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HYDROTECHNICAL STUDY
WATERFORD RIVER AREA

1.0 SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

1.1 Introduction

The Waterford River, which passes through growing urbanized areas of Mount
pearl, Donovans Industrial Park and the western portion of St. John’s, has
been the subject of several recent studies. These studies examined the
hydrology, water quality, surficial geology, effect of urbanization in the
basin, and other factors relating to the potential for flooding along the
course of the river.

One previous report was the "Flood Study" technical report of the Urban
Hydrolegy Study of the Waterford River Basin, prepared by Newfoundland
Department of Environment and Environment Canada. The report examined three
flood-prone sections along the river, and pointed to the need to designate
flood risk areas in the studied reaches.

The following report describes the hydrotechnical study leading to the
delineation of flood risk areas for the entire river from Donovans
Industrial Park to St. John’s Harbour. This project began in February 1987
with a streamflow monitoring program, and collection and review of previous
studies and hydrometric data. This information was then combined with field
surveys along the river to develop a watershed model which provided accurate
information about historic flood flows. These flows were evaluated to
enable projection of the 1:20 year and 1:100 year flood Tevels and
preliminary evaluation of flood damage reduction alternatives.

1.2 Hydrology Summary

Historical records since 1934 report about 40 incidents of flooding which
have resulted in Joss of life and a significant number of bridge washouts.
Many of the bridges have been replaced or repaired but recent urban
development and pressures for future development along the waterway are
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combining to increase the potential for flood problems. Generally, flooding
in the watershed results from about two days of rainfall totalling 70mm or
more.

Progressive urban development in the watershed has changed its surface
runoff characteristics. Hence, historical records from times when there was
less development, and regional flood fiow statistics derived from
undeveloped watersheds may not provide rea]ﬁstic estimates of flood flows in
the Waterford River. A mathematical modelling approach employing the
current hydrologic system was consequentiy selected herein for determining
flood flows. The model is called QUALHYMO.

The hydrologic model was prepared using:

physical watershed characteristics derived from detailed topographic
mapping, field surveys, sewer network drawings, and surficial and
bedrock geology reports

land use data maps for 1984, updated by our team using recent aerial
photography and land use mapping by the City of St. John’s

a continuous 28 year record of hourly data assembled from precipitation
and temperature data monitored at St. John’s west CDA and Dalhousie
Crescent in the study area, and the nearby St. John’s Airport Station.
Daily snow depth data was obtained from St. John’s West CDA for 1964 to
date

Hourly streamflow data for verifying the model simulations of precipitation
runoff were obtained from three monitoring sites in the study area. One
site at Kilbride has monitored flow since 1973 and another site at Mount
Pearl has data since 1981. Data from the third site near Donovans is
considered unreliable and was only employed qualitatively. There was no
"streamflow monitoring for the 15 years between 1959 and 1973 when hourly
rainfall data is available to simulate streamflow.
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Streamflow simulations were conducted using two versions of the QUALHYMO
model. The first version was prepared to identify the periods of peak flow
in the past when streamflow peaks were not monitored (1959-73). The second
model was developed to give accurate estimates of peak flows in these
periods. Overall, the objective was to develop a long period (28 years) of
streamflow data - based on today’s land use - in order to estimate 1:20 and
1:100 year flood flows which could now occur in the watershed.

Model calibration and verification gave excellent results for the important
parametefs of runoff peak, runoff volume, peak flow ‘timing and flow
recession following the peak. In all, these gave considerable confidence
about the model’s ability to simulate streamflows from'precipitation inputs.

" The verified mode] was then employed to simulate peak flows for the 28 year
period of precipitation record (15 more years than is currently available
from streamflow monitoring). The peak flows from all. the years were then

- subject to a frequency analysis to determine the 20 year and 100 year return
pefiod flood flow peaks. The Three-Parameter Lognormal Probability
distribution was the best fit to the data, and was employed to give flood
flow estimates at 18 locations along the river. The following Tists these
flood flows at four locations of interest:

Location of ‘ Flood Flow Estimate (m3/s)
Flow Estimate 1:20 year 1:100 vear
Donovans Park ' '
(downétream bridge) 16.9 - 22.8
Mount Pearl

(Commonwealth Ave.) 26.2 36.2
Kilbride ' 83.3 118.0

River Mouth - 102.0 - 145.0

Additional study was undertaken to determine the basin’s response to major
rainfall storms. Runoff from the 1:20 year and 1:100 year 12-hour storms
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was simulated and found to be similar, but sTightly less, than the runoff
generated by the previous approach. This indicates that rainfall storms
result in very significant flows, but that combinations of rainfall with
snowmelt combine statistically to produce slightly higher 1:20 year and
1:100 year flood flows. These Tatter, higher flows were selected for
determining flood profiles in the river.

