapping Procedures for Flood Plain Delineation" (31),
developed by Environment Canada were used as basic guidelines throughout
the course of these investigations.
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BACKGROUND INFORMATION

Summary of Historical Floods

Documentation on historical floods along the Humber River covers the
period 1944 to present., Table 2.1 presents a summary of flood suscept-
ible areas along Steady Brook and the Humber River, together with an
indication of the extent of damage and the cause of flooding. (Addit-
ional discussions concerning historical flooding in the Steady B8rook
area are provided in Appendix A.)

With reference to Table 2.1, it is evident that the majority of damage
producing flood events have been associated with rain on snowmelt condi-
tions, However, it is also evident that flocod damages can occur as a
result of heavy rains in the summer or fall. The approximate locations
of these historically flood sensitive areas are depicted graphically on
Figure 2.1,

The earliest records of flooding along the Humber River suggest that
flood damages have predominantly occurred in the vicinity of Corner
Brook, To a lesser degree, the areas of South Brook, Bell's Brook and
Governors Point were also found to be historicaliy sensitive to periodic
flocding, Based on these findings, it is recommended that detailed
hydrotechnical studies should also be carried out in these areas to
better define the potential flood risk.

In recent years, the Community of Steady Brook has also been subjected
to severe flooding (post 1970). The increased frequency of damage
reports in recent years may be indicative of additional development of
floodplain lands,

It is alsoc noted that the effect of ice and debris jamming along Steady
Brook may increase the flood risk to this area,

Furthermore, long-time residents of the Community of Steady B8rook
believe that the more significant flooding in recent years corresponds
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to the construction of the Trans Canada Highway on the southern shore of
the Humber River, It is alleged that partial infilling of the channel
has caused a backwater effect resulting in increased flooding in the
Community just upstream,

The Humber River has been used for transporting logs for a number of
years. As a result of the logging operations, long term residents have
also complained about the accumulation of logs and debris in the channel,
especially just upstream of the old log boom piers, This may be result-
ing in increased flood levels in the vicinity of the Community of Steady
Brook,

Previous Studies

General

A number of investigations documenting flood conditions in the Humber
River watershed have been completed in recent years, and have found that
the predominant cause of flooding has been excessive rainfall during the
spring months, leading to rapid snowmelt and peak flows resulting in
flooding at various locations.

Existing regional flood frequency studies on peak flows for the island
portion of the Province were useful in providing an overall assessment of
flood characteristics in the area (11,27,44), This information indicates
that peak flows along the Humber River frequently exceed the channel cap-
acity, requiring use of additicnal conveyance capacity in natural flood-
plain areas,

Shawmont Report

A report pertaining to the high flows in the Humber River system during
May 1969 was undertaken by Shawmont Newfoundland Ltd. (50). This report
discusses the causes and effects of the high levels and flows on the
Humber River system during that time period. In addition, the impacts
and effects of the Bowater Power Company hydroelectric development on
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Grand Lake were also analysed with respect to the May 1969 flooding. The
report concludes that if the hydroelectric plant had not been built, then
the flooding, past and future, would be, or would have been, at least as
severe and most probably more severe than with the development of the
storage system. These statements apply equally to Deer Lake and the
reach of the Humber River between Deer Lake and at least as far down-
stream as Steady Brook. With respect to the period of high flows, which
occurred in May 1969, it was concluded that the hydro development had a
beneficial effect on the water levels and flows downstream from Deer
Lake. It was also concluded that the addition of the Indian Brook Diver-
sion had a negligible influence on flooding at downstream locations.

MacLaren Report

Some flooding at the Community of Steady Brook has been attributed to the
construction of the Trans Canada Highway on the southern shore of the
Humber River. Two reports entitled, "Humber River Flooding at Steady
Brook" were completed for the Newfoundland Clean Air, Water and Soil
Authority in 1972 (40,41), The first investigation consisted of a review
of the report by Shawmont Newfoundland Ltd. undertaken for the Bowater
Power Company Ltd. subsequent to the 1969 flooding at Steady Brook (50}.
This review confirmed several of the findings previously stated in the
Shawmont study, and recommended an additional study to determine the fac-
tors contributing to periodic flooding of the Steady Brook area and to
investigate the feasibility of remedial works which would alleviate
undesirable conditions. The second investigation included peak flow
estimates and determination of flood profiles culminating in the identi-
fication of the areal extent of the 1:60 year floodplain (40). The
effect of infilling a small part of the Humber valley section during con-
struction of the Trans Canada Highway on flood levels along the Humber
River was also assessed, and was reported to be relatively insignificant,

Various structural alternatives, ranging from major schemes such as up-
stream storage, and widening of the channel, to more localized alterna-
tives such as dykes and floodproofing were discussed for reducing flood
damages. An analysis of the cost of these measures and their potential
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to reduce the physical extent of the hazard was also addressed. Non-
structural measures were assessed on a similar basis (such as development
of an early flood warning system), although the discussion was substan-
tially more qualitative in nature, compared to the assessment of possible
structural modifications. It was generally concluded that the most cost
effective means of reducing the flood potential along the Humber River
would be floodproofing or relocation of highly flood susceptible struc-
tures, or the refinement of operating policies at the Grand Lake control
structure to restrict outflows to the downstream reaches.

Department of Enviromment Report

Subsequent to high flows in the Grand Lake system during May 1981, the
Department of Environment undertook an investigation on the flooding of
the area. This preliminary report (17) briefly reviews the recurring
flooding problem experienced by the residents of the Humber Valley and
the reservoir operational requirements of the Bowater Power Company. The
investigation concludes that the Steady Brook area is prone to flooding
even without any contribution from the Main Dam spillway as the Humber
River channel capacity is only about 25,000 cfs (708 m3/s). Other find-
ings were that the requlatory effects of the reservoir may be significant
for small floods, but for relatively large floods, the effects were
insignificant. [t was also pointed out that in certain hydrologic situa-
tions and operational schemes, the Grand Lake reservoir may have adverse
downstream effects, Recommendations included the completion of flood
risk maps for the area and the implementation of a flood warning system.
[t was also recommended that upgrading be undertaken on existing hydro-
metric stations and the snow survey program,

Enviromment Canada Report

Finally, a report on historic flooding in Newfoundland was recently com-
pleted by Environment Canada, and includes perspectives on flooding along
the Humber River study area (23). The general findings in regard to his-
torical flooding in the study area are summarized briefly in Table 2.1,
and discussed in Section 2.2. The existing studies on the hydrologic,
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hydraulic and climatic characteristics of the Humber River and Steady
8rook basins have confirmed that a high potential exists for future flood
losses in the study area, particularly within the area of the Community
of Steady Brook itself,

Existing Data

Meteorological Data

Background information describing climatic characteristics of the Humber
River watershed is available from the Atmospheric Enviromment Service and
other agencies such as the Newfoundland Department of Environment (16,
34) .

The period of record of climatological data available within and in the
yicinity of the Humber River watershed is summarized in Table 2.2. With
the exception of several stations for which no records were available on
magnetic tape {see Table 2.,2), all of this data was obtained from the
Atmospheric Environment Service for use in the hydrologic investigations
of the Humber River watershed, This data includes the following six
meteorological parameters:

- daily maximum temperature

- daily minimum temperature

- daily mean temperature

- daily total rainfall

- daily total snowfall

- daily total precipitation

Table 2.2 summarizes graphically the period of record available for mete-
orologic stations which are located in and adjacent to the watershed.
The location of the meteorologic stations which were included in the
hydrologic modelling analysis are also shown on Figure 2.2. It should be
noted that the selection of applicable stations was based on several fac-
tors including adjacent physiographic and hydrometeorologic characteris-
tics and available record length.
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Table 2.3 summarizes average meteorological parameters for several selec-
ted locations.

The annual average daily temperature within the study area varies from
2.7°C at Buchans to 5.1°C at Corner Brook, The mean monthly temperature
is below freezing for the period of December through March., The warmest
period is from July to August when the average daily temperature ranges
between 15° to 17°C. The total annual precipitation varies between 990.8
to 1199.7 mm as determined from the meteorologic data summarized in Table
2.3. It is evident that the greatest amount of precipitation occurs
along the west coast and upland areas of the Long Range Mountains and the
Topsails, possibly due to orographic effects (34).

Additional information concerning a frequency analysis of rainfall inten-
sities, etc. is discussed in Appendix D. The available data base is con-
sidered to be sparse, but the guality of existing data was found to be
suitable for the purposes of this investigation. Locaticns for addition-
al meteorological stations which may be required for future flood fore-
casting are discussed in Appendix 8,

Snow Survey Data

Snow course data are collected by Environment Canada and the Bowater
Power Company (29) near the locations indicated on Figure 2.2. To date,
snow course data have been collected for the winters of 1954 to 1983, A
summary of available snow cover data for the study watershed is presented
in Table 2.4, Snow cover was found to be highly variable, and frequently
in excess of 100 cm depth,

About 20 locations are monitored anually by the Bowater Power Company
with only one set of snow cover measurements taken at each lTocation, usu-
ally during the month of March. While this information may be adequate
for estimating total runoff volumes for the purposes of power production,
more frequent measurements should be taken for the purpose of providing
additional input for calibration and verification of flood forecasting
techniques.
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2.3.4

Field surveys of channel and floodplain characteristics were carried out
in the lower reaches of the study area as part of previous investigations
of flood characteristics along the Humber River {(40). This included the
collection of channel and floodplain cross-sections, determination of the
stream channel profiles, and measurements of bridges and hydraulic struc-
tures. However, due to possible sedimentation and erosion processes and
the resulting changes in cross-sectional properties since the time of the
survey, it was necessary to update this information as part of the pres-
ent investigations, as described in Section 4.,2.1.

For example, a comparison of cross-section measurements from these sur-
veys (undertaken in 1972 and 1983 respectively) indicates that some eros-
ion and sedimentation has occurred in the reaches downstream of the con-
fluence with Steady Brook. However, these changes were found to be minor
in nature and had not significantly altered the hydraulic configuration
of the river channel,

Hydrometric Data

Streamflow data at several locations within the Humber River watershed
are collected for the hydrometric stations noted in Table 2.5 by the
Water Survey of Canada*. The hydrcmetric station locations are shown on
Figure 2.2,

Station 02YLOO3, the Humber River at Humber Village, measures discharge
from most of the watershed upstream of the study area. However, the
short period of record currently available at this Jocation precludes a
rigorous statistical analysis of peak flows for the study area,

Water level records and rating tables are also available at all hydro-
metric gauge locations,

NOTE: * Hydrometric stations are operated under the Canada-
Newfoundland Hydrometric Survey Agreement
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[t has been noted that, due to diversions within some upstream subwater-
sheds, and changes tc the operating policies of Grand Lake, the hydro-
Togic response of the watershed draining to the study area may have
changed. Therefore, an analysis was undertaken (see Section 3.0) to
determine if the available long term hydrometric data requires any
adjustments or modifications to ensure that it represents present condi-
tions.

From an analysis of the available hydrometric data, it was found that,
for all practical purposes, the annual maximum mean daily flow is
equivalent to the annual maximum instantaneous flow along the Humber
River, This was also substantiated by utilizing deterministic simula-
tion techniques {see Section 3.0).

Some information on the characteristics of tides is also available near
the confluence of the Humber River with the Humber Arm at Corner Brook,
Tidal information is published by the Canadian Hydrographic Services,
Department of Fisheries and Oceans (33), Corner Brook is referred to as
a secondary tidal port where tidal information is given in relation to
the primary tidal port at Harrington Harbour on the eastern coast of the
Gulf of St, Lawrence. Relevant tide characteristics are summarized in
Table 2.6.

Ice Cover

While little information on ice characteristics is available for the
study area, some data on extent of ice cover 1is available through the
Water Survey of Canada. Similarly, some historical documentation of ice
related flood events is available through local agencies and Newfound-
land Department of Environment, However, this data is sparse and is
available only in a gualitative form such as photographs of some ice
related flood events and newspaper articles commenting on ice jams, [t
is recommended that additional data on ice characteristics and ice
thickness should be collected in the future.
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Surficial Geology

The surficial geology within the Humber River watershed ranges from bed-
rock outcropping, areas of glacial tills, and areas of sands and gravels
to areas of organic soils, Figure 2.3 illustrates the major subdivision
of soil types found within the watershed,.

Based on the available information, the most common type of surficial
geology is exposed bedrock which forms extensive rock plains, knolls and
ridges throughout most of the watershed. The rock, in most cases is
covered by a thin veneer of till soils or concealed by vegetation of
either forest, scrub or peat bog. The area that comprises the highlands
of the Long Range Mountains, Topsail Uplands and Burlington Peninsula is
mostly exposed with rock talus or calluvium occurring on the mountain
slopes.

The glacial tills found throughout the watershed demonstrate consider-
able variability in thickness. These soils are found as a thin veneer
or extensive moraine deposit overlying the bedrock. The composition of
the tills vary from grey silty sand or sand silt within the Long Range
Mountains and Topsail Uplands, and red clayey silt within the Humber
River VYalley. There are various local areas of till cover which are
comprised of unsubdivided deposits of ice contact sand and gravel. In
general, the composition of all tills closely reflect the lithology of
the underlying bedrock (34).

The sand and gravel deposits found within the study area are outwash and
fluvial in origin and are generally confined to stream and river vall-
eys. The major sand and gravel deposits are found in the Deer Lake,
Upper Humber River Valley, and the Sandy Lake and Birchy iLake areas.
Additional buried deposits of sand and gravel occur at various points
interstratified within the till deposits.

Peat deposits are found commonly throughout the watershed in areas with
poor surface drainage. These deposits occur extensively on the barren
Topsail Uplands Jjust south of Grand Lake. Peat accumulations in the
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form of high moor bogs and string bogs are found on the highland plat-
eaus of the Long Range Mountains. Peat deposits can attain thicknesses

of several metres overlying bedrock or till deposits,

The soil types in the watershed are generally not suitable for agricul-
tural uses due to excessive soil moisture, and adverse relief because of

steepness or pattern of slopes, stoniness and shallowness to bedrock.

Forest Cover

The study area is located within the Boreal Forest Region of Canada
(47). The Boreal Forest Region can be further divided into two sub-
regions, Predominantly Forest Boreal Region and Forest and Barren Boreal
Region. Both of these subregions are found within the Humber River
watershed. The characteristic dominant species include White Spruce,
Black Spruce, Balsam Fir in association with Tamarack, White Pine, White
Birch, Yellow Birch, Trembling Aspen and Balsam Poplar.

The forest cover within the study area can be divided into four major
classes; mature forest, scrub lanmd, barren and peat bog. Figure 2.4
illustrates the forest cover for the watershed.

Mature forest is the most common forest cover c¢lass within the study
area. The densest mature forest cover generally occurs where the gla-
ctal tills are the thickest above the bedrock. However, most of the
forest within this class is fairly sparse due to the thin veneer till
sails and exposed bedrock. The dominant tree species within this class
is Balsam Fir and Black Spruce, with White Birch, Trembling Aspen and
Balsam Poplar also being found. In general, sparse mature forest cover
is found in all subwatersheds. The most densely treed area within the
watershed is located downstream of Deer Lake to the Community of Steady
Brook where Balsam Fir and Black Spruce dominate with softwood scrub
land, White Birch and peat bog also being found,

The remainder of the study area is comprised of softwood and hardwood
scrub lands, rock barrens and peat bogs. The vegetation classes follow
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closely the soil type, soil depth and moisture regime, Therefore, the
vegetation groups are usually small in area and are well scattered.
Peat bogs are found in plateau depressions within the highlands and
along river valleys and around lakes within the lowlands.

Operation of Reservoir System

At present, there are a total of three major reservoirs (Grand Lake,
Deer Lake and Hinds Lake) within the Humber River system. Two of these
reservoirs (Grand Lake and Hinds Lake are operated almost exclusively
for power production with some consideration to flooding. The Bowater
Power Company has had the rights to use Grand Lake for power production
since the early 1900's. The Hinds Lake dam is relatively new (1980) and
is operated by the Newfoundland and Labrador Hydro. Deer Lake is a nat-
ural reservoir Tlocated downstream from Grand Lake and operates under a
free flow condition. A number of other small natural ponds and Tlakes
located within the watershed have relatively little impact on the magni-
tude of peak flows along the Humber River,

The outflow from Grand Lake can be any combination of the following:

- power house penstocks; usually a uniform flow of about 198 m3/s
(7000 cfs)

- main dam spillway; overflow during peak events

- log sluiceway; discharge rates up to about 1.5 m3/s (53 cfs)

In the past, there have been a number of significant alterations to the
Grand Lake watershed. The changes with the most significance to the
present study include the diversion of 238 km¢ from Indian Brook to
Birchy Lake (directly connected to Grand Lake) with minor return flow to
Indian Brook, and the regulation of Hinds Lake for hydroelectric genera-
tion in 1980. Minor adjustments in the natural storage on Sheffield
Lake and Little Grand Lake were made during the 1966 drought.

In order to operate the Grand Lake and Hinds Lake power stations effici-
ently, the water levels are maintained at target elevations as specified
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by reservoir rule curves for Grand Lake and Hinds Lake (see Figure
2.5). However, it should be noted that due to the unpredictable nature
of inflows to Grand Lake, and the absence of an accurate flood forecast-
ing technique, tne rule curves are only used as rough estimates for res-
ervoir levels. At the highest target elevations specified on the rule
curves, the potential storage of Grand Lake and Hinds Lake is 1.72 x 106
dam3 and 2.68 «x 10% dam3 respectively. However, based on a number of
previous studies (40, 36), it is evident that the effects of the reser-
voir are small in reducing peak discharges downstream from Deer Lake due
to inflows from the Upper Humber River,
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TABLE 2.1

Historical Summary of Flooding

Date

Sept. 14-16, 1944

Oct. 4-5, 1944

Nov. 16, 1944

Nov. 4-5, 1945

May 18-19, 1948

May 21-30, 1969

May 22 - June 3,
1970

Nov. 24-26, 1970

Feb. 14-15, 1971

in the Humber River Basin

Cause

deavy rain (2.92 inches
{74.2 mm) of rain at
Ceer Lake)

High winds, heavy
rainfall

Autumn gale

Heavy rain

Heavy rain, snowmelt

Rain, melting snow

Heavy rainfall, debris
blockages

Heavy rains

Rain, melting snow
and ice, ice jams

Description/iLocation

Railway reported to nave taken
precautions to prevent wasnouts
from Grate's Point to Humber-
mouth,

A section of the Newfoundland
Qailway (east of Humbermouth)
washed qut,

Grand Lake reported to be high
and waves created by gale
resulted in a railway washout
at Sandy Pond dump.

Storm weekend with heavy rain
caused three minar washauts on
raitaay line at South Breook,
Harry's Brook, and Humbermouth,

Rivers and Brooks on West Coast
reported to be in flood. Rail-
way washout at East Humbermoutn

Sevaral homes along Humber
River from Corner Brook to
Nicholsville were inundated,
Highways were blocked for a
period of time.

Several streets in Carner Brook
inundated, Majestic Brook
overflowed jts banks. Culvert
blockages at Braxes Cove resul-
ting in flcoding of CAR
crossing.

[n Corner Brook, catchbasins
blocked and many basements
flooded. C.N. tracks washed
oul in Mount Morish area,

In Corner Broox, some roads
washed out and many basements
flooded,



Date

Mar. 9-10, 1972

May 15-18, 1972

Nov, 27-28, 1972

Dec. 7-8, 1972

Feb.2-3, 1973

June 23-24, 1973

Aug. 1-4, 1973

Sept. 12-13, 1974

Sept, 21-22, 1975

Dec. 22-25, 1975
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TABLE 2.1 {cont'd)

Cause

Rain and mild
temperatures

Spring runoff accompan-
jed by rainfal

Rain, mild tempera-
tures, melting snow

Heavy rain

Mild temperatures,
rain, melting snow
and ice jams

Heavy rain

3-day heavy rainfall

Heavy rainfall

Heavy rainfail

Rain, snow and unseasan-
ally high temperatures

Description/Location

[n Corner 3rook, blocked cul-
varts and starm drains resulted
in damages to streets and city
progerty.

Section of TCH inundated west
of Corner Brook. Child drowned
in swollen brook behind her
home in Corner Brook, Several
homes flooded at Steady Brook.

In Corner Braok, drainage syst-
ens overtaxed. Bell's & Petrie
Brooks overflowed their banks
resulting in inundation of some
streets and basements,

Bell's Brook overflowed inun-
dating praperty on Walbourne's
Road, Corner Brook.

Minor washouts cn several gra-
vel roads throughout Corner
Brook.

Considerable damage to Corner
3rook streets,

Carner 8rook Stream and Bell's
irook overflowed resulting in
some inundation. South Brook
near Pasadena in flood and
probiems also occurred at Blue
Gulch Brook.

A home on Qld Humber Road,
Corner 8rook was inundated,

[n Corner Brook, storm sewers
and ditches couldn't cope with
runoff, Flooded streets, base-
ments and washouts resulted.

In Corner Brook, storm damages
reported to be extensive to
city streets.



Date

Jan, 27-28, 1976

Mar, 21-23, 1976

Jan, 4-5, 1977

Mid-January, 1977

Jure 8-10, 1977

Mav. 18, 1977

Dec. 11-12, 1977

Dec. 27-29, 1977
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TABLE 2.1 {cont'd}

Cause

Rain, melting snow and
ice jams

Rain, melting snow and
ice with blockages

Ratn, snow and
melting snow

Heavy rainfall and thaw
Spring runoff, three

Main Dam gates opened

Power outage tripped
emergancy spillway

High tides and strong
onshore winds

High temperatures,

Description/Location

In Corner Brook, several road
washouts reported. Homes in
Frenchman's Cove, Benoits' Cove
and Lark Harbour damaged by
flood waters, Steady Brook re-
ported to be clogged with ice
causing inundation of 4 homes
and threatening another 10,

In Corner 8rook, flooding of
city streats, businesses and
private property was reported.
Roads flooded in Frenchman's
Cove area, Secticn of TCH
inundated at Duncan's Brook,

[n Corner Brook, blocked catch-
basins resulted in some flood-
ing.

At least two homes in Steady
Brook inundated.

Tnundation of homes, roads and
yards reported at Steady B8rook.

Heavy spilling of water result-
ed 1n inundation of TCH at
Spillway Brook ¢losing the
highway for a period of time.

Bay of Islands, Cox's Cove,
Lark Harbour and Frenchman's
Cove reported damages due to
inundation,

In Corner Brook, several roads
were damaged and some homes
were inundated. Guard rails
and hydro poles along the
Humber River were left with
little support as the flood had
eroded tons of earth. The TCH
was reported to be inundated at
Little Rapids & near Birchy
Lake,



Date

Jan, l4-158, 1978

May 17-20, 1978

March 6-9, 1979

July 17-20, 1979

Nov, 4-7, 1979

Aug. 10-11, 1980

Feb. 3-4, 1981

Feb, 12-13, 1981
Yay 8-16, 1981
May 4-10, 1982
April 20 -

May 10, 1983

Aug. 10-19, 1983

TASLE 2.1 (cont‘d)

Cause

Rain, melting snow
and rafting ice

Spring freshet unseason-

able temperature

Rain, melting snow and
debris blockage

Heavy rainfall, debris
blockages

2 days of heavy rain

Heavy rainfall

Heavy rain, melting
snoa and ice, and some
blockages

Rain

Spring rains, main
dam gates open

Spring runoff

Heavy rains and
snowmel t

Heavy rainfall

Description/Location

Streets damaged in Corner Brook
Minor flooding of highway at
Gillams {north shore Bay of
[stands). 8locked culvert at
Little Rapids resulted in
overflow of TCH.

Properties at Steady Brook were
reported to be inundated,

in Corner Brook, some flooding
of basements and minor road
danage reported. Corner frook
Stream reported to be high,

In Corner Brookx, a few minor
washouts occurred,

Flooding and rockslides report-
ed at several locations on west
Coast. Problem area was repor-
ted to be TCH at Gallant's Hill
near Gegrge's Lake,

r Corner Brook, minimal damage
raported to city streats, One
family forced to vacate their
flocded basement apartment.

[n Corner 8rook, 20-25 washouts
aerg reported, The 3urgeo Road
also reported to be inundated.

Minor flooding reported in
Corner Brook.

Properties inundated in
Nicholsville, Steady Broox as
as well as other communities,

Some property flooding was
recorded in the Community of
Steady Brook.

Minor flooding in the Steady
Brook area and along the Humber
Yiver downstream of Deer Lake,

Many properties were noted to
ba partially under water along
Steady Brook and the Humbar
Qiver.
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TABLE 2.2

Summary of Record Pericd of Available Meteoralogical Data

Staticn
Nos . Name
B400300 Badger
B400301 ==+  Badger (Aut)
RB400350 3aie Verte
B400698 Buchans
3400699%* Buchans
3400709%* Buchans A
B4GNg12%+ Burnt Pond
B401300%* Corner 8rack
234012302 Corner Brook
Avalan
Ba01305* Caorner Brook
Lake
84015004 = Deer Lake
B401501#~ Deer Lake A

Lat,

44

49

48

43

48
48

49

49

59

58

56

50

51

10
57

57

52

10

13

Long.

56

56

&6

56

56

56

56

57

57

57

57

57

57

03

04

12
11

50

21
57

57

52

26

24

Pariod of Record

Began Ended
fear ¥onth Year  Montn
1955 08 1956 Q6
1956 06 1963 09
1964 10 1964 1
1965 0a 1966 0%
1966 10 1667 04
1971 06 1971 12
1972 a1l tc date
1958 06 1962 12
1963 08
1965 07 1967 06
1968 05 1973 03
1973 10 to date
1937 01 1938 06
1938 1 1947 01
1943 1 1945 12
1946 01 1951 12
1952 01 1360 08
1960 09 1965 06
1972 a7 to date
1932 Q4 1936 12
1937 02 1842 03
1943 04 1952 04
1952 05 to date
1960 06 1963 0l
1933 04 1936 09
1936 11 1937 08
1933 03 1936 08
1936 10 1952 04
1952 05 to date
1965 07 1965 10
1365 11 to date
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TABLE 2.2 (cont'd)

Pericd of Recard

Statian Began Ended
NOs., Name Lat, Long. Year Yonth Year ¥onth
B401550 Exploits Dam 48 46 56 36 1956 06 to date
8402060 Gull Pond 49 12 56 08 1964 B 1965 08
56 09 1965 09 1967 05
56 09 1967 10 1971 11
3402065 Hampoen 49 33 56 52 1958 C6 1962 a7
3402415+ Hawley 49 11 57 Q6 1934 11 1935 Q5
1937 02 1944 06
B402755 Millertown 49 00 56 21 1934 11 1934 12
1935 01 1946 07
B4Q3096 Rocky 49 135 57 55 1972 07 1976 10
Harbour 1976 11 tg date
8403700 Springdale 49 30 56 05 1955 07 1961 08
1961 08 to date
8403800 Stepnenyille 48 32 58 33 1942 02 1967 a5
A 1967 06 1968 o
1968 01 1968 95
1963 06 1978 04
1978 05 to date
B402815 Stephenville 48 32 t8 26 1967 06 1967 11
{rossing

* data not available on magnetic tape
«* applicable meteoralogic data used in SSARR modelling analysis
#&%  data referred to 2s questionable by AES
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TABLE 2.3
Summary of Meteorologic Data for Selected Stations

JAN FEB MAR APR  MAY  JUN JuL AUG SEP  OCT NOV  DEC YEAR COCE
® CORNER BROOK

A°ST'N 57 57T'W 5m

Dmily Maximum Temparature -18 ~24 13 58 13 173 218 207 163 105 57 03 89 1
Daly Mirvmum Tamperature g4 101 44 -13 27 79 12.4 121 a0 36 01 -55 L) 1
Oalty Tempersture -5.1 -8.3 -2.8 2] 74 128 7.0 164 121 7 2.9 -2.8 51 1
Standard Deviaton, Daly Temperature 28 33 24 16 15 12 t5 13 Tt [ 15 22 09 1
Extrome Maximum Temparalure 53.0 128 189 19.4 272 333 4 M4 e 25.0 1.7 167 M4

Years ¢! Record 44 43 a5 a7 a7 ar 46 ar ER4 a7 ar a7
Extrema Msnimum Temparature 317 -7 294 -156 -72 A4 1 00 -28 -78  -161 -6 M7

Yaars of Record 44 43 45 a7 a5 47 46 47 ar 47 a7 45
Rainfall 28.7 154 242 283 58.1 740 738 ] 92.4 102.8 97 Jar 1222 1
Snowtal 104 4 138 579 250 48 02 0.0 00 Q0 6.3 88 997 4109 1
Totm) Precipitstion 131 3 82.1 2.2 830 T42 735 948 924 1003 1304 184 MRS 1
Standard Deviaton, Total Precipiaton M2 6.6 56 229 0.7 233 M3 380 40.4 40.9 46 4.7 1358 !
Grastest Raniall in 24 hours 358 28.7 470 490 450 523 45 724 826 798 6315 28 82§

Years of Racord a5 43 a5 47 46 a7 ag 47 a7 16 ar 47
Graatest Snowtail in 24 hours 403 610 6.7 280 178 25 00 00 T ‘65 kR a2 510

Yean of Record 45 43 45 a7 47 47 46 47 47 a7 46 LE
Greatast Precipranan in 24 hours 483 610 70 480 450 523 “s 72.4 82.6 79.8 64.5 432 3]

Yaars ct Recerd 35 43 4 47 46 47 a8 47 47 46 46 47
Days with Run 5 3 5 7 12 13 13 15 14 16 13 [ 122 !
Days with Snow 21 8 13 ] 2 " 0 0 0 2 9 9 90 1
Days with Preciodation 24 18 17 14 13 13 13 15 14 18 20 23 202 2

® BUCHANS A

A8 31N 530° 50'W 216 m
Daily Maximum Temparstuwre 43 46 -12 kA 160 170 212 195 51 29 37 -19 72 3
Daily Miramum Tamperature -121 -137 29 —-48 01 54 97 90 51 08 -29 -3 -19 )
Daily Temperature -8.2 2.2 5.8 0.8 5.0 1.2 154 14.3 10.1 4.9 04 5.6 2.7 [ ]
Standard Deviation, Daily Temperature 33 36 23 2 14 1.4 13 11 10 07 1t 19 o8 4
Extrams Maximum Temparature 83 78 "7 158 212 »nz M4 Wae 283 200 172 17 M4

Yaars ot ARecord 22 22 22 22 2t 22 21 20 21 21 22 21
Extreme Minimum Tamperature =33 -z W00 B3I -100 =22 11 -1 =33 -100 -158 -6 -2

Yaars of Record 22 22 22 22 21 22 2t 20 21 21 22 21
Raurdat ny 14.1 15.0 20 52.7 6851 7T 1001 gr7 95.7 772 373 @709 8
Snpwial 790 nr 592 s a4 2.1 (X4 ) 00 [+ 3+] 6.1 w2 831 Jss 9 ]
Total PrecipRation [ X} rey n.o 478 58.2 809 1 1001 9T 113 255 908 L]
Standard Ogvianon, Total Precpration Na 49 .7 08 26.6 219 aro 4.7 a0 381 389 432 16804 5
Greatest AgirtaR in 24 houry Ny 7.2 2.4 M5 450 I 48.0 640 87.1 82.2 B4 3 a9 843

Years ¢f Record 22 22 22 22 ] 22 21 20 21 21 22 21
Gregiest Snowfal mn 24 hours 43.2 827 233 8.7 10.9 15.2 00 0.0 T 145 173 251 62.7

Years ol Record 22 22 22 22 19 22 21 20 21 21 22 21
Greates! Precipitation in 24 hours 432 812 74 M 45.0 35 48.0 64.0 art az2 841 419 843

Years of Record 22 2 22 22 19 22 21 20 21 21 22 a1
Days with Rain 4 2 3 5 9 1 12 13 11 12 9 5 95 ]
Days with Snow 17 12 13 10 J 0 Q "] Q 2 8 16 81 8
Days with Precpnagon 13 13 14 12 1 1 12 13 1 12 15 17 160 8

Source: {(16) Dept. of Environment, Atmospheric Environment Service,
Canadian Climate Normals, "Temperature and Precipitation
1951-1980, Atlantic Provinces", Downsview, Ontario

NOTE: Units: Temperatures expressed in °C, Rainfall in mm and Snowfall in
cm
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TABLE 2.3 (cont'd)

JAN FEB MAR APA  MAY  JUN JUL AUG  SEP  OCT NOV  DEC YEAR COODE

@ DEER LAKE
410N ST 20'W 11m
Owsly Mauomum Tempersture -2.8 -3 o8 5.4 e 18.0 22t 210 162 10.3 52 08 ar 2
Caty Mantrmum Tempeératwe -108 -125 B4 -30 12 G4 10.9 W7 66 22 -15 -78 Q5 2
Deily Tempernture 4.3 -78 3.9 12 LX-] 12.2 18.8 15.8 1.4 6.3 1.0 —4.1 4.1 2
Standard Devation. Dely Tempecaturs 29 33 25 17 14 13 14 12 [ 08 [ 23 09 2
Extreme Maamum Tempeiature 133 123 170 230 278 nr hLY) 22 289 233 21t 167 356
Years of Record a6 a5 47 a5 46 45 48 44 46 45 a7 18
Extreme Mrsmum Tampeniture -339 =312 -350 -217 -106 —4 4 06 -22 -39 -4.9 -2086 -29.4 a7 2
Yeury of Reavd 46 46 a7 36 48 45 48 44 a6 a5 a7 a8
Rasnied 218 179 %8 M9 6319 763 182 1057 898 108.7 821 .z T4 § 2
Snowiad 70.0 528 469 262 29 T 0.0 a0 00 0 259 825 2902 2
Totel Pracipitation e To.7 ns 81.2 [N} T8 78.2 106.7 898 1128 1073 9.7 10XL1 2
Standard Deviaaton, Totasl Precspiahon e 429 20 280 205 353 54 X8 363 4049 54 e I e 1170 2
Greaiss! Rainfall in 24 hours 28.4 775 485 427 726 52 338 549 742 851 49 8 57 4 85
Years of Readd 45 46 6 26 45 43 48 44 4 44 47 a8
Greatest Snowisll in 24 hours 381 4«08 279 A8 157 79 T o0 T 212 452 358 45 2
Yoars of Record 45 a8 46 4§ 45 45 48 44 46 a5 a7 ag
Greaws! Precipdanon in 24 hours .1 B82.6 485 42.7 728 452 338 541 742 a5 49.6 57 .4 -CR]
Years of Record 45 48 46 a6 48 45 48 44 48 44 47 a8
Days with Ran 4 2 5 7 13 13 13 14 14 16 12 5 18 2
Oays with Snow 13 9 19 6 1 ¢ 0 [s} 0 1 H " 8 2
Days with Precpitaton 17 1 14 12 13 13 13 14 14 18 1] 5 168 2
@ ROCKY HARBOUR
49° 35N ST SS'W Tm
Oaity Maximum Temperature ~2.4 -3.1 0.4 48 10.3 18.0 197 19.1 t49 9.6 53 0.2 79 8
Qaeily Minimum Temperature [0 -3 -7.3 -22 2.1 72 s 118 73 3.0 -0.7 -50 05 8
Dally Tempersiure 4.7 -T2 -3.4 13 8.2 1.8 157 15.4 1.2 a4 23 -0 4.2 )
Swandard Osviation, Qally Temperature 29 20 2.4 1.4 18 1.4 1.8 06 t2 09 15 25 o8 8
Extrems Maxdmum Tempersture 155 133 172 200 25.0 7o 29.5 2re 26.1 206 18.3 18.7 2953
Years of Record B8 8 a 8 8 8 9 9 g 9 9 g
Extreme Minimum Temperkine -234 -T2 -256 -158 -a.1 -28 1.7 00 -1.7 -39 -130 -239 272
Yoars of Recory a8 8 a8 a 8 8 9 9 9 9 9 9
Aginial 92 18.2 0.5 39.0 737 830 93.4 106.4 998 1156 102.4 483 B855.5 a
Snowiall 84t %92 554 253 33 0.0 0.0 0.0 01 31 2r0 782 359 8
Total Precipitation 1294 T a2 a1 741 .7 04 1064 06 140 1209 1327 1887 [}
Standerd Deviation, Tolal Precipration 68.1 3.4 61.3 na M6 42,2 é18 4.9 4“5 498 58.5 585 232 6
Greatest Rainfal in 24 houre 41.9 229 X8 2.1 8.7 49.5 590 522 439 79.0 58.0 548 79.6
Years of Record 8 8 a 8 7 a 9 9 8 9 9 9
Qreatasl Snowiall in 24 hours 3355 4.0 305 140 14.% T Q.0 0.0 0.0 127 20.0 i) A5
Years of Record a 7 8 8 8 8 9 9 9 9 9 9
Qreates! Pracipitation in 24 howrs 457 M0 4 221 20.7 495 39.0 52.2 4.9 19.0 8.0 8r8 9.0
Yoars of Record a8 7 8 8 7 a8 9 9 8 9 9 9
Oxys with Rain 4 2 4 a 13 " 12 13 14 18 12 4 m 8
Oays with Snow 18 14 12 7 1 1] v} [+ [+ 1 7 18 76 8
Ourys with Precipitation 21 18 15 3 15 15 14 18 18 .+ 19 21 n 8

Source: (16) Dept. of Environment, Atmospheric Environment Service,
Canadian Climate Normals, "Temperature and Precipitation
1951-1980, Atlantic Provinces", Downsview, Ontario

NOTE: Units: Temperatures expressed in °C, Rainfall in mm and Snowfall in
cm
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TABLE 2.4

Snow Course Data

Years of Locaticn ¥ean Snow SO of Snow
Location Record Lat, Long. Depth* {cm) Depth**{cm)
Upper Humber River 17 49714 7/22 66.9 24.1
%.E. Whetstone PL. 25 49/05 57/24 67.1 26.9
Hinds plain 24 49/00 57/03 74 .4 26.7
Valley of Lakes 24 48/52 57/43 116.0 35.7
Glover Isiand 22 48/46 57/41 51.4 27.5
South shore 23 48/139 57736 6l.2 27.1
Little Grand Lake §, 25 49/19 57/36 36.2 32.0
Little Grand Lake N, 25 48/39 57/36 85.1 33.8
Grang L. Storage Pond 75 48/90 38/05 90.0 30.4
Grand Lake S.a. Ind, 25 48/40 53/05 84,3 39.2
Sardy Lake 24 49/19 57/03 70.8 22.0
Sandy Lake Beatons 89k, 24 49/19 55/41 62.0 22.1
Firchy Lake E, Slope 25 49/15 56/49 77.3 21.6
Sneffield Lake N, Shore 25 49/15 56/49 76.5 25.5
Sheffield Lake §, Shore 25 49/15 56/49 76.8 24.1
Sandy Lake 25 49/11 36/56 72.0 22.5
Glide 3roox 25 49/0% 57/25 83.7 27.4
‘ndian Pond 19 49/26 56 /38 101.0 20.8

NOTES:

* approximate date of measurement is March 153-25

#* S0 is one standard deviation
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TABLE 2.6
Maximum Tidal Elevations at Corner Brook

Geondetic Elevation

in metras*®
Mean High Tide ** 0.67
Migimum High Tide **= 0.98
Maximum Recorded Tide w4« 1.61

KROTES:

* Llevations are expressed 15 approsimate geodetic elevatisns
Dy subtracting tne mean water level relative to Jocal chart datum

“* Mpan High Tide is the mean tide for Higher High Water
wxe Maximum High Tide is the mean large tide fir Higher Hign Water

#xxw Maximum Recorded Tide is the Recorded extrema far Highest High
mater

Sourca: Reference (33)
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HYDROLOGIC ANALYSES

General

The short period of record available for measured peak flows of the
Humber River at Humber Village precludes the use of standard single
station statistical analyses for determining the 1:20 and 1:100 year
recurrence interval peak flows, In addition, no discharge measurements
are available for Steady Brook, Therefore, a combination of
deterministic computer simulations and regional techniques were used as
the primary means of determining peak flow estimates in the study
area. The simulation model was used for the Humber River (see Section
3.2} and the regional flood frequency method was used for Steady Brook
(see Section 3.3).