1.3 Hydraulics Summary

The purpose of the hydraulic investigations was to derive the 1:20 and 1:100
year open water surface profiles along the study reach using the results of
the above hydrologic information.

A mathematical modelling approach was also selected for this work. The
selected model, called HEC-2, has been successfully used 1in similar
applications throughout North America and was used in eariier Flood Studies
conducted as part of the Urban Hydrology Study of the Waterford River Basin:
(1986).

The principal data for the HEC-2 model are cross sections of the river
channel and dimensions of bridges and other structures in the river. These
data were obtained by field surveys in mid-1987, surveys conducted from 1981
to 1983 for the Urban Hydrology Study, and bridge drawings and topographic
mapping. In all, 209 cross sections were employed in the model.

A water level monitoring program was established in early 1987 in order to
obtain levels and flows for calibrating the model. This program included
snow surveys because it was anticipated that the 1987 snowmelt period would
produce a large peak flow. High flows did not materialize in the spring,
summer or fall and the level monitoring was discontinued in November.

Despite the absence of a high flow period in 1987, the results of the 1987
monitoring were employed to calibrate the model because the data was
available for the full study reach,. The calibration was successfully
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completed using values of channel roughness and other parameters within the
range of anticipated values.

Model verification was undertaken using water Tlevel data from monitoring
conducted for the Urban Hydrology Study, Flood Study Report (1986). This
monitoring focussed on the Kilbride, Mount Pearl and Donovans area and three
flow periods were taken from that data to verify the model.

The model verification demonstrated that computed water levels were in close
agreement with observed levels. It was concluded that the model is capable
of accurately predicting open water surface profiles for 1:20 and 1:100 year
flood flows.

Sensitivity analyses were then undertaken in order to test the sensitivity
of computed water Tlevels to variations in the model parameters. The
parameters changed in the model were channel inverts (tf 0.15m), discharge
(£ 30%), starting water level (t 0.15m), channel roughness (+ 10%) and.
expansion and contraction coefficients. The model was found to be
insensitive to these variations in the parameters, lending additional
confidence to its use.

The final step before computing the river flood levels involved analysis of
water levels at the river mouth - the starting point for the backwater
modelling. The mean high tide level (0.62m GSCD) was selected as an
appropriate starting level as it is quite possible that a high tide would be
present during the course of high flows.

Instantaneous high water levels at the mouth were also subjected to
frequency analyses to determine the 20 year and 100 year levels. It was
determined that these levels are: 1.45m GSCD for the 1:20 year case and
1.68m for the 1:100 year case. Since river flooding or high levels at the
outlet can occur at the river mouth, the highest of these two levels
determines the flood hazard area at the mouth.
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The calibrated/verified HEC-2 model was run in two final simulations to
produce 1:20 year and 1:100 year flood levels at all of the cross sections
in the model. These levels were plotted on six, 1:2500 scale topographic
maps (prepared for the Canada-Newfoundland Flood Damage Reduction Program)
to delineate the flood risk area.

Photo-reductions of portions of the maps are contained in Chapter 7 of this
report. They indicate that there are a number of individual structures at
the edge of the flood plain along the course of the river, and potential
flood damage to buildings at Leslie Street Bridge, Symes Bridge, Kilbride
(Corpus Christi Church area) just upstream of Brookfield Road Bridge, and at
the Fiberply Plant area at Donovans Industrial Park. Other locations (e.g.
Mt. Pearl) have extensive areas which are within the flood plain, but these
areas contain no structures.

It is evident that the lessons learned from previous damaging floods have
been applied through the years. Historical reports confirm that washed out
bridges have been replaced by Tlarger structures, which can now safely pass
flood flows (e.g. the high level arterial bridge replacing Job’s Bridge
Crossing).

Similarly, it appears that channelization at the river mouth and channels in
the newer portions of Donovans Industrial Park, for example, are reasonably
sized to carry flood flows.

In total, about 19 or 20 structures are contained in the 1:100 year flood
zone along the Waterford River.

1.4 Summary of Flood Damage Reduction Alternatives
The final step of the report was preliminary identification of flood damage

reduction alternatives which could be employed along the Waterford River.
Proven ways to reduce flood damages can be grouped into:
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those which accept that high water levels will occur from time to time
but mitigate flood damages by floodplain zoning, acquisition of
properties at risk, or flood proofing of structures.

those which attempt to reduce the flood level by structural means such
as flood control dams, channelization or dyking, or bridge opening
expansions.

It is always desirable to pursue alternatives that are economically
justifiable as well as feasible. As the 20 buildings in the flood zone of
the Waterford River are distributed along the entire study reach, the latter
group of options would be very expensive to implement and would likely
present highly unattractive benefit - cost ratios. Hence, our focus for
damage reduction was the first group of alternatives.

Brief descriptions of each option is given in Chapter 8 of the report where
it is concluded that:

1) the flood elevations determined in this study be adopted by
municipalities along the river, so that developable areas which are
prone to flooding can be zoned as flood risk areas or for special,
structural design considerations (e.g. flood proofing by elevation).

2) five existing houses in the flood zone be considered for flood proofing
by elevation.

3) three buildings be examined for the installation of permanent or
automatic closures at low level flood entry openings.

4) the potential for pretecting five buildings in the flood zone by using
low berms, fill or road regrading be examined.
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the area near Corpus Christi Church in Kilbride {(containing six
structures in the flood zone) cannot be easily/economically protected
by major works, such as a flood wall. It was concluded that further
flood damage reduction investigations should include examination of:

closures for low level openings at the church

flood proofing by raising other buildings on piers or reinforced
walls

gradual acquisition of some of the most damage prone buildings

In conc1usion, there appear to bé relatively inexpensive damage reduction

options which may be applied to reduce future and existing problems along
the Waterford River. Most may be carried out by the individual owners, but

zoning to minimize future developing problems rests in the hands of local

government.
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2.0 INTRODUCTION

Floodplain Tlands adjacent to rivers and streams have always represented
attractive centres for development. Such developments have historically
occurred because of the use of rivers as transportation routes, sources of
power and water, and because much of the best agricultural land is Tocated
within floodplains. The resulting conflict with the river at flood times
has lTed to a variety of approaches to controlling flooding. The earliest
records of such attempts in North America to medify the relationship between
man and floods stretch back to 1617 when early French settlers used dykes to
protect areas for agricultural purposes.

In Tight of trends towards increases in flood disaster assistance payments,
greater pressure for floodplain development because of increasing urban
population coupled with escalating land costs, and the potential
environmental problems associated with structural flood control measures
such as dams, it has been recognized that a new and more comprehensive.
approach to floodplain management 1is required. Policies based on a full
evaluation of both non-structural alternatives, such as restrictions on
flood vulnerable development in high flood risk areas, as well as
traditional structural approaches are necessary.

Given this increasing awareness, and in view of the potential for loss of
life and damages resulting from floods, the Province of Newfoundland and the
Government of Canada entered into a "General Agreement Respecting Flood
Damage Reduction" on May 22, 1981. The objective of this Agreement is to
reduce the potential flood damages on floodplains along the shores of lakes,
rivers and the sea. This Agreement also recognizes that the potential for
flood damages can be reduced by controlling the uses made of flood hazard
areas. This involves the identification and delineation of flood prone
areas and ultimately the designation of these areas wherein only certain
conforming developments could take place.

As part of this initiative, a flood risk mapping program is being undertaken
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in Newfoundiand. The mapping of a flood risk area consists of four main
components: hydrology, hydraulics, topographic mapping and public
information. The main purpose of this investigation is to provide the
hydrologic and hydraulic components for the identification of flood prone
lands for the main branch of the Waterford River Basin from Donovans
Industrial Park to the river mouth in St. John's.

2.1 Study Area

The study area is located in the northeastern portion of the Avalon
Peninsula. The eastern extremity of the river basin drains the western part
of the City of St. John’s, and the western edge of the basin is about 13 km
west-southwest of St. John’s Harbour. Figure 2-1 outlines the drainage area
in relation to the Avalan Peninsula and Figure 2-2 shows the area in more
detail.

There are two principal branches of the river. The main branch extends
westward from the harbour, through Mount Pearl and further west toward
headwaters near Bremigens Pond. This branch and a small tributary which
parallels the Trans-Canada Highway (through Donovans Park) are the focus of
this study. South Brook, which joins the main branch below Bowring Park at
Kilbride, is part of this basin-wide hydrology study but is not mapped
herein for identification of flood prone lands.

2.2 Study Objectives

The purpose of this study is to examine the flooding potential from the
western boundary of Donovans Park to the river mouth, and to provide
reliable estimates of open water flood profiles for the 1:20 year and 1:100
year floods.

The objectives of the study were prepared by the Technical Committee of the
Canada-Newfoundland Flood Damage Reduction Program. Their requirements are
briefly summarized below:
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Assemble and review existing information and previous studies to gain a
good appreciation of factors which affect flood flows in the study
area.

Prepare an appropriate mathematical model of the river basin to
reliably simulate the flood flow hydrology of the river:
considering effects of urban development
employing historical hydrometeorological data to determine
watershed conditions and the 1:20 and 1:100 year flood flows

Prepare a mathematical model to proVide flood flow hydraulic profiles,
using:
field surveys to accurately characterize the geometry of the river
channel h '
water level data collected to calibrate and verify the mode?l
information on tides, changes in channel morphology, and man-made
features such as structures, infilling and retaining walls.