The use of the simulation model allowed an assessment of the effects of
man-made changes to the hydrologic regime within the watershed which
have occurred in the past. In addition, an assessment of the effects
of upstream regulation on peak flows along the Humber River was also

undert aken,

However, alternative techniques were also used for comparison purposes
in order to assess the reliability and accuracy of the peak flow esti-
mates provided by the simulation model.

The following sections outline the procedures used in determmining peak
discharge associated with the 1:20 and 1:100 year recurrence interval

flood events,

The secondary peak flow estimates for the Humber River and Steady Brook
are described in Appendix C and D respectively. Details on the SSARR
application are given in Appendix B. The camparisons to the determin-
istic models and original analyses are discussed in Sections 3,2 and
3.3 for the Humber River and Steady Brook respectively,
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Humber River Hydrologic Analyses

Model Selection

The selection and application of a hydrologic modelling technigue to

the watershed upstream of the Steady Brook study area has taken into

account a number of complex hydrologic and operational constraints.

The following constraints and factors were considered during the model

selection and application phases:

—
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f g o S T o o — S e h
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Available climatologic data base

Location of hydrometric stations for model calibration/validation
Available snowcourse data

Operational characteristics of reservoirs

Channel routing characteristics

Future floed forecasting requirements

Capability to simulate water management options

Capability to simulate 1:20 and 1:100 year peak flows

Capability of model to accurately simulate flow volumes
Capability to simulate flows from several tributaries and sub-
watersheds

Capability to simulate antecedent soil moisture conditions
Capability to simulate long periods of record in a continuous
simulation mode,

At present, there are many hydrologic simulation models available which

could be applied to the Humber River watershed, The available tech-

nigues can be classified according to two groups of simulation models.

1)

Single Event - simulates hydrologic response to individual mete-
orologic events

Continuous Simulation - simulates hydrologic response for long
periods of meteorologic data.
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On the basis of the available data, the changes to the hydrologic
regime of the watershed and the significant extent of reservoir regula-
tion within the watershed, it was determined at an early stage that a
continuous simulation model would be most appropriate for the estima-
tion of flood peaks. Such a model accounts for antecedent conditions
prior to peak flows and includes snowpack accumulation and ablation,
which are considered to be important factors affecting peak flows in
the study area,

Based on a review of the constraints and factors previously listed, it
was determined that the SSARR (Streamflow Synthesis and Reservoir Regu-
lation) model was currently the most appropriate model to use for
developing a mathematical base describing the hydrology of the Humber
River watersned. The SSARR model was conceived and developed by the
U.S. Army Corps of Engineers for analysing and forecasting runoff from
various types of watersheds {(57). The model was originally developed
for use in water resources and flood simulation planning and has subse-
quently been used in many other regions in all major continents of the
world., Two recent applications within Canada of particular interest
are the Saint John River (Mew Brunswick) (28) and the Ottawa River
(Ontario/Quebec) (46). The use of the SSARR model has the following
advantages:

1) The model is simple in structure and uses readily available data
compared to other continuous simulation models

2) It has a relatively fast simulation time with associated low com-
puter time cost compared to other continuous simulation models,

3) It has the benefit of transferring model parameters and exper
ience from other Canadian applications (e.g. Saint John River,
Ottawa River)

4) 1t has excellent reservoir routing capabilities

5) A variable computational time step is possible (i.e. could be a
mixture of weekly and/or daily, etc.)

6) It has good capabilities for accounting for areal distribution of
snowmel t
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7) The model is non-proprietary and has been well-proven in a number
of practical applications.

8) The model is widely used in the flood forecasting. A new inter-
active version is currently available for flood forecasting.

The application of the SSARR model to the Humber River watershed is
described briefly in the following sections and in more detail in
Appendix B,

Structure of SSARR Model
i) Introduction

The basic concept of the SSARR Model involves a closed hydrologic sys-
tem in which the water budget is defined by meteorologic inputs (such
as rainfall and/or snowmelt) and hydrologic outputs such as runoff,
soil storage and evapotranspiration losses. The model is derived so
that the main components of the hydrologic cycle are represented in a
simplified but rigorously applied manner, The parameters utilized in
the model are such that they allow for an extremely flexible means of
representing the various hydrologic components., This unique feature
allows the SSARR model to be applied to virtually any drainage basin or
hydrologic system, A detailed discussion of the algorithms and data
processing techniques utilized in the SSARR model can be found in
Appendix B and in the Users Manual (57).

ii) Hydrologic Parameters

The SSARR model has been developed to describe the main components of
the hydrologic cycle. (A detailed description of the model and hydro-
fogic parameters is given in Appendix B.). A schematic representation
of the basic elements of the SSARR watershed model is presented in
Figure 3.5.

The following basic hydrologic elements are evaluated individually for
each relatively homogeneous watershed:
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Net Basin Precipitation (WP), determined as the time variable

weighted mean period precipitation from observed point values for

a watershed.

S0i1 Moisture (SMI), determined as a time-variable index of run-

off effectiveness to represent the variable conditions of soil
moisture which determine, in part, the amount of precipitation
whnich contributes to runoff.

Evapotranspiration Loss (ETI), determined from potential evapo-

transpiration, expressed either as watershed mean monthly values
or determined from daily evaporation data.

Runoff Excess (RG), determined from net basin precipitation,

minus losses to evapotranspiration, deep percolation, and soil
moisture replenishment, The residual provides water input to
each of three zones of temporary storage delay to runoff.

Surface Storage (NP, TS, TSBII), representing the storage effect

of the upper zones of the so¢il mantle. This storage provides a
time delay of the surface component of runoff,

Subsurface Storage (NP, TS, TSBII), representing the storage

effect of the middle aguifers, thus providing a time delay of the
subsurface component of runoff,

Groundwater Storage (NP, TS, TSBII), representing the storage

effect of flow that reaches the underlying aquifers.

Flow Separation Relatignships (BII, S-SS), for computing that

portion of the water excess which enters each storage zone.

Using the above indices and relationships, the program provides a theo-

retically sound model of the physical processes of runoff, and yet is

practical for utilization on large segments of river basins. Further-

more, by varying the hydrologic elements, it is possible to represent

an unlimited number of hydrologic scenarios.



3-6

In addition to a detailed analysis of subwatershed runoff responses,
the SSARR Model also has the capability of analysing the time rate of
change of streamflow due to routing by channel reaches and reservoirs
or lakes, The reservoir regulation provision in the SSARR model pro-
vides the user several methods of specifying reservoir regulation or
free flow conditions. The reservoir regulation option is suited to
analyzing storage systems such as Grand Lake and Hinds Lake which are
extensively utilized for power production. Furthermore, the free flow
option is also particularly useful for modelling unregulated reservoirs
such as Deer Lake,

A more detailed discussion of the hydrologic parameters found in the
SSARR model is presented in Appendix B and in the Users Manual (57).

iii) Application of the SSARR Model to the Humber River

The first step in application of the SSARR Model was to identify and
isolate the various subwatersheds, reservoirs and channel reaches
required to facilitate model calibration and validation using observed
discharge data. Subwatersheds were selected by separating the total
watershed into relatively homogeneous hydrologic units. Consideration
was also given to the meteorologic and hydrometric data available for a
given subwatershed to aid in the calibration and validation of the
model (see Section 3.2.4). In addition to the selection of the sub-
watersheds, the reservoirs and river reaches which have a significant
impact on the flows to downstream hydrometric gauges were also identi-
fied and modelled in order to give an accurate representation of tne
hydrologic and hydraulic response of the system,

Figure 3.1 summarizes the period of record for which hydrometric data
exists for stations within the Humber River watershed, The location of
the hydrometric recording stations is presented in Figure 3.2. The
location of individual subwatersheds for which no specific hydrometric
data exist is also evident with reference to Figure 3.2,



3.2.3

3-7

The model schematic corresponding to the watershed discretization is
shown on Figure 3.3. The main elements of the Humber River watershed
are represented in the SSARR model by 11 subwatersheds and three reser-
voirs and lakes.

The distribution of available meteorologic data (see Section 3.2.3)
also influenced the watershed discretization summarized on Figures 3.2
and 3.3.

[t was evident from a review of the hydrometeorologic characteristics
of the Humber River watershed that flooding conditions often result
from spring snowmelt and rain on snow conditions, The temperature
index snowmelt option and the snowband option for the simulation of
snow accumulation and melt were selected for this application. A com-
parison to other available snow modelling options included in the SSARR
Model and additional details of the snowmelt capabilities are presented
in Appendix B,

Meteorologic Input Data

i) Introduction

An unique and useful feature of the SSARR model is that it allows dis-
tribution of data from a number of meteorologic stations to the various
subwatersheds, This capabijlity is particularly useful in hydrologic
representations of large watershed systems such as the Humber River, as
it accounts for the spatial variation of the various meteorologic input
data.

It was found that there is presently a marginally sufficient amount of
meteorologic data available for the Humber River watershed which is
considered to be suitable for hydrologic modelling via the SSARR
model. These data are in the form of temperature, precipitation and
snowcourse measurements and have been collected mainly by the Atmos-
pheric Environment Service and the Bowater Power Company (see Section
2.3). However, none of this information is telemetered to a central



location and hence, upgrading the meteorclogical data collection network
would be required before using the SSARR Model in the flood forecasting
mode.

Furthermore, the Bowater Power Company undertakes snow surveys at approx-
imately 20 locations within the Grand Lake watershed. At present, data
is collected once each year during the month of March (usually middle to
end of month). In addition to the Bowater Power Company snowcourse data,
one station is currently operated by Environment Canada in the Upper
Humber watershed. Measurements at this station are generally taken two
times a year. However, because data is collected only once per year at
most stations, a correlation between snowcourse data and snowmelt rates
cannot be made and the data is of fairly limited usefulness for the pur-
poses of model calibration and did not affect the level of model schema-
tization.

ii) Selection of Stations

[t is evident from Table 2.2 that a number of meteorologic stations are
situated in and around the Humber River watershed for which temperature
and/or precipitation data is available. However, several stations could
not be used for the purposes of this investigation and were, therefore,
eliminated for the following reasons:

too much missing data in the record

measurement time increment too long for application to SSARR model

1

period of record incompatible with period of hydrometric data

located too far outside the watershed boundary

The period of record currently available for the selected meteorologic
stations is presented graphically in Figure 3.4,

ii1) Weighting of Meteorologic Stations

The SSARR model allows the user the option of assigning data available
for several meteorologic stations to any subwatershed. In addition, the
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user also has the option of weighting meteorologic stations applied in
the subwatershed. The initial meteorologic station weights were deter-
mined by Thiessen polygons and are described in more detail in Appendix
B. The initial Thiessen polygon weighting factors were applied to both
temperature and precipitation data records. Some of the meteorologic
stations are located along the coast, and as such, have significantly
Tower elevations than found in the inland subwatersheds. Therefore,
further modification to the weighting factors was made by utilizing
published isohyetal maps of mean annual precipitation and mean annual
runoff (49, 27) to account for the areal variations in precipitation
which are primarily attributed to elevation and geographic differences.

Appendix B presents the calculated weighting factors applied to the
various subwatersheds utilized in the SSARR model. In summary, it was
found that the SSARR weighting factors for precipitation varied signif-
icantly depending on station location relative to the subwatershed
area. Likewise, the weighting factors for temperature varied signifi-
cantly for each station. The resulting adjustments were subsequently
confirmed during the model calibration and verification phase. The
degree of adjustment required implies that a number of additional
meteorological stations should be Jlocated within the Humber River
watershed for forecasting purposes (see Appendix B),

Model Calibration and Validation

i) Introduction

The various hydrologic input parameters were adjusted by comparison of
observed and simulated hydrographs according to the following general
criteria:

- emphasis on accurate simulation of peak flow events

- comparison of simulated and observed runoff volume

- hydrologic conditions antecedent to the flood peaks should be
correctly represented by the model,
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Appendix B presents a detailed discussion of the methodology used to
calibrate and validate the SSARR model to gauged watersheds.

ii) Model Calibration and Validation Results

0f the 11 subwatersheds which represent the Humber River watersned, 5
have sufficient hydrometric data to enable direct calibration and vali-
dation. In addition to the 5 gauged subwatersheds, there exists a long
term hydrometric record at the outlet of Grand Lake, and a short temm
hydrometric gauge located just downstream of Deer Lake (less than two
years of published data), This data was utilized to ensure that the
distinctive reservoir routing characteristics within the Humber River
are accurately represented by the SSARR Model, [Due to hydroelectric
power production, Grand Lake is operated as a regulated reservoir as
opposed to free flowing. Therefore, rather than deconvoluting the out-
flow from Grand Lake to obtain the inflow hydrograph, calibration of
ungauged subwatersheds draining to Grand Lake was undertaken utilizing
historic water levels,

Gauged Subwatersheds

The calibration was initially undertaken for the five gauged subwater-
sheds in the Humber River system. The procedure followed for the cali-
bration and validation of these subwatersheds was that outlined in
Appendix B. The calibration entailed simulating complete summer/fall/
winter/spring periods to ensure that the model accurately represents
both snowmelt and non-snowmelt flood conditions.

The validation of the SSARR Model was undertaken by simulating addi-
tional flow series which also included complete summer/fall/winter/
spring time periods, Comparisons of observed and predicted flood
hydrographs are given in Appendic B for selected runoff periods for
which high flows were recorded., Simulations were undertaken for com-
plete summer/fall/winter/spring continuous periods to ensure that the
model accurately simulates low flow conditions and also accurately
defines antecedent conditions prior to high flow events. However, only
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perijods of high flows were selected for presentation in Appendix B as
these are the periods of primary concern,

A further assessment of simulation accuracy was made by undertaking the
following graphical comparisons:

- cumulative mass curves of computed and observed flow volumes
- comparisons of simulated and observed mean daily peak flows by
means of a partial duration flood frequency anal yses,

[t was evident from these comparisons (See Appendix B) that the SSARR
model appears to be accurately representing the hydrologic response of
the gauged subwatersheds within the Humber River watershed with respect
to runoff volumes and peak flows.

Ungauged Watersheds

In addition to calibrating the SSARR model using measurements from the
gauged subwatersheds, estimation of parameters for the ungauged sub-
watersheds are also possible for the 4 subwatersheds draining to Grand
Lake utilizing the historic lake level data which is available. Since
the reconstitution of natural discharges by inverse reservoir routing
greatly diminishes the precision of the data, model parameters were
calibrated by matching observed and simulated lake levels.

The parameters estimated for ungauged subwatersheds obtained in this
manner were found to be similar to those calculated for gauged sub-
watersheds, and are described in more detail in Appendix B, It should
be noted that the calibration of the ungauged subwatersheds draining to
Grand Lake results in a relatively accurate representation of the
hydrologic response with respect to runoff volumes. Unfortunately,
hydrograph timing parameters for the ungauged subwatersheds draining to
Grand Lake could not be calibrated in this manner. However, hydrograph
timing parameters were estimated based on those calculated for the
surrounding gauged subwatersheds. This was found to be adequate since
the reservoir routing effects of Grand Lake greatly diminish any
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influence which the shape of the inflow hydrographs may have on dis-
charge rates at the outlet and at downstream locations. A comparison
between simulated and observed Grand Lake water levels indicates that
the ungauged subwatersheds draining to Grand Lake are adequately repre-
sented in the SSARR mgdel for the purposes of this investigation,
Examples of the simulations of the Grand Lake water levels are present-
ed in Appendix B,

[n addition to the 5 gauged subwatersheds and the 4 ungauged subwater-
sheds draining to Grand Lake, there are two other ungauged subwater-
sheds for which there 1is very little available calibration data.
Therefore, comparisons of ground cover and soil types of gauged and
ungauged subwatersheds were undertaken in order to estimate watershed
parameters for ungauged areas. Data was taken from the Canada Land
Inventory: Soil Capabilities for Agriculture (1:1,000,000 series) (58)
and the Newfoundland Forest Type Maps (1:30,000 series) (59) for the
Humber Valley (see Section 2.0).

In this manner, it was possible to estimate subwatershed parameters for
the two ungauged subwatersheds located downstream of Grand Lake in the
Humber River watershed. [t should be noted that the total drainage
area of these ungauged subwatersheds located downstream of Grand Lake

is less than 10% of the total drainage area of the Humber River.

Grand Lake Routing

For the initial model calibration attempts, the historic Grand Lake
water levels were utilized in the model to simultate flows at the out-
let,

Unfortunately, it was found that although a relatively accurate repre-
sentation of the Grand Lake inflows was utilized {due to extensive cal-
ibration to upstream gauges), the resulting simulated flows downstream
of Grand Lake were highly erratic in magnitude and not representative
of discharge variations when compared to published discharge records.
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It was also found that on several occasions, unrealistic flows were
simulated by the model {negative flows).

The phenomena of negative flows is discussed in more detail in Appendix
B and is attributed to time periods when inadequate inflows are avail-
able to reach the "target" elevation specified in the reservoir rule
curve, It was concluded that the major factor which contributed to un-
realistic flow simulation was errors associated with observed Grand
Lake water levels. For example, it was found tnat a lake level meas-
urement error of less than 3 c¢cm (.1 ft) results in a discharge error at
the outlet of Grand Lake of approximately 170 m3/s which is similar in
magnitude to the mean annual discharge from Grand Lake. Therefore, it
is evident that factors such as wind and wave set up and inaccurate
water level measurements can contribute to significant discharge errors
when simulating Grand Lake outflows, Suggestions for recording addit-
ional water level data are discussed in Appendix B.

Deer Lake Routing

As previously discussed, Deer Lake is a natural reservoir which oper-
ates under free flow conditions, Therefore, only a stage/discharge/
storage relationship is regquired to route a hydrograph through the
reservoir, The stage/discharge/storage relationship was derived by
utilizing a rating curve for the outlet which was developed by the
Bowater Power Company and a storage relationship developed fram exist-
ing 1:50,000 topographic mapping. The stage-storage relationship was
verified by reference to historical air photos of Deer Lake during
flood stage. The effects of Deer Lake reservoir routing in the SSARR
model were validated by simulating the 1982 and 1983 flow hydrographs
to the gauge (02YL003) located near the outlet of Deer Lake. Utilizing
the observed hydrographs available for the Upper Humber River and from
Grand Lake, the peak discharges in excess of 700 m3/s downstream of
Deer Lake wers simulated to within an average of 5% of that recorded.
It was also noted that reductions in peak flows due to the reservoir
routing effects of Deer Lake ranged from less than 5% to greater than
30%, with an average of approximately 15%. Oue to the short period of
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record at the hydrometric gauge located downstrean of Deer Lake (May,
1982 to December, 1983), further refinements to the Deer Lake rating
curve were not possible. However, further validation of the Deer Lake
routing characteristics was accomplisned by simulating additional flood
hydrographs and comparing the simulated and observed maximum annual
water levels in Deer Lake. The results of this analysis also indicated
that simulated water levels in Deer Lake closely matched those recorded
by the Bowater Power Company, taking into account head losses along
Deer Lake.

Peak Flow Estimates

Due to the simulation problems encountered when routing flows through
Grand Lake, it was decided to utilize the extensive hydrometric record
available for the outlet of Grand Lake and the Upper Humber River to
simulate a long-temm hydrometric record in the vicinity of the study
reach, Inflows from subwatersheds for which no hydrometric data exists
were estimated by the SSARR model which also accounted for the routing
effects of the river channels and Neer Lake. This assumes that up-
stream routing has a relatively small effect on peak flows, which is a
reasonable assumption since the reservoirs have not been operated for
flood control purposes.

Consideration was also given to possible requirements for adjusting the
historic hydrometric record from Grand Lake to account for changes to
the hydrologic regime within the watershed. This includes discharge
records at the following locations:

- Indian Brook Diversion
- Hinds Lake Power Station
- reyised rule curves for Grand Lake power production.,

In summary, it was found that the above mentioned changes have neglig-
ible effects on peak discharges during major floods and, therefore, did
not warrant adjustments to the hydrometric record. Additional details
concerning these analyses can be found in Appendix B.
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Utilizing the SSARR model, a 39 year sequence of peak flows was simula-
ted. {As explained above, the model combines the long-term measured
discharge sequences at upstream locations with flow simulated by SSARR
from ungauged watersheds using available long-term meteorologic input
data.) Tne annual maximum flows were then extracted from the simulated
record in order to undertake a flood frequency analysis for the study
area.

Based on an assessment of available peak flow records on the Humber
River (02YL0003), the difference between maximum instantaneous and mean
daily flows is less than one percent. Therefore, for the purpose of
this investigation, it 1is assumed that instantaneous and mean daily
peak flows are eguivalent for all practical purposes for the study
area.

The simulated data set of annual maximum mean daily peak flows was
tested for high and low cutliers, independence, trend and randomness as
discussed in Appendix B. The results of this analysis reveal that the
data can be regarded as independent, and free from trend and persist-
ence, Furthermore, no high or low outliers were detected.

Several distributions were fitted to the available peak flow data set,
including Gumbel, Log-Normal (LN}, Three Parameter Log Normal (3PLN)
and Log Pearson Type IIl (LP3) (See Appendix B), Table 3.1, Item A
presents the flood estimates for the 1:20 and 1:100 year recurrence
intervals, assuming a Three Parameter Log Normal Distribution,
Comparison to Secondary Peak Flow Estimates

i) General

Comparative peak flow estimates for the Humber River have been derived
by means of alternative and independent estimating techniques; namely:

a) Regional Flood Frequency Analysis (CNFDRP)
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b) Frequency Analysis of Deer Lake Water Levels
¢) SSARR Single Event Simulation,

In addition, 1:100 year design snowmelt sequences were input to the
SSARR model in the single event simulation mode and the resulting peak
flows in the study area used for comparative purposes. The following
sections describe the findings of these comparative estimating tech-
niques. Additional computational details for the statistical analyses
are found in Appendix C,

ii) Regional Flood Frequency Analysis

The Water Resources Division of the Newfoundland Department of Environ-
ment, in conjunction with the Inland Waters Directorate of Environment
Canada, have recently undertaken a Regional Flood Frequency Analysis
for the Island of Newfoundland (27). The regional prediction equations
were found to take the following general form:

logjg Qr = K+alogjoDA+blog)gMAR+cTog)gACLS+d10g)oSHAPE (3.1}

where Qr = T year recurrence interval instantaneous peak flow

K, a, b, ¢, d = regression coefficients

DA = drainage area (km?)
MAR = index of mean annual runoff (mm)
ACLS = percentage of drainage area controlled by lakes or
swamp
SHAPE = index of basin shape defined as (0.28 x basin

perimeter) / vDA where the perimeter is measured in
km from 1:50,000 topographic maps.

The resulting peak flow estimates for the Humber River at the outlet of
Deer Lake are summarized in Table 3.1 (Item B). Additional computa-
tional details and parameters are given in Appendix C.

It must be noted that the drainage area at the outlet of Deer Lake
exceeds the upper limit of size recommended for application of the
regional prediction equations. Also, the possible effects of artifi-
cial regulation by operating the Grand Lake control structures is not
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explicitly accounted for by the prediction procedures. However, refer-
ence to peak flow comparisons given in Appendix C indicates that the
instant aneous peak flow estimates provided by this method are "reason-
able" and can be used for comparison purposes in this study, recogniz-
ing that such estimates are likely on the high side in the study area.

1ii) Frequency Analysis of Deer Lake Water Levels

Records of maximum water levels in Deer Lake have been collected since
about 1930 by the Bowater Power Company Limited. A freguency analysis
of annual maximum water levels in Deer Lake was undertaken in order to
determine the 1:2, 1:20 and 1:100 year levels in the lake. The data
and the results of these analyses are given in Appendix C.

An anpirical rating curve detemnined for the Deer Lake outlet was also
obtained from historical records available from Bowater. The rating
curve was developed utilizing historical discharge and water level
measurements taken at a location near Governors Point (see Appendix
C). While there is a significant degree of scatter in the available
data points, 1t was found that the HEC-2 backwater model and recent
discharge and water level measurements (Humber Village gauge and water
levels collected during this project on Deer Lake) confirms the accur-
acy of the Bowater's rating curve, which was also used in the SSARR
model for routing through Deer Lake.

The stage-discharge rating curve for Deer Lake was then utilized in
order to convert the 1:2, 1:20 and 1:100 year water levels to peak dis-
charge estimates with a corresponding recurrence interval. These dis-
charge estimates are also summarized in Table 3.1 (Item C) and are
within 6-7% of those provided by the long term SSARR simulations,.

As would be expected, the peak flow estimates are consistently smaller
than those provided by the regional flood freguency analysis. This is
attributed in part to the peak flow attenuation caused by routing
through Deer Lake and possible effects of artificial regulation by
Grand Lake.
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iv) SSARR Single Event Simulation

For comparison purposes the SSARR model was run in a single event simu-
lTation mode to simulate the 1:100 year design snowmelt sequence. The
rainfall plus snowmelt amounts for various recurrence intervals was es-
tablished by analysis of available data for the pertinent meteorologic
stations identified in Section 3.2.3. This analysis uses historical
recorded meteorologic data to obtain the 1 to 10 day melt plus rainfall
totals available for runoff (4)}. The algorithm used was derived from
an energy budget method developed by the UJ.S. Army Corps of Engineers
for forested areas (56). Using this algorithm, the 1:100 year 10-day
snowmelt plus rainfall amounts were calculated for all stations,

The resulting 1:100 year recurrence interval hydrographs were then
routed through the system, assuming the Grand Lake rule curve and Deer
Lake rating curves presently used by the Bowater Power Company. The
resulting peak flows are somewhat high when compared to the continuous
simulation 1:100 year flood estimate (Item D, Table 3.1). However,
because the 1:100 year single event flood simulation is calculated
assuming that a 1:100 year snowmelt event is occurring at every loca-
tion in the watershed, it is logical to expect a runoff event signifi-
cantly higher in magnitude than the other peak flow estimates. There-
fore, this flood estimate was used for comparison purposes only, since
accurate determination of the input design snowmelt sequence requires
additional data for a watershed of this size,

v) Discussion of Peak Flow Comparisons

Peak flow estimates undertaken by the Regional Flood Frequency Analysis
are on the high side compared to the SSARR generated peak flows. This
is consistent with the fact that the regional equations do not specif-
jcally account for the large upstream storage-regulation effects.

[t was found that the peak flow estimates obtained by the frequency
analysis of Deer Lake water levels are similar in magnitude to the
long-term SSARR simulation results,
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Finally, the secondary estimate of the 1:100 year peak which was
obtained by using SSARR in the single event simulation mode, produced a
peak flow considered to be on the high side. However, this estimate
was found to be comparable to other peak flow estimates.

The comparisons support the use of the long-term SSARR generated peak
flow estimates. Therefore, it is recommended that the peak flow esti-
mates provided by the SSARR long-term simulation method should be used
for calculating flood profiles in the study reach.

[t was also subsequently found (see Section 4.0) that the recommended
peak flows, when converted to flood profiles, are consistent with

observed flood conditions along the study reach,

Steady Brook Hydrologic Analyses

General

The watershed boundary (see Figure 3.6) was determined through examin-
ation and interpretation of existing 1:50,000 scale mapping of the
study area. This mapping was also used to measure the drainage area,
slopes and land-use characteristics, etc. The watershed area was found
to be 81.4 km2 to the confluence of the Brook with the Humber River in
the Community of Steady Brook.

No streamflow measurements are available for Steady Brook. As a con-
sequence, the results of the Regional Flood Frequency Analysis (27)
were utilized to provide peak flow estimates of the outlet of Steady
Braook.,

As a means of verifying the results of the regional estimates, a secon-
dary peak flow analyses was undertaken utilizing the deterministic HYMO
model (54), as discussed in Section 3.3.3. Experience with this tech-
nique in other flood studies has proven its usefulness as a means of
estimating peak flows for ungauged watersheds. Also, this watershed
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was considered to be too small to utilize the SSARR model., In addit-
ion, no data was available to calibrate SSARR for other similar small
watersheds in the Humber River Basin, thereby enabling transfer of cal-
ibration parameters, etc,

Regional Peak Flow Estimates

The results of the recent regional analysis {(27), developed to derive
peak instantaneous flow estimates for ungauged basins based on water-
shed characteristics, was used to determine design flows at the outlet
of Steady Brook.

The regression equations which were developed are based on a single
station instantaneous flood frequency analysis at hydrometric stations
with at least 10 years of record located on the Island of Newfound-
land, The regression equations are the same as that presented in Equa-
tion 3.1 (see Section 3.2.6 and Appendix C).

The various parameter values and additional equation details can be
found in Appendix C.

The 1:20 and 1:100 year recurrence interval peak flow estimates calcu-
lated using the regression equations at the outlet of Steady Brook were
found to be 105 m3/s and 134 m3/s respectively.

Comparison to Secondary Peak Flow Estimates

As a means of verifying the derived peak flow estimates for Steady
Brook, secondary estimates were undertaken using the determministic
model HYMO (54).

The 1input requirements for this simulation technique include both
meteorological {rainfall/snownelt) data and physiographic characteris-
tics (land use, time to peak values, constituent soil characteristics,
etc.} of the study area, The derivation of model input parameters and
the model set-up and sensitivity testing are described in Appendix D.
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The resulting secondary 1:20 and 1:100 year instantaneous flow esti-
mates were then compared to those obtained through the regional tech-
nique, as noted in Table 3.2.

[t is evident from the comparisons that the peak flows estimated by
application of the HYMO model are reasonable estimates since they fall
within the confidence 1limits of the regional estimating technique.
However, these flows were found to be somewhat lower in magnitude than
those derived through the regional regression techniques. For this
reason, and in order to be conservative, the results of the regional
regression analysis were adopted for application 1in the backwater
modelling along Steady Brook.

3.4 Summary and Conclusions of Hydrologic Analyses

3.4.1 Humber River

1) It was evident from a review of the hydrometeorological charac-
teristics of the Humber River that flooding conditions often
result from spring snowmelt and rain on snow conditions. How-
ever, floods have also occurred at other times of the year resul-
ting from summer and autumn rainstorms.