Produce 1:20 and 1:100 year return period open water flood profiles
following sensitivity analysis of various model parameters. Plot the
flood lines on large scale maps provided by the Technical Committee
(1:2500 scale with 0.5 m contours).

Suggest remedial measures which may be appropriate for future studies
to reduce flood damage potential in the study area. '

Study Approach

After project initiation on 25 'February 1987, the flow of the project
proceeded with the following activities: o
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a field reconnaissance and several snow surveys to gather hydroiogic
information pertaining to snowmelt and the general physiographic
characteristics of the watershed.

monitoring of flood elevations with crest gauges put in place at five
locations within the main study reach. Several gauges were maintained
in the study area from 26 March 1987 until mid-November 1987.

extensive review of all pertinent background records and reports
related to hydrology, hydraulics, and flooding. This included a
considerable number of reports from previous hydrotechnical studies
conducted by the Provincial and Federal Governments during the
"Waterford River Basin Urban Hydrology Study" (1980 - 1985)

hydrometric data analysis. Hourly precipitation and snow accumulation
at monitoring Tocations within the watershed and at St. John’s airport
were assembled for a 28 year period from 1959 to 1986.

development of several hydrologic models to provide streamflow
estimates from the precipitation data. The first model used the
hydrometric data to give information on soil moisture conditions in the
watershed since 1959. The second model grouped/lumped the smallest
subcatchments into larger units to simulate streamflow and provide the
dates of historical high flow periods. The final model employed all of
the smaller discretized subcatchments to provide accurate estimates of
peak flows 1in the high flood periods identified in the Tumped
modelling.

model calibration and verification to ensure that the hydrologic model
was correctly simulating streamflows. Flows monitored by the Water
Survey of Canada were employed to check results at three Tlocations
along the main branch. |

computation of flood flow estimates based on frequency analyses of the
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peak flows generated by the hydrologic model (1959-1986). These 1:20
and 1:100 year design flows were found to be similar but slightly
larger than flood flows generated by 1:20 and 1:100 year rainfall
storms.

flood profiles within the study reach were obtained by using the HEC-2
backwater model, established from field-surveyed cross sections and
fopographic mapping prepared for this study. The model was calibrated
prior to calculation of final 1:20 and 1:100 year profiles using water
level observations obtained during flow monitoring in 1978, 1982, 1983
and 1987.

sensitivity analyses were carried out to determine the impact of
variations in flow, Manning’s roughness, expansion and contraction
coefficients and downstream conditions on levels in the study reach.

the flood risk areas for the 1:20 and 1:100 year flows were delineated
on topographic mapping of the study reach. The location of the field
surveyed sections was also shown on these maps.

remedial measures, which are appropriate and realistic for future
examination in flood damage-reduction studies, were then identified in
a qualitative overview of the flood risk mapping.

The following sections of this main report discuss these tasks and the
results of each activity in greater detail. A second volume, which is a
compendium of technical notes, survey data and computer outputs, is
available for review by the interested reader from the Canada-Newfoundland
Flood Damage Reduction Program office at Newfoundland Department of
Environment and Lands, St. John’s.
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3.0 HISTORICAL OVERVIEW
3.1 Introduction

The history of flooding on the Waterford River between Donovans’ and St.
John’s Harbour has been drawn together from a variety of sources for this
study. Principal use was made of:

a comprehensive review of "Flooding Events in Newfoundland and Labrador
- An Historical Perspective," prepared by the Water Planning and
Management Branch, Environment Canada (Kindervater, 1980). This report
gives the causes and effects of floods in the Waterford River area from
1934 to 1979, |

a listing of similar information for flood events from 1951 to 1986,
prepared by the Technical Committee of the Flood Damage Reduction
Program as part of the Terms of Reference of this study.

newspaper reports giving additional details of flood events. These
reports are archived on microfiche at Memorial University.

reports of recent flood events compiled by the Newfoundland Department
of Environment.

3.2 Hfstorica] Flooding

It is evident from review of the litérature that flooding in the Waterford
River Basin has been frequent and damaging. There has been loss of life,
numerous washouts of bridge crossings, extensive erosion and repeated
flooding of certain areas over the past years. As noted in Table 3.1, there
have been approximately 40 flooding events in the basin over the 54 year
period from 1934 to late '1987.



TABLE 3.1

SUMMARY OF HISTORICAL FLOODING AND
HIGH FLOW PERICDS - 1934 TO PRESENT
WATERFORD RIVER BASIN

Date Comment

1934 Oct. 12-14 - about 94 mm rainfall in 3 days caused flooding from
Symes Bridge to Donovans area

1941 Aug. 02-04 - heavy rainfall resulted in Tocal flooding but
apparently none from Waterford River

1942 Jan. 29-30 - almost 128 mm rainfall in 2 days resulted in
flooding along Water Street at the mouth

1942 Cct. 04 - 100.8 mm rainfall on this. day caused f]ooding
of suburban ponds and ocutlying rivers

1842 Dec. 02-03 - 63.5 mm rainfall reported in 3.5 hr caused
flooding along Southside Hills and at the river
mouth ’

1944 Dec. 06-0Q7 - 87 mm rainfall in 2 days cause flooding aiong
the river and mud/gravel slides down Southside
Hills '

1845 Jun. 23-24 - almost 100 mm rainfall in 2 days led to floocding
on the outskirts of St. John's

1946 Jul. 27-28 - 121 mm of rain on 27 July resulted in floocding
in Bowring Park and damage/destruction of some
bridges

1946 Dec. 01-02 - over 68 mm rainfall in two days led to extensive

flooding along the Waterford River

1948 spring - uncertain causes {perhaps rainfall with snowmelt)
resulted in railway washout at Symes Bridge

1948 Sep. 14-15 . over 117 mm rainfall in two days result in flooding
near the mouth and the death of a child -

1950 Oct. 31 - over 77 mm rainfall in two days 1ed.to'generél-“
Nov. 01 overbank flooding, particularly in Bowring Park



1951

1951

1953

1953

1955

1959

1962

1962

1963

1964

1966

1968

1970

1971

Apr. 10-13
Nov. 30-
Dec. 01
Oct. 06-07
Dec. 26-27
Feb. 12-13
Nov. 11
Nov. 19-20
uncertain
Jan. 01-03
Aug. 04-05
Dec. 20-22
uncertain
(Jan.?)
Feb. 27-
Mar. 02
Jan. 31-
Feh. 01

177 mm rainfall over three days caused high flows
on Waterford River and flooding at Mundy Pond

73 mm rainfall over two days caused flooding at St.
John's Bridge and houses at Waterford Bridge

92.5 mm rainfall in one day filled Southside
Hills' gullies, but apparently caused few problems

85.1 mm rainfall in one day caused destruction
of Steady Waters Bridge, washouts at Donovans and
near Mili Bridge

51.1 mm rainfall on wet soils led to flooding
at mouth and at the O0ld Mill Bridge (Leslie
Street)

83.6 mm in two days followed by 70.1 mm a week
later resulted in local flooding

48 mm rainfall «ad 78.7 mm snowfall caused
flooding along Mundy Pond outlet stream

flooding in Donovans Industrial Park, Mount Pearl
and Bremigans Pond area

melting snow and ice jams flooded areas at several
bridges (Dunn's, Steady Waters, Commonwealth,
Donovans)

76 mm over two days caused flocding along Waterford
River banks and in Bowring Park

almost 103 mm in two days reported to have resulted
in considerable local flooding

houses, roads, rail 1ine reported flooded, as
well as a washout of Steady Waters foot bridge

approx. 114 mm rainfall 1in four day period
reported to have caused flooding around St. Bride's
College

about 49 mm rainfall with snowmelt cause Water-
ford flooding at several sites (e.g., St. Bride's
College)



1971

1972

1973

1973

1974

1975

1976

1976

1976

1977

1978

1979

1980

1981

1981

Nov. 14-15
Nov. 10-12
Feb. 22-23
Jun. 17
Aug. 31
Aug. 23-24
Jan. 08-10
Jan. 25-26
Dec. 24-26
Dec. 27-29
Jan. 27
Jan. 28-30
November
Oct. 10-11
Nov. 26

lTocal flooding reported in St. John's and within
Bowring Park

about 116 mm rainfall resulted in local flooding
in St. John's and road washouts {near Waterford
River mouth)

68.3 mm in one day effected flooding near the river
mouth (Southside Road, Water Street west)

50 mm rainfall caused isolated floeding and land-
sTides down Southside Hills at Kilbride

stormwater runoff led to basement flooding in Mount
Pearl

approximately 75 mm‘ rainfall in one day caused
localized flooding and debris slides down South-
side Hills

55 mm rainfall in two days caused flooding problems
in St. John's (e.g., Mundy Pond, Victoria Park)

snow followed by snowmelt and rain brought river to
bankfull stage, but with 1ittle flooding

31 mm rainfall with snowmelt caused Mundy Pond to
overflow and slides down Southside Hills

45.7 mm rainfall with snowmelt flooded parts of
Bowring Park, Kinsman Park and Squires Avenue

rainfall and snowmelt combined to flood many
streets, but not significantly along the river

91 mm rainfall over 6 days caused local flooding
and high water levels on the river

unconfirmed report of flooding in Bowring Park,
possibly resulting from melt of record snowfalls

over 121 mm vrainfall in 2.5 days resulted in
serious flooding from Southside Hills and flooding
near Mundy Pond

76 mm rainfall in one day caused overbank flooding
in a number of areas (e.g., Kilbridge, Southside
Roads)