2) The SSARR model was selected to simulate the hydrologic regime of
the Humber River., The model was calibrated and validated using
available data and produced acceptable discharge estimates along
the Humber River,

3) There is presently a marginally sufficient amount of meteorologic
data available for the Humber River watershed in a form suitable
for hydrologic modelling in the continuous simulation mode. How-
ever, it was found that significant adjustment of meteorological
data was required via determination of calibrated weighting fac-
tors for precipitation and temperature. The degree of adjustment
required implies that a number of additional meteorological
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stations should be located within the Humber River watershed if
the model is to be used in the forecast mode.

Since the available meteorological data base is not telemetered
in real time to a central location, upgrading the data collection
network would be required before attempting to utilize the SSARR
model in the flood forecasting mode. (See Appendix B.l.6 for
recommended upgrading to network.)

Peak flows along the study reach were estimated by combining the
daily mean hydrometric records at the outlet of Grand Lake and
the Upper Humber River via the SSARR model structure. Inflows
from watersheds for which no hydrometric data exists were estima-
ted by the calibrated SSARR model, which also accounted for the
routing effects of the river channels and Deer Lake.

The 1:20 and 1:100 year peak flow estimates along the study area
were found to be:

1:20 1:100 Location
348 1180 At outlet of Deer Lake
957 1180 Just downstream of Steady Brook

Comparative peak flow estimates for the Humber River were derived
by means of alternative and independent estimating techniques;
namely:

a) Regional Flood Frequency Analysis (CNFDRP)
b) Frequency analysis of Deer Lake Water Levels
d) Application of SSARR as a single event model.

The comparative peak flow estimates confirm the reliability of
the SSARR model to determine the 1:20 and 1:100 year peak flows
for the study area.
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3.4.2 Steady Brook

1)

The Steady Brook watershed was considered to be tco small to uti-
lize the SSARR model for peak flow estimates. In addition, no
data was available to calibrate the SSARR model for other similar
small watersheds in the Humber River basin for the purpose of
deriving model parameters for transfer to the Steady Brook
watershed.

The peak flows were computed by application of the Regional Flood
Frequency equations. It was evident from the secondary compari-
sons that the peak flows estimated by the application of the
regional eguations are reasonable estimates which can be utilized
in undertaking backwater computations along Steady Brook.

The HYMO model was selected to provide secondary peak flow esti-
mates. While no data was available to calibrate the model to
Steady Brook, this model has previously proven capabilities for
simulating peak flows in a number of other practical applica-
tions, 1including the Stephenville Hydrotechnical Study (16).
HYMO peak flow estimates confirmed the reliability of peak flows
estimated by the Regional prediction equation.

The peak flows for the 1:20 and 1:100 year events were found to
be 105 and 134 m3/s respectively at the confluence of Steady
Brook with the Humber River. These flows are adopted for devel-
opment of 1:20 and 1:100 year flood profiles along Steady Brook.
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TABLE 3.2
Peak Flow Estimates
Steady Brook at Confluence
with Humber River

Peak Discharge (md/s)

Recurrence Interval Regional Equatian* HY M0
-95% +95%

1:20 Year 65.2 105. 155.0 78.9

1:100 Year 75.8 134, 206.0 101.0

* Selected for application in backwater modelling.
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HYDRAULIC ANALYSES
Methodology
General Overview

The main purpose of the hydraulic analysis was to transform peak dis-
charge estimates into flood profiles along the study reaches. This was
undertaken by utilizing a mathematical model to simulate water surface
profiles corresponding to the 1:20 and 1:100 year flood events.

A backwater model was developed to simulate the existing hydraulic
characteristics of the channel and floodplain as interpreted from
1:2500 scale mapping developed as part of these investigations (see
Section 4.2), and from the results of comprehensive field topographic,
bathymetric and reconnaissance surveys. The results of these surveys
are discussed in Section 4.2, with further information provided in the
supplemental report, "Physical Surveys and Field Program",

The backwater model was calibrated and verified using measured water
levels collected as part of these and previous (40) investigations,
The model calibration and verification is discussed in Section 4.3,

The flood profiles associated witn the 1:20 and 1:100 year peak dis-
charge rates were then established based on the calibrated model, and
plotted on the 1:2500 scale mapping. The flood profiles and flood
hazard areas are discussed in Section 4.4,

In order to define the degree of sensitivity of simulated flood pro-
files to variations in discharge rates and in the calibrated/verified
hydraulic mode} input parameters (including the possible effects of ice
and debris jams on flood profiles), sensitivity testing was under-
taken, This aspect is discussed in Section 4,5.
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4.1.2 Model Description

In order to estimate the flood levels associated with each of the 1:20
and 1:100 year flood peaks, a mathematical model was developed to simu-
late the hydraulic characteristics along the Humber River and Steady
Brook.

The effects of channel and floodplain storage on flood profiles along
the study reaches were not considered to be significant. In addition,
it was postulated that tidal variations were not a significant factor
in determining flood levels along the study reach (this was subsequent-
ly confirmed through the model sensitivity testing). In such cases, it
s a standard practice to assume steady state flow conditions in the
comput ation of the backwater profiles.

Where a steady state backwater computation is employed, the appropriate
design peak discharge input to the model is the instantaneous peak of
the flood hydrograph.

In the case of gradually varied steady flow, the equations of continu-
ity and momentum describing the one-dimensional flow can be simplified
to the form of the well-known Bernoulli equation:

3h = (Sq - S¢) / (1 - v2/gh) (4.1)
Ix
#here h = depth of flow (m)

x = distance in direction of flow (m)
So = bottom slope {m/m)
S¢ = boundary frictional effect (m/m)
v = velocity in direction of flow (m/s)
g = acceleration due to gravity {m/s?)

For natural channels, energy losses occur due to flow resistance. The
resulting friction slope can be determined from the Manning's equation:

S¢ = (nv/R2/3)2 (4.2)
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where n = Manning's roughness coefficient
R

1

nhydraulic radius

The HEC-2 model {(55) has been successfully used in many similar practical
applications. Therefore, this model was selected since it is a well-
proven and well-documented non-proprietary technique which is flexible to
use, The model can be applied in the future to evaluate the effects of
recommended nydraulic improvements and proposed channelization along the
study reach, etc,

The program calculates water surface profiles for flow in natural or man-
made channels, assuming that such flow is steady and gradually varied.
The simplified one-dimensional equations of continuity and motion are
solved using the standard step method with energy losses due to friction
evaluated by the Manning's equation,

In addition, the model can calculate critical depth at each cross-section
and can compute profiles for supercritical flow, where required. This
feature is especially useful for steep stream reaches such as those which
occur along the upstream study reaches of Steady Brook, and which may
intermittently occur along portions of the Humber River, Backwater pro-
files can be run for subcritical flow conditions by specifying a starting
water level at the downstream end of a stream reach being simulated, For
supercritical flow conditions flood profiles can be computed by starting
the computation at a known water level at the upstream end of a given
study reach.

The model can take into account the following factors:
Channel roughness

1)

2) Floodplain roughness

3} Islands or flow divisions

4) Bends in the stream or floodplain

5) Cross-sectional area of the stream channel and floodplain

6) Slope of the channel and floodplain
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7) Energy losses at hydraulic structures, including bridges, culverts,
weirs, dams, etc.

8) Channel and floodplain expansion and contraction losses

9) Vvariation in discharge along the study reach (i.e. due to
tributary inflows.)

10) The effect of ice/debris covers on the stream or floodplain.

The model requires input of channel and floodplain cross-sections and
associated hydraulic parameters at frequent locations along the study
reach. The cross-sections are normally located where changes occur in
slope, cross-sectional area or channel roughness, and at bridges or cul-
verts,

A major advantage of the HEC-2 model is that the channel and floodplain
roughness {(Manning's 'n') can be varied for each cross-section in the
program, This allows a description of the various factors on which the
roughness coefficient depends such as channel morphology, type and extent
of vegetation, etc.

Energy losses created at hydraulic structures, such as bridges and cul-
verts, are computed in the program in two parts. First the energy losses
due to expansion and contraction of the flow at the cross-section on the
upstream and downstream sides of the structure are calculated, and
second, the energy 1loss through the structure itself 1is computed by
either using the special bridge or the normal bridge sub-routine. Energy
losses due to expansion and contraction of flow are caiculated by employ-
ing expansion and contraction coefficients which are multiplied by the
absolute difference in velocity heads between cross-sections to estimate
the energy loss caused by the transition,

When the normal bridge sub-routine is used the water level is computed at
the bridge or culvert section in the same manner as normal river cross-
sections, but excluding the cross-sectional area of any existing piers,
deck or wingwalls below the water surface. When the water surface eleva-
tion exceeds the bottom chord, the wetted perimeter of the section is
also adjusted. The special bridge routine computes losses through the
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structure for low flow or for any combination of weir flow and pressure
flow. Similarly, water levels associated with floating ice covers can be
modeliled with the program, excluding the cross-sectional area of the ice
sheet from the channel area, The effect of the ice roughness coefficient
and change in hydraulic radius is also taken into account.

The watercourses modelled consisted of the following stream reaches:
1) Humber River beginning at its outlet to the Humber Arm in the City
of Corner Brook, and extending some 4.1 km upstream to just down-
stream of the Community of Steady 8rook.

2) The Humber River from just downstream of the Community of Steady
Brook to about 1000 m upstream of Governors Point at the outlet of
Deer Lake,

3) Steady Brook beginning at its confluence with the Humber River in
the Community of Steady Brook and extending approximately 0.9 km
upstream to the study limit at the water supply pumphouse {upsStream
of the old T.C.H. bridge)

In all, a total of approximately 20 km of channel and floodplain were
modelled, as discussed in detail later in this report,

Hydraulic Model Input Data

Field Survey

Cross-sectional data was available for the Humber River downstream of
Steady Brook as a result of previous field surveys undertaken by Mac-
Laren (40). However, it was found that special care was required in the
use of this information since recent changes to the channel and flood-
plain may have occurred along the study reach, Therefore, field surveys
were undertaken as part of this investigation to:

- measure typical channel and floodplain cross-sections along the study
reach upstream of the Community of Steady Brook on the Humber River,
and along the Steady Brook watercourse from its confluence with the
Humber River to the water supply pumphouse
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- validate the applicability of the previously surveyed cross-sections
for use in the current model

All topographic information collected during the field surveys was rela-
ted to geodetic elevation and where possible, all sections were located
by means of reference to fixed physiographic points located near the
floodplain.

Floodplain and channel roughness coefficients were also assessed in the
field, An inventory of photographs documenting the present conditions of
the floodplain and channel characteristics, as well as the hydraulic
structures located therein is available as part of the supplementary
report entitled, "Physical Surveys and Field Program",

i) Cross-sections

A total of 52 cross-sections were field surveyed along the study
reaches. The complete inventory of cross-sections, including location
and extent is described in detail in the supplementary report entitled,
"Physical Surveys and Field Programs”, Cross-section measurements were
obtained at representative locations along the study reach, and located
based on changes in the slope, cross-sectional area or channel rough-
ness. Additional measurements were taken near all bridge crossings along
the study reaches. Typical cross-sections for selected stream reaches
are shown on Figure 4,1, and plots for each location are given in the
supplementary report,

As stated previously, some cross-sectional data was available as a result
of previous field surveys undertaken on the Humber River (40). However,
in order to determine the usefuiness of integrating these sections in the
model development as part of present investigations, a detailed review of
this material was undertaken,

Field surveys were repeated for approximately 25% of the sections pre-
viously measured (40). It was found that the overbank and channel char-
acteristics along most areas of the Humber River had not changed
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appreciably since the time of the MacLaren study (40).

However, it was noted during subsequent sensitivity testing (see Section
4.5) that several of the old cross-sections were vertically extended at
the end points internally by the HEC-2 program, illustrating that further
cross-sectional data was required in the overbank areas of the reaches
downstream of Steady Brook. Additional topographic information in the
overbank areas of these reaches was collected by means of field surveys,
supplemented by a review of the 1:2500 scale mapping,

By means of a comparison of field surveys to the new 1:2500 scale mapp-
ing, it was evident that both mapping and survey elevations were similar
along the study reaches. Therefore, it was concluded that the new mapp-
ing could be used to supplement the field surveys.

A more detailed discussion of the physical characteristics of the stream
channels and floodplain can be found in Sectijon 4.2.2 of this report,

ii) Hydraulic Structures

Each of the hydraulic structures along the study reaches represents a
potential flow constriction which may have a pronounced effect on water
surface profiles during flood periods. Therefore, the physical dimen-
sions and elevations of all hydraulic structures were field surveyed as
described in detail in the supplementary report, These measuremnents
included the size of the opening and the elevations of the soffit and
hridge decks, etc.

jii) Staff Gauges

In order to collect peak water level data for the purpose of calibrating
the hydraulic routing model, a total of 14 staff gauge stations were
installed by the Department of Environment along the Humber River and
Steady Brook in 1982 under the Canada-Newfoundland Flood Damage Reduction
Program, Subsequent measurements of peak discharge and water levels were
undertaken (by the former during 1982 and continued in 1983 by Nolan,
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Davis & Associates Limited - Cumming-Cockburn & Associates Limited) in
order to collect data suitable for model calibration and verification,
[t should be noted that two of these gauges were damaged by ice and dis-
continued during the course of the subseguent field monitoring program,
resulting in some loss of data. The locations of these gauges are given
in Fiqure 4.3 with additional information on the data collected discussed
in the supplementary report on the physical surveys and field program,
and in the Canada-Newfoundland Flood Damage Reduction Program Report on
Spring Flooding, 1982 (17).

The results of the field investigations and river and floodplain charac-
teristics are discussed in the following section,

Channel and Floodplain Characteristics
i) General Hydraulic Characteristics

A review of the channel and floodplain characteristics of the two main
study reaches was undertaken by means of field reconnaissance surveys,
and interpretation of the available mapping and background information,

Based on the results of these surveys, it was determined that the study
watercourses can best be characterized according to the following five
main reaches:
1) Humber River from its outlet at the Humber Arm to its confluence
with Steady Brook
2) Humber River upstream of its confluence with Steady Brook to
Humber Village
3) Humber River from Humber Village to the Deer Lake outlet
4) Steady Brook from its confluence with the Humber River upstream
to the C.N,R. trestle
5) Steady Brook above the C.N.R. trestle to the water supply pump
house.,

Typical channel and floodplain characteristics along the Humber River and
Steady Brook are summarized in Tables 4.1 and 4.2 respectively,
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description and density of a particular type of land use and soil
cover, type and amount of vegetation, channel configuration and natural
physical constraints relative to the channel and overbank reaches along
the watercourse. Typical roughness coefficients were determined based
on field observations of channel and overbank characteristics, exper-
ience in conducting similar investigations and with reference to the
classifications derived by Chow (12). A summary of typical Manning's
roughness coefficients determined for various reaches of the study area
is given in Tables 4.1 and 4.2,

A brief description of the general hydraulic characteristics of the
five main reaches is given in the following:

1) Humber River : Humber Arm to Steady Brook confluence:

The Humber River floodplain, from its outlet at the Humber Arm to its
confluence with Steady Brook is characterized as being a narrow flood-
plain within a well defined valley. The overbank areas are heavily
vegetated witn heavy timber stands, brush and debris to the north, with
more open areas, including the Trans Canada Highway (TCH) on the south
side of the river, Development within the floodplain is limited in
this area with some residential and light commercial areas located on
the southern overbanks, The developed area gradually thins to a rural
residential land use to the east of the Ballam Bridge, upstream of the
Corner Brook City limits.

The majority of man-made influences on the channel and overbanks are
related to the construction of the Trans Canada Highway on the southern
shore of the river,

The channel along this reach is meandering and relatively flat with an
average slope of about 0.0025 m/m. The channel banks are generally
clean and well defined (man-made banks to barren rock outcrops withver-
tical walls), while the channel bed is comprised primarily of sand,
stones and cobbles and areas of exposed rock. As a consequence of the

type of channel material, there is virtually no channel vegetation
present,
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Manning's roughness values were found to range in the order of 0.035 to
0.060 for the channel and overbank areas respectively, Localized evi-
dence of bank erosion was noted in some areas along this reach., Some
ergsion of the banks and sedimentation in the lower portions of this
reach near the Corner Brook City limits may have slightly altered the
characteristics of this reach in recent years. While some short term
natural effects of erosion and sediment movement may have altered the
hydraulic characteristics of this area, no significant effect on flood
levels in this region is expected due to the minor nature of these
changes relative to the existing discharge capacity of the channel and
floodplain,

2) Humber River : Steady Brook to Humber Village:

This reach is characterized by overbank areas consisting of a mixture
of heavily vegetated sections of trees and brush, as well as residen-
tial areas adjacent to some limitad agricultural land use. The width
of the floodplain is relatively broad in the central areas of the reach
with typical widths ranging from 250 to 400 m. The floodplain then
gradually reduces to a relatively narrower width (in the order of 150
m) in the vicinity of the Humber Village Bridge, as the valley section
becomes more well-defined at this location. Residential land use is
limited to the fringe areas of the floodplain in this region with the
overbanks predominantly comprised of scattered stands of timber and
moderate vegetative undergrowth. Overbank Manning's roughness values
were found to range in the order of 0.040 to 0.060 in the majority of
the areas upstream of the settlement of Russell where there are heavy
stands of forest, with medium undergrowth. In localized areas with
agricultural use of the valley section, the roughness parameter was
adjusted to account for the increased flow conveyance characteristics
of the area (see Table 4,1 for summary of typical Manning's roughness
values),

With respect to the channel characteristics, the channel bedslope 1in
this reach is non-uniform with an average slope of less than 0.00]
m/m, The channel bed is comprised mainly of sand, cobbles, and the



occasional stone or boulder. Deposition areas can be found along the
channel at bends and meanders in the river and near the Humber Village
bridge. Localized areas of rapids in the river bed are found along
this reach during low flow conditions. However, these effects are not
significant during high flow events.

Witn the exception of limited areas of erosion protection along the
channel, little appreciable change has occurred in the floodplain areas
in recent years along this reach,

3) Humber River : Humber Village to Deer Lake:

This reach is characterized by a moderately wide floodplain, ranging in
width from 150 m to 200 m along most of the reach downstream of Rapid
Pond. The floodplain then broadens gradually to a width in excess of
1000 m in the vicinity of Governors Point at the outlet of Deer Lake.
The overbank areas are characterized primarily by intermittent residen-
tial land uses to the south with the northern areas of the reach com-
prised mainly of moderate to heavy stands of vegetation,

A mixture of groomed lands and densely vegetated regions characterize
the areas upstream of Rapid Pond with an average valley slope of 0.0035
m/m. Manning's roughness values associated with these densely vegeta-
ted areas were found to be high, ranging in the order of 0.060 to 0.090
near the area of Rapid Pond, where heavy alder stands and scrub growth
to moderate forest cover are evident. Man-made influences are limited
in this area, restricted to localized urban developments on the south-
ern shores of the Humber River.

The gradient of the overall channel reach is flat throughout with an
average slope of 0,0005 m/m, The northern overbank of the floodplain
has a somewhat limited flow carrying capacity relative to the southern
overbank. This is due to the higher flow conveyance area associated
with the southern overbank, [t was noted that areas of channel rapids
and pools are common along this reach, with the channel bed profile
erratic and non-uniform in slope as shown on Figure 4.5,
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4) Steady Brook : Confluence with the Humber River to CNR Trestle:

The Steady Brook floodplain, from the confluence of Steady Brook with
the Humber River to the C,N.R. trestle, is characterized as being a
wide floodplain with a relatively flat longitudinal gradient (average
slope of about 0.0045 m/m). The overbank areas are comprised of swampy
bog lands, groomed lawns and scattered trees and brush. Localized
areas of heavy alder growth are also apparent in the upper areas of
this reach. Development within the floodplain is extensive along the
eastern overbanks (Community of Steady Brook), particularly in the
lower reaches near the confluence with the Humber River. While this
development is primarily residential, some commercial establishments
are located in the floodplain fringe areas.

The channel in this reach is relatively straight and gently sloped,
with an average slope of 0.005 m/m. The channel banks are poorly
defined and comprised of grass lands and scrub growth while the channel
bed is comprised of weedy reaches of sand and cobble bed types. Areas
of sedimentation, shoals and local bank erosion are evident in the
lower portions of this reach, These features have some effect on the
flood conveyance capacity of the Brook.

Man-made influences along the channel and overbanks are mainly compris-
ed of earth and roadway berms and retaining walls. These modifications
are limited in extent, affecting about 20% of the banks along this
reach,

5) Steady Brook : C.N.R, Trestle to the Water Supply Pumphouse:

Upstream of the CNR trestle, the Steady Brook channel is in a natural
state and is relatively straight and steep with channel slopes averag-
ing in the order of 0.021 m/m. The channel banks are well defined and
the channel bed is comprised mainly of stones, cobbles, and boulders.
While there is some channel vegetation in the lower portions of the
reach, channel velocities are high enough to prevent growth of any
significant vegetation,
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The overbank and floodplain confiquration along this reach is narrow
(widths predominantly less than about 100 m) and differs substantially
from the other reaches in the study area. The overbanks are character-
ized by a mixture of barren rock outcrops and densely vegetated areas
of trees and brush (the predominant characteristic of this reach). The
floodplain immediately upstream of the Trans (Canada Highway 1is also
narrow, with the eastern overbank having a slightly higher flow capac-
ity than the western areas. The floodplain throughout this reach is
steep, with an average slope of about 0.031 m/m.

The hydraulic characteristics of the study reaches may be briefly summ-
arized as follows. The floodplain along the Humber River is relatively
narrow while along the middle and upper reaches of the study area, the
floodplain is wider (particularly in the area of the Community of
Steady Brook and near Deer Lake) with the overbank areas predominantly
composed of dense trees and brush. Tables 4,1 and 4.2 and Figures 4,1
and 4.2 summarize the typical channel and floodplain characteristics
along the study reaches,

ii) Hydraulic Structures

The discharge and flood levels during peak flows are also controlled in
part by some 5 bridges at various locations along the Humber River and
Steady Brook. Many of these structures create some constriction to
flow, thus increasing the flood risk to residences and businesses in
the adjacent floodplain. Table 4.3 provides a summary of the bridge
characteristics for each structure, which can be located by reference
to Figures 4.3 and 4.4, Surcharging at these structures does not occur
during the passage of peak flow events, as discussed in Section 4.4.
Additional details on the hydraulic structures located along the study
reaches, including field sketches made at each ‘tocation, are available
in the Supplementary Report on Field Surveys.
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4.,2.3 Model Structure

In order to simulate the flood levels associated with the 1:20 and
1:100 year peak flows, the available background and field data was
input to the HEC-2 program. Figure 4.2 shows in schematic form the
HEC-2 model structure developed for the hydraulic analysis.

With respect to input of available data, the following criteria were
established in order to define cross-section locations and characteris-
tics.

i} All sections are coded as if looking upstream along the water-
course,

ii) Field measured cross-sections used in the hydraulic model are
referenced to the supplementary field report according to the
following numbering system:
® For Humber River cross-sections, as surveyed by MacLaren

(1972}, cross-section numbers are unigue to the “100" numeric

series while the original section number is maintained, Thus,

for example, Maclaren field survey cross-section No, 1 is

jdentified in the backwater model as section number 101,

° For Humber River cross-sections undertaken as part of this

analysis, the alphabetic characters, "HR" are substituted with

the number "22", Thus, for example, field survey cross-sec-
tion HR-14 is identified in the backwater model as section

No. 2214,

For Steady Brook cross-sections, the alphabetic characters

"SB" are substituted with the number "30". Thus, for example,

field surveyed cross-section SB-3 is identified in the back-

water model as section number 303.

ii1) In some cases, field measured cross-sections were used more than
once as typical cross-sections along particular reaches., This is
to facilitate the accurate coding of bridges and other such con-
straints at various locations on the watercourses, as described
in the program documentation (55}, Invert elevations were
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adjusted by applying the average slope between measured sections
to the point of interest, while supplemental information for the
overbank areas was also derived through interpretation of the new
1:2500 scale mapping developed in conjunction with this study,
Repeated sections are denoted in the backwater model by a number
to the right of a decimal point following the original section
number identification (e.g. section 305.1 would be a repeated
section based on the surveyed section number 305, or SB-5).

vi) All hydraulic structures are referenced to the field survey
report through the use of comment cards.

The layout of cross-sections is shown on Figure 4.2 which illustrates
in schematic form the extent and relative location of the field measur-
ed sections as input to the HEC-2 model. The approximate location of
the surveyed cross-sections is also given on Figures 4.3 and 4.4 for
the Humber River and Steady Brook respectively.

Head losses through all hydraulic structures (see Table 4.3) were simu-
lated using the special bridge method, as described in the HEC-2 lUsers
Manual (55). This option allows a combination of pressure and weir
flow to be modelled. Thus, the most accurate method for calculating
hydraulic losses through each structure was utilized.

Boundary conditions and other model input parameters were detemmined as
follows:

i) A1l computations were initially performed assuming a condition of
free flow, That is, all hydraulic structures were considered to
be free from any temporary obstructions which would reduce their
effective discharge capacity during the passing of peak storm
flows. The model was subsequently revised during the assessment
of ice and debris jam potential to account for possible blockage
at the outlet of Steady Brook (as discussed in detail in Section
4.5 of this report,)
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ii) The hydraulic coefficients were derived as previously outlined in
Section 4.2.2 and subsequently applied in the sensitivity analy-
sis as discussed in Section 4.5,

iii) The downstream starting elevation for the Humber River at the
confluence with Humber Arm was assumed to be the maximum high
tide with a corresponding geodetic elevation of 0.98 m, and was
used for all design storm flood profile simulations.

Raptdly varying consecutive sections, bridge entrances and outlets,
floodplain structures, etc. were accounted for through adjustments in
the expansion and contraction coefficients, following recommended
values found in the HEC-2 manual (55). The general criteria for deter-
mining these coefficients are summarized in Table 4.4, together with
typical values,

The final results of the flood profile computations are discussed in
Section 4.6,

Model Calibration and Verification

General

In order to accurately reflect the potential flood conditions along the
Humber River, the HEC-2 model was calibrated and verified using field
measured high water levels collected as part of a monitoring program
conducted in 1982 and 1983 along the River. The monitoring program and
data collected are discussed in the Supplementary Report. The observed
water levels were utilized in order to refine the backwater model
parameters determined during the field reconnaissance phase of the
study.

The general procedures for calibration of the HEC-2 model are summar-
ized in the following section.
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4.3.2 Methodology

The HEC-2 model calibration and verification was undertaken by modify-
ing the channel and floodplain roughness coefficients {Manning's “n")
and other hydraulic parameters (e.g. expansion and contraction coeffic-
ients) until acceptable simulation accuracy was achieved. It was evi-
dent in undertaking the analysis that the Manning's roughness parameter
was the most sensitive parameter with respect to calibration of water
levels on the Humber River,

Discharge data used in the . analysis was as recorded at the hydrometric
station on the Humber River at Humber Village (No. 02YL003). No dis-
charge information was available for calibration of flood profiles
along Steady Brook. In the absence of data for calibration, sensitiv-
ity simulations (as discussed in Section 4.5) were undertaken to deter-
mine the degree of confidence associated with the derived 1:20 and
1:100 year water levels for the Steady Brook watershed,

The following outlines the general procedures for calibration and veri-
fication of the HEC-2 model along the Humber River:

1) Collect suitable water level measurements by field survey of nigh
stage events at predetermined locations along the Humber River
{refer to Figure 4.5 and supplementary report for gauging loca-
tions).

2) O0Obtain the associated peak flow records from the hydrometric
station at Humber Village, corresponding to the high stage events
collected as per Step 1.

3) Isolate the sensitive hydraulic model parameters in order to
simulate the water levels obtained through step 1.

4) Compare computed water levels (using the hydraulic coefficients
determined as part of the field reconnaissance surveys) to those
recorded.
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5) Vary the appropriate hydraulic parameters, as required, and iter-
ate until a suitable comparison between measured and computed
water levels at the pertinent gauge locations is achieved.

6) Validate the refined mode! by comparing computed and recorded
water levels for an event not used in the calibration exercise.

As a result of the field monitoring programs carried out during this
investigation, and those previously conducted under the Canada-
Newfoundiand Flood Damage Reduction Program in 1982 (17), the following
events were documented for subsequent application in the HEC-2 model
calibration and verification analyses:

1) A peak flow occurred on May 12, 1982 as a consequence of snowmelt
and heavy rainfall, A corresponding peak discharge of 851 m3/s
(approximately a 1:10 year event) was recorded at the hydrometric
station at Humber Village (see Figure 4.5 for gauge location).
Figures 4.6 and 4.7 show the discretized water levels recorded
for the event along the Humber River below and above Steady Broock
respectively. A more detailed description of this event can be
found in a Report on Spring Flooding, 1982 (17).

2) A peak flow also occurred on May 30, 1982 as a result of snowmelt
and rainfall, The resultant peak discharge is associated with a
return period of less than a 1:2 year recurrence interval of 545
m3/s. The recorded water level measurements obtained as a result
of this event are given in Figures 4.6 and 4.7 (see also refer-
ence 17).

3) A 1983 snowmelt event which, combined with heavy rains, resulted
in a maximum discharge of 733 m3/s at the Humber Village hydro-
metric station. This flow was found to correspond to about a 1:5
year event, Further documentation on this event can be found in
the supplemental report, "Physical Surveys and Field Program”.
Figures 4.6 and 4.7 show the discretized water levels for this

event,



4.3.3

4-19

4) A summer rainfall event which occurred on August 13, 1983, cam-
bined with flow releases from Grand Lake resulting in a discharge
of 761 md/s (1:5 year flow) at the Humber Village gauge. The
water levels recorded during this event are shown on Figures 4.6
and 4.7, A more detailed documentation of this event can be
found in the supplemental report.

While various other events of lower magnitude were available for use in
this analysis, those described above were found to be most suitable for
use in the calibration and verification of the HEC-2 model.

For the purposes of this analysis, the model was calibrated to the
event of May 12, 1982 and subsequently verified utilizing the other
selected events as noted previously. A summary of the calibration
results can be found in Table 4.5, with a corresponding discussion of
calibration and validation results in Section 4.3.3 and 4.3.4.

Based on the findings of the model calibration and verification analy-
ses, it was determined that the backwater model suitably represents the
hydraulic characteristics of the Humber River in the study area. The
applicability of the hydraulic model derived for Steady Brook, with
respect to the determination of the 1:20 and 1:100 year flood profiles,
is discussed in Section 4.5,

Corner Brook to Steady Brook

The following summarizes the calibration and verification results for
the Humber River reach from the City of Corner Brook to Steady Brook:

i) Model Calibration Results
Figure 4.6 and the following summarize the results of the backwater

model calibration on the Humber River study reach from Corner Brook to
Steady Brook with respect to the event of May 12, 1982,
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The initial uncalibrated backwater model utilized the hydraulic
parameters as determined from the field reconnaissance surveys of
the study area. The backwater calculation was initiated using
water level elevations taken from the Bowater Wharf (Tideboard)
gauging site (Gauge No. 14).

[t was found that use of the Manning's roughness coefficients, as
determined during the field reconnaissance survey, resulted in
water levels marginally lower on average than those recorded.
The calibrated model required an increase in roughness values in
tne order of 20% higher on average than those determined in the
field.

The uncalibrated model was found to yield water levels 0.2 m
lower on average than those recorded at the gauge sites.

The calibrated model yielded water levels averaging about 0.04 m
higher than the recorded water levels.

Model Verification

The results of the hydraulic model verification for the Humber River

reach

from Corner Brook to Steady Brook are shown on Figure 4.6 and

summarized below and in Table 4.5.

1)

2)

The base hydraulic parameters used in this analysis reflected
those determined for the calibrated model.

No refinements were required to the calibrated model with respect
to the simulations undertaken on the three verification events.
That is, the calibrated model was found to adequately reflect the
flooding conditions associated with the verification events.

The hydraulic model was found to yield water levels with respect
to those observed for the three verification events as follows
(see also Table 4.5):
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- the verified model yielded water levels within a range of
0.00 m to 0.14 m of those recorded for the May 30, 1982 event

- for the event of April 24, 1983; the verified model was found
to differ in water levels 0.08 m on average from those recor-
ded with a range of 0.0l m to 0.16 m

- for the event of August 13, 1983; the difference in verified
water levels versus those recorded was found to be 0.10 m
(based on limited data base recorded over the reach for this

event).

Steady Brook to Deer Lake

The following summarizes the calibration and verification results on

the Humber River from Steady Brook to Deer Lake:

i)

Model Calibration

Figure 4,7 summarizes the results of the backwater model calibration on

the Humber River between Steady Brook and Deer Lake using the May 12,

1982 event. The calibration results of this work are summarized by the

following:

1)

3)

The initial uncalibrated backwater model applied in this analysis
reflected the hydraulic parameters as determmined from the field
reconnaissance surveys of the study area. It was found that the
Manning's roughness values determined in the field yielded water
levels slightly lower on average than those recorded. The cali-
brated model required an increase in roughness values in the
order of 15% higher on average than the field determined values.

The uncalibrated model yielded water levels of 0.10 m lower on
average than the recorded event.

The calibrated model resulted in water levels averaging about
0.04 higher than the recorded water levels,
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ii) Model Verification

The results of the hydraulic model verification are shown on Figure 4.7

and discussed below for the study reach between Steady Brook and Deer
Lake.

1) The hydraulic parameters were those determmined for the calibra-
tion event,

2) The calibrated mode! was found to adequately reflect the flooding
conditions for the three verification events. The verified model

was found to yield water levels with respect to those observed as
follows:

- the verified model yielded water levels within an average of
0.08 m of those recorded for the May 30, 1982 event (range
of 0.0l m to 0.08 m)

- for the event of April 24, 1983; the verified model was
found to differ in water levels on average by 0.04 m, within
a range of 0,00 m to 0.08 m

- the mean difference in verified water levels versus recorded
was found to be 0.0l m for the event of August 13, 1983
(within a range of 0.00 m to 0,02 m).

Table 4.5 summarizes the results of the HEC-2 model calibration and
verification analysis on the Humber River.

Based on the findings of the model calibration and verification analy-
sis, the 1:20 and 1:100 year flood profiles were then computed utiliz-
ing this model, as discussed in Section 4.4, Subsequent sensitivity
testing of the model was undertaken {refer to Section 4.5) to further
define the degree of confidence in the 1:20 and 1:100 year flood pro-
files,
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4.3.5 Summary of Model Calibration and Verification

4.4

4.4.1

The following summarizes the main findings and conclusions of the HEC-2
model calibration and verification (see also Table 4.,5):

1) The model calibration and verification has indicated a good
comparison {within 0.05 m on average) of simulated and observed
water levels using the existing data base. The HEC-2 model is
considered to give an accurate simulation of flood profiles along
the Humber River.

2) Due to absence of discharge data and water levels on Steady
Brook, the model could not be calibrated along this reach,
An assessment as to the applicability of the derived backwater
model for Steady Brook is given in Section 4.5,

Flood Profiles

General

The main objective of this investigation was to determine flood pro-
files along the study reach for floods with a recurrence interval of
1:20 and 1:100 years,

The hydrologic analyses described in Section 3.0 resulted in the deter-
mination of 1:20 and 1:100 year instantaneous peak discharge values for
the study area (see Table 3.1). The hydraulic model verification as
described in Section 4.3 confirmed the accuracy of the hydraulic para-
meter estimates, while the sensitivity analyses confirmed the import-
ance of accurate discharge estimates (see Section 3.0).

The HEC-2 backwater model was developed as discussed in Sections 4.2
and 4.3 and a schematic of the overall model structure is given on
Figure 4.2, Channel and floodplain characteristics were determined as
discussed in Section 4.2.2. The calibration and validation undertaken
has increased the level of confidence in the ability of the backwater
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to accurately simulate flood profiles along the Humber River,

Subsequent sensitivity analyses have defined the degree of confidence

in the backwater model developed for Steady Brook (see Section 4.5).

The boundary conditions and model structure are discussed in detail in

Section 4.2, The following briefly outlines the main assumptions in
the application of the calibrated model for the simulation of the 1:20
and 1:100 year flood profiles:

1)

Water level profiles were computed assuming a subcritical flow
condition, While supercritical flow was encountered for some
short reaches of Steady Brook ({intermittently upstream of the
TCH), sensitivity testing demonstrated insignificant differences
when supercritical vs. subcritical were compared in these
reaches,

The hydraulic coefficients used in the development of the 1:20
and 1:100 year flood profiles were those as calibrated and veri-
fied to recorded events,

All bridges and hydraulic constraints were assumed free of any
temporary obstruction which may reduce the hydraulic discharge
capacity. (Historical racords and discussions with local resi-
dents confirmed that blockage of such structures is not a signif-
icant factor on either of the study watercourses).

Peak flows as summarized in Tables 3.1 and 3.2 were used in
determining the 1:20 and 1:100 year flood profiles.

The starting tidal level applied in the analysis was 0.98 m for
the storm events assessed. This represents the maximum high tide
value for the Humber Arm at Corner Brook (see Section 4.5.4),

Backwater modelling was undertaken utilizing refined cross-
sectional data from previous studies (40) in the area downstream
of Steady Brook in order to translate the tidal levels at Corner
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Brook to a starting water elevation in the area of Steady Brook,
For the areas upstream of and including Steady Brook, <¢ross-
sections were field surveyed for application in the backwater
model 1ing.

Numerical values for the 1:20 and 1:100 year flood profiles are summar-
ized in tabular form in Appendix E of this report.

The flood profiles corresponding to these backwater simulations are
plotted on Figures 4.8 and 4.9 for the Humber River and Steady Brook
respectively.

The extent of the flooded areas associated with the 1:20 and 1:100 year
flood profiles were plotted on new topographic maps {scale 1:2500).
[nterpretation of the backwater profiles and associated computer out-
put, together with an assessment of the extent of flooded areas was
undert aken in order to identify flood hazard locations.

Humber River Flood Hazard Areas

In the Community of Steady Brook the flood hazard can be classified as
being high. Numerous structures and properties are directly affected
by flooding in the area, especially under the 1:100 year flood condit-
ion, With the associated flood depths in the region, numerous access
roads could be flooded. Flooding to the southeast of the channel is
widespread, encroaching on many residential developments, This area is
the most susceptible to present and future flood damage. MWhile flood-
ing to the southwest of the channel is also widespread, the potential
flood risk is low as development in this area is limited. This is due
to the localized areas of bog and dense vegetation which is character-
istic of this area, as previously discussed in Section 4.2.

Generally speaking, the potential flood hazard is Tow upstream from
Steady Brook along the Humber River floodplain. However, several small
developments (in the area of Humber Village, Russell and Harrison) can
be classified as being susceptible to a moderate or high flood risk.
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[n these areas, while few buildings are directly affected by flooding,
several access roads and some low-lying land are susceptible to
flooding,

There also exists a moderate to low flood risk in thne area of Governors
Point near the outlet of Deer Lake. Here the low lying areas of the
south shore of the Humber River would be flooded during the occurrence
of a 1:100 year event,

As an indication of the areal extent of flooding, the average top width
of flooding (in those areas where the channel capacity was exceeded)
was found to be about 1200 m, compared to an average channel top width
of 190 m. The main flooding hazards along the sfudy reaches would
appear to be related to the limited discharge capacity of the channel,
The presence of ice and debris accumulating in the channel at the
entrances to structures and at the confluence of the two study water-
courses was not found to increase the local flood risk appreciably, as
discussed in Section 4.5.7,

[t should be noted that this reach is not sensitive to ice and debris
jamming, The associated flood risk in this area is strictly related to
peak runoff conditions on the watershed.

Steady Brook Flood Hazard Areas

The predominant flood hazards along the Steady Brook watercourse would
appear to be related to the limited discharge capacity of the channel
combined with backwater effects of peak flood stages in the Humber
River. The presence of ice and debris accumulating in the channel at
the confluence with the Humber River has some effect on the flood risk
(as discussed in detail in Section 4.5.7)., Witn respect to the above,
the following provides a more site-specific discussion of the flood
hazard areas in the Steady Brook area,

A high flood hazard exists in the reach along Steady Brook from its
confluence to the C.N.R. trestle, While high magnitude floods would
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primarily affect the access routes and recreational facilities Jocated
in this area, localized urban pockets such as the north east shore
would be inundated as a result of the 1:20 and 1:100 year floods. This
creates a flood hazard in the area, especially with respect to poten-
tial future development in the region. Similarly, large areas of rec-
reational lands would be inundated under very high discharge events,

The flooding of developed areas as described above relates to overland
flow in the floodplain area and is primarily an effect of backwater
conditions from high flood stages in the Humber River, In addition,
some basements adjacent to the floodplain may also be flooded due to
infiltration, However, the determination of this type of basement
flooding was beyond the scope of the present study. Also, the first
floor elevations and structure openings of all potentially flood prone
structures must be field surveyed should it be necessary to determine
flood damages in any possible future flood control investigations,

Upstream of the CNR trestle, the 1:100 year peak flows are confined to
the natural channel section. Furthermore, the configuration of the
valley limits the extent of development within the floodplain, due to
the steep overbank gradients associated withr the reach (see Section 4.2
for further documentation).

The average top width of flooding in the downstream reaches was found
to be about 300 m, compared to an average channel top width of 30 m,
Similarly, in the upstream areas an average floodplain width of 20 m
versus 15 m average channel width was noted,

Sensitivity Testing of Flood Profiles

Methodology

In order to assess the potential variations in the magnitude of various
calibrated model parameters on flood profiles along the study reaches,
various sensitivity simulations were undertaken.
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Based on a review of the initial model simulations, calibration/verifi-
cation analyses, the field reconnaissance survey, and on previous
results of backwater modelling on this watercourse, and other similar
watercourses in Newfoundland, the following parameters were determined
to be important with respect to definition of flood levels in the study
area;
- peak discharge rates
- definition of channel and floodplain roughness coefficients
(Manning's 'n')
- tidal variations
- expansion and contraction coefficients
- changes in floodplain configuration (aerial extent of field sur-
veyed cross-sections)
- presence of ice and debris in the watercourse,

During the sensitivity testing, the relative importance of model vari-
ables was determined by changing one variable within prescribed Tlimits
while holding the remaining variables and input parameters constant
during a simulation. By noting the change in magnitude of computed
water levels, the relative importance and sensitivity of each parameter
was established. All sensitivity analyses were undertaken utilizing
the calibrated mode! and 1:100 year flow developed as part of these
investigations.

Through examination of the 1:2500 scale mapping (and associated degree
of accuracy), it was assumed that a change in water levels of *0.5 m
would have negligible effect in respect to the areal extent of flooding
along the Humber River and Steady Brook. Therefore, any parameter
changes which resulted in a change in the flood profiles in excess of
about 0,5 m, were considered to be a significant variation since this
would affect the areal extent of the floodplain,

The following sections outline the methodology and resuits of the
sensitivity testing with respect to the parameters noted previously.
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4.5.2 Sensitivity to Changes in Floodplain Configuration

The river section downstream from Steady Brook was modified as a con-
sequence of widening the Trans Canada Highway. In order to assess the
impact of changes to the conveyance area of the cross-sections on the
Humber River and Steady Brook study reaches, sensitivity simulations
were undertaken. Simulations were undertaken to compare the water
levels associated with the present channel and floodplain configuration
to the flood levels which would be associated with the hydraulic con-
ditions prior to widening the highway. The cross-section characteris-
tics prior to the widening of the TCH were assumed based on the results
of previous investigations (40)

The resulting sensitivity simulations indicated that the construction
of the TCH had some effect on the upstream flood levels in the Commun-
ity of Steady Brook. The effect on flood levels along Steady Brook was
found to be less than about 0.3 m, This is attributed to the hydraulic
characteristics along Steady Brook such as increased slope resulting in
reduced effects from downstream backwater. ODifferences in flood levels
along the Humber River from the area of changes to the highway up to
the Comnunity of Steady Brook were found to range between 0.0 m to 0.5
m with an average difference of about 0.3 m,

The differences are not considered to be very significant since such
changes in flood levels within the Steady Brook community were found to
translate into an areal change in the floodplain which would affect
only two existing dwellings.

These findings are also consistent with the results of previous inves-
tigations (40}, in regard to the possible change in flood levels which
might be attributed to the widening of the Trans Canada Highway which

was carried out,
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4.5.3 Sensitivity to Peak Discharge

Sensitivity simulations were conducted wutilizing the computed 1:100Q
year peak discharge versus the 1:100 year peak discharge at the upper
and lower 95% confidence limits, according to the values summarized in
Table 4.6, With respect to this analysis, the following was noted:

i) Humber River:

As expected, the peak discharge had a large effect on variation of
water levels, with the average difference being about 0.95 m above the
mean at the +95% confidence level with differences ranging from 1.09 m
to 0.89 m, Similarly, peak flows (refer to Table 4.6) at the -95% con-
fidence level resulted in an average decrease of about 0.98 m in water
levels compared to those computed for the mean, with a range of 1.09 m
to 0.85 m, The smallest differences were found to be associated with
the steeper stream reaches (such as near the Deer Lake outlet) while
the largest differences were found to be in the Humber River floodplain
in the vicinity of Steady Brook.

ii) Steady 8rook:

The peak discharge had some effect on variation of water levels, with
the average difference being about 0.65 m, above the mean at the +95%
confidence level with differences ranging from 0.89 m to 0.28 m. Simi-
larly, peak flows at the -95% confidence level resulted in an average
decrease of about 0.69 m in water levels compared to those computed for
the mean, with a range of 1.0l m to 0.38 m. The smallest differences
were found to be associated with the steeper stream reaches while the
largest differences were found to be in the area of the Humber River
floodplain. Extreme differences were also found at hydraulic struc-
tures, where the effective discharge capacity of the structure directly
affects the sensitivity to discharge.

In summary, it was found that the average difference of the median pro-
file from the *95% ("upper and lower profiles") was found to be approx-
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imately 1.95 m and 1.4 m along the Humber River and Steady Brook respec-
tively

Comparing these analyses to sensitivity tests discussed in subsequent
sections, it was evident that changes 1in flow had the most effect on
water levels computed for the entire length of both watercourses, with
the Humber River found to be the most sensitive to variation in dis-
charge.

Sensitivity to Tidal Influence

The HEC-2 model requires the definition of initial starting levels along
the study reach, Sensitivity simulations were undertaken to determine
the effect of variations in the initial water levels at the Humber Arm on
flood levels from Steady Brook to Deer Lake.

For the purpose of this investigation, the range of water levels at the
Humber River outlet was chosen as 0.67 to 1.68 m, This represents a
range from the mean high tide to the maximum recorded tide at the outlet
of the River,

[t was evident from this analysis that tidal influence is not a signifi-
cant factor with respect to water levels along the study area of the
Humber River, The water surface profile below the Ballam Bridge being
the only area subject to any significant tidal influence, In terms of
the study reaches, the influence of tides is noted along the majority of
the Humber River study reach and downstream areas of Steady Brook,
although to an insignificant degree, The average difference in water
levels on the River was about 0.02 m, and ranging from Q.03 m to 0.00 m
(excludes starting level at downstream section). These results, there-
fore, further justify the use of 0.98 m {(average maximum tide) as the
starting condition for backwater calculations.

Similarly, the average difference in water levels on Steady Brook was
found to be 0.02 m and ranging from 0.03 m in the lower reaches near the
Humber River confluence to 0.00 m in the upstream areas. It was further
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noted that no effects of tidal levels were evident upstream of the CNR
trestle,

Sensitivity to Roughness Coefficient

Manning's roughness coefficients for the channel and floodplain were
determined as described in Section 4.2.2, The sensitivity of the flood
profile computations to variations in roughness coefficient was under-
taken as a means of further substantiating the accuracy of the backwater
model,

The range of Manning's "n" values applied in the analysis are Summarized
in Table 4.7, The discharge value used in the sensitivity testing
corresponded to the median 1:100 year estimates of peak flow as given in
Table 4.6.

The range of "n" values given in Table 4,7 corresponds to the range of
potential values as described by Chow (12) and determined according to
the channel characteristics of the study reach. For the purposes of
these sensitivity tests, it was determined that the roughness coeffic-
ients could vary t20% about the "mean calibrated value" previously dis-
cussed. This range is consistent with the range determined as part of
the calibration/verification exercise.

i) Humber River

The average difference in water levels from the mean were found to be
about +0.55 m and -0.61 m corresponding to +20% and -20% changes in the
roughness coefficients respectively. The corresponding differences were
found to range from about 0,53 m to 0.58 m and 0.57 m to 0.64 m respec-
tively. Similarly, the corresponding average difference between the
upper and lower range was about 1.14 m along the study reaches, with
differences of from 1,08 m to 1,20 m, The largest differences were noted
along the flatter reaches where the channel and floodplain slopes are
less pronounced, such as in areas of the Community of Steady Brook.
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ii) Steady Brook

The average difference in water levels about the mean were found to be
approximately +0.,19 m and -0.17 m corresponding to +20% and -20% changes
in the roughness coefficients respectively. The corresponding differen-
ces were found to range from about 0.53 m to 0.0 m and 0.58 m to 0.00 m
respectively, Similarly, the corresponding average difference between
the upper and lower range was about 0.35 m along the study reaches, with
differences of from 1.12 m to 0.00 m,

Along Steady Brook, the most sensitive areas were found to be in the
lower reaches near the Canadian National Railway bridge. On the basis of
these tests, it was concluded that there is an appreciable variation in
peak flood levels along the watercourses as a result of possible varia-
tions in roughness coefficients, although not as significant as varia-
tions in discharge.

Sensitivity to Expansion and Contraction Coefficients

Sensitivity simulations were also undertaken in order to assess the
effect of variations 1in expansion and contraction coefficients on the
accuracy of the calibrated backwater model. Simulations were conducted
by varying the expansion and contraction coefficients within a range of
+50% from the calibrated/verified values given in Table 4.4. From this
analysis, it was found that negligible differences in water levels resul-
ted over the study reaches (variations less than *0.,03 m and *0.01 m
resulting about the mean for the Humber River and Steady Brook respec-
tively). It was, therefore, concluded that flood profiles along the
study reaches are relatively insensitive to wvariations in expansion/
contraction coefficients. The calibrated values given in Table 4,4 were,
therefore, further substantiated as to their accuracy.

Sensitivity to Ice and Debris Jams - Steady Brook

According to historical flooding summaries, ice jans are not a problem
along the Humber River. Therefore, the sensitivity analyses of ice and
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debris jams is restricted to Steady Brook.

[ce jams generally form at constricted sections and Tlocations where
irreqularities occur, Some typical characteristic locations where ice
jams could initiate include:

1) At a transition zone between a rapidly flowing stream reach and a
section of more tranquil flow. On Steady Brook this occurs at the
confluence with the Humber River

2) At channel singularities such as shoals, changes in alignment, con-
strictions in the flow and other channel obstructions (see Section
4.2.2 for a discussion of channel obstructions affecting ice jams)

3) At locations of hydraulic structures such as bridges along the
watercourse (although not found to be significant for this study as
noted in Section 4,2.2);

4) At locations where significant accumulations of anchor ice have
formed along the stream. (No specific sites have been identified
based on existing information),

[f the flow velocity and Froude number are below 0.75 m/s and 0.08
respectively (6,15,38,52}, then static ice jams will form and remain in
place, allowing water passage beneath it., Such jams would have relative-
ly low flood damage potential, being characterized by fairily wuniform
increases in water level along their length,

However, "dynamic" ice jams may evolve from unstable forms of simple or
static ice jams, Dynamic jams may be formed at a flow obstruction or
channel irregularity where a heavy run of ice is suddenly stopped, such
as at undersized bridges. Higher flow rates, and associated Froude num-
bers, may also cause ice floes to underturn at the leading edge of a
downstream ice cover, thickening the jam by shoving, breaking and crush-
ing. The movement of the jam might continue until balanced by internal
forces or until the jam catches on bottom irregularities, resulting in
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the formation of a so-called "dry jam“, Both types of jams may remain in
place until the river discharge changes significantly, or until the
strength of the ice is weakened due to warm weather,

The flow velocity and depth values calculated from the HEC-2 model were
utilized to estimate Froude numbers in order to assess the potential for
ice jam formation., In general, it was found that the average velocity
and Froude number along Steady Brook at historical and/or potential ice
jam Tlocations were found to be over 1.4 m/s and 0.1l respectively. This
indicates a moderate to high potential for severe ice jam formation and
growth at possible jam locations,

In order to assess the degree of sensitivity of the watercourses to the
presence of ice and debris in the channel, the hydraulic model was revis-
ed to incorporate the following conditions and assumptions:

i) An ice jam equivalent to the potential volume of contributing ice
on Steady Brook downstream of the C.N.R. trestle was applied at the
Brook's confluence with the Humber River (approximately 5,000 m3 of
ice),

it) An ice cover of 0,1 m thickness was also assumed from the jam
location as noted in i), upstream to the C.N.R. trestle,

ifi) The Humber River was assumed free of any ice/debris.

iv) The discharge applied in this analysis was that of the mean 1:20
year for Steady Brook, as noted in Table 4.6. The 1:2 year flow
was applied in the Humber River to obtain levels for the backwater
model,

The selection of jam locations and degrees of ice/debris cover were based
on discussion with local residents and experience in undertaking similar
investigations on similar watersheds in Canada.

Based on this analysis, it was noted that flood levels on Steady Brook
are sensitive to the presence of ice and debris in the channel., HWater
surface elevations in the area of the Steady Brook Swimming Pool were
tncreased as much as 0.6 m from those associated with free flow condi-
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tions, Furthermore, ice related water levels from the swimming pool to
the CNR trestle along Steady Brook were found to be in the order of
levels associated with the 1:100 year open water event in the area., [t
was further noted that the increase in water levels due to ice/debris
jams are relatively local in effect, with affected flood levels extending
100 m to 150 m upstream,

Summary of Results and Conclusions of Sensitivity Analyses

The following points summarize the main findings and conclusions of the
sensitivity analyses on computed flood profiles along the study water-
courses (for the 1:100 year event unless otherwise noted):

1) Flood profiles are relatively insensitive to changes to overbank
configuration of the study watercourses (average change of 0.3 m).

2) The flood profile along the watercourses were found to be sensitive
to variation in peak discharge (refer to Table 4.6), as represented
by the following confidence ltimits:

i) Humber River:
- average difference above the mean for +95% confidence
Timit was 0.95 m {range of 0.88 to 1.09 m)
- average difference below the mean for -95% confidence
limit was 0.98 m {range of 0.85 to 1.09 m)

ii) Steady Brook:
- average difference above the mean for +95% confidence
Jimit was 0.65 m (range of 0.28 to 0.89 m)
- average difference below the mean for -95% confidence
limit was 0.69 m {range of 0.38 to 1,01 m)

3) Flood profiles along the Humber River are more sensitive to varia-
tion in discharge than are levels on Steady Brook,
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The sensitivity of flood profiles along the Humber River and Steady
Brook to variation in roughness coefficient resulted in relatively
small changes in flood elevations:

i) Humber River:
- average difference above the mean for +20% confidence
limit was +0.55 m (range of 0.53 m to 0,58 m)
- average difference below the mean for -20% confidence
limit was -0.61 m {range of 0.57 m to 0.64 m)

ii} Steady Brook:
- average difference about the mean for *20% confidence
limit was 0.35 m (range of 1.12 m to 0.00 m)

The flood profiles along the watercourses are, therefore, sensitive
to variations in roughness coefficient, with profiles along the
Humber River floodplain more sensitive to "n" than along Steady
Brook.

The influence of tidal variations is felt over the Humber River
study reach, although this has little effect on the resulting flood
profiles {within a range of * 0.03 m). On Steady Brook, the
variations in tidal levels are felt only in the extreme lower por-
tion of the watercourse; specifically downstream of the C.N.R.
Trestle (within a range of * 0.03 m). The tidal variations have
almost no effect on the areal extent of the floodplain along both

watercourses,

The flood profiles are sensitive to the presence of ice and debris
jams in the Steady Brook channel, with related water surface
increases of about 0.6 m associated with the 1:20 year event (1:2
year flow in the Humber River), These would result in a signifi-
cant increase in the areal extent of flooding, However, this
effect is fairly localized due to the steepness of the stream,
channel and floodplain,
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Flooding as a result of ice jamming and/or peak flows in Steady
Brook could occur independently of flooding on the Humber River,

Flood profiles were found to be insensitive to variations in expan-
sion and contraction coefficients,

Variation in model parameters did not result in significant varia-
tions of the areal extent of the floodplain along Steady Brook,
Therefore, the uncalibrated model used in this idinvestigation is
considered to be of acceptable accuracy.

Main Conclusions and Recommendations of Hydraulic Analyses

The HEC-2 backwater model was successfully utilized to determine flood

profiles along the Humber River and Steady Brook using channel and flood-

plain characteristics determined from the field surveys.

Based on the results of the foregoing, the following main conclusions and

recommendations are noted:

1)

3)

Conclusions:

Flood profiles along Steady Brook and Humber River are primarily
sensitive to the following parameters:

- variation in discharge
- variation in channel and floodplain roughness coefficient
- local ice jams along Steady Brook,

Testing of the backwater model by comparison to observed flood
levels has, for the Humber River, confirmed the accuracy of the
flood level simulations,

Due to the absence of discharge and water level measurements on
Steady Brook, the backwater model was not calibrated for this
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reach. However, the results of the sensitivity analysis illustra-
ted that the accuracy of the computed flood profiles is acceptable.

Supercritical flow profiles were encountered at various locations
along Steady Brook. However, the difference between subcritical
and supercritical flow simulations was found to be relatively
insignificant along these reaches (differences less than 0.05 m on
average). Therefore, the subcritical flow simulations accurately
ref lect the design flood levels along the study reaches.

The computed 1:20 and 1:100 year hydraulic profiles utilizing the
calibrated parameter values input in the model for the Humber River
are given in Figure 4.8, The flood levels for the 1:20 and 1:100
year hydraulic profiles for Steady Brook are given in Figure 4.9,
The water surface elevations for these events are also tabulated in
Appendix E,

Flooding on the Steady Brook could result independently of flooding
on the Humber River, especially with the formation of ice jams in
the channel near the swimming pool,

The construction of the TCH had some effect on the upstream flood
levels along Steady Brook. The differences are not considered to
be very significant. Such changes in flood levels were found to
translate into areal changes in the floodplain which would affect
only two existing dwellings within the Conmunity of Steady Brook.

Flood profiles were found to vary 0.3 m on average over the Humber
River from the Highway up to the Community of Steady Brook.

Recommendat ions:

1)

The 1:20 and 1:100 year flood profiles for the Humber River and
Steady Brook are summarized in Figures 4.8 and 4.9 and the water
levels are given in a tabular summary in Appendix E, It is recomm-
ended that these profiles be adopted as the 1:20 and 1:100 year
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water surface elevations for the study reaches, and thus utilized

for future requlation of development along the study reaches.
Similarly, the areal extent of flood hazard lands as shown on the
1:2500 scale mapping should be adopted as identifying the potential
extent of flooding within the study area.

The HEC-2 model should be utilized to detemmine the effect of pro-
posed remedial measures on the 1:20 and 1:100 year flood profiles
and the associated areal extent of flooding.
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TABLE 4.3

Surmary of Hydraulic Structure Characteristics

tlevations Area of Approximate
Typa of *Road Soffit Openirg Capacity
Location Structure {m) {m) (ml) (mdfs)e=
81 Ballam Bridge Conc. bridge 4.88 3.56 494 5660
82 Humber Yillage Steel Girder
3ridge bridge 9.97 7.87 631 6925
B3 CNR Trestle Conc/steel 8.50 8.40 118 750
B84 TCH Bridge Conc. bridge  16.38 15.36 220 300
85 0id TCH Bridge Conc. bridge 21.2C¢ 20.75 76 760

HOTES

* Denotes the minimun elevation of the roadway approach or bridge decx,
dependent cn which controls the potential for surcnarge over Lhe roadway,

% Assumed flocd elevation is scoffit of bridge,
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TABLE 4.4
Summary of Typical Expansion
and Contraction Cpefficiants *

Parameter

Range of
Typical values

- Expansion Coefficient:
i) Gradually varying sections
ii) Rapidly varying sections and hydraulic constraints
ii1) Abrupt variations between sections and severe
hydraulic constraints

Contraction Caefficients:
i) Gradually varying sections
i1) Rapidly varying sections and hydraulic constraints
iti) Abrupt variations between sections and severe
hydraulic constraints

NOTE: * Source {55)

0.3
0.5
0.6 - 1.0

0.1
0.3
0.5 - 0.8



Summary of Backwater Model Calibration
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TABLE 4.5

Difference in Simulated and Qbserved Water Lavels (m)

Gauge Station May 12/82  *May 30/82 *Apr 24/83  *Aug.13/83
Location No. Event Event Event Eant
i) Humber Arm to Steady Brook:
Bowaters wharf 14 0.00 0.00 - -
{Humber Arm)
Ballam Bridge 13 -0.01 -0.13 - -0.10
Young Property 12 0.00 -0.07 - -
{55 Riverside Or.)
Shellpird [sland 11 0.04 -0.09 0.16 -
Quarry Pond 10 0.09 -0.14 0.01 -
Mean Qifference 0.04 0.10 0.08 0.10
Maximum Difference 0.09 0.14 0.16 -
Minimum Differance 0.00 0.07 0.0l -
ii) Steady Brook to Deer Lake:
Mitchell Property 9 -0,03 -0.06 -0.08 0.00
Falls Ave, 8 0.01 0.03 - -
(Steady Brook}
Thistle Property 7 0.05 0.07 0.02 0.00
Lundrigan Property 6 0.08 0.01 0.05 0.00
Strawberry Hil} 5 0.03 0.08 0.04 0.02
Boom Siding 4 0.02 0.08 0.00 -0.01
Mean Difference 0.04 0.06 0.04 0.01
Max imum Difference 0.08 0.08 0.08 0.02
Minimum Difference 0.00 3.0l 0.00 0.0¢

NOTES:

1) May 12/82 event taken as the caltbration event

2)* Verification Events

1) Starting water levels omitted in computing difference ranges and mean.
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TABLE 4.5

Maximum Qischarge Applied

in Sensitivity Analysis

the Humber River

1:70 Year
1:100 Year Discharge Discharge
Section {-95% C.L.) Oplgg (+95% C.L.) Qpz0
No . Location (md/s) (m3/s)
Humber Rtver:
119 d/s of Steady Brock 388. 1180. 1471, 957.
121 u/s of Steady Brook 589 1180 1471, 348.
Steady Brook:
=121 2 (onfluence with 76.8 134, 206. 105.
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REMEDIAL MEASURES

General

On the basis of the assessment of historical flooding and utilizing the
results of the backwater model for the 1:20 and 1:100 year floods, it was
possible to identify alternative remedial measures for alleviating the
flood hazard along Steady Brook and the Humber River.

Broadly speaking, the basic elements for a flood damage reduction plan
can be classified as:

1} Structural measures which directly affect the flood characteris-

tics, and
2) Non-structural measures which are intended to modify the loss bur-

den, either by reducing the potential for continued development in
flood prone lands or by providing some form of economic relief from
flood losses.

A detailed analysis of possible renedial measures was beyond the scope of
the present investigations. However, based on the results of the study,
it has been possible to identify a number of alternative remedial meas-
ures for further future detailed consideration, as shown on Figure 5.1
and discussed in the following sections,

Identification of Structural Measures

The following structural flood control measures should be considered in
order of priority:

1) Construction of dykes or flood berms along selected reaches of the
study watercourse

The feasibility of constructing a flood control berm along the
north-east side of the Steady Brook channel reach in the area down-
stream of the Canadian National Railway trestle should be
considered,
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- Approximately 600 m of berm may he required along the east bank of
Steady Brook; extending from the confluence with the Humber River
upstream to the C.N.R. trestle,

Similarly, the construction of more ltocalized flood control berms or
dykes should be considered in the following areas along the Humber
River:

i) Along the southern overbank of the Humber River in the
vicinity of Rapids Pond. This would be for localized relief
only, and a detailed assessment of this area was beyond the
scope of this investigation,

ii) About 1000 m of berm along the southern shore of the Humber
River in the Community of Steady Brook; extending from the

Steady Brook confluence upstream to the old log booms.

Raising of Roadways in the Community of Steady Brook

To minimize the extent of flooding in the Community of Steady Brook,
consideration should be given to the raising of the roads bordering
the channel downstream of the C.N.R. Trestle. While a potential for
flood damages would still exist to those structures located between
the channels and the roads in this region, this alternative would
effectively flood proof roughly 90% of the structures currently
susceptible to flood damages.

It should be noted that the application of such a measure may not be
appealing aesthetically to the community, and that driveway access

might be restricted in some areas.

Upstream detention on Deer Lake outflows

The SSARR simultation have indicated that the natural storage in Deer
Lake significantly attenuates peak flows. Therefore, the instal-
Tation of a dam and outlet control weir over the natural valley
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section at the outlet of Deer Lake could be considered to increase
the degree of peak flow attenuation. The installation of such a
structure would serve to attenuate the peak flows experienced along
the downstream reaches of the Humber River. In assessing the feas-
ibility of this scheme, the following should be examined:

a) The effect on the timing arrival of the peak flows on the
Humber River to Steady Brook with respect to the present
condition

b) The suitability of the proposed site with respect to environ-
mental concerns

¢} The maximum Tevel of control provided for attenuating peak in-
flows and subsequent downstream water levels

d) The effect on the use of the Humber River and Deer Lake for
recreational and commercial ventures.

e) The effect of fluctuation in water levels on the Communities
of Deer Lake and Nicolsville,

However, it is not expected that this alternative would be cost-
effective, The effects of water level fluctuation around Deer Lake

would also likely be severe,

Floodproofing of structures located within the floodplain

The possibility of raising flood prone structures to a level above
that associated with the 1:100 year storm should be considered. In
assessing the feasibility of this scheme, it is evident that not all
of the flood prone structures could be floodproofed in a cost effec-
tive manner (i.e. structures with basements or commercial build-
ings). The primary usefulness of this scheme would be pertinent to
the localized developments along the southern shore of the Humber
River, upstream of Steady Brook in the area of Governors Point and
the Humber Village (Harrison).
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5) Additional stream channel improvements

Maintain a program of debris clearing along the lower part of
Steady Brook every fall to reduce the potential for debris blockage
at sensitive locations along the channel during the spring freshet,
Simitarly, this alternative would reduce the potential for increased
deposition of debris in the area, thus ensuring the nydraulic condi-
tion of the channel is maintained,

Figure 5.1 summarizes the locations most feasible for the structural
measures as noted above,

5.3 Non-Structural Fleod Centrol Measures

1)

2)

Flood Plain Regulations

In developing areas such as along the Humber River floodplain;
regulations should be implemented to restrict future development
and thus reduce the potential for continued increases in flood
damages. [n this case, a two-zone floodway flood-fringe concept is
envisaged where zoning regulations would prohibit  future
development in the high hazard areas. Additional development might
be permitted in the flood-fringe areas, depending on the degree of
hazard and the implementation of flood proofing measures to protect
these developments,

Flood Warning System

A flood warning system could be developed to reduce the potential
for flood losses during peak runoff events. Tnis is also required
in conjunction with modified operation of the Grand Lake system in
order to anticipate increased inflows during all peak flow condi-
tions. This option would alsoc require upgrading of the existing
hydrologic and meteorologic monitoring system in the Humber River
watershed to provide a better means for real time collection of
discharge and meteorologic data. The econamics of development of
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a flood warning system should also be evaluated. On the other
hand, the increased warning time for flooding and possible imple-
mentation of emergency flood fighting measures could avoid the
potential for loss of property and possible loss of life due to
flood conditions along the Humber River,

3) Grand Lake Operation

The operation of the Grand Lake Dam could be modified, such that
the usefulness of this structure to reduce downstrean flood peaks
during the spring freshet is improved. The present operating poli-
cies are geared mainly towards optimizing power production and
avoiding overtopping of the dam and associated structures, Any
changes in operating policy to provide flood protection would
require a detailed econamic evaluation of the cost of lost power
production versus the benefits gained by reducing flood losses.

4) Other Measures

The relocation of flood prone structures should be considered,
This could include expropriation of high hazard lands and restrict-
ed development in these areas.

5.4 Summary

The most attractive structural alternatives presently appear to be:

1) A combination of raising the roads and berming or dyking at several
locations within the Community of Steady Brook.

2) Individual flood proofing of structures Jocated in flood fringe
areas currently susceptible to potential flood damages.

The most attractive non-structural measures include:
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1) Implementation of floodplain policies to regulate development in
flood hazard areas.

2) Implementation of a flood warning system to be used in conjunction
with modified operation of the Grand Lake Dam,

3) Review and improve the operational policies of the Grand Lake Dam
such that the usefulness of this structure in reducing downstream
flood peaks is improved,

Each of these measures or any combination thereof would potentially serve
to reduce the high flood risk presently occurring along the study
reaches, particularly in the area of the Community of Steady Brook. The
benefits of flood damage reduction should be assessed by estimating the
potential flood damages associated with the occurrence of various flood
events and calculating the associated cost/benefit ratios for the various
alternatives.

[t should be pointed out that none of the measures suggested would
completely eliminate the risk of flooding in the study area although the
potential for future flood losses would be reduced to varying degrees,
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APPENDIX A
HISTORICAL FLOODING IN THE STEADY BROOK AREA
The following sections summarize the documented flooding events on
the Humber River and Steady Brook as recorded over the period 1944 to

present. The majority of the information supplied herein was
extracted from material supplied by Environment Canada.
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Zause: High winds, heavy rainfall

Cescription:

On the West Coast, a saction of the Newfoundland Railway {east
of Humbermouth) was washed cut. A landslide alsc osccurred at Curling
resuiting 1n train delays from Port aux Basques.

&n tha Burin Peninsula, road washouts occurred near Point
Bay and at Fortune, At St., Lawrence, the road leading Zrom the public
wharf was washed cut,

Magritude: No data was available.
Canages:

Mo astimates of the damage were available, however, the road

washout near the public wharf at St. Lawrence was repaired jointly by

the Department of Public Works and the St. Lawrence Fluorspar Company.