1882 Oct. 03-05

1985 May 24-25

1986 Apr. 11

1987 April

over 100 mm rainfall reported on one day during
severe storm and high winds, but Tlittle or no
flooding

85 mm rainfall in 33 hours caused flooding from
Donovans to Kilbride and along a South Brook
Tributary

70 mm rainfall in 22 hours on frozen soil Tled to
flooding at Dunn's and Waterford Road Bridges and
other areas

melt of major snowfall with rainfall resulted in no
reports of flooding
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It is possible to draw several preliminary conclusions from review of Table
3.1 and the above-listed reports. Generally, flooding problems result from
synoptic rainfall events with durations of about two days. A rainfall total
of about 70 mm appears to be the threshold value which will initiate
flooding, although lesser amounts following earlier wet periods have also
led to flooding. Overall, it is appropriate that the Technical Committee
suggested that a precipitation runoff model which accounts for antecedent
rainfall and soil moisture be used for this study.

It is also noteworthy that frequent, local flooding problems are reported
(e.g. full gullies, runoff ?rom the Southside Hills). It is often difficult
to distinguish between flooding from the river and Tlocal drainage
difficulties. However, it 1is clear that the most frequent reports of
flooding have been from the Bowring Park area, through Kilbride to the river
mouth.

It is also interesting -to-note that early references to flooding on the.
"outskirts of St. John’s", or "west of the City" have more recently been
replaced by specific references to the names of industrial and residential
areas which have grown in these areas. In view of this urban growth, the
frequency of previous flooding, and the possibility of damaging floods in
the future, it 1is also appropriate that the Technical Committee has
initiated the flood risk mapping component of this study.

This study draws on some of the results of early work which are summarized
in the fp]1owing section.
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3.3 Urban Hydrology Studies

In 1978, Envircnment Canada and the Province of Newfoundland initiated the
"Waterford River Basin Urban Hydrology Study". Its general objective was to
assess the effect of urbanization on the water resources of the basin and

evaluate solutions to various water management problems.

The main study was subdivided into a number of smaller, connected packages
including evaluations of land use, flooding, storm drainage, and ground-
water. Of particular value to this hydrotechnical study are the '"Land Use
Report" (1986), the two volume 'Flood Study" (1986), the two volume '"Data
Summary Report" (draft 1987), and the draft of the "Watershed Modelling -
HYMC" report prepared in 1985.

These four reports contain many similar elements to those prepared for this
study. The watershed modelling study, for example, employs a hydrologic
model (HYMO) from which several concepts were taken for use in the model
selected for this study {(QUALHYMO). The modelling report also details the
development of hydrometeorological data and simulations of flood flows for
the basin above Kilbride (for storms in 1981 and 1974, and for design pre-
cipitation storms). Watershed subcatchment delineations and hydrologic

soils classifications were retained from that work for this study.

The data summary reports provide a wealth of information on rainfall, snow
depth, and streamflow measurements taken in the early 1980's. It is clear
that considerable effort was placed on the development of sound, accurate
data and we have made good use of the reports as reference docﬁments.
Certain precipitation events and streamflow stage-discharge data were taken
directly for use in this study.



The land use report provides particularly interesting data outlining the
progression of urbanization throughout the western portion of the basin
since the early 1870's. Extremely detailed mapping of every land use
accompanies that report and the most recent (1984) mapping was adopted for

our study.

The two volume flood study summarizes the development of a backwater model
(HEC-2) for three reaches of the river; and the approach, measurements and
data used to calibrate a number of model parameters. Our hydrotechnical
study (Chapters 6.0 and 7.0) employs much of this work unchanged in our
evaluation of backwater conditions. The absence of a significant flood peak
during 1987 (January to October monitoring perior) makes the monitoring
information from the flood study of particular value to this study, which
also uses the HEC-2 model.

The value of the Urban Hydrology Study goes well beyond just the data which
can be extracted from various reports. Its true value lies in discussions,
conclusions and findings of the works which identify characteristics of the
basin and problems and solutions which have benefitted the enclosed study -
and will benefit other, future studies. In many ways the Urban Hydrology
Study provides the stepping stones to the successful completion of this

Hydrotechnical Study.



4.0 HYDROLOGIC STUDIES

4.1 Introduction

The Terms of Reference for this hydrotechnical study of the Waterford River
area note that the basic purpose of the study is to provide reliable
estimates of open water profiles for 1:20 year and 1:100 year return period
floods. The following sections discuss the derivation of these fToo& flows,

which are later used to determine water level profiles (Chapter 7.0).
Flood flow estimates can be derived by various techniques including:

. single station frequency analysis of flow records at the site of
interest (or from a nearby site on the same stream by transposition)

. regional frequency analysis of flow records within the general area of
interest
. computer simulation using a mathematical watershed model and Tong-term

weather records.