@ 200 OF NOVEMBER 16, 1944

Cause: Accunulacion of rainfall and gale ("orne of the grormiest autumng”)
Z0sCription:

Srand Lake wad reported to bhe very nidh and the waves created
oy the gale resulted in a railway washcut at Sandy Pond Tump (Mileage - 38S).
w0 miles west of Howley.

“agnitude: Nc information wad availaple.

amages: NG estimates of the damage were available.

@ FLICD OF NOVEMBER 4 - 5, 19435

Zause:r Heavy raun
cescriprigon:

on the wWesr Coast, a stormy weekend with neavy rain caused
three minor wasnouts On the railway line at Scuth Srsck, Harry's Brook,
an? Hurbermoutih.
Magn:tude:

A total rainfall of L.88 ipches (47,8 mm) was recorded at Deer
Lake on the 3th and 2.44 inches (62.0 mm) was recorded at Cormer Brook.

Damajes: No eacimatas of the damage were avallable.

@ TLICD CF MAY 18 - 19, 12448

Cauge: Heavy rain, melting snow
Description:
Rivers and brocks on the West Coast Were reported to be in flood.
A railway waghouz was reported az East Humbermouth,
It was reported chat this was the "first cime cthis spring
chat the waters ware really high”.

Carages: No estimates of the damages were avarlable.
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TLICD TF MAY J.-33, 1363

Spring runoff (rain and melting snoW): nNO LTe wasi Lnvolved:

Seven jates of Ma.n Dam, Srand Lake ware opened

Javeral nomes along the Hurber River, from Zorper 3raok e Paer
Lake, were flocded.

At 3ready 3rcck. eirzht nomes wWwere reported to ze damaged by

o
-
0
g

waters, =wo of which were said to ce concsidered a notal loss,

A secc:ion of mhe Trans Canada Highway, wWest ol Spillway Bridge,
Deer _ake was covered with abour nmwo feet of water for a ceriad,

At Micholsville, Zeer Lake, threa houses near the Humber River
ware flooded and a sect:on of road was inupdated with several inches of
water, Rowboars were uged to jet tz and frcm the houses.

It was ai30 reported chat the Lundrijan's res:idence at Little Rapids
and Howater's Strawcerry Hill residence were damaged by flocd watera. However,
no confirmation of these reports were crrtained tfrom the newspapers.

Magnitude:

Reporcs claimed cthat ar Steady HJrook, che river nad risen ll-14
feet abgove normal. UDJeer Lake wasg reported to nhave risen 4.7 faec (1.4 metres)
betwaen May 2lst and May 24ch, Some photas of thae flooding at Steady Broeck
and Spirlliway 3ridge were punlished.®
sarages:

at Steady Brook estimates of flood 2amages varied., Mr. X. Fosnaea
sonsidersd nis losses to be in the order of 540,000, His nhcme was saxd 2o
5@ rew: ne reporzed four inches of water over the floor and furniture
lamage.

¥r., Schmide's home 1n Steady Brook had four feet (1.2 metres) of
~ater over thne taln flcoor causing damage to the furnishings as Well,

At wicnolsville, mhne residence of Harold Young was surrounded by

2t 1.2 metres) of water which seeped into the dwelling damaging
farnuture anz steres of provisions in the basement. The residence of Frank
5ailey, across the reoad f{rom the Younqg residence was repor-ed to have had
Tnree .inches of water 1n tha basement, The home of Augustus Hailey had
alsc suffared water damage.

The Evening Telegram, Monday, May 25, 1969, pg. 1 and The Evening Telegram,
Tuesday, May 27, 1969, pg. 3
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TULICC T MAY 22 - JUNE 3. 137D

Cauda: Heavy rainfall, debris blockages

Dogcripuion:

In Corner Brook, several streets, one of which was Watgon's Read,
were inundated by heavy runoff regulring in ercsion.

it was reported that every culvert crossing Riverside Drive was
blocked with depris.

Majestic Brook overflowed ita banks causing flecding in the
vicinwty of Reid, North and Church Screets., The streets were left cluttered
witn debris.

At 3rakes Cove, a culvert blockage resulted in extensive flooding
sf the I.N.R. Crossing.

At Trout River, delays were exgperienced in starting construction
of A breakwater Cecause aof the highwater., Fears were expressed concerning
further damage to the s<ructure and the demolirion of the damaged section.
dagnitude:

Bowaters Technical Service reported a rawnfall of 1,92 inches
144.3 mm) from 4 p.m., on June 2nd until 8 a.m. on June 3rd. A Bowaters
s5p0Kkesman stated that the L2-heur rainiall was the neaviest in the past 10
YEears.

Damages:
it was estimated that the street damaga was 1n the order of 5§15 =

320,20C and thar i1t would take 7-10 days to repalr the damages 1n Jorner Brook.



b
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@ TLICD OF NIVEM3ER 24-25. 1370

Cause: Acavy rains
Sescription:

In Jorner Brook, catchbasins were clogged with debris resulrting
in £looding. A major washout was reported in the Elizabetn 3creert area,
as well as many others thoughourt the City. Many basements were flooded
ragulrting in damages.

Z.N.R. traing were delayed because of a track washour i1n the
Mount Moriah area.

Magnitude:

At Corner Brook, a rainfall of 2.0) inches (51.6 mm) was recorded
on the 24th, 0,17 inches (9.40 mm) on the 25th and 1,37 inches (39.9 mm)
on the 26th, Heavy rainfall was al3o recorded at other locations cof che

west Coast during the sama period.

Damages:

Ho estimates of damages were published 1n newspaper accounts.

C.N.R, damages at Mount Moriah were in the order of $525.

@ ©LO00D OF FEBRUARY i4-15, 1971

Cause: Rain, Telting snow and ice, ice jams

In Corner Brook, scme roads were washed ocut or badly rutted and
many baserents were flooded.

A bridge on Harry's River, upstream of thne Water Survey of Canada
jauge site, w~aj nit by flood waters and heavy ice dislcdging and coliapsing
one-span, on the west banx.

Ar Port aux Basques, a bridqge was reported to have been washed out,

A Driige at Burnt Island (South Coast) withstood the pressures
of filood waters and ice. The flood waters had forced ice up onto the
“ighway to a neight of 8-10 feet for a digtance of about L/4 mile.

wast of Corner Brook, the Trans Canada Highway was reported to
be flooded =o a depth of 2 feet (0,6 metres) |loccation not Ziven,.
Magnxtude:

At Scephenville fAirgert, 2.13 inches (354.1 mm) of rain was
recorded on the ldth while at Port aux dasgues, 1.08 inches (27.4 ma) of
rain wad recorded.

Damages: No zsatimates of the damages wara oredented.
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TLICD OF MARCH 3-10, 1972

Jause:  Rain and mild vemperatures

Cascrioticn:

4 phero® was published showing flocding on West Yalley Road,
Jorner drook, wnizh was a result of clogged storm drains,
Magnitude:

it was reporrted rhat 0,90 iaches (20,1 mm) of rain had occurred at
Corner Breok. It .s suspected thar snowmelt was also a contriputing factor,
Temperatures wers reported ro te .y the order of 450F IT.ZOC).
carages:

Darage to streets and city property was estimated at 520,20C.

Yo estimates or descriptions of =he damage to private property were

oresented.

FLCCD OF MAY 15-13, 1972

Cauge: 5pring runcff accompanied by rainfall

Behind the Harmon Ccmplex, a section of gravel road near the
¥cAlpine Cement Plant washed our as water overflowed from a pond con one
side of tne road to a pond on the other side. Anotier section of zhis road
was also inundared but did not wash our.

A section of the Trans Canada Highway, in the Gailant's area,
was reported as being :nundated (Gallant's 1s west of Corner 3rock).

In Corner Brook, a 3-year old girl playing near a rain swollen

braok nenind ner home, on Georgetown Road, 1n the City's west and, was

At Steady 3rook, several nome3 were flooded. A photograph* which

Lisned shows water to be 2-4 feet (0.6-..2 metres) deep around the

rusidence of Dr. George Hatch. Water was reported as naving flooded the
basement of the Manuel residence.
Masritude:

cne resident of Steady 3rook stated "spring {locd waters do rot
ssually ger as far as the Manuel's home".
Samages:

%0 estimates of danages wera vrefentad, ne .ife was losr.

J.N%.R. damages were repcrted to pa approximately $1,500.

* The #Western Star, March 4, 1972, pg. 2

The Western Star, June 9, 1972, pg.
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5 rewly congtracred culvert and azoot 277 feen (85 metres, ¥
=% Branch - 4ortn Hartour Read {5t, Mary's Hay) were wasned out when zne

Jeckisrd River overfliowed its Canus,

drairage s’ s5tems were sver-axed and L7 y0re
wnstances ziugged causing overilow. Bell's Brock overflowed naar 3lackweod
Hills, when the ~Tulvert was unatcle tc hangdle tne flow, A zor=ion of
Riverside Drive and the C.N.R. rracks were undermined. The Ball Divers.on-
Zhurchill Avenue intersection was sucmerged.

Problems were also encountered i1n the Petile's Brook Area.  Many
casements throughout =ne Jity were [Locded,
Hagnictude:

At Corner Breck, rainfall i1n the ordar of 1.6 inches (40.6 mm) wit
temperatiresd Lo the low 30's Faranheait, were reported. Pictures® wera
cublished showing the Bell's Brock overflow and the undermined C.N.R.
Lracks.

Carages:

Josc of repairs %o the C.N.R. washout was recorted to pe in
tne order of $3C0., Zstimates of tne ocher damages were reported .n the
newspaper Accountd t¢ be 1n the order of 530,000.

The zulvert con the Branch=North Harbour Road was :installed two
w2ukKS gravicus and the contractor who completed the project reported the

;oD <as guaranteed for two years,

* The Western 53tar, Tuesday, November 28, 1972, cg. 2



Heawvy rawn

In Corner 3rcok, Bell's Brook overflowed on the 7rh :pundating
zne road and flooding sroperty at No. 1 wWaloourna's Road.
Yagn.zude:

Rasidenrcs claimed the bridge over chz orook didn'z nave adeguate
zapacity alter a heavy rain and chat flogding had baen gzcurring 9r zhe

past =hrae yedrs .0 that area.

No damage sstimaraes were presented, Jouncll was racorted to nave
raplaced the culvert and the bridge which carried concrare epcased warter

and sewer lines,

"
o
5
o
)
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EBALARY 2-3, 1373

Jaus2:  Rain, Tild tomperatires, meLlLing snow and LIe T ams

several gravel roads throughout =he Iity,

In Stephenvilla, on Blanche Brock, icae gi.2d up acress che Main
Street 3ridge., The wcoden sidewalk on the bridge had to be replaced, Tut
~he oridge itgelf was not damaged. The Janada Mapgpower CIfice and
Building 450 on the Harmen Complex were slightly damaged when 1ce was Sorced
AgaLnst them.

All burldings close -0 =he Maipn 3nreet 3r.dge nad Tnelr parX.ng
lats olocxed with ice which was piled 12 feet high in slaces., wWater rose
alrost to floor level of the Indian Head Co=-cp, and also £lceded
Minnescra Orive oGRO4dLte the Drewery,

A Czac=or, engaged ain removing the 1ce am, was reported as
naving s.:pped rhrough the ice into the brook.

It was reporced as Dewng the worst ice condition.in the history
of the rtown.

Flcoding of the brewery was preventad by thne ctemporary dykes
«Nich nad teen buile ipn rhe spring of 1972 when similar, but less axtansive
flooding cccurred i1n the area.

Camages: No estimates of rhe damages were published.
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ToCoo SF JUNE J3-24, L1371

rawntall

in Jorner drook, neavy rains caused cansideraple lamage na cuzv

streacy.

Zl:zapeth and Lomond 3treety ware reported to bDe Rarzest oot

. . . . .
A photo® was publisned showing the excent of lamage on Lomond Streec

Magnitude: No information was presentec.

canage: [amages to.the scre o LG ;
Streets wWere 25timated o De in the srder of 535.023,

FLCCC OF AUGQUST L-4, 1973

Zause: Heavy raintall for a 3-day zericd
Sescription:

In the Port au rart Peninsula darage was repor=ed to roads., At Fox
Island River, a landslide cccurred upscream brunging 30-43 cords of pulpwcod
ind trees down the river With the flood which dragged anchors taking several
Doats out to sea, The highway was alsc reported =o be closed near Piccadilly,

Porc au Port, becausa of a washout.

In the Stephenville area, Highway No. 47 (Hansen Highway) was
under water in at leasr two places and a bridgs, near Wheeler's Night Club
above Noel's Pond, was washed out.

Basements, in the Mill Place area, norch of Main Street, were
flooded as Blanche (Cold} Brcox swelled ro several times rtus normal size,

Many residenrs were without water f{or apout =wo days when a
water line was broken because of the high water and debris.

Town equipment was kapt busy clearing debris (at least 15 truck loads)
frzm zhe bridges on Blanche Brook, thus averting serious damage. However,
concerns were expregsed as to their safecy, owing to the remaining blockage.

The flocd waters aeventually broke through the temporary dykes
protecting the brewery and reached a height of about 1.5 feet (0.45 mectres)
apove the floor leval. Three private veniclaes :in the parking lot were
also inundated. Telaphone and electrical services to the building had to
be cut off,

At nearby Noel's Pond, at least four families ware forced to

leaave their homes becauss of the flood waters.

* Tha Western Star, June 25, 1973,
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nCorner 3roQk, a number af pasements ware flooded as 3elii's
drzszx rusned through and around ong of two culvercs iacended far re-alignment
ot tne road below Blackwood's Hill. At the confluence of Bell's arcok and
<arner 3rock Stream, water was reported to Se washing the Bowater's oil
supply line across the brook. Some warter alsgo backed up as a result of a
partial blockage on Corner BrooX Stream by the temporary road pear the
entrance o Bowater's Pulp Mill. The parking lot behind the Western Star
Burlding on Brook Street was also inundated,

A bailey bridge had to De eracted over Blow-me-Down Brock (Blomidon
8rook} to replace the one washed out hetwean Frenchman's Cove and Lark's
Harpour, Bay of Islapds.

Near Pasadena, a water line crossing Scuth Brook was severad by
flood waters, A property adjacentc to Blue Gulch 3rook was ercded 5-3 feet
{1.8 - 2.4 metrres) when the broak rose te very high levels iphotograpn
published®*), Ar least one nome in Pasadena was inundacted,

vagnizude:

Rainfall for the chree day pericd toralled 3,51 1aches (91,7 mm)
at Jarner Brook, 2.92 inches (74.2 mm} at Stephenville Airporz and 2.75
nenes (87.9 mmy at Jeer LaXe.

The {looding at 3terhanville was regorted ©o ce the worst Ln the
nistory of the town,

The C.N.R. files stared thar =he followlng 7ouses at Neel's Pond

.Jormier Yiliage) were inundated to znhe following deprthna:

Residence af Zonald Tormier - =6 in. on main flgeor
Resldence of Eric Zormier - £4-6 1. On main floor
Residence of Tom Zormier - t4 feer on main flcor

Avsidence of Mra. ¥ildred dvnes - %6 1n. 2n main f‘leor
Mrs. Wincent Cormier had no amage to her dwelling: however, she nad been

compensated for losa of hens and income from the sale of 2ggs.

At Stapnenville, the Lroken water main had been damaged during the
1363 flood and had heen left Jangerously exposed oy lce gousing during the
spring floed of 1973, After this, the town had spent approximately 3$21,000
on 2ncasing 1t in concrete and Durying i1t deep enougn to avoid furture
sraoblems from 1ce gouging. However, depris wag the cause of this break.

Damages tc incerior and equipmant as well as inventorles of Soch
qo00ds in prcocess and finished goocds at che Brewery was sald to Se in the

® Tha Wastern Star, Monday, August 6§, 1971; and The wWestarn 5tar, Tuesday,
Auguac 7, 1973, pg, 13



@ £.C00 OF SZPTEMBER 12-13, 1374

Zause: Heavy rainfall
Cascriprion:

A nouse on Tld Humber Road was inuncdated Jduring =he heavy rain. A
pLcture® wWwas published snewing the res:dents attempting to divert =he warter
flawing down the nearby nhillside away from rheir nomes.

Hagnitude;
The 3cwaters Technical 3ervices Cepartment reported a rainfall of

.44 incnes [16.6 mm),

Jamages: No estirates of the damages were reported.

@ TLSCD OF SEPTEMBER 21-22, 197§

Cause: deavy rainfall
Description:

Severe flicoding was reportad to nave gccurred in 3ome sections of
southwestern Newtioundland after almost three inches of rain,

In Corner 9rcok, storm sewers and ditches just couldn't cope
w1th the heavy ra:n in a short rericd of time resuiting 1n flooded streets
and washouts. Many bagemants in low lying areas were irundated. The
streams ruinning through the cizy overflowed their banks compounding the
sroblem of sewer backups.

Tne Mayor appealed to the residents of the zity to try and handle
minor flooding problems themselves as zity work crews were nard pregsed,
Magnitude:

A rafinfall of 2.94 inches {(23.9 mm) was recorded 55 the 2lst with
an additional 2.02 inches (51.1 mm) heing recorded on the 22nd in Corner
grocok. A total rainfall of 1.94 inches (46,7 rm) was recprded at Stephenville
Alrport and 2.72 inchas (69.l mm) were racorded at Deer Lake Airport for

na 2lst and the 22nd.

Paeddle's Lana, Cormer Brook East, wae raported to be sevarely
darmaged.
The Mayor estimated tha:cost of repairing street dimages to be in

cthe ordar of 550,000,

* The Wastarn Star, September 11, 1374
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Zause: Rain, snow and unseasonable tamperacures

In Stephenville, flooding of streets was s5aid tc be “extangive’
15 Storm sewer syScems were not able to handle the amount of water.

In Jorner Brook, storm damage was reported to ge quite extensive
€o the streecs. Maple Valley Road and Blackwood Hills were reported to be
nit tne hardest. Road shoulders weére reported as being damaged severely.
Peddle's Lane, where storm sewers nad been installed after rha screat
wa3 washed cut by flcoding in September, was not ser.cusly affearad.

In tha EZxploits Rivar VYalley, & se-tion of zhe Trans Canada Highway
four milas west of Grand Falls was -losed because of flooding. The road
<as flocded to a depth of abour two feet {about 0.5 metres) at 8 a.m, on
Jecember 24th. Cn January 8th, almost two weeks after the ceak flow, pare
of the 71ghway was still under warer. Traffic was diverred by way of the
3ld dadger Reoad.

Yagnitude:

A total of 2.03% inches (52,1 mm) of precipiration, including snow
and rain was reported at Stepnhenville.

on December 22nd, a rainfall of 0.98 inches (24,9 mm) was recorded

at Zerner Brook. A raintall of 1.79 iaches (45.5 nm) was recorded on the

22nd at the Exploits Dam (Red Indian Lake),

Cn the Exploits River ice began to move downstream in stages as
a result of the rainfall and high temperatures until 1t reached the area
of Goodyear's gravel pit. At this point in the river, the i1ce was reporrted
©3 nave accumulated and partially blocked the channel. Increased watar
lavels resulted upsfream and subsequently began to flow through tne gravel
pit adlacent to the narth bank until reaching the Trans Canada Highway.

The gauging station on the Exploits River below Stony Brock
Stazion No. 0ZYC00S) indicated that the flow began to increase about
7 a.m. on Cecember 23rd and reached a value of 13,000 cfs (368 mj/s) by
mi1dnight and apout 22,800 cfs (645 mj/s) at 4 p.m. on Cecember 24th, The
{low receded to about 6,000 cfs {170 mi/s) by midnight on Decemper 2éth.

Tha Exploits River drainage area, above Red Indian Lake, was
reported as not naving contributed ro the flooding as Price Newfoundland Ltd.
rhad closed the Exploits Dam 1n November 197S: to increase the storage which
nad Deen depleted because of insufficient runoff. As well, the company

J:d not require any water for the power plant pecause of an cn-going scrike
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at whe moll
Jumages:

The highway remained closed throughout Tost of the winter. %o
estirates of damages to the nighway were given. This section of nignhway
w45 reported as having been vulnerable no flosding due to the low ving
.arnd areas adjacent to the river and minor flocding had oean noted by
rniGhway personnel “"eapecially in the spring of tne vyear”,

it was algc noted that approximately two miles of highway would

D2 raised several faet Lo prevent the recurrence of flooding 1n the fu-ure,

@ C©LOCD OF JANUARY 27-24, 1376

Cause: Rain, melr:ing snow and ice jams
Descriprion:

The high runoff resulted in flending and damages i1n Corner Brook
and surrounding areas.

in Corner Brook, several road washouts nad occurred. The Waple
Yalley area was reported to be hard h:it due to tlockage of runcff by ice,
nass2y Drive also experienced bad washouts and one resident was reported
to have lost his driveway.

Homes i1n Frenchman's Cove, Benoits' Cove and Lark Harbour wers

reported to be damaged due to flocding,

At Benolits' Cove, ice was reported as having piled ap at the mouth
of Clark's Brook causing some problems in that area,

Steady Brook was reported to pe plugged with ice Causing the water
ro back ap inundating four nomes and threatening 10 othera. Two families
ware forcad to laave their homes,

The Highways Cepartment in Ceer Lake reported “"extreme” flooding
in tha Trout River and Bonne Bay areas and several wasnouts had cccurred.
Magnitude:

At Stepnenville, a total rainfall of 1.64 inches (41.7 mm) way
recorded for the 27th and 28th, while at Corner Brook tine rainfall totalled
.98 inches (22,4 mm) for the game period. At Rocky Harbour, Bonne Bay,

a toral rainfall of 3.1l inches (79,0 mn) was recorded on =he 27th and 28th.



Dmages:

The Departmaent of Highways. Superintendent of Jperaricons at Deer
—ake toured :he area on the 3outh shara of the Bay of Iszland and assessed
ke #amages. Members of the _egialarure were seeking aid far several
familins whose nomes were flocded in the ccrmunities of Bencits' love,
Frapchman's Tove and Larks Harkaur, Estimated damages to the homes were
placed at about 5100,200.

At Steady Brook, property damage and measures to alleviate the

flooding were reported t£o nave c¢st 35,0C0,

FL2CD OF MARCH 21-23, 1376

Cause: Rawn, maelting snow and ice, and blockages
Sescription:

In Zorner 3rook, fleeding of city streets, businesses and private
croper=y were reporzed. In the vicinity of Humber Heighrts and Cuarling,
damages were sard tC be restricted to private progerty, Highland Avenue
and West Yalley Hoad areas were raported as having exgerienced some
washouts. Seaveril business premises in the Jorner 3rcox 2laza as well as
a downtown groceteria were reported as being affected by floadwarters.
Majestic 9rook was reported as being “clogged with slob ice’ resulting in
-ne flocding of Faat Valley Road and Central Streest properties.

flocded roals were alsc reported in the Frepnchman's Cove area.

A section of the Trans Canada Highwav at Duncan's 8rook (east of
Zorner Brook) was inundated to a depth of apout one foot.,  Snow and ice
nad clogged the culverts through which the brook flows into the Humber River.
Several cars stalled as they attempred tc get through the water on tha
floaded section of nighway. Work crews used a backhoe to remove tha 1ce
and snow frzm the culver<.

4 spoxesman for the highways division 1n Deer Lake statved "traffic
wag moving slow bDetween Trout River and Woody Point due to washouts and
nigh warer",

In Grand Falls, the Town Engineer, also reported flooding: however
ve stated that “conditions were not sericus and were 11 fact normal for

ra1s time of year”



In Windsor, CaTtIi2asins on Miain 3treet Zast averflcowad,
At Botwceod, several basements ware flacded an Water 3treert,

in 3ander, the zasement flcer of the Janadian Natioral Telegragn

ourlding wag regortad as having oeven flcoded o a depzh of 3-1D0 iaches

[l

cne order of 2.20.0.25 metres), tpreatening disruoticn of -elzphone

seryLIe.

Magnitude: No informaction was publisned.

Jarages: No estimaces 5f che damages were pregenced.

FLOOD GQF JANUARY 4-5. 1977

Jause: Rain, snow, melring snow

CescripTion:

In Corner 3roox, A blocked catchbasin on Humber Road overflowed

as a result of heavy runcff frem a parxing lot.

Magn:izude:

About D.36 unches (9.1 mm) of rain fell at Corner Brock in

asgociation with abour 1.30 inch (2.3 cm) of 3new and temparatures rangLng

. =] o] _ .o, o
trom 22 F o 47 F [-3.6 C wo +«8.3 T},

Damages: No estinates or detailad descriptions of the damage were mencianed,

@ FLICD OF MID-JANUARY. 1977

Zause:; Heavy rainfall and chaw

Lhe

for

A newspagor account of February l4, 1377 reported chat two nomes in
cermunacy of Steady Brook were Ilooded about a month age.  Partial blane

che flooding was being placed on recent alterations to che wWJater course

o divert water away from che Case of a naw chair lifc :inscallarc:ion at the

Marble Mcuntain Ski Area.

Magnitudae: No information was presaented.

Darmages: WNo information was presanted,



ZAausa Sgring rancff, tnree Main Jam gjates cpened

Sn =ne dumger RAivar, discharzes were said o He normal sus water
levals ware raported <o oe Nigh on the Ugper dumber and 3cwarter's tad threw
;ated open on Main Dan. Two photogqravhs® ware publisted showing the flocding
at Steady 3rco<.  Tne phoro shows the water up %2 the “ront door »f a house
SuinT 3noa 51ab bur the water was reportad as having nct seeped inside.

Th: other phote sncws properTies at the end of River Rcad sarrtially

and debris on cthe rcad and some lawns.,

) R . - - 3
A maximum instantaneous discharge of 23,600 cfs (€63 o /5) was
racoried on the Upper Humbaer River near Reidville, (5taticen No. O2YLOOL)
an May 2éch.

Damages:

No agtimaces of tha damages werae presented.

FLOCD OF NCVEMBER 18, 1977

Cause: Power outage causing plant shutdown
ZesSCcruprion:

A power outage at Bowater's Mill, in Corner Brocok, sent a cowWer
jurse oack along the transmission line to the Deer Lake Power Plant
resulring wn a shurdown of the generators. 5Since no water was flowing
~hrough the generatcrs, the amergency gate wag ctripped, allowing water
rg flow down the old spillway into Deer Lake, Tha neavy sp:illing of water
caused flooding at the intersection of Spillway Brecok and the Trans Canada
Highway causing traffic to back up in both directions. The Highways
Secartment closed the highway until the water receded and an inspection
of the bhridge abutments was made.

Magnitude: Yo information was presented,
Da:.uges H
No damage to the bridge excepr for tha minor cleanup operacion

Wwaa reported as a result of the temporary flooding.

* The western Star, Thursday, June 9., 1977, pg. 1l; and, the wWestern Star,
S5aturday, June 11, 1977, pg. 2.
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ST DECEMBER il-12, L1377

Tiuie:  High tides and strong onshore winds
escricktion:

Five West Coast and ong South Coast JOomMunities were supjected %o
severe flooding as a result of the high seas and strong wirds, The
sommunities reported as receiving damages due to the high water were Cox's
Zove, _arx'a Harbour, Frenchman's Cove (all in the Day of Island).,

Stephenville Crossing, Parsen’'s Pond and Pertites.

In Stephenvilla Crosaing, tne preblem was reported as a recurring

cne resulting from a combination of high tides and onshore winds, Water
was reported as having come over a section of breakwater and water levels
roge to about 18 inches (0,46 metres) cver Pleasant Streer, TFive famil:es
were forced to move from their homes, Cne home was said to have been
damaged and the Town expressed some concern about damages to the sewer
system,

The problem at Cox's Cove was also raported as being a recurring
one. High tides cause the brook to back up and flocd low lying areas of
The community where a nurber of houses are located,

At Parscn's Pond. about 21 families were forzed to leave their
nomes as a result of the flcoding wnich affected ncres as far as a l/4
mile (3.4 kM) inland from the sea. More than 100 geople were said to he
affecred. The reports stated tnat a general store was also w1nundated
and some homas wera avacuated by coac.

At Petites, s0me elght wharves and a community stage wara reportad
a3 being destroyed.

Hagni-ude:

At Parson's Pond, the floocding was reperted to have cceurred
Setween the hignway and the beach inundating tetween 1l/2 and 1 sguare mile
{v.) =m0 2.6 sq. km) wo a depth of 2-3 feet (0.6 - 1.3 metres). Local
residents reported that the area used to flood many years age but ‘had
remained dry for a long time befora the houses were built”. High tides
last year, "the first in half a century, washed away erbankments allowing
more seawater to flow landward thig year". This flooding was said to be
much worse than last years.

Camagas:

No estimates of the damage were given for modt communities, however,
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it Parson's Pond 1t was reported that it was likely that some foundac:cns

ware weakened,

it was reporcted =hat 1I to 14 fishermen were affacrmaq oy tne damaged

facilities at Per.tag and that the damage would exceed 35

N~
el

@-LCCD oF CECEMBER 27-29, 1977

Zauge;

Combination of rain and high temperacures on Christmas Jay and
3Ioxing Day Telted the accumulaticon of snow
Cegcription:

Flooding was reported across insular Newfoundland, resulting in
digsruption of transportation and ilnconvenience to many home owners.

Trains were halted because of washouts along the C.N.R. rail lines
across the Province, C.M.R, cfficlals said some 40 washouts cccurred and
regorted that the main problemg were between Clarenville and Port aux
Basgues., 3Some 0f che damaged sections were reported to be up to 200 feet
(60 metres) in lenqgth. C.N.R. also reported flcoding on the l.ne berween
C.arenvilie and Bonaviscta. It was regorted that apout two days would te
regulred o affect repairs to the lines and about 130 la:d-off seasonal
amployaes were called back for this operation, A derailment of a work
=7a1n alio ceoourred near Fishell's Cove when the embankment collapsed
afzer beinG weaxened by the high water.

Flooding was also reported in the Noel's Pond area as a result
>f debrig blocking the bridges or culverts.

In Corner Brook, saveral roads were damaged and some houses were
rnundated with watar and mud. Extensive damagas wera reported in the
dassey Orive. Benoit's Cove and several other areas of the City where the
drainage was not adequate, Some ¢f che streets which sustained damage
were the Old Humcer Road, Riverside Drive, Barrert's RAcad and Maple View.
Cur®ing and road shoulders were damaged on East valley Road, West Vallay
Road, Windsor Street, Meadows and Gillams Roads. In the Riversida Drive
area, tons of mud and water inundated homes on tha north sids of 3allam
8ridge. Much of rhe mud flowed cnto the property of Cwen Legge and filled
the basement apartment. Several gtreets in the Curliag NIP (Neighbourheod

wmprovement Program) area were damaged. ‘Water also overtoppad the dam

at the Margaret Bowater Park.
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A landsliide occcurred at Mount Moriah which Dlocxad the highway.

Juard rails and hydro poles along the Humber River were reported
a3 naving little support as the flcoding nad washed away tons oOf earzh,

The road o Jox's Cove was closed when gortiona of the roadbed aiong
1 quAr<er mile s52cTionN wasd reported as having slid downpill when a culvert
wad wasned out.

East of Zorrner 3rcck, the road ro Trout River was ragorted -o na
washed out, as well as, the Trans Canada Highway at Litrle Rapids. The
TCH was reported o ce inundated near Birehy Lake but was said to be
"passable”,

At ¥in3's Point, Green Day, flcodwaters rore up a l00-foot section
of zhe main street rupturing a water lire and 1sclating akout 40 familias,
The pumpghouse was alse inundated leaving 700 people without water. Debr:is
wa3 reporsed ro have punctured the dam as well,

At Buchang, several miles of old workings and tunnels ar the
ASARCQ® mines were floocded to a depth of abour eight feer as a resulrt of
the m:ld srell and rain. The flocding was reported as not having affacred
groduction siace the flooded tunnels are used rainly for access and
rentilation,

in Grand Falls, Main Street was closed for some =.me because it

was submerged, Work crews ware kepr busy c¢learing debris {rom storm sewers
that caused water ro pack up and flood low lying sections of streets and
saveral tasemants, Some tenants were forced to Tove out of their flooded
basement aparcrents on Goodyear Avenue.

in Gander, many tSasement apartments were flooded and some residents
nad to leave their living quarcers,

314 mileg (9.7 xm} aast cof Gander, Soulis Brook overflowed a 200-
foot (60 metre) section of the TCH washing cut the shoulders and under-
mining some pavemant closing it to traffic for a period until warers receded.

The TCH was also reporrted to have baen flooded in the Port Blandford
area by Soutnwest Brook causing problems for vehicular traffic.

The water was reported to be 13 inches (0.25 merres) deep.

Cn the Bonavista Peninsula, numerous roads were said tc have been
inundated and/or washed out and wera impassable to all but large trucks
and four wneel drive venicles, Two of these areas were at Lethbridge and

Lockars 3rook (weaxkened bridge).

* ASARCO - American Smelting and Refining Company Ltd.
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Znner jravel roady in the Province were washed out and in some
r43A§ Sommunitles were i13olated. Some of thegse roads were 15 the Bucrans
ar=a ard =he Harkcur 3reron Road between Pool’'s Zove and 3t. Jacques,

In 3e. Jonn's, haserenta were flocded and roads were lnuncated
and scme washed our.

The waterford Raver overflowed its banks inundating sections of
8owring Park and tne Kinsman Park on 3quires Avenue, On the southside cof
Squizres Avenue the flood warers were reported to have ercded savaral feet
of land to the rear of the homes. Flocding was also reported arcund Quidy
Y121 Lake and in the Higyinga Line area, Houses in the newly developed

Spractt Place, east of Canada Drive, experienced severe basemert flocding,

Problems were alio experienced in the Highland Park Subdivision and on
southaide Road as a result of clogged s:&rm drains. The basemant of the
C.48.R. customer gtarion and express building as well as the diesel building,
cracks and parxing lot on Water Street West were inundated. The prcblem
was suspected to be related to the trunk sewer,

Magnitude:

Ar Corner 2rook, 1.25 inches (31.8 mm) of rairn and temperatures

[=] =)

in the order of 11 2 to 13} C (520: to SSOF) were reccrded, At Buchans,
.27 anches (32,3 mn) of rain wag reccorded on the 27th., A rainfall of
1,30 incnes :45.7 mn) was recorded at S5t, John's with temperatures 1o
the order of lOOC (SOOP).

Brooks and ponds were reported tc be far acove normal across the
province.

Residents of Riverside Drive, Comner Brook, said "problems nad
rever occurred in that area until about three years ago when changes were
Tade T2 the Sravel pit on the hill benind cheir homea. Prior to thuis,
nhe water fream the oit normally flowed through a brook intc the Humber
River,

:amaies:
In Corner Brcook, damages to city srreers were egrimated at 5100,000.
Newspaper accounts stated cthat highway damages could reach several

nundred thousand dellars. No other estimates of damages were pregentad.
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@ 7LOCC 3T JANUARY lé-lo, 1973

Cause:
Hi3zn water and rafnipg ice as a result of ra:n, snow and mild

temperacures

fain, snow and noin tamperatures sorpblned to Cause Nigh water

A 38C-foot {132 metres; section of the Jrand pay Bridge on tne
Iodroy River was tawken 2ut By nigh water and rafzing ize. It also
desrroyed a 820-Ioot (244 metres) section of -“elephone cable wnioh was
actached to the structure. The loss of the structure resulted in
isolation for some 1,500 ;esxdents of Codroy, Millville, Cape Anguille
and O'Reagan's. Telepnone services were also cut. A temporary bridge
<as erected five milas (3 xm) downscream of the destroyed bridge and
opened to traffic in April. During =he incerim, mail and supplies were
cransported across the Codroy River to the communities Dy bcat, snowmobile
and aircrafc.

Ir Corner 9rook, CLty work crews were Kept busy repalring several
city streets, Parts of Boland's Avenue and Conway Road in Curling and
the shouldera along Maple Valley Road suffered most of the damage.

At Gillams, on the north shore of the Bay of Island, blocked
cuiverts caused minoyr flooding of the highway.

At Little Rapids, 10 miles (16 xm) east of Corner Brook, blocked
culverts also resulced in overflow onto the Trans Canada Highway.

Cn the Bay d'IZspoir Highway. culverts were unable to cope with
“ne high flows resulting in flooding and washouts. The worst washourt
was raported to be at the head of Bay d'Espoir, where a secticn of
pavemant collapsed leaving a gap of about 10 feat (9 metres) wide and
nine feer (2.7 metres! deep, halring traffic for 36 hours and isolating
the communities of St. Alban's, St. Verconica's and 5t, Joseph's Cove.
Magnitude:

Bowater Newfoundland Ltd. reported a high of 11%c (55%°%) and 17
millimetres of ra:n (0.07 inches) and about 12 centimetres (4 inchas!

of snow during this per:od.
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I= was reported thar the temrorary cro3sing on the Srand Codroy

Rivar would <03t in the order of 5352,033, Transgortarion Minister, James

[
(]

Morzar said "a new permarent bridge will cost ip the vicinity of to
54 million'.® Mr. Morgan also stated “storms this wWinter nave done Zamage

astimated petween $5 million and 36 million to roads and pridaes in tne

FLIOD SF MAY L7-23, 1373

Zause: Spring freshet

Cescription:

A& spell of good weather had rigen lavels in rthe Humger River =o

At sneady 3rook. A photo® Wad published snowina Forest Drive

auertlowln

re marxed ar 3 barrier due to the flceding. [t was revorted

wicre Td4rs woele 4

toar AT isast one resident had to use a hoAt to reach nis home, Jther

srorereTies were regorted to e iaundated.,

The Mayor 2f Sready Broox reported rhat the river nad risen ibout
1% wncnas zer day (15 om per day)l since May l3ith, Bowater's Newfoundliand

Ltd, were reported as not Naving spilled water from Main Dam.

[

2
(o]
—
<3

n the Humber River near Reidville, (Srtarion No. 022YL
- . . 3 N
maxi~um daily discharge of 23,303 cfs (6734 @7 /s) wWas recorded on the 20%n
. . N - o 3
aLTh Toe maximum instantaneous discharse of 24,200 c¢fs (635 mT/s5) ocourring

an =ne 3ate day,

zanages: No estimates of zTha damages or descriptioni wara Dresented,

* The Evening Telegram, January 17. 1978, pg. 1
The Western Star, May 19, 1978, pg. 1
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FLCCC CF MARCH 6-3, 1973

Zauase: Rawn, melting snow, plockage of drainage sYystems by ice and decr.is
Cescription:

A fou:-du} cericd of springTlike weatner zaugsed flooding and some
wasnout3 in central and wegtern Newfoundland.

Boerk the Robinson's and Baracno:s RAivers overflowed =fieir Danks when
ice collecred at the pricdges resulting in flcoded roadways.

In Stephenviile, the high rlows and ice in 3lanche Brook undercut
foctings of four 20-foot (6 metres] sactions of a retaiping wall causing
rnem to collapse. Town work crews were xest busy in an attempt tc f:ill
the breach with boulders and concrete o reduce the poasibility of the
Labatt Brewery complex being flocded,

In the Corner Brock area, some flooding of basements and miner
rcad damages were reported throughout the city. 3Some floocding was reported
at the intersection of Dave's koad and Primrose Avenue and on the highway
between Brake's Cove and Riverside Drive, Corner Brook Stream rose to
less than two feer from the bottem of the bridge pn Mawn Street and backed
up into the sewer system through an outfall,

in the Roddickton area, on the horthern Peninsu.a, biockage of
culverrs and 2itches i several places caused overflow onto the roads,

The Baie Verte Peninsula alsc experienced some floeding of a minor
nature and a few washouts.

In Caentral Newfoundland, {lcoded streets and basements were
reported in most of che towns, A section of the Bay d'Espoir hijhway wWas
inundarted abour 25 miles {40 xm) south of Bishop’s Falls at a point where
Rattlinz 3200Kk 15 closest To the highway. This resucted in 1 shoert closura
23 the nighwavy.

Magrnitude:

Toral prec:.pitarion :n tne corder of 54 millimetres {about 2.3 inches)
was reported at Corner .Brock during the period. Toral precipitacion for
March at Corner Brook was 136.3 millimetres {(7.3] inches! of which 142.1
=.ll me=res {5.359 inches) was in =he form of rain. The month was described
as the wettest since 1939,

Tne flcoded section of the Bay 2'Espoir highway was reported as

zeing flooded for the first time in che road's 12 year history.



Camages:
At Stephenvilile, the Town Manager was reporrzed to have sa:d mhae

"+he complete and permanent repair to the danmaged Zribbing i3 expecred to
be bertween $100,000 and $120.000". It was reported that Alexander
Enginecering was contraczed by the Town o carry out permanent repaLrs
1t the si1te. The cermarent structure was reported to be an interlccking
ateel sheevt pile racewall.

No other estimates of the damages were prasented. Some FRGLCgrapns®
<ere publisped for Stephenville and the Corner 3rocok irea.

The Western Star, March 7, 1379, £g. l: The Western sStar, Marcn 3, 1979,
£9. 1 & 9; The Western Star, March 9, 1979, pg. 1; and the Western atar.
March 13, 1979, pg. 2.

@ FLOCD SF JULY L17-20, 1379

Cause: Heavy ra:infall
Qesacription;

In the 3tephenville arsa, Blanche 3roos, swollen py heavy ra.ns,
carried trees and other debris Jdownstream which collacted and jammed at
the Hansen Hignway Bridge. The section of Handen Highway from Broox Street
ta the intersection of Jueen 3treet was closaed on tne morning of the l8th,
Transportatisn Jepartment employees were kept pusy attempting to Reap
debris frem tloating downstream causing further damage. The center piar
of tne bridge nad been moved by the force of the debris and water. The
structure <collapsed around mid-day on the lo9th.

Cebris also wa; reportad to have piled up where the brook runs
cetween Zarclina Avenue and Main street but no damage resulted. Many
itepnenville residents had flooded basements and the Harmon Convenience
jtore on Carolina Avenue foundered when 1ts baseament Jave way,

In Corner 3rook, a few Tinor washouts had occurred but no serious

flooding or damages wera reported within the city limits,

Magnitude:
The technical services department of Bowater Newfoundland Ltd.

recorded 1.66 inches (42.2 mm) of rainfall from 1:31Q p,m, on the l7eh until

8:C0 a.m, on the l8th,
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Camages:

No estinare 5 the damage was reported for the Harmon Jonvenianco
Store; however, 1T wag reported thac they were agen £0r hHusiness an the
19ch. Hines Esso on the Handen Higjhway near the co..apsed bridge recorred
axcengive losses in business and a3 a resulrt was required to lay=cff
2mployees. Na esritares for a replacement bridge were nresented. The
original bridge across Blanche 3rocok was buile by the Unicted 3cares milicary
in the m1d4-1950's. The newspaper acrounts reported that Lt took abourt
three weexs to get a Bailey 3ridge i1n place. Some pnotos* of the strucrure

were publighed (tefore and afrer zhe collapse).

@ FLOCD OF NOVEMBER 4-7, 1979

Causa: Two days of heavy rain
Cescriprion:

The two days of heavy rain on the West Coast had caused flcoding
and rockalidea 1n saveral locations, necessitaring the closure or
supervision of the highways by the R.C.M,P. and Deparcment of Transportation
personnel.

One rack slide had ocgcurred on the Trans Canada Highway at
Gallant's Hill near Gaorqe's Laka 730 miles (48 km) west of Corner Brook|
blocking one lane of the highway.

Near Portland Creex, .five miles (8 xm) north of Parson's Pord,.
apout 150 feet (45 matresa) of the Great Northarn Paeninsula highway was
reported to be under about 1.5 feat (0.5 metres) of water resulting in
closure of the road,

At Hawkaes Bay, south of Part Saundara, the big Zast River, swollen
by the heavy rains, eroded the material from around the abutments of the
highway bridge. The bridge was reported as not being in danger and the
abutmenty have since been reinforced.

Magnitude:

The St, John's Weather Office stated chat about 3.2 inches (31 sm)
of rain fell in Ceer Lake over the weekend, with similar amounts recaorded
in Corner Broak and Stephenvillae.

Camages: No estimatas of the damages ‘ware presented.

* The Westarn Star, July 18, 1979, pg. L; The Wegtern Star, July l4, 1979,
pg. 3: The Wastern Star, July 20, 1979, pg. 1



@ FLOOD OF AUGUST 10-11, 1957
Causa:  Hewvy rainfall

Cescriptian:
& heavy rain storm resulted in flooding ylong Steady Brook

and the Humter River, While no structures were affected, ~any
propertias were noted to be partfally under water, The main
pillway at the Bowater Power plant w=as operating.

Jamages:

No estimates of damages ~ere presented,

@ FLOOD OF FESRUARY 3-4, 1081
Cause: Heavy rain ard m2lting snow and ice,

Dascription:

[n Corner 3rook, heavy rains and melting snow created hlockages
culverts ard bridges in the City, The Byrgeo Road was reported 1o be
inundated, while washouts were also reported at 2(-25 other locations.,

Damages:
% astimates wer2 presented reqaraing damages,

@ FLOOD OF FEBRUARY 12-13, 1981
Cayse: Rain

Cascription:

Minor flopding was reported in tha City of Corner 3roox.

Damages:
No estimates ware fiven.

at
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@ FLCOD OF MAY 3-16, 1981
C_au&: Spring raing
lescription:
Heavy spring rains, The main spillway gates were gpened

at 3owatar Power plant, rasulting in properties being inunrdated
in Nicolsville and Steady Brcok, Localized flooding was z2lso
notad in other Comrunitias in the area.

Dmages:

No estimates of damages were given,

@ FLOOD CF MAY 4-10, 1982
Cause: Spring runoff
Description:
“alting snow and heavy rainfall resultad in 4an 1verage increase in
flaw depth of 7.3 m on the Humber Aiver in the aresx Lownstream of Deer Lake.
Soma graperty flooding was recorded in tha Community of Steady 83rook,

Damages:
% damage estimates were provided,

@ FLOOD OF APRIL 20-MAv 10, 1983
C_aﬁ: Heavy rain and srowmelt
Lescription:
Mingr flooding was reparted in tna Steady Hrock area and 1lang the
Humbar River dcwnstream of Deer Lake,

Jamages:
4w astimates of damages were ncted,

@ FLCOD OF AUGUST 10-19, 1983
Cause: Heavy rainfall

Degeriprion:
A heavy rain storm combinad with high flow reledses from Grand Lake
resulted in flocding along Steady Brook and the Humber River, while no

structures =era affacted, many properties were noted to be partially under
water,

Damages:

N0 estimates were gtven,
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B.1

B.1.1

B-1

BACKGROUND FOR THE SSARR MODEL
General

The SSARR model was initially developed beginning in 1956 in order to
meet the needs of the U.S. Corps of Engineers in analysing and fore-
casting the hydrologic and reservoir systens in the North Pacific
NDivision area of the Corps of Engineers, (This area comprises the
Columbia River System in the U.S. and Canada, Coastal rivers in West-
ern QOregon and Washington, and the State of Alaska.) Since that
time, the SSARR Model has been updated and widely used in many appli-
cations throughout the world.

The functioning and the method of using the SSARR program are explai-
ned in detail, and with numerous examples, in the instruction manual
provided by the U.S. Army Corps of Engineers, entitled, "Program Des-
cription and User Manual for SSARR - Program 724-K5-GO010 - September
1972", Information and text in the following sections is summarized
from the users manual (57) and a paper by Rockwood (45) and modified
as required for the model application on the Humber River watershed,

The SSARR program carries out the following three distinct functions:

1) [t calculates the natural discharges for each of the elementary
sub-basins within a subwatershed, for which the hydrological
characteristics are relatively homogeneous. A detailed process
for accomplishing the calculations is illustrated on Figure 3.5
in the main text.

2} It calculates the natural discharges as well as routing and add-
ing hydrographs through river reaches and natural lakes, up to
the exit point of the entire watershed.

3) It calculates the variations in discharge caused by the regula-
tion of artificial reservoirs for hydroelectric generation or
flood control operations.,
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Hydrologic Principles Utilized in the SSARR Model

The matter of hydrologic representation of runoff processes in a
watershed model 1is highly subjective, No two hydrologists look at
watershed runoff processes in exactly the same light. Nevertheless,
there are some underlying principles that must be preserved in the
formulation of a deterministic hydrologic watershed model. These
include the logical accounting of each of the basic elements in the
hydrologic cycle {rainfall, snowmelt, interception, soil moisture,
interflow, groundwater recharge, evapotranspiration, and the various
time delay processes), together with the ability to maintain contin-
uity of each of the processes and to represent each by objective
functions, which relate them to observed hydrometearological para-
meters, The differences between model representations are in the
various complexities that are incorporated to represent a particular
process.

The streamflow routing functions contained in the SSARR model provide
a generalized system for solving the unsteady flow conditions in
river channels where streamflow and channsl storage effects are rela-
ted, either at one point or at a series of points along a river sys-
tem, In principle, the method involves a direct solution of a
storage-flow relationship involved 1in maintaining continuity of
streamflow and storage in each element of the river, through use of a
procedure which solves the relationships in finite elements of time
and river reach. This involves a completely general and flexible
method for salving the flow routing equations which can be applied in
many waysdepending upon the type of basic data available, and the
conditions of the river system with respect to backwater effects from
variable stage discharge effects, such as tidal fluctuations or
reservoir fluctuations,
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The SSARR model was designed to include the effects of reservoirs or
other water control elements within the streamflow simutation pro-
cess. Reservoirs may be described for any location in a river
system, whereby inflows are defined from single or multiple tributar-
ies, derived either from watershed simulation for river basins
upstream, or from specified flows as a time series, or combination of
the two,

Qutflows from reservoirs are determined on the basis of specified
operating conditions, The processing of the hydraulic conditions at
reservoirs is performed sequentially with all other elements in the
river basin simultation, in order to provide a once-through process
for the system as a whole, including all natural and man-caused
effects,

Hydrologic Input Parameters

This section defines and discusses hydrologic input parameters in

general tarms., Specific data input and parameter tables for various
sub-watersneds of the Humber River are presented and discussed in
Section B.2.

Net precipitation input (WP) - The average net precipitation value

for a drainage basin or bnydrologic unit 1is derived as a weighted
daily or period amount from a series of individually reported or
observed values. The weighting is generalized, and each station may
be assigned its individual weighting value. The station weights may
be determined on the basis of previously derived relationships
between station and basin normal annual or normal seasonal precipita-
tion; or the weighting values may be derived on an areal basis using

the Thiessen Polygon or other similar technique.



8-4

The total precipitation on a watershed is computed from period pre-
cipitation amounts at one or more stations as follows:

" (P * Wy + Py *Wp + - Py %) (B.1)

n = n

Where P1, Py --- P, = Period precipitation amounts at Stations 1, 2,
....n respectively, in inches

Wi, Wp --- W, = Weights applied to the station precipitation
n = Total number of stations; a maximum of 30
stations
WP, = Weighted period Net Watershed Precipitation

inches

Basically, there are two general options for the calculation of snow-
melt, namely: (1) the temperature index method; and (2) the use of
generalized equations of snowmelt as determined by the thermal budget
of heat loss and gain to the snowpack. The temperature index method
is wusually used for daily forecasting applications, whereas the
detailed energy budget approach is more appropriate for design flood
calculations when extensive watershed data is available. 8y either
method, daily or period values of effective snowmelt runoff values
are computed as a time series, as a function of appropriate meteoro-
logical values.

The second equation has the advantage of being more precise and
detailed, but also has the disadvantage of requiring some data which
is available at only a very limited number of stations. Examples of
such data are;

- Difference between air temperature measured at 10 feet above the
snow surface and snow surface temperature in degrees Fahrenheit
{°F). The snow surface temperature is assumed to be 32°F

- Difference between the dewpoint temperature measured 10 feet above
the surface of the snow and the temperature of the snow surface
(32°F)
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Above the surface of the snow and the temperature of the snow sur-
face (32°F)
Wind velocity at 50 feet above the snow, in miles per hour

Solar radiation on a horizontal surface, in langleys

Average snow surface albedo
Basin shortwave radiation melt factor

Average forest canopy cover
Convection-condensation melt factor

A detailed discussion of the varigus snowmelt options and their app-
lication to the Humber River is presented in Section 8.2,

In addition to the two options of snowmelt eguations available to the
user, two additional options for the simulation of snow cover are
also available;
i) Snow Cover Depleation
ii) Snow Band Option,

Witn the snow cover depletion option, snow cover is diminished in
thickness, and in surface area during the snowmelt season. However,
two disadvantages of QOption i) are that snowfall during the calcula-
tion period is not added to the existing snow cover and secondly, it
is necessary to enter at the beginning of the period of caltculation,
the gquantity of snow which will effectively run off after the melt.
However, this option has been shown to be useful in the flood fore-
casting model and may be useful in this context at a TlTater date. The
snow band option allows the user to separate the subwatershed into
different “bands" according to elevation with the temperatures being
lowered systematically with increased elevations.

Soil Moisture Index {SMI) - The soil moisture index used in the SSARR

model represents a weighted mean basin value of the water stored in
the soil mantle that can be removed by plant roots through transpira-
tion and also by natural evaporation, [t does not include the part
of the soil moisture content that exists at the permanent wilting
point. The computation of the changes of so0il moisture index values



are based on the increases resulting from rainfall or snowmelt, and
the decreases by the evapotranspiration process, Increases in the
soil moisture index values result in a "permanent" loss to runoff in
the water balance for the basin as a whole. The upper limit of the
soil moisture index is considered to be its field capacity, which is
equivalent to the capillary moisture holding capacity, or the total
anount of water which can be held under the force of gravity under
natural conditions. Thus, the soil moisture index is a continuously
varying parameter that may range from a value of zero when the soil
moisture has been reduced to the "wilting point" by the evapotrans-
piration process, to a maximum value represented by the field capac-
ity of the soil for the basin as a whole, Section (.2 presents a
detailed discussion of SMI relationships applied to the Humber River
watershed,

Evapotranspiration Index (ETI) - The evapotranspiration index (ETI)
used in the SSARR model is a weighted basin mean daily value of the
water Tlost to the atmosphere by the evapotranspiration process.

Transpiration, soil evaporation and evaporation of free water from
the plant or forest cover are considered to act together to produce
the losses by evapotranspiration. Since the evapotranspiration loss
is physicaily the result of change of state of water from the liquid
to vapour phase, the process of evapotranspiration requires energy
for the transformation, and is, therefore, dependent upon a source of
energy from the atmosphere,

In the model, the potential evapotranspiration may be computed by
either of two basic methods, namely: (i) mean daily amounts based on
mean monthly values which are typical for a given hydrologic regime;
or (i1) mean daily air temperature or dew point temperatures, or
daily solar radiation amounts. The daily computed amounts are adjus-
tad in either case by a function to account for daily or period rain-
fall which would reduce the potential rate of evapotranspiration. In
the application of the SSARR model, the mean daily amounts computed
through use of mean monthly amounts are most commonly used.
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Section B.2 presents a detailed discussion of the Evapotranspiration
rates applied to the Humber River,

Baseflow Infiltration Index (BII) - The Baseflow Infiltration Index
used in the SSARR watershed model provides a means for computing the
relative proportion of the water available in the surface layers of
the soil mantle that enters the groundwater aquifers as deep percola-
tion. Under the principle of "generated runoff", as defined above,
all water which is not Tost to the atmosphere by evapotranspiration,
or the permanent loss by soil moisture increase, is available to run-
off as a time delay function. Conceptually, the model considers the
time delay to occur in three zones, namely surface, sub-surface and
baseflow, The long time delay caused by base flow infiltration
represents that portion of the water which is in transitory storage
for several months {or possibly years under certain circumstances).

Section B.2 presents a detailed discussion of the BII relationships
applied to the Humber River.

Surface - Sub-surface Flow Index S$-SS) - In the model, the surface-

sub-surface (S-SS) flow separation index deals with the water excess
which is generated from the residual after soil moisture and trans-
piration losses and base flow infiltration have been satisfied. Nor-
mally, the "direct" runoff is considered to be the result of the per-
colation of "“free" water through the upper layers of the soil mantle
{say, in the zone up to a maximum of depth of 50 cm below the ground
surface) termed as sub-surface flow. When the water input rate
exceeds the capacity of the sub-surface zone to transmit water under
gravitational force, the residual water excess amount is considered
to occur directly on the ground surface or the upper few centimetres
of the soil mantle. The surface-sub-surface (S-SS) flow separation
is a means for defining the relative portion of the direct runoff
that contributes to each portion, as a function of input rate.

The S-S5 function is wusually specified as a nonlinear function,
whereby the lower rates of input provide water excess primarily in
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sub-surface zone, while high input rates are predominantly on the
surface runoff., The time delay functions for routing surface and
sub-surface flow are specified to represent the difference in storage
times for each of the two zones, Section B.,2 presents a detailed
discussion of the S-SS relationships applied to the Humber River,

Watershed outflow transformation by polyphase routing for each flow
component input (NP, TS) - The water excess values computed for each
time period in each of the three flow components {surface, sub-sur-

face and baseflow) must be transformed from values computed as input
rates to time-distributed values of streamflow. In the SSARR model,
this transformation is accomplished by polyphase routing, whereby the
input rates expressed as on per period are converted to equivalent
values of steady-state cutflow, expressed as cubic metres per second
for the particular drainage area, The routing is performed through
the use of the flow continuity equations set forth in the SSARR users
manual (57).

The use of polyphase routing for tnis type of transformation has
several advantages for computerized simulation of streamflow from
watersheds. These include: (i) simplicity of computation; {(ii) ease
of application in trial and error reconstitution studies for deter-
mining basin runoff characteristics; (iii) the relatively small
amount of information required to store in the computer, in order to
represent the basin runoff characteristics; (iv) the completely flex-
ibte means for representing time delays to runoff either for short
term flood runoff on relatively small tributaries, or for long-temm
base flow on groundwater discharge for large river system; (v} the
convenient means for preserving the continuity of flow at any speci-
fied point in time, for “stop action" or "instant replay" capabili-
ties, particularly in its use for day-to-day streamflow forecasting;
(vi) the flexibility of providing virtually any desired shape of run-
of f characteristics (as, for example, a unit distribution of known
characteristics), (vii) the assured preservation of continuity of
flow for any computed runoff excess and {viii) the ability to repre-
sent non-linear response for runoff from a watershed. Section B.2
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presents a summary of the relevant polyphase routing parameters
applied to the Humber River.

Methodology for Model Calibration and Validation

In general, the optimization of the various parameters is normally
accomplished by trial-and-error reconstitution studies of historical
streamflow data. Such studies are generally performed for several
years of historical data, whereby the various parameters are tested
to achieve the best fit of computed and observed streamflow. [t is
normally assumed that the physical factors affecting runoff are non-
changing over a period of years, so that the parameters and functions
used in the model are fixed as a given set of values for the entire
study period. The degree of fit between computed and historical
streamflow is determined either visually by inspection of graphical
plots of the data or by graphical or statistical methods. The prin-
cipal objective is to achieve consistency over a wide range of hydro-
logic conditions to eliminate bias between high and low periods of
streamflow and to achieve relatively uniform consistency for the
years being studied.

The overall water balance for particular study areas should represent
as closely as possible the known or expected values of precipitation,
evapotranspiration, soil moisture and groundwater condition that are
characteristic for the climatological and hydrological regime of the
area. The main objective of reconstitution studies is first to
achieve a water balance by adjusting the following parameters: (i)
precipitation weighting for estimating basin precipitation from index
station values; (ii) SMI function, in terms of total soil moisture
index values and the shape of the SMI function; (iii) ETI wvalues,
based on observed or estimated amounts which properly reflect the
seasonal or daily variation; and (iv) BII function, representing the
portion of water input which contributes to base flow. When the
overall water balance is achieved, the rzfinements in timing can be
taken into account by adjusting the polyphase routing parameters for
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each component's flow (surface, subsurface, and base flow), and by

adjusting the S-SS flow separation function.

The simulated flow series obtained in this manner is compared with

the measured nydrograph at the gauging station and the difference

between the two are interpreted in the following fashion:

a)

With

If the discharge calculated is systematically higher (or lower)
than the measured discharge and the difference more pronounced
as a function of time, the -estimate for evaporatien is
systematically too low (or too high). It is necessary then to
reduce (or increase) the slope of the curve SMI;

[f the slope of the calculated hydrograph recession curve is
greater than that of the measured hydrograph, the base flow is
too low. It is necessary then to reduce the slope of the curve

" BII;

I[f the maximum reconstituted discharge is clearly greater than
the recorded maximum discharges and if the runoff volumes are
little different (that is to say, if the curve SMI is good), the
surface runoff is too large with respect to the sub-surface

flow. It is necessary then to reduce the slope of the curve
5-SS;

If the calculated discharges are clearly greater than the meas-
ured discharge following the first light rainfall in the period,
the initial value of SMI must be diminished;

If the shape of the calculated hydrograph, follewing the first
light rainfall, is clearly sharper than the shape of the measur-

ed hydrograph, the maximum for the curve 8II is too low.

respect to calibrating the model to snowmelt periods, the diff-

erences between calculated and observed flows are interpreted as

follows:
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a) If the upward slope of the synthetic hydrograph is too mild, the
rate of melt must be increased;

b) If the calculated flood begins Tater than the measured flood,
the base temperature must be decreased;

¢) If the volume of the flood is too large, it 1is necessary to
modify the weighting of the snow course stations in a fashion to
decrease the initial snow thickness;

While the above description is only a very brief description of the
methods used for adjusting and optimizing parameters, it provides the
principles by which the model is used in undertaking streamflow
simulations, When used in the forecasting mode over a number of

years, model re-calibration should be frequently undertaken.

Preparation of Input Data

[nput data to the SSARR program are prepared on specialized "card
image" formats. A specific group of card columns on a specific card
format is set aside for each of the data words required by the pro-
gram, Within the group of columns (called a "field"), the data word
must be properly positioned to match the scaling expected by the pro-
gram, (Additional details are provided in the Users Manual (57).)

For instance, a river station number may be a maximum of nine decimal
digits in length. The "6D" card format must contain a river station
number in card columns 5-13, right adjusted (The "6D" refers to the
jidentifying punches in card columns one and two, called the "card
code"). Station number 10000 would be entered in this field as
"000010000" . (The zeroes need not be punched. Blank card columns
are assumed to be zero by the program in all numeric fields.)

In most card formats, the decimal point position in fields designed
for fractional values is fixed by the program. For instance, an ele-
vation of 2.35 feet would be entered in the first elevation field of
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the "6D" card format {card columns 25-31) as "0000235" (the decimal
point must not be input into the card. It's position is fixed by the
program, )

A set of data preparation forms, upon which data can be recorded, has
been included in the SSARR manual. These forms relieve the user from
the need to memorize the card field Tlocations for the various data
words. Once the cards nave been input with the required data, they
must be placed in a specified order for processing by the SSARR
program,

The computer progran requires that input cards be in a precise sequ-
ence. Many out-of-sequence conditions can be detected by the program
but some cannot, and computations will proceed with erroneous data.
The following major groups of cards must be in sequence, and the
cards within each group have a specific sequence which is required.

The card groupings are as follows:
1. Run control ("J" card)
2. Tables, and Hydromet and River Station characteristics ("C"
cards)
Configuration control ("P" cards)
Time control ("T" cards)
"H" Card - Optional
Initial conditions specification and time dependent data (card
codes 1, 2, 3, 4, 5 and 6)
7. Plot and Optional output control cards (PL, PQ, PE, PS, PM, PH,
PR, PT, and X formats)
8. End of run control (END card)

O 5 &

The "J" card js the first card of a user's run deck. There can only
be one "J" card at the beginning of the deck.

Table B.l presents a summary of the organization of the SSARR input
data file and a brief description of specific card groups for the
more frequently used cards.
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Application to Flood Forecasting

Applying the SSARR model to a watershed for the purposes of flood
forecasting is similar to its use in the long-term simulation mode,
However, there are several unigue aspects of flood forecasting which
require different model capabilities and operating procedures,

The wusefulness and practicality of a flood forecasting model is
dependent on botn the accuracy and timing of a given forecast predic-
tion. The value of a perfect forecast significantly reduces:  with
time until its value is near zero at the time of the event. There-
fore, an important feature of a flood forecasting system is the abil-
ity to minimize the time of forecast preparation and maximize the
warning time,

In a flood forecasting mode, the computations are restarted daily or
more frequently under rapidly changing conditions. This fact places
a great importance on the model to compensate for the effects of
initial conditions and to adjust the antecedent computations to the
observed initial conditions.

On a current basis, the data available to evaluate hydrologic condi-
tions in the watershed are at a minimum, Therefore, the model! must
minimize the effect of a deviation due to use of incomplete and inac-
curate precipitation, runoff, and temperature data. As the runoff
comput ation is extended into the future, the hydrologic input is com-
posed of forecast values of meteorologic conditions which are subject
to known limitations, This places great responsibility on the fore-
caster and the model to be realistic about the compromise between
theoretically desirable complexity and computational detail in light
of the validity of the hydrologic data available as input,

Since the Humber River system includes reservoirs which exert signif-
icant control over the river flows, another level of complexity is
added to the forecasting problem and the resulting model require-
ments, The interdependence of the forecast of runoff and the regula-
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tion of the reservoir makes manual specification of reservoir opera-
tions to the model impractical, if not impossible. Therefore, an
ideal model should have the ability to "requlate" reservoirs automat-
ically on the basis of criteria for reservoir elevation and outflow
as well as discharges and stages at points downstream from the reser-
voir., Justification for decisions in design of the model for opera-
tional forecasting, in the choice of the options used, and in methods
used in applying the model will generally be on the basis of one or
more of the above unique aspects of operational river forecasting.

Additional details for operating the SSARR Model in a flood forecast-
ing mode can be found in the SSARR manual (57).

Section B.2.5 provides a sumnary of the additional data requirements
for applying the SSARR model to the Humber River.

Application of the SSARR Model to the Humber River

The objective of applying the SSARR model to the Humber River is to
produce 1:20 year and 1:100 year recurrence interval flow rates for
the study reach. In order to attain that objective, it was necessary
to utilize as much historic data ({(hydrometric, meteorologic and
reservoir regulation data) as is practical. Physical characteristics
of the watershed (drainage areas, reservoir volumes, etc.) were also
obtained from a number of sources including available topographic and
soils maps and physical surveys. The model parameters were then
calibrated and validated to historic data to ensure that an accurate
representation of the hydrologic response of the Humber River water-
shed has been obtained,

Meteorologic Input Data

As discussed in Section 3.0 of the main text, there are a number of
meteorologic stations situated in or in close proximity to the Humber
River watershed. However, a number of stations were eliminated for
the following reasons:
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- too much missing data

- period of record imcompatible with period of record for the
hydrometric stations

- zone of influence of the meteorclogic station outside of the
drainage basin (based on Thiessen Polygons)

The stations in close proximity to the watershed were initially
selected by Thiessen Polygons, as were initial weighting factors for
the individual subwatersheds (see Figure B.l). The stations selected
for application in this study are as follows:

- Badger - Deer Lake
- Buchans - Rocky Harbour
- Burnt Pond - Stephenville

- Corner Brook

However, the Badger meteorologic station is equipped with an automat-
i¢ gauge which has not produced daily precipitation amounts since
1973. Furthermore, discussions with staff at Atmospheric Environment
Service (Ms. A. Hoeller) indicated that the available data for this
station 1is somewhat questionable and as such, should be used with
extreme caution. Therefore, the Badger meteorologic data was not
used for the purposes of hydrologic model calibration and validation.

The overall effect of neglecting the Badger meteorologic data is
assumed to be insignificant as it is located a considerable distance
from the watershed and as such, only influences the Hinds B8rook and
Sheffield Brook subwatersheds to a limited degree.

The SSARR Hydrologic Model regquires that all meteorologic stations be
referenced by an identifying number. The reference number for
meteorologic stations must be 4 digits in length and was selected by
assigning the last 4 digits from the number used by Atmospheric
Environment Service. In some cases, more than one meteorologic sta-
tion at the same location was combined to yield a longer period of
record for that location. The numbers assigned to the various
meteorologic stations are as follows:
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Buchans 0700
Burnt Pond 0812
Corner 8rook 1300
Deer Lake 1500
Rocky Harbour 3096
Stephenville A 3800

As previously mentioned, initial weighting factors were determined by
Thiessen polygons. However, most of these stations are situated in
communities located near the sea and are, therefore, at relatively
low elevations. As such, modifications to the precipitation weight-
ing factors were undertaken based on a review of published maps (27,
49) which account for variations in precipitation and runoff amounts
for the hignland areas., Temperature weighting factors were not modi-
fied to account for variations in subwatershed elevations as this is
done automatically by the SSARR Model (see Section B.l) by utilizing
a temperature/elevation lapse rate, Tables B.2 to B.12 present the
precipitation weighting coefficients wused for the subwatersheds
model led in the Humber River model,

Hydrologic Parameters

As previously discussed, the SSARR Model is basically made up of 3
main groups of cards which perform different functions., Most of the
hydrologic parameters are defined within the permanent characteris-
tics of the model which include the CT, CB, C3, CR, CL, CC, €l and P
cards. The hydrologic parameters, such as the characteristic tables
(S-SS, BII, SMI, etc.) and the polyphase routing parameters, are
determined during the model calibration stage . However, a number of
parameters such as drainage areas and altitude-area relationships
were calculated from existing 1:50,000 scale mapping. The calculated
hydrologic parameters are presented in Tables B.2 to B.12 for the
subwatersheds modelled by the SSARR model for the Humber River,

Due to the size and hydrometeorologic characteristics of the Humber
River watershed, together with a review of available hydrometric
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data, flooding conditions are generally a result of spring sngwmelt
conditions,

For application of the SSARR model to the Humber River, the tempera-
ture index snowmelt option was selected for use in this study. The
temperature index equation {see Section B.1.3) uses readily available
data {mean daily temperature and precipitation) and also offers a
precision and detail acceptable for the needs and scope of this
study.