The choice of method in a particular situation is governed by the availabil-
ity and length of streamflow record at or near the point of interest, as
well as by the "stationarity" of the watershed (i.e. the nature of changes

in land use, development, the channel).

The Terms of Reference make note of the ongoing, urban development in the
watershed which is shown to have been most significant in the Donovans and
New Town area of Mt. Pearl since 1973 (Land Use Report). Such changes in
the surface characteristics of a watershed usually result in changes in
surface runoff, and thus, single station frequency analysis using hiétorica]
records or regional frequency analysis may not provide realistic estimates
of flood flows. Hence, a computer simulation using mathematical models of
the hydrologic system was selected as the principal method for determining
1:20 year and 1:100 year flood flows.

-
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4.2 Data Base

Hydrologic models which simulate streamflow runoff require input data

describing:
. physical watershed characteristics
. iand use and surface soils

+  precipitation and other climate data (e.g. air temperature)

Monitored steamflow response to those inputs is also required to calibrate
various parameters in these models and to verify that the simulations are

correct.

The following sub-sections briefly describe the data used for modelling and
some of the characteristics of that data and the watershed itself.

4.2.1 Physical Characteristics

Available topographic mapping was employed as the principal input defining
watershed slopes, areas of tributaries and ponds, channel slopes and channel
contours. Principal use was made of 1:2,500 scale and 1:12,500 scale
mapping developed by the Provincial Department of Forestry and Agriculture,
and 1:2,500 scale mapping of the river channel prepared by McElhanney
Mapping Services in 1985 for the Canada-Newfoundland Flood Damage Reduction

Program.

Figure 4-1 delineates the entire Waterford Basin and the boundaries of
several of the principal subCatchments. Catchment 301, which drains the
western portion of the watershed (including Donovans Industrial Park),
slopes from héadwater elevations of about 200 m to a channel elevation of

about 133 m in approximately five kilometres.
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Catchment 302 drains portions of the strip development along Topsail Road
north of the river, and the western part of Mount Pearl to Commonwealth
Avenue. Catchment 303 includes the majority of Mt Pearl, New Town develop-
ments south of Mt. Pearl, and the western section of St. John's. Although
extensively urbanized, the northwestern segment remains undeveloped.

Catchments 304 and 305 mark the drainage area of South Brook which joins the
main branch at Kilbride. This tributary is somewhat elongated in shape and
bounded on the east by a range of steep hills lying between Bay Bulls Road
and Petty Harbour Long Pond.

The Southside Hills extend from Kilbride into Catchment 306, with the river
marking the distinct teopographic break between steep, hillside slopes on the
east and urban St. John's on the west. Drainage from the Southside Hills is
generally through short, steep channels (some channelized) or overland.
Runoff from the developed area of St. John's is carried to the river via
sewers and the road network, as well as overland and through several

channels.

The sewer network drawings for St. John's, Mt. Pearl and New Town were
examined in considerable detail to characterize drainage areas in Catchments
303 and 306, and the eastern portion of Catchment 302. In addition, aerial
photography from 1966, 1977, 1984 and 1985 were employed to determine
drainage details not shown on the topographic mapping. Extensive use was
also made of the photographic records from earlier Environment Canada and
Newfoundland Department of Environment studies.

Last, a profile of the channel was prepared from the upper catchment to the
river mouth (Figure 4-2) to provide information relating to channel storage
and routing of flood flows. The figure shows a relatively steep channel
(average slope 0.012 m/m) having a terraced form. Comparatively gently
sloping reaches averaging about 0.0065 m/m (for example, from Commonwealth
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Bridge to Steady Water Footbridge in Mt. Pearl), are separated by very steep
reaches. These sleep reaches have an average slope of 0.043 and include
several rapids and waterfalls. '

Overall, the watershed channel is steep, as are the basin slopes - particu-
larly along the eastern watershed boundary from St. John's Harbour to
Kilbride and to Rocky Pond. As a result, it would be expected that flows
concentrate quickly in the watershed following rainfall events and that
flood hydrographs rise quickly to their peaks.

4.2.2 Surficial Geology

The surface soils and exposed bedrock in the basin reflect the results of
glaciation. Soils are thin over the slopes around most of the basin
perimeter (particularly between St. John's and Kilbride on the crown of the
Southside Hills, on Kenmount Hill, and on the hill tops south of Donovans
Industrial Park). Further down the slopes into the heart of the basin, soil
depth increases but bedrock is generally never far from the surface and
outcropping is not unusual. Figure 4-3 shows the soil bedrock relationship
considered to exist in the basin (Batterson, 1984).