In conjunction with the temperature index metnhod, the elevation band
options were also selected for use. The elevation band option was
selected as it represents the only practical technigue for ensuring
that precipitation falling as snow is systematically added to the
accumulated snowpack, and the precision obtained with this option is
about the same as the snow cover depletion method (46) and because
freshly fallen snow is automatically added to the snow cover,

For application of the SSARR model to the Steady Brook watershed, the
mean daily evapotranspiration amounts were based on mean monthly
values. The mean monthly evapotranspiration amounts were obtained
from isohyetal maps prepared by A.E.S. (60), and ranged between 0,01
in/day (.25 mm/day) and 0.13 in/day (3.3 mmn/day) with an average of
0.05 in/day (1.4 mm/day). The daily computed amounts were adjusted
as per the SSARR manual by a function to account for daily rainfall
which would reduce potential evapotranspiration rates,

Model Calibration and Validation

i} General

The ultimate goal of any model calibration/validation is to ensure
that the model accurately simulates the hydrologic response of a
watershed and produces realistic flow estimates at a given location.
Utilizing the available meteorologic and hydrometric data, calibra-
tion of the SSARR model was accomplished as follows:
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calibrate all subwatersheds for which sufficient hydrometric
data exists

calibrate all ungauged subwatersheds draining into Grand Lake by
utilizing historic water level data available for Grand Lake
transfer hydrologic parameters from gauged subwatersheds to
ungauged subwatersheds located downstream of Grand Lake by com-
paring physiographic parameters

verify results of the calibrated model at the study area (down-
stream of Deer Lake) by comparison to discharges recorded at a
short term hydrometric gauge (02YL0O03) and to historic water
levels recorded in Deer Lake,

The calibration and validation of the model was accomplished by
carrying out a number of steps in the following order:

It

determination of sub-watershed physical characteristics such as
area and elevation/area relationships

determination of routing parameters for the individual sub-
hasins

determination of monthly evaporation rates and meteorologic
waighting factors

determination of the runoff parameters by simulating summer/
autumn flow series

determination of the snowmelt parameters by simulating winter/
spring flow series

verification of the validity of the parameters by independent
simulation of additional hydrologic flow series.

is advantageous to begin initial calibration simulations on a

summer/fall flow series for the following reasons:

the runoff conditions are independent of snowmelt

it is relatively easy to veryify the weighting of meteorologic
stations

the natural hydrograph shape during this period is usually more
representative of the subwatershed unit hydrograph shape due to
short nature of summer/fall runoff events



During the continuous simulation of a summer/fall flow series, the
discharge is a function of:
- measured rainfall at applicable meteorologic stations and assig-
ned precipitation weighting factors
- initial antecedent conditions of SMI and BII
- the estimated curves for SMI, B8I] and S-SS
- the routing coefficients NP and TS determined for each subwater-
shed.

Once the SSARR model yielded good continuous simulation results for a
summer/fall flow series, all previously computed parameters are used
in the model, and a winter/spring flow series was simulated to deter-
mine the various snowmelt parameters. At this stage, the only para-
meters for which estimates must be used are:

- rain freeze temperature

-~ base temperature

- lapse rate

- melt rate (for degree day method)

Calibration simulations were undertaken for the 5 gauged subwater-
sheds by simulating a time series which includes a complete summer/
fall/winter/spring cycle, This time series was selected for the
following reasons:
- antecedent initial conditions during dry weather periods (July)
are more easily estimated
- early winter (December) snowfall is accumulated for melt during
the next spring
- antecedent conditions prior to snowfall are calculated by model.

Additicnal flow series were simulated for split-sanple validation
purposes to ensure that the model accurately simulates the hydrologic
response of the gauged subcatchments within the Humber River water-
shed, In this case, an additional spring/summer/fall/winter period
of meteorologic data was simulated with the computed hydrographs com-
pared to those observed at the gauge Tlocation, [t was evident from

the validation simultations that a good level of accuracy was achiev-
ed,
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In summary, a total of approximately 90 months of simulated flows was
undertaken for each gauged subwatershed. Figures B.2 to B.6 present
a comparison of typical calibration and validation spring freshet
observed versus computed hydrographs for the 5 gauged subwatersheds.
The spring freshet portion of the flow series was selectad for pres-
entation as 1t usually represents the maximum discharges simulated
during a given year,

[t can be seen that the simulated hydrographs closely resembled the
ohbserved hydrographs with respect to magnitude and timing of the peak
discharges and also with respect to runoff volume. The fact that
computed runoff volumes are similar to observed indicates that the
precipitation inputs and moisture/runoff relationships are adequately
represented, This also includes parameters which reflect the snow
accumulation within the watershed. Coincident magnitude and timing
of peak discharges indicates that subwatershed routing parameters are
accurately represented.

Although visual appreciation is a useful tool in determining the pre-
cision of any calibration simulation, it can be somewhat subjective.
Therefore, calibration analyses were undertaken by using the follow-
ing graphical comparisons:
- cumulative mass curves of computed and observed flow volumes
- comparisons of simulated and observed mean daily peak flows by
means of a partial duration flood frequency analysis.

Comparison of cumulative mass curves indicate the ability of the
model to accurately reproduce flow volumes. The ability of the model
to accurately reproduce peak discharges is measured by a camparison
of observed and simulated partial duration flood freguency anal yses.
The results of this analyses (presented in Figures 8.7 to B.11)
illustrate that the model gives good simulations (within an average
of 6% for runoff volumes) with respect to computed runoff volumes and
peak discharge estimates.



B-21

Therefore, based on the continuous simulations and the split sample
testing (over a period of approximately 90 months for each gauged
subwatershed), it was concluded that the SSARR Model adequately
represents the hydrologic regime of the 5 gauged subwatersheds within
the Humber River watarshed.

As a further check, historic water levels in Grand Lake were used in
conjunction with observed discharges to determine hydrologic runoff
parameters for the 4 ungauged subwatersheds draining to Grand Lake.
Similar to the calibration of the gauged subwatersheds, a total of 14
months of meteorologic and hydrometric data was used for calibration
purposes, Figure B.ll1 presents a comparison of the observed and
computed Grand Lake water levels for the spring freshet period. This
portion of the flow series was selected for presentation as it
represents the period of time when runoff is highest., [t is evident
from the annual fluctuations in water level that the SSARR model
adequately simulates the seasonal variations in runoff from the
various sub-watersheds, an additional flow series of 14 months was
undert aken for validation purposes. The results of these simulations
indicate a similar level of accuracy was obtained for the validation
simutations, indicating that the model is a reasonable representation
of the hydrologic regime,

As discussed in the main report, hydrologic parameters for the 2
ungauged subwatersheds located downstream of Grand Lake were deter-
mined by transferring parameters derived for similar calibrated sub-
Watersheds at other locations,

This was accomplished by developing a similarity index in order to
compare the homogeneity of ground cover and soil types of the ungaug-
ed subwatersheds within the Humber River watershed. Data was taken
from the Canada Land Inventory: Soil Capabilities for Agriculture
(1:1,000,000 series) and the Newfoundland Forest Type Maps (1:30,000
series) for the Humber Valley, Each subwatershed was given a score
for the soil class, limitations for agriculture and vegetation type
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present. An accumulated score was calculated so that a comparison
between gauged and ungauged watersneds could be made. {A summary of
soil characteristics and forest cover variations, etc.. is given in
Figures 2.3 and 2.4 of the main report,)

Tables 8.2 to B.12 summarize the hydrologic characteristics of all
subwatersheds utilized in the SSARR model.

ii) Simulation of Qutflow From Grand Lake

When calibrating the model to observed data, several attempts were
made to simulate outflows from Grand Lake. The simulated flows were
based on the calculated inflow to Grand Lake and utilizing the obser-
ved lake levels taken by the Bowater Power Company as an actual rule
curve. Unfortunately, it was found that although a relatively accu-
rate representation of the Grand Lake inflows was utilized (due to
extensive calibration to upstream gauges) the resulting simulated
outflows downstream of Grand Lake were highly erratic in magnitude
and not representative of flow conditions when compared to observed
flows. [t was also found that on several occasions, urrealistic
simulated flows were obtained by the model (negative flows).

The phenomena of negative flows is discussed in the SSARR manual {57)
and is attributed to time periods when inadequate inflows are avail-
able to reach the “"target" elevation specified in the reservoir rule
curve, In other words, the model computes negative cutflows to meet
the reservoir elevation specified by the user. [t can, therefore, be
concluded that negative outflows are attributed to errors associated
with the following:

- simulated reservoir inflows

- inaccurately defined reservoir stage/storage curve

- observed reservoir water levels used as target elevations,

When apolying the SSARR model to the Humber River, extensive calibra-
tion to historic data was undertaken to ensure that an accurate repre-
sentation of the hydrologic conditions was obtained and, hence, a good
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correlation between observed and simulated streamflow rates and
volumes exists, It is evident from previous discussions that despite
the limitations of the meteorological input data, the model gives an
adequate (i.e. relatively accurate) temporal simulation of inflows to
the Grand Lake Reservoir. It is, therefore, concluded that although a
number of input data deficiencies may exist, the model accurately
represents the hydrologic response of the Humber River.

The stage/storage curve available for Grand Lake was derived by the
Bowater Power Company {revised in 1977) and has been verified in the
course of these investigations.

The following is a list of some of the factors which could influence
observed lake levels and hence contribute to observed lake level

measurement errars:

measurement errors (i.e, aobserver errors would likely be in excess
of .025 ft {0.76 cm)
wind set up

barometric pressure variations on Grand Lake
wave influences

As previously discussed, the observed reservoir water levels were
obtained from records collected by the Bowater Power Company. Upon
review of the data, it is evident that the data is recorded to the
closest 0.05 ft.{(1.52 cm), and is only recorded at one location (i.e.
at the main control dam). With this level of accuracy, it is possible
to incur a daily round-off error of 0.025 ft.(0.76 cm} Due to the
extensive surface area of Grand Lake, an elevation error of this mag-
nitude constitutes a storage error of approximately 130 million cubic
feet {3.7 x 10% m3). Because the SSARR model meets the specified tar-
get elevation on a daily basis, the associated volume of water dis-
charged from Grand Lake on a daily basis could also be in error by
approximately 130 mcf, This volume error constitutes a mean daily
flow of approximately 1500 cfs or 30% of the mean annual discharge
from Grand Lake.
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In summary, it can be seen that a lake level measurement error of less
than 3 con results in a discharge error at the outlet of Grand Lake
similar in magnitude to the mean annual discharge. It can, therefore,
be concluded that very small errors in lake level measurements result
in relatively large discharge varijations downstream of Grand Lake.

In addition to the observed lake 1level round-off error previously
discussed, it is very likely that a number of other factors affect the
stage/storage/discharge relationship, and hence the simulation
accuracy (i.e. if measured levels are used as the rule curve).

Wind set-up can be defined as the vertical rise in the still water
Tevel on the downwind side of a body of water caused by wind stresses
on the surface of the water. Such vertical rises in water level are a
function of many variables (wind velocity, wind direction, Take depth,
fetch length, etc.) and can be as much as several feet in magnitude.

Barometric pressure variations can also contribute to variations in
lake Tlevels, When dealing with a body of water the size of Grand
Lake, it 1is also possible that areal barometric pressure variations
could exist, resulting in vertical differences in water level along
the lake. For example, a 2 Ib/in (.14 atm) variation in barometric
pressure results in a variation in water Tevel of approximately 0.15
ft. (4.6 cm).

In conclusion, due to the complexity and "errors" associated with dis-
charge de-regulation, the use of the SSARR model in this mode for his-
torical simulation is not recommended. The installation and monitor-
ing of additional water level recording stations along Grand Lake
would be useful in the future in order to refine the model for the
flood forecasting mode.
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iii) Simulation of Qutflow from Deer Lake

Qutflows from the Upper Humber River and Grand Lake are subsequently
routed through Deer Lake. Deer Lake 1is a natural reservoir which
operates under free flow outlet conditions. Therefore, it is of pri-
mary concern to accurately represent the stage/discharge/storage curve
for the outlet of Deer Lake as flows within the study area are direct-
ly proportional to this relationship.

Unfortunately, all the Jlong-term hydrometric gauges are located
upstream of the study area and cannot be used to calibrate the SSARR
model outflows from Deer Lake. However, a new hydrometric gauge was
recently installed near the outlet of Deer Lake at the Humber Village
Bridge for which sufficient data exists for validation purposes. In
addition to the short term hydrometric gqauge Tlocated downstream of
Deer Lake, the Bowater Power Company records water levels near the
tailrace of the hydroelectric plant, which is located at the upstream
end of Deer Lake.

As discussed in the main text, it was necessary to adjust the water
levels recorded by the Bowater Power Company to account for the head
losses through Deer Lake. This was accomplished by utilizing historic
stage information on the Humber River at Governors Point. This gauge
was apparently operated for 18 years (1929 to 1946) by the Bowater
Power Company. The results of this analysis indicate that water
levels on a given day at the outlet of Deer Lake are lower than that
recorded by the Bowater Power Company at the tailrace of the
hydroelectric plant. Differences in excess of 1 ft. (30 cm) were fre-
guently observed throughout the period of record with an average of
0.7 ft. (21 cm) lower at the outlet of Deer Lake compared to measure-
ments at the tailrace,
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Peak Flow Estimates

i) Effects of Upstream Diversions and Power Regulation

An analysis was undertaken to examine the effect of changes to the
hydrologic regime of the Grand Lake watershed due to:

A - Indian Brook diversion

B - Hinds Lake Power Development

C - Revised rule curve for Grand Lake power production

The Hinds Lake Power station and the revised rule curves for Grand
Lake represent recent changes to the hydrologic regime of Grand Lake,
and as such, insufficient data exists to statistically test for vari-
ations to the hydrometric record. However, the SSARR model was util-
ized in the single event mode to model the effects of these changes
during peak runoff events.

A. Indian Brook Diversion

Starting in October, 1962 to date, a watershed area of approximately
238 km¢ was diverted from Indian Brook to Birchy Lake with minor
return flow to Indian Brook. Cumulative mass curves were developed
for the period of record before and after the diversion. It was evi-
dent from a comparison of these mass curves that the runoff volumes
from Grand Lake have increased approximately 4% since the implementa-
tion of the diversion. This percentage increase 1is approximately
equal to the increase in drainage area and is also consistent with
other previous investigations (50). However, a frequency analysis of
peak discharge was undertaken comparing the two periods of record and
it was found that annual peak discharges downstream of Grand Lake have
been reduced slightly since the diversion. It was, therefore, conclu-
ded that changes to the hydrologic regime due to the diversion of
Indian Brook would have a negligible effect on peak flows within the
study area,
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B. Hinds Lake Power Development

The Hinds Lake Power Development Project entered into storage adjust-
ments in 1980. The reservoir was increased in size and regulated and
some minor diversions were introduced to increase the drainage area by
approximately 120 km?. Virtually all of the increasa in drainage area
was a result of diversions from surrounding lands which naturally
drained to Grand lake. The result of the Hinds Lake power development
project was found to increase the peak discharge associated with an
approximate 1:100 year runoff (a rainfall plus snowmelt design event
was input) by about 2% downstream of Deer Lake.

C. fGrand Lake Rule Curve

Since 1981, a revised reservoir rule curve has been in effect for the
operation of Grand Lake. The former rule curve resulted in Grand Lake
being drawn down to a minimum level approximately 2 feet lower than
the present rule curve., Furthermore, Grand Lake is filled approxi-

mately one month sooner than with the previous rule curve,

Utilizing the SSARR Model in the single event mode, a 1:100 year rain-
fall plus snowmelt design event {approximate) was simulated to compare
the effects of rule curve changes. The former rule curve results in a
reduction in peak discharges of about 5% for the 1:100 year event just
downstream of Deer Lake when compared to the present rule curve. How-
ever, this comparison is dependent on the month in which the event is
assumed to start {i.e. for some montnhs, the existing rule curve
results in a reduction of peak flows when compared to thne former rule

curve.
Summary

The change in peak flows downstream of Deer Lake was found to be
insignificant due to significant contributions from the Upper Humber
River and the effects of routing through Deer Lake. It was, there-
fore, concluded that no adjustments to the hydrometric record from
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Grand Lake were deemed necessary to account for the Indian and Hinds
Brooks Diversions or due to change in the Grand Lake operating curve,

ii) Long Term Flow Seguence

it was evident from the flow simulations that due to the routing prob-
lems associated with Grand Lake, a long-temm sequence of historical
discharges within the study area could not be accurately simulated by
utilizing the theoretical rule curve, Therefore, in order to derive
peak flow estimates within the study area, it was concluded that the
extensive period of record at the ocutlet of Grand Lake and the Upper
Humber River could be used as input to the SSARR model to simulate a
long-term hydrometric record in the study area. The model was also
used to simulate inflow to Deer Lake from subwatersheds for which no
hydrometric data exists, in addition to using its reservoir routing
capabilities through Deer Lake, and its channel routing capabilities
through the study reach., A flood frequency analysis of the simulated
long-term flow sequence was undertaken on annual peak discharges (see
main report).

Utilizing the SSARR model, 39 years of nydrametric and meteorologic
record were combined to simulate a long-term hydrometric record for
the study reach. Based on the 39 years of simulated data, an annual
flood series was obtained for both the upstream and downstream ends of
the study reach {i.e, immediately upstream of Deer Lake and the
Community of Steady Brook respectively).

The OUTLIER program (61) was utilized to identify high and low out-
liers in each of the peak flow data series previously discussed. The
tests for outliers follow the procedures adopted by the U.S. Water
Resource Council and indicate that no high or Tow outliers exist in
the data sets,

Statistical frequency analysis assumes that the sample to be analysed
is a reliable set of measurements of independent random events from a
homogeneous population., The validity of this assumption can be veri-
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fied using statistical significance tests for each data sample, with
the results of the tests assessed individually and on a regional
basis. For the present study, testing of the available sample series
was undertaken using the following tests:

Spearman rank order serial correlation test for independence
Spearman rank order correlation coefficient test for trend

1)

2)

3) Mann-Whitney split samplie test for homogeneity
4) Wald-Wolifowitz split sample test for homogeneity
5)

Runs above and below the median for general randomness.

The above mentioned tests were undertaken using a statistical computer
program (30) developed by Enviromment Canada, Results of these analy
ses indicate that the data samples can be regarded as independent,
nomogeneous and free of trend at both the 1% and 5% level of signifi-

cance,

Several distributions were fitted to the available data sets for com-
parison purposes, including Gumbel 2, Log Normal (LN), Three Parameter
Log Normal (3PLN) and Log Pearson Type III (LP3). The computer pro-
gram FDRPFFA (22), provided by the Water Planning and Management
8ranch, Envionment Canada, was utilized for this purpose and for com-
puting the 1:20 and 1:100 year flood peaks and the corresponding 95%
confidence limits, Tables B.13 and B.14 present a summary aof the
dif ferent distributions and the corresponding standard errors for the
upstream and downstream reaches of the study area respectively.

In flood frequency analysis, it is not possible to pre-determine which
frequency distribution should be used. The selection of the appropri-
ate distribution for use in this investigation was based on compari-
sons of the conputed "T" year flood using the methods as outiined in
the FORPFFA program {22), and summarized as follows:
- comparison of various fitting techniques to other statistical
estimates using available regional techniques
- comparison of the theoretical statistics of skew and kurtosis to
those estimated from the station data
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- visual comparison of the degree of fit of each distribution to
the available data set

Based on a comparison of theoretical and calculated statistics, the
3PLN distribution was selected for use in this analysis. Figures B.14
and B,15 present the flood frequency plots for the upstream and down-
Stream study reach respectively. The flow estimates calculated for
the study area using the procedures described herein are also present-
ed in Table 3.1 of Section 3.0 in the main report.

Flood Forecasting

It was evident from undertaking historic simulations that additional
data requirements would be useful for applying the SSARR model to the
Humber River in a flood forecasting mode. The additional data re-
quirements can be subdivided into meteorologic, hydrometric (both
streamflow and water levels) and snow course stations and are describ-
ed as follows:

Proposed Automatic Meteorological Stations (Precip. Temp,):
Western End of Grand Lake near T.C,H,

- Near Battle Pond

- Near Red Indian Lake

- North Side of Grand Lake near Glover [sland
- At Hinds Brook Power Station

- Near Snheffield Lake at T.C.H.

- Near Birchy Lake

Proposed Streamflow Station:
- Indian Brook Diversion {to Birchy Lake)
(i.e reinstate W.S.C. gauge)
- Continuation of existing gauges

Proposed Water Level Recorders (telemetred):
- Qutlet of Deer Lake
- West end of Grand Lake
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- Qutlet of Grand Lake

Sandy Lake
Inlet of Deer Lake

Proposed Snow Course Stations:

The

Near Gros Morne National Park } all Upper

Near Adies Pond ) Humber -

Near Birchy Lake ) telemetred

Upgrade other stations with regard to frequency and data
collection methods, etc.

location of these stations is presented on Figure B.16,

In addition to the aforementioned data requirements, satellite photos

are also available (at a naminal charge) to estimate snow covered

areas on a weekly basis.
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TABLE 3.1
File Drganization of SSARR Inout Data

Cards Jescription
b run characteristics
cP charactaristics of the meteorplagical stations
c tablas of variation of bBasin parameters
2ermanent i basin cnaracteristics
characteristics 23 altitade-area curve
af tna mael £R reain characteristics
(. takes ard reservolr characlarisiics
cl rRSArVIIr 3L0rAge Curves
[ Anda CRaractéristics
P netword configuration

specificat on for tne duration of the adjistme
/8 inktiral condltiang of rthe pasing
Tnitial 29 inatial congitions of the reagnes
Tenaitiens and 28 revision of initia)l basin conditionms
yaput 13ta 1D metearoiogical data [abserved asd forecast)
3 remporal distribution of ri1in and temperatura
) nydrometras 1ata
Cantrot of o] pgrintirg af tne numerica’ s3lue of tne results
prant-o.t 20 printing af grapns

af rasu'trs END ard ofF file
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TABLE B.2

Characteristics of Basin: Leweseecnjeech Brook

o

11 Characteristic of Hydrometric $tataon
Nuality of Discharge - Natyral

Araa of Sub-watershed - 13) qil
Gauge Number - 027K002
Parigd of Tecord - 1952 - nate

Applicaple Meracrologic Station

1eo

SSARR
NO

Tamperiture

“aTa

dreciohtatgn

Weighting
Cozfficient

SSARR
NG,

“aTe

Welgniing
Coefficient

0312
1300
3300

3
-t

i)

durnt Pond
Cornar Brook

Stephenryille

FLoefficient

} Rauting Coefficients

102
199
8

Sub-watersnad Characteristics

Surface

08¢
1300
3800

3urnt Ponn
Carner 3rjok

Stepnenyi’ e

Subsurtace

1335
252
0

N

.-

3

1)

Attitune [(f*)

3

3

Alrtaityde - Area Reliationsnip

Area Gelow (%)

Z

40

9
San

+ Feu
w 1
<0 5 1)

i
[
L)

ra
n
[

%}

I

o
Lad
[

Snow Melt Coefficients
Melt Qate (in/°F days) -

Base Temperature [°F) -

Tamperature (°F)

Lapse Rate {“FAI1000 f1) -

=

0.0%00
32.2

- 30.0

3.00

fov)
(e

il
el
bt
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TABLE 8.3
Characteristics of Basiar Hinds Broog
No: 1101
1) Characteristic of Hydremetric Station
Quality of Discharge - Natural
Area of Sub-watershed - 204 wil
Gauge Number - 02YXD04
Period of Reccra - 1856 - ¢artea
b} Applicable Meteorplcgic Station
Temperature Srecioltation
SSARR Weignting S 5ARR Weighting
NO, “are coefficient NC. hame caefficient
0700  3uchans 143 2700 8 ichans 247
1500 Deer Lake V7 500 Jeer axe 23
) Sub-watershedg Characteristics
i) Routing Coefficients
Zaefficient Surface Subsurface 2asafloa
NP 3 3 ?
TS 20 30 4570
1) Altitgde - drea 1alathgnsnlp
Altitude [ft) Arca 3elow (1) Slritude (€%} Area Selow (¥}
650 J 1750 25,1
/30 0.5 2000 33,7
1209 24.3 2100 39, |
1250 47,2 9999,9% 55.9
1560 64.3
i1t Snow Melt Coefficients
¥alt Rate (in/"F gays) - 0.0900
Jase Temparature {"F} - 30.0

Treezing Temperature (*F) - 3Z.0

af raing
Lapse Rate {*F/1000 fu) - 3.00
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TABLE 3.4
Characteristics of Basitar Snefriald Brook
No: 1102
3} Characteristic of Hydrometric Station
Quality of Discharge - Natural
Area of Sub-wsatersned - 151 mi
Gayge Numoer - D2YXC03
Parigd of Hecord - 1955 - date
n) Applicable “Meteorglogic Station
Temperature Srecipitation
SSARR Weignting SSARR WBightirg
No. Name Coefficiant Ko, Name Coefficrart
0700  Buchans 100 0700 Buchans 125
c) Sub-weatarshed Chdaracteristics
1) Recuting Coerficients
Toefficient Surface Subsurface Sasef lom
NP 3 5 2
TS 20 a0 157
i1) Altityde - Area Relationsnip
attityde (fr] Area Below (%) Atingze (Fr) Area Below (%)
325 0 1250 73.4
a0 9.4 1500 80,3
750 10,1 1758 64,0
1060 49.3 399949 39.9
i1r) Snow Melt Coeffirients
Melt 2ate (in/"F days) - 7.0700
dase Temperature [°F} - 28,9

Frazzing Temperature {'F) - 35.0
(nf rainj

_apse Fate UESIDAD fr) - 3.00



Cnaracteristics of 3asing ladiap drock Divarsion
Yoo 1303

1] Charactaristic of Hyarcmetric Stabion

Quality of Discharae - Natural
Aroa of Sub-watersped - 97 mi
Fauge Numier - 02¥YM302

Sericd of decorg - 1963 - 1973

o) Applicable Metaorologic Station

Trparature Precipitanion
e1ghting S5S4RR Weightiag
oef

SSARR 1
cefficient No, Name Caeffigient,

-
N3, Name C

1500 Deer Lke 120 1500 Jeer Laxe 0

C} Sub-watershed Characteristics
i} Routing Cnafficients

Zoefficient Surface Subsurface Base’ low
NP 4 3 2
TS '3 29 200

1) Altitide - Area Relatianship

Altituge {ft} Araa Seloe (1) altypyde (fFr)  Area Below (%)

421 a V200 96.0
320 1.0 3999 .39 99.9
75d 24,7
oo 93.7

it1) Snow Meit Coefficients
el qate (1n/°F days) - G5.050
Base Temperature (7F; - 23,

Freezing Temperature (°F) - 35,0
'af rain)

Lapse Rate [°F/1000 fr) - 3.00
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TABLE 3.6

Cnaracteristics af Basin: UJpper Humber Fiver

No: 1104
1) Characteristic of dAyirgmetric Station
Quality of Dischargs - Natural
ared of Sub-satersned - 314 m
J3uge Number - 02YLOO0!)
Parind 2f Recard - 1928 - data
b} Applicable Metsorologic Station
Tanperatursa Pracipitatian
5SARR Aaighting 55ARR Weignting
SO, Name Coafficient No, Hame Coerfficient
1500  Deer Lake 106 1530 Dear Lake 6e
31096  Racky darbour 34 30596 Qocky daroour 118
) Sub-watersned Characteristics
1) Routing Coafficiants
Cgefficient Surface Subsurrace Jaseflow
4P 4 3 2
S 15 20 200
11y Altitgde - Areas Ralationsnio
Altituge (¥e) 4drea 3elow (%) Altityde (fr} Araa 3elow (%)
50 3 1250 58,7
250 6.0 £500 1.9
5010 30.6 17580 24,4
75 7.5 2000 a4 .3
1600 a6 .9 2250 399.3
3993,99 35,9
Tirt o Snow Malt Coefficients
Malt Iatle [in/°F days) - 0.0790
Fase Tamperature [°F) - 32.0

Freazing Temperarure (7F) - 35.0
(of rain)

Lapse 3ate (*F/1000 ft) - 3.00
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TABLE 8.7
Charactaristics of 3asin: Grard Lake West
No: 2160
1} Characteristic of Hygrometric Staton
Qualrty of Discharge - Natyral
Area of Sub-watarshed - 501 mié
Gauge Numper - N/A
Parind of Record - N/A
o) Apolicab'e Mer=pralsgic Station
Temperature Praecipitatian
SSARR Waignting SSARR deighting
Na. Name Coefficient No. Name Coeffigiant
N700  3Juchans ) 0700 ucaans 3
1300 Corner Brook 344 1300 Carner 3rank 207
1300 Jeer Like 34 1500 Jeer _aka )
1800 Stepnenville 17 3800 Stephenvil iz 25
2] Sub-watersned Characteristaics
i) Routing Coefficrents
Coefficient Serface Sabsurfica Jaseflow
b8 3 3 2
TS [ N 200
1Yo ATtingde - Area Aelatwnshta
Aleatude (Frd Area Zelow (&) Airituge (fr) Aroa Jelow (%)
241 7 250 51.4
234 3.2 1530 R
560 24.3 1750 4.4
750 3z.4 9999, 449 39,9
00D 37.9
1 : Sacw Melt Coefficieats
delr ate [in/"F days; - 0.350
3ase Temperature (°F) - 28.0

Freezing Temparature [*F) - 35.0
of rain)

_apse Rate ("F/10Q0 fr) - 3.00
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TABLE 3.3
Cnaracteristics of Basin: Granrd Lake Centra)
No: 210)
1} Characterisiic of Hydrometric Staticn
Quality of Discharge - Natural
Araa of Sub-satersned - 276 mil
Jiauge Number - N/A
Parigd of 2wecard - H/A
b) Applicable Metzorglegic Station
Tamperature drecipivation
SSARR weight ing SSARR Waighting
No. Name Coefficient No. Namre Coefficient
0700  Buchans 19 700 Bucnans 12
Y500  Deer Lake 160 1500 Jeer ke 229
c) Sub-watersned Characteristics
i) Aouting Coefficients
Coefficient Surface Subsurface 3aseflow
NP 3 3 2
rs 15 20 200

i} Altitude - Adrea Felationsnip

Altiryde {(ft) Area Selow |

Altitude (fFt)  Area Below (¥)

243 0
234 27.2
330 2.5
7580 51,0
1000 54.2

Snow Melt Coefficients
¥Melt ate (1n/°F days) -

11}

3asa Temperature ['F) -

Creezing Tenperature [TF) -
(of rain)

_Ipse Rate (“F/000 fr) -

1250 AN
1530 79,7
1750 35,1
2000 7.2
9999.99 98,9

2.030
28.0
39.0

3.00
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TAZLE 8.9

Cnaractaristics of 3asin: Grargd _ake East
o 2102

1) Characteristic of Hydrcemetric Statien

Quatity of Dischargs - Natural
Area of Sub-watershed - 436 mi
Gauge Number - N/A

Periad of Record - 4/A

b) Applicable Metearologic Station
Temperature Precipitation

SSARR Weignting SSARR Aeignting
Na, Name Coefficient NO. Name Coefficient

0700  Buchans 78 3700 Fuchans 74

18C0  Deer Laike 122 1500 fear Lake 115
c) Sub-watersned Characteristics

i) Routing foefficients

Ccefficient Surface Subsurface 3asaflow
NP 3 3 7
TS 15 20 20

i) Altitude - 4rea Relationsnip

Altituge (ft) Area Selow (%) Altityde (ft]  Area Below (%)

1250 69,
1500 az.
1758 37.4
9999.93 33.9

283

234 1
300 3.
750 a3,
10600 35,

oo D
LS AN

~a ah

iri) Snow Melt Coefficients
Yelt Rate (in/*F days) - 0.050
Base Temperature (°F) - 28.0

Freezing Tamperature (*F) - 35.0
{af rain)

Lapse ate [("F/1000 fi) - 3.00
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TABLE 5.10

Cnaracteristics of

Sasin; /S Grard Lake
oo 2104

Cnaracteristic of Hydrometric Station

NQuality of Jischarge - Yaturail
Area of Sub-aitersned - 77 mid
Gauga Numbar - 4/A

Period of Record - N/A

Aopligcable Metaprologic Station
Tamperature

SSARR
Na,

Aeighting

Hame Coefficient

fracipitation

5SARR

HO. Name

Weighting
Coefficient

1500 Deer Lake o

Sub-watershed Characteristics

1) Routing Coafficients

Casfficient Surface

=

1500 Dear Like

Subsurface

107

Jasef low

4F 3
TS 10

Altityte - Area Relationshig

Altatude (ft) Area Below (%)

2
20

Altitude (ft)

2
201

Araa Below {%)

U
Wl Ooun
< 0O
0
w

fee)

Snow Melt Coefficients
Melr Rate (1n/°F days) -

D!

3ase Temperature [°F) -

Freezing Toamparature ("F) -
[0f rain)

Lapsa Rate ("F/1000 fr) -

3530
1200

9999.99

0.0a0
28.0
35.0

3.90

95.2
99.0
99.9
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TABLE 3.11
Characteristics 2f 3asin: Local [nflow t3 Deer Lake
No: 2105
1} Characteristic of Hydrometric Station
Auality of Discnarge - Natural
idrea of Sub-watershed - 440 wrt
Fauge Number - N/A
Period of Recora - N/A
b} Applicable Meteorclzgic Station
Temperature Preciprtation
SSARR Weignting SIARR Waight 1ag
N Name Coefficient NG, Name Coefficrent
13C0  Corner 8rook 24 1300 Zarner 8rock 23
1509 Deer Lake 76 2500 Teer Lake 208
) Sub-watershed Cnaracteristics
1) Routing Coefficients
Coefficient Surface Subsurface F1seflow
NP 2 3 2
S i3 20 20
it} Alritude - Area Ralationship
Altitude (FL) Area Balow (%) Jtituge [FE) Area Zeloa (%)
16 o} 1000 36.9
17 0.6 1250 95.9
250 33.2 1500 39,3
500 30.9 1750 ag ./
750 71.4 99999 9§.,9
P11} Snow Melt Coefficiants
Melt Rate (in/°F days) - 0.06
3ase Temperature (°F) - 28.0

Freazing Temperature ("F) - 33,0
{of rain)

Lapse Rate (*F/1000 fr) - 1.0



B-43

TABLE 8.12

Characteristics of Basin: Local Inflow to Corner drook

Characteristic of Hydrometric Station

Quatity of Discharge - Matural
irea of Sub-watershed - 146 «kmd
Gauge Namber - N/A

Perind of Record - N/A

Applicable Metegroicgic Station

No: 21C6

Terperiture Precipitation
$3ARR W2ighting SSARR Weight ing
RO, Nare Coefficient No. Name Coefficient
1300 Carner Brook 100 1364 corner 3rook 145
Sub-watershed Tharacteristics

1} Routing Ccefficients

Zoefficient Surface Subsurface Basaflow

4P k! 3 2

rs 19 13 199

i) Altitude - Area Relationship

Altituge (ft} Area Below (%)

Altityde (ft) Area Below (%)

0 Q
250 13.7
500 13,2
730 27,1

. Snow Melt Coefficrents
Malt Rate (in/°F agays) -

(R

Base Temperature (°F)

Freezing Tenperatuyre (’F) - 35,0

{af rain)
Lapse Rate ['F/I000 ft) -

1600 40.1
1252 53.9
1500 79,5
1753 95.2



B-44

TABLE B.13

Estimates and Standard Errors for Various Distributions Tested
-Upstream Study Reach

Maximup Instantaneous Discharge Data

LS Stesdy Arock Study Aragy

Jata srierss ire Pran,
43l 749, L 2.1
612, ¥4, H 1.045
354 w03, 1 1.0
LHN 790, H 1.0%% L
£92. aar. 3 1.1zl
2. 75, L] 1.1%6
196. anz, ? a.1’
5£13. TE8. 2 1,196
qr%, 45, ? 0.3z2¢
358, 4. wn 0.287
€40, T4, 1 0.1
159, T4 W2 0.2
595. A, il 0.1213
we, 549, 13 0.
445, a71. i85 0.174
313, 543, 1% 5.3%9
521. 549, 7 0.224
872, 513, 12 0,450
T4, 6l2, 19 1,475
bri 606, 20 0.500
513. 295, 21 0.526
£39, 592. 22 0.561
849 589 23 0,574
424, 581. 8 1.602
245, in 5 a.827
M, £64 6 a.652
312, 554 2 a.412
8 §1t. 8 a.70}
bk 5 9 1,710
[ Szl 16 1.753
530 S5, 11 1.179
331 . 513, 12 0.304
3t FETS 1 0.929
i, 42, 4 0.85%
145 59 EH) .84
428, 145, i) 1. 908
660, 245, 1t 2.9
3%, . 19 0.9%6
4, 23, 19 n.%31
Statistics
Sample Statlutics
Mean 639, 5.0, ¢+ 150 .4 C.5. + D.95%8 C.R. v 2.6104
Sample Statsstics {logs)

Mean = §,4333 .0, v 0,240 £.5. «0.1%12 LR, = 2.3733

Sample Min « 428, Sample Mas » 949, Ny

Farssalars for Gusbel | A = 0,068 3%% U - 569,

Pargmsters 1or Lognormal Mo o§.4133 S 0230

Parametery for Three Paraseter Lognormsl A 279, L. (V1) RS IS4

Statistics wl Lig (X-A)

Mwan « 5.5015 S0 e 0.4292 0.5, =« 0040 Coe, 2.8120

Pyramelers lor Loy Pearson 1] by “oments A& 0.g2zl B0, T0HEO3 LG4 - 4,017 H 0.5554E W2

Parsnelers for Log Pescson (11 Dy Macimem Likelinood A « 0L06% 3 = 011136402 LOGIM) - 5,656 M + 0.2B61Ce04

Qielrioution Statishics Mean + 6.4131 5.0, = 0.2329 C.5. - U599

Flood Frequency Distributions
1-Paramcter Lay Puearson LIl
Ganbel | Lognaraal Logrirmal Bax, Likelinood Mosent &
Aeturn Flead 5t . Error Flovd St Error Fload St.[rror Flcud st.Errar Floua St.Erroe
Per)od L1imgte Percent  Estimate Percent [slimate Percent  Eslivate Percent  Eslimate  Percent

1.5 169. 341, Ml R, 158,

1.0%0 416, 476, LLI LLER 311,

1.2 512. 512. S08. 510. 511,

2,000 63, g22, £09. 6LR, sld.

5.0 148, 4.6l I56, 4.1 753, 504 M9, 5.91 154, 4.54
1000 g1, 5,28 337, +.99 85l. §.41 44, 6.44 440. 5.53
20,000 924. 5.46 910, 5.47 4, A.12 s B4 921. 6.9%
50 . 000G 140, §.51 1004, §.62 1040, 10.60 Lo, 11.00 loco. .19
10, 000 1120, §.92 1060. 72 1149, 12,69 Liai, 11,20 1160, 1.0
200 . 000 | 200, .2y 1130. 7.69 1240, 14.50 1e90, 15.50 1180, 13.10

S00 . 000 1310, 1.69 1210. 4.9 1420, L I 1450, La.70 lead. 15.%0
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TACLE B.14

Estimates and Standard Errors for Yarious Distributions Tested
-Nownstream Study Reach

Maximum Instantaneous Discharge Nata

375 Steady drook Stlay Ares

vayr Jata Jrdersd :‘;-(_ lat.
ISk il b a 5i
1339 2 1 [
L 3 1. f
sl L) 1.0
Lied ) 1.1 1
15 L] 3.1 -]
L7 ? 3.1 3.
147 g d. 5
L8 3 Q. 4
L343 W0 o. 1
1354 Ll Q.2 5
1955 iZ 0.2 1.1
L¥56 11 3.1 135
1947 ) a. &
L8 5 0. i,
1959 16 I, Z.5
L el 17 a. 7,
L] 13 b, 1,
L3 17 0. I
L6l 20 .
1 764 21 g, 1
1765 22 o L.
L4966 &3 0.5 i
L7 P 0.5 1.
i ™4 25 a. 1.
L569 2 0.6 i
Larm 2r 3.6 1.
[EH 28 0.1) i.
1972 9 0,120 1.
1973 1) 3.751 l.
1974 i 0.77% 1.2
197% 12 0.304 1.2
1976 13 .82 I
19:7 14 0,355 1.
1973 LL] i1.380 1.1
1349 % 1.%% 1.
194 37 B9 1.0
1R . g 0.9% l.
1982 745 413, E] 0.9ay L.
Statistics
Semple Statsslics
ey o B4, .0, 151.4 .5, » 0.530% C.K. = 2.6125
Sample Statistics {lcgs)
Mean = £.0499 1.0 0.230) C.s. 0.1628 C.k, - 2.100
Saaple Win - $33. Jample Max = 977, -3
Farmmeters for Gostie! | B« 0.008221 U = 578.
Parameters for Lognorsgl 4« 6.4449 S 0.2
Parawters for Three Parameter Lognormal A 76K, % . 5. 0672 § « 0,4079
Statisticy of Log [X-A)
L L 58617 5.0, 0.4079 C.5. = -0.1284 C.xX. 7. 4083
Perwweliers for L Frearton L1 by Mossnts A= 0.0147 9+ 0.1509€+0] LOG{M] = 3.5193 M 0.37118-07
Parameters for Lg Pearsgn Tl by Maximom Likelihood A « 0.05% 8 « 9.1500(+02 LOG{M} » 5.5546 M = 0.2584(-0)
Dislribut fon Statistics Hean = §.3489 $.0. = D.2uM C.5. = 0.51led

Fleod Frequency Distributions

3-Par wmster Livg Faarsan 1]
Gumbe! | Lagnarmal Lognormal Has. Likelynood MO 11 5

Return Flooas St.Errar Flogd St.Error Flogg St.Error Floca St.Error Fluog St.Errur
Period Estimate Percent  Eslimate Percent Estimate Percent  Estimale Percent  Estimate  FPercent

1.00% 15, 349, 390. Y. 362.

1.050 441, 433, 847, 444, 437,

1.25%0 520. 521. 517, 519. 440.

2.000 621. 612, 420, 620, 624,

5. 000 760. §.62 7Bl 4,29 H1N .95 8l 4.40 tet, 4.50
10.000 852, 5.29 849, 4,98 ab62. §.76 454, 6.22 452, 5.4%
20,000 919. 5.87 92). 9.66 LT 1.8y 51, L 73 9313, 6.80
50000 1050. 6.5 1010, 6.50 1089, 10.30 1084, 19.50 1030, 9.04
109000 1140, 6.92 10849, 7.1 1180, 12,20 1180. 12,70 1ilo, 10.40
200,000 lZz0. 7.8 1140, 1.68 1260, 14.10 1250, 14.%0 1180, 12.40
500,000 1330, 2.0 1230, 8,17 1410, 156,60 1420, LA. 0 1280, 15.450
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COMPARATIVE PEAK FLOW ESTIMATES
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APPENDIX C

Regional Flood Frequency Analysis

The Inland Waters Directorate of Environment Canada, in association
with the Water Resources Division of the Newfoundland Department of
Environment, have recently completed a regional flood frequency
analysis for the Island of Newfoundland (27), The details of the
prediction equations are given in Tables C.1, C.2 and (.3,

These regional equations were based on recorded natural streanflow
data at 21 long-term (greater than 10 years of record) hydrometric
stations located throughout the Island. The parameters incorporated
into these equations are defined in Table C.4. Also in Table C.4 are
the ranges for each parameter over which the equation is valid.

Flood flow estimates at seven locations, assuming natural flow condi-
tions, are listed in Table C.5 using these procedures. Instantaneous
flood flows and their associated upper and lower 95% confidence
limits are given for recurrence intervals of 1:2, 1:20 and 1:100
years., The average confidence limits for the 1:20 and 1:100 year
peak flows were found to be approximately #42% and £48% respectively.

The values of each parameter, used in determining the flows, are
listed in Table C.6. It should be noted that the values for SHAPE
for each of the five sites in the Humber River slightly exceed tne
parameter range., This has probably not introduced much error. More
important is the fact that the drainage areas to these five locations
greatly exceed the upper limit of 4400 km?.

Daily discharge records for the hydrometric stations in the Upper
Humber River near Reidville {02YLOOl) from 1929 to date, and the
Huinber River at the outlet of Grand Lake (02YKOQl) from 1926 to date
were examined, The mean of the annual maximum d¢aily mean discharges
(regulated) recorded at the outlet of Grand Lake for the 57 years of



record is approximately 340 m3/s. The mean of the annual maximum
mean daily discharges recorded on the Upper Humber River is approxi-
mately 560 m3/s. Given the facts; that the total drainage area to
these sites is some 7130 km? and hence about 89% of the drainage area
to the Humber River at Humber Arm; that the annual maximum flows from
these sites do not often occur on the same day; that the Humber River
to Grand lLake is heavily regulated; that some attenuation will occur
downstream of these points; and that instantaneous flows will probab-
1y be slightly higher than daily mean flows, it can be concluded that
the estimate of 852 m3/s for the two year recurrence interval flood
flow (QPy) downstream of Deer Lake is reasonable.

The peak daily mean flow recorded on the Humber River at Humber
Village Bridge (02YL003) since the establishment of the hydrometric
station during 1982 was 851 m3/s (manual gauge with two readings per
day) recorded in May 1982. Apparently water levels, and hence flows
of the magnitude experienced in 1982 have been exceeded a number of
times in the past with the 1981 and 1969 events perhaps being among
the largest.

Combining for each year the annual maximum daily mean flows for the
hydrometric station in the Upper Humber near Reidville with those for
the Humber River at the outlet of Grand Lake, and ignoring the fact
that the dates, let alone the months, do not coincide, indicates that
the estimated 100 year flood flow (QPjpg) of 1410 m3/s at Humber Arm
has probably never been experienced in the period of record from 1929
to date. The maximum daily mean discharge obtained in this manner
was 1340 m3/s on May 23, 1969 (the dates coincided in that extreme
case).

For these reasons, it was concluded that the estimated instantaneous
flood flows as given in Table C.5 are reasonable, assuming that the
effect of artificial regulation of Grand Lake can be neglected.
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Frequency Analysis of Deer Lake Water Levels

Table C.7 summarizes maximum observed water levels at the hydro-
electric plant tailrace in Deer Lake for the period 1930 to 1992, as
obtained from records maintained by the Bowater Power Company.

A freguency analysis of the maximum water levels was undertaken by
means of the FDRPFFA flood frequency analysis program (22). It was
found that the mean annual flood level in Deer Lake at the tailrace
is about 7.21 a (23.66 ft GSC). The 1:2, 1:20 and 1:100 year water
levels at the same location were estimated by means of the Three
Parameter Log Normal Distribution and were found to be 7.16 m, 8.24
m, and 8.79 m respectively, Figure C.1 presents a frequency plot of
Deer Lake levels at the tailrace location.

In addition to historic water levels measured at the hydroelectric
plant tailrace, the Bowater Power Company also maintained a stage
gauge between 1929 and 1946 at the outlet of Deer Lake (Governors
Point), Therefore, the concurrent historic water level measurements
at these two locations in Deer Lake were compared in order to deter-
mine the head losses between the power plant (long term historic
levels), and the outlet of the Lake.

The results of this analysis indicate that there exists an elevation
difference in Deer Lake of approximately 0.7 ft. {21 cm) between the
tailrace of the power plant and the oqutlet near Governors Point,
This elevation difference was applied to the recurrence interval
water levels calculated at the tailrace to obtain equivalent recurr-
ence interval water levels at the cutlet of Grand Lake.

At the present time, the Bowater Power Company utilize a rating curve
at the outlet of Deer Lake as presented in Figure £.2. This rating
curve (BOWATER) relates Deer Lake water levels to peak discharge
measured at a location near the outlet of Deer Lake. The BOWATER
rating curve was defined in relation to Bowater's datum, which can be



converted to geodetic datum wusing the relationship indicated on
Figure C.2.

In order to validate the BOWATER rating curve, the HEC-2 model was
utilized to analyse open water and log boon conditions. Figure C.2
compares the results of this analysis with the BOWATER rating curve,
[t 1s evident from this figure that for the low flow portion of the
curve, the HEC-2 model assuming a log boom closely follows the
BOWATER curve. Conversely, for the higher flows, the HEC-2 model
(with no logs)} is more representative of the BOWATER curve,

We assume that the data points used to derive the BOWATER curve are
likely a mixture of log boon and open water conditions at the outlet
of the lake, Therefore, because the BOWATER rating curve is based on
historic data, and was validated by the HEC-2 model, it is considered
to be the best available and adequate for the purposes of this inves-
tigation (it was also adopted in the SSARR Model routing through Deer
lLake,

However, in order to approximate the estimating error associated with
use of the BOWATER rating curve {i.e. a fairly high degree of scatter
in the points is evident by reference to Figure C.2), a linear regre-
ssion of Deer lLake water level versus discharge at the outlet was
also undertaken. This relationship for estimating discharge from
Deer lLake water level was found to have a standard error of estimate
of about 112 m3/s. {The linear rating curve was only used for compa-
rison purposes and was not further utilized in the investigations,)

The 1:2, 1:20 and 1:100 year water levels computed at the tailrace
were adjusted to the outlet of Deer Lake and then converted to dis-
charge amounts using the BOWATER rating curve, The 1:2, 1:20 and
1:100 year peak flows at the outlet of Deer Lake were found to be
approximately 632, 1020 and 1246 m3/s respectively.
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SSARR Single Event Simulation

As discussed in the main text, a secondary flow estimate was also
undertaken utilizing the SSARR Model in the single event mode.

The snownelt analysis was undertaken using an algorithm derived from
an energy budget method developed by the U.S. Army Corps of Engineers
for forested areas. This algorithm uses recorded meteoroligic data
to compute snowmelt amounts for selected recurrence intervals. It is
preferred to use recorded meteorologic data because major spring run-
off events are usually a combination of rainfall plus snowmelt con-
ditions. Because the meteorologic inputs to such events (rainfall,
temperature, snowpack, etc.) are not mutually exclusive (i.e. are
somewhat dependent upon each other), their combined probability is
not easily calculated.

Therefore, the rainfall plus snowmelt was established by analysis of
available data for the meteorologic stations applicable to the Humber
River. This analysis was undertaken by staff of AES and uses histor-
ical meteorologic data to obtain the 1 to 10 day melt plus rainfall
totals available for runoff,

In order to account for the areal distribution pertaining to the
snownelt plus rainfall inputs, the point values at each meteorologic
station must be reduced. Unfortunately, no areal reduction factors
presently exist and the development of this relationship is beyond
the scope of this study. Therefaore, areal reduction factors develop-
ed for rainfall events {35) were applied to the snowmelt events., The
resultant 1:100 year and 1:20 year peak flow estimates are calculated
to be 954 m3/s and 1317 m3/s respectively. [t should be noted that
these are somewhat on the high side when compared to SSARR laong term
simulations., This is as one would intuitively expect, as the single
event flow simulation assumes that certain recurrence interval mete-
orologic events are occurring simultaneously over the entire water-
shed at all meteorologic stations.
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TABLE C.1

Step-Wise Regression Results for Log 1n9QPy»  (Islarnd of Newfoundland)

TegaQPz = x + a log 1907 +« b logigMAR + ¢ log pACLS + d TogyqSHAPE

Regression Parameter Coefficient

Stap Multiple
Number k a b c d SE R

1 0.1424 0.7380 0 0 0 0.26 0.90

2 -5.3102 0.3230 2.0363 0 0 0.14 0.97

3 -2.5295 0.7934 1.6307  -1.2654 Q 0.11 0.98

4 -2.5824 0.8310 1.7260 -1.3269 -0.7894 0.10 0.99
NOTES:

1. F =4.,5

2. SE = Standard Error of Estimate



c-7

TABLE C.2

Stap-Wise Regression Aesults for Log ;nQPsp (Island of Newfoundland)

TagpQP2g = ¢ + & log 19D0A + b TogigMAR « ¢ Tag pACLS ¢ d log)gSHAPE

Regression Parameter Coefficient

Stap Multiple
Number K a b C d SE R

1 0.4679 0.6916 0 0 0 0.29 0.86

2 -7.0661 0.7909 2.3776 0 0 0.14 0.97

3 -2.8270 0.7576 1.9228 -1.4188 0 0.11 0.99

4 -2.8741 0.7911 2.0077  -1.4736 -0.7031 0.09 0.99
NOTES:

1. F =4,5

2. SE = Standard Error of Estimate
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TABLE £.3

Step-Wise Ragressian Results for Log 10QP1nn  (Island of Newfoundland)

10914Q%100 = % * @ 1og [g0A ¢ b 1og1gMAR ¢ ¢ log)pACLS + d 10g] 3SHAPE

Regression Parameter Coefficient

Step Multiple
Number k a b C d SE R

1 0.6300 0.6623 0 ) 0 0.31 0.84

2 -7.4743 0.7691 2.5576 Q 0 0.1% 0,97

3 -3.1059 0.7348 2.088% -1.4621 0 0.11 0.98

4 -3.1500 0.7662 2.1684 -1,5134 -0.6581 0.10 0.99
NOTES:

l. F = 4.4

2. SE = Standard Error of Estimate

3. =~ Lowered F from 4.5 to 4.4 to include SHAPE in equation
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TABLE C.4

Carameter Definitions angd Ranges

Range Wi1tnin snhich tha egression
Eguations are dpplicable

DA
“AR
ACLS
SHADE

ACLS =

*  SHAPE

3.9 to 4400 wmd
788 o 2124 ™
55 to 100%
1.24 to 2.45

. Drainige area (kmé)

“ean Annual Runoff {mm}

Percentage of Orainage Arex Contralied by

Lakes or Swamp {from 1:52,000 scale naps)

0.28 x 3asin Perimeter [km) from 1:50,000 NTS maps

GA

parameter 15 Taken feom Coaow's Hardbook 2 Hydrology
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wWwatershed Pararmeters (etermined for Selected Sites

TABLE C.6

DA MAR ACLS SHAPE
Locaticn (xm?) (7m) % (-}
Humber River at 7990 1110 99 2.60
Humber Arm
Humber River downstream 7580 ili0 99 2.60
of Steady Brook
Humber River upstream 7900 1110 99 2.64
of Steady 8Brook
Humber River at Humber 7860 1110 100 2.61
Yillage Bridge WSC
Humber Rivar at outlet 7830 1110 100 2.59
of Ceer Lake
Steady Brook at confly- 81.4 1100 57 1.36
ence with Humber River
Steady Orook at Water 76.5 1100 60 1.52

Supply Punp House



TABLE €.7

Anrual Maximum Deer Lake Elavations*

Max imum Lake Level Max imum Lake Leye!

Year (ft.) {m) Year (ft.} {m)
1930 116.0 35.4 1957 1121 4.2
1931 2.6 34.3 1958 112.0 4.1
1932 112.9 34.4 1959 111.7 34.0
1933 115.0 35.0 1960 1131.4 34.6
1934 119.4 36.4 1961 113.6 a6
1935 111.9 34.1 1962 115.8 35.3
1936 116.9 35.6 1963 117.5 5.8
1937 114.6 34.9 1964 113.0 34.4
1918 111.7 34.0 1965 113.6 34.6
1939 114.0 4.7 1966 114.2 34.8
1940 113.9 3.7 1967 112.7 34.1
1941 115.2 35.1 1968 112.2 34.2
1942 114.9 35.0 1969 118.5 36.1
1943 112.6 34.3 1970 114.0 34.7
1944 113.5 34.6 1971 116.0 35.4
1945 116.5 35.5 1972 116.5 35.5
1946 115.5 5.2 1973 114.3 34.8
1947 114.8 35.0 1974 113.2 4.5
1948 117.4 35.8 1975 114.0 34.7
1949 114.2 34.8 1976 115.9 35.3
15850 113.7 34.6 1977 115.4 35.2
1951 110.7 33.7 1978 113.3 34.5
1952 113.5 4.6 1979 112.6 34.3
1951 2.8 34.4 1980 114.0 34.7
1954 114.0 34.7 1981 116.9 35.5
1955 I11.1 33.5 1982 116.4 35.5
1956 113.6 4.6

Source : The Bowatar Power Ccmpany Limited

* Bowater Datum
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APPENDIX D

HYDROLOGIC ANALYSIS - STEADY BROOK

D.1 General

D.2

The HYMO model is a single event mode! and is capable of taking into

account the following factors:

1. Can model time characteristics of unit hydrographs.

2. Can account for variations within the watershed in soil types
and land use characteristics.

3. Can account for antecedent soil moisture conditions.

4, Can provide peak flow estimates based on rainfall and snowmelt
inputs,

In addition, this model has previously proven capabilities for simu-
lating peak flows in a number of other practical applications for
various watersheds with hydrologic characteristics similar to Steady
Brook {e.g. see Ref. 13, 14).

The input requirements for this model include both meteorological
(rainfall/snowmelt) data and physiographic characteristics (land use,
time to peak values, constituent soil characteristics, etc.) of the
study area,

The following sections describe the hydrologic procedures used in the

development and application of the HYMO model in the determination of
secondary flow estimates for the Steady Brook watershed.

HYMO Model Structure

In order to transform the meteoroleogical input into runoff hydro-
graphs, the HYMO program uses a synthetic unit hydrograph technique
and the 1,S, Soil Conservation Service rainfall-runoff relationships
(51).
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The program generates a hydrograph for each selected sub-drainage
area of the watershed. The hydrographs, beginning at the upstream
end of the basin, are added together and routed downstream until the
storm event hydrograph at the outlet of the entire watershed 1is
obtained,

[t can be seen from Figure 1.2 that the study reach only includes the
extreme downstream portion of Steady Brook, As such, the HYMO model
required to simulate the response of the Steady Brook watershed anly
requires one subcatchment in order to determine peak flow estimates
for that reach of Steady Brook within the study area.

The watershed boundary (see Figure 3.6) was determined through exam-
ination and interpretation of existing 1:50,000 scale mapping of the
study area. This mapping was used to measure the drainage area,
slgpes and land-use characteristics, etc., The watershed area was
found to be 81.4 km? to the confluence of the Brook with the Humber
River in the Community of Steady Brook.

Meteorologic Input Data

High runoff and flow conditions in the watershed are primarily gener-
ated as a result of rainfall, snowmelt and/or rain on snow condi-
tions. However, severe rainstorm events can also occur resulting in
extreme flow conditions.

The design storm pattern used in the deteministic computer model was
based on an analysis of recorded events at two meteorologic stations
in the Province {St. John's and Gander, Newfoundland) (4). The tem-
poral distribution derived by the Atmospheric Environment Service in-
terpretation of 6-12 hr. rainstorms was also compared in a previgus
study (14) with an analysis of severe recorded events which have
occurred in the vicinity of the study area (9). It was found that
the AES temporal distribution derived for Gander and St., John's gave
close agreement to that derived from recorded historical events, with
the former analysis resulting in slightly higher peak flows. There-
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fore, it is recommended that the AES temporal distribution should be
used in this study.

For the purposes of this analysis, no areal reduction factors were
applied to the rainfall amounts due to the relatively small size of
the Steady Brook watershed, This was based on a review of historical
storms which occurred in the area and was substantiated by previously
computed relationships between drainage area and rainfall reduction
factors.

The 12-hour temporal distribution was used based on an analysis of
the time of concentration of the Steady Brook watershed. From empir-
ical equations, it was determined that the time of concentration for
the Steady Brook watershed at the outlet is approximately 5 hours,
Peak flow simulations using 6-hour and 24-hour storm distributions
resulted in insignificantly lower peak discharge values which also
confirms the use of a 12-nour storm distribution.

A comparison of the 12-hour design storm pattern can be found in
Table D.1,

The total point rainfall was obtained from Rainfall-Intensity-Dura-
tion Frequency (RIDF) curves derived from the meteorologic station at
Deer Lake Airport. The resulting total rainfall for the 1:100 and
1:20 year 12-hour storms was found to be 67.1 mm and 56.3 mm respec-
tively, with associated standard errors within $10% at the 50%
confidence levels {(based on 16 years of data).

Hydrologic Input Parameters

Time to Peak and Recession Constant

In order to simulate the response of a specific watershed to a rain-
fall event using the HYMO procedures, two unit hydrograph parameters
must first be established. They are the time to peak and the recess-
jon constant for the unit hydrograph. The following describes the
various methods used to develop these parameters:
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a) The assessment of the time to peak parameter, Tp. for the
subwatershed involved the application of the following equation
developed for HYMO (54):

0,422  ,-0 46

sLp-0.46 (| )0.133

T, = 4.63 DA (D.1)

area of watershed (miZ)

where : DA

SLP = slope of watershed (ft/mi)
L = Tength of watershed (mi)
W = width of watershed (mi}

b) The initial determination of the hydrograph recession constant, K,
involved the application of the following equation as given in
the publication on the program HYMO (54):

0 231

K = 27.0 pal.23L ¢ p-0.777

0124

(L/W) (D.2)

where DA = watershed area (mil)
L = watercourse length {mi)
SLP = slope of watercourse (ft/mi)
W = width of watershed {mi)

NOTE: The above equations were originally (empirically) developed
using the English system of units.

Soil Cover Complex Number

A runoff index factor combining the hydrologic soil group and land use
characteristics is referred to as a hydrologic soil cover camplex
number, CN. Simulated runoff volumes are proportional to the complex
number according to the following rainfall-runoff relationship:

q = (P_- 0.25)2 (0.3)
P+ 0.85
where P = precipitation amount (inches)
s = 1000 - 10

Q = amount of runoff (inches)
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(Equation D.3 was originally developed in English units, To convert
the amount of runoff to millimetres, multiply by 25.4).

Using the available Tland use information (as interpreted from 1:50,000
scale maps), and soils information, as interpreted from surficial geol-
ogy maps {scale 1:30,000) available from the Newfoundland Department of
Mines and Energy (19), the average soil cover complex number was
determined for the watershed (refer to Table D.2 for typical soil cover
complex numbers). The average soil cover complex number of the Steady
Brook watershed is 76 and 89 for AMC Il and AMC III respectively (the
relationship of AMC II to AMC [II condition is given in Table D.3).

As mentioned in Section 3.3 of the Main Report, insufficient data
exists for estimating the antecedent soil moisture conditions for a
number of historical peak flow events., However, previous analyses (14)
on nearby, similar watersheds have indicated that AMC III is somewhat
more representative of the soil conditions in this area of Newfound-
land. (AMC III represents saturated soil conditions.)

Sensitivity Analysis

The peak flow rate for the dimensionless unit hydrograph is estimated
by the following equation (51, 53):

qp = b-DA-Q (D.4)
p
where b = watershed unit hydrograph parameter estimated as a

function of K and Tp

]
=
]

drainage area (miZ)
volume of runoff (inches)

O
1]

Tp = time to peak (hrs)
Qp = unit hydrograph peak flow rate (fFt3/s)
(To convert gy to m3/s divide by 35.31)



D-6

The model sensitivity to variations in input parameters was tested by
varying the estimated parameters within prescribed ranges. Previous
work in similar watersheds (14) has indicated that the available model
procedures can accurately estimate the time to peak of the unit hydro-
graph., Therefore, for simplicity, this parameter was kept constant
throughout the sensitivity analyses,

One parameter which has a direct influence on the peak magnitude of the
unit hydrograph is the "b" value. (The "b" value is a function of K
and Tp.) This parameter is reflective of the "peakiness" of a unit
hydrograph, To check the parameter sensitivity, the "b vatue" for the
Steady Brook watershed was adjusted *20%, which is a realistic varia-
tion based on experience in other applications (14). [t was evident
from the results of the simulations that the peak discharges for the
1:100 year event at the watershed outlet vary approximately +5% and -8%
corresponding to $20% changes to the b values.

The effect of changing the antecedent soil moisture condition on esti-
mated peak flows was also analysed. Saturated conditions (AMC [II)
were originally selected based on historical flood events on nearby
watersheds. It was found that the peak flows for a 1:100 year rain-
storm event are reduced by an average of 56% when an AMC [I condition
(representative of drier soil conditions) is assumed.
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TABLE D.1
Rainfall Distribution Comparison
for the 12-hour Design Storms (a)

{b) Design Storm Distribution

Estimated by Analysis (¢) AES 12-hour Design Storm
Time {hours) of Historical Events (X} Distribution (%)

0-1 3 5
1-2 11 a
2 -3 8 8
1-4 6 10
4-5 11 10
5 -6 13 14
6 -7 9 13
7 -8 13 8
8a-9 10 10
9 -10 9 8
0 - 11 6 4
11 - 12 1 2

100 100

{a) Percent of total ratnfall over 12-hour period.
Distribution given reflects the percentage of the total rainfall that
falls over the period

(b} Source - Analysis of historical rainfall events by CCL, 1983

(¢) Source - Analysts by Enviromment Canada (2)
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TABLE D2

Land Use
Residential
Rew Crop
Forast

Pasture

Aydralagic Soil Group*

B 3C c [4)] J
85 38 32 91 32
7 74 73 79 3l
66 71 77 30 33
6% 74 79 32 84

* Based on Antecedent Mpisture Condition !

Seurce: Refarence (51)
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TABLE 0.3

Ralationship Between AMC [l and AMC [!]

Ch for
AMC [

1320

The avarage condition

95
el
35
20
75
70
65
60
55
50
a5

Corresponding ON for
AMC T

100
98
96
94
91
38
85
32
78
74
70
05
50
35
50
43
37
30
22
13

Highest runoff potential, Scil!s in the watersnea are saturated

from antecedent rains

Raference [51)






APPENDIX E

SUMMARY OF COMPUTED

WATER SURFACE ELEVATIONS






APPENDIX E
SUMMARY OF COMPUTED WATER SURFACE ELEVATIONS
LIST OF TABLES
TABLE E.1  Summary of Computed Water Surface Elevations
- Humber River

£.2 Summary of Computed Water Surface Elevations
- Steady Brook

E-2

£-4






£-1

APPENDIX E
SUMMARY OF COMPUTED WATER SURFACE ELEVATIONS

Tables E.1 and £.2 present a tabular summary of the 1:20 and 1:100
year flood elevations for the Humber River and Steady Brook
respectively. Refer to Figures 4.3 and 4.4 for approximate Cross-
section locations for the Humber River and Steady Brook respectively,
and to Figures 4.8 and 4.9 for the corresponding hydraulic profiles,

The areal extent of the flood prone areas are delineated on 1:2500
scale topographic maps for the study area.
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APPENDIX E
TABLE E.1
Surmary of Computed Water Surface Flevations

- Humber River -

1:20 vr.Water 1:100 ¥Yr Water

Level (m) Level {m) Using Upper
Section Location/ Frae Flow Free Flow 95 C.L.
Na. Descriptian Condition Condition Discharge
119.0  9/5 Study limit 5.6 5.3 7.2
120.0 5.7 5.4 7.3
121.0 5.7 6.5 7.4
122.0  Mitchell Praperty - Gauge 5.8 6.5 7.4
Site #8 {Humber River
/Steady 8k, Conflu.)
123.0 5.8 6.5 7.4
221.0 Thistle Property - Gauge 5.9 6.7 7.6
Site #7
222.0 5.0 6.8 7.6
223.0 6.0 6.8 7,7
224.0 6.0 6.8 7.7
225.0 6.0 6.3 7.7
226.0 Lundrigan Property - Gauge 6.0 6.8 7.7
Site #6
227.0 6.0 6.8 7.7
228.0 6.1 6.8 7.7
229.0 6.1 5.9 7.7
2210.0 6.1 6.9 7.8
2211.0 6.1 6.9 7.8
2212.0 6.1 6.9 7.8
2213.0 6.2 6.9 7.8
2214.0  Humber Village Bridge 6.2 6.9 7.8
{approx. WSC gauge location)
2214.1 6.2 6.9 8.0
2215.0 6.4 7.l 8.2
2216.0 6.4 7.2 3.2
2218.0 6.4 7.2 8.1
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TABLE E.1 (cont'd)

1:20 Yr.Water 1:I10Q Yr.Water

Level [m) Level (m) sing Upper
Section Location/ Free Flow Free Flow 95 C.L.
No. fescription Condition Condition Discharge
2219.0  Humber Yillage Bridge 6.5 7.2 8.3
(approx. WSC %auge Location)
2220.0 6.5 7.2 8.3
2221.0 6.5 7.2 8.3
2222.0 6.5 7.3 8.3
2223.0 6.5 7.4 8.4
2224.0 6.7 7.4 8.4
2225.0 6.8 7.5 3.6
2226.0 6.8 7.5 8.5
2227.0  Strawberry Hill - Gauge 6.8 7.6 8.5
Site =5
2229.0 7.1 7.8 8.8
2230.0 7.4 8.1 9.0
2231.0 7.7 8.4 9.2
2232.0 7.9 9.6 3.5
2233.0 8.0 8.6 9.6
2235.0  Deer Lake Out'let §.1 3.8 9.3
2236.0 8.1 8.8 9.8
2237.0 Boom Siding wharf - 8.1 8.8 9.8

(auge Site =4
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TABLE E.2

Summary of Computed Water Surface Llevations
- Steady Brook -

1120 Yr. dater

1:100 Yr.Water

Leve! (m) Level (m) Using Upper
Secticn Location/ Free Flow Free Flow g5 C.L.
NG Descriptiaon Conditian Condition Discharge
-121.0  Steady Brook Qutlet at 7 6.5 7.4
Humber River
102.0 5.7 6.5 7.4
3101.0 Gauge Site 29 Rear Falls Ave, c.3 6.5 7.4
304.0 5.0 6.6 7.4
105.0 C.N.R, Trestle 6.4 6.6 7.4
105.1 6.7 6.9 7.4
306.0 7.0 7.3 7.9
307.0 8.6 8.8 9.1
308.0 11.5 11.8 12.3
309.0 Trans-Canada Highway 12.3 12.6 13.2
309.1 12.4 12.6 13,2
310.0 12.4 12.7 13,2
311.0 15.3 15.5 15.0
312.1  0ld Trans-Canada Hwy. 16.4 16.8 17.5%
312.2 17.0 17.4 8.1
312.0 U/ Study Limit 17.5 17.9 13.8

a2t Pumphouse