The soils are derived from underlying parent materials and are largely
coarse to moderately-coarse in texture. Although the main stream is
generally steep, gravels are observed to have deposited in bars in several
locations (e.g. Symes Bridge, Bowring Park Pond). These bars and certain
banks are reported to erode during periods of high flow (Baker, p.c. 1987).

Soils in the basin are frequently mixtures or "complexes" of the six princi-
pal soil types in the basin; Bauline, Cochrane, Organic, Pouch Cove, Red
Cove and Torbay. The distribution of these soils and complexes have been
mapped in detail in the Newfoundland Soil Survéy Report (Heringa, 1981;
Environment Canada, 1985) for the basin west of Kilbride. Their distribu-

tion is not well known in the urban portion of St. John's (drainage area 306
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in Figure 4-1) but can be extrapolated into the city folilowing land forms
and distributions at the city boundary. Uncertainties with this approach
are alleviated by the similarity in soil types in the area and the disrup-

tion and mixing of soils associated with urbanization.

Hydrologic soil group classifications are presented in Figure 4-4 (after
Environment Canada, 1985). These classification (e.g. A, B, C, D) or
combinations of classes (e.g. BC) describe the runcff potential of the soil,
ranging from low (Class A) to high (classes C and D). Noteworthy in Figure

4-4 is the predominance of soils having moderate to high runoff potential.

There are two conclusions of ‘Tnterest regarding surficial geology. The
presence of bedrock near the soil surface at higher e]evationé, and the
predominance of soils with high runoff potential in the valley are expected
to contribute to a relatively high rainfall-to-runoff ratio. Further, it is
possible that runoff may begin from.some of the areas of shallowest soil
depths before the theoretical (infinite soil depth) water holding capacity
of the soil is reached. 4

4.2.3 Land Use

The watershed modelling investigations of the Urban Hydrology Study employed
1981 land use conditions in the simulation of rainfall runoff. At the time
of that study, 1981 information represented the most upfto—date status of
watershed development which could be incorporated with other watershed data
such as precipitation and streamflow.

This.present study also uses the most reliable land use data, which is that
of 1984: In the area west of K%1bride, this information was prepared by
Environment Canada, Inland Waters Directorate (Atlantic) as a component of
their recent land use report (1986). The area downstream of Kilbride in St.
John's has been mapped by the:City on 1:2,500 ‘scale topographic drawings,
which plot Jocation and type of land use. These were assembled by our étudy
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team for the western area of the City within the Waterford Basin. Aerial
photography was also employed by our people to complete this inventory for
the area containing the Southside Hills and southeastern segments of the

watershed.

It is noteworthy that recent development in the watershed has largely
focussed in the Donovans Industrial Park and in residential development of
the Newtown area south of Mount Pearl. Both of these development areas are
within regions overlain by soils having naturally high runoff contributions
to the river. As a result, the increase in surface imperviousness accom-
panying development may not be reflected in substantial increases in runoff

from these developing areas.

4.2.4 Hydrometeorology

Precipitation data is available in the Waterford area from the Atmospheric
Environment Service, Environment Canada site at the St. John's Airport, and
from the St. John's West CDA site located within the study area. The
airport records are from a continuously recording, tipping bucket gauge
which was first employed in 1959. Its data is reasonably unbroken since
late 1963. Supplementing this is an excellent record of 24-hour rainfall
since 1942 and &-hour totals since 1957.

Precipitation data is available from 1954 at St. JoHn's West CDA, but its
distribution through time was not measured by a continuous recording gauge
until 1981. At present, the charts from this gauge are available from
Newfoundland Environment but are not digitized for computer access from
Environment Canada. The location of the St. John's West CDA site is shown
on Figure 4-1.

Similar, undigitized data 1is available from a gauge in Newtown (14
Dathousie Crescent) and a recently established site (circa 1987) just west
of Donovans Park. There are also some recording rainfall gauge record taken
by the Geography Department at Memorial University since 1978.



The data base selected for modelling purposes is a blend of information from
most of the above-mentioned sites. The years from 1959 to mid-198Q0 (22
years) are covered by data from St. John's Airport, and those from 1981-1986
(6 years) are taken from the record of St. John's West CDA. In instances
where the CDA gauge was being tested or otherwise failed to provide a
rainfall record, the sequence was replaced with data from the Airport or
Dalhousie Crescent. This approach is justified because of the similarity
between rainfall records at these sites (Environment Canada, 1985), their
close proximity, and the synoptic nature of most rainfall events in the

area.

No attempt was made to distribute rainfall in time or space over the basin
in any manner different than that monitored at the continuous recording
gauges. There was not sufficient data to attempt this in any but a very few
storms, and no general conclusion could be drawn from these for use in the

vast majority of storms.

It must be noted, however, that the rainfall gauges correctly describe
rainfall at only one TJlocation - the gauge site. It is certain that
differences 1in rainfall amounts and timing will have occurred at other
locations in the basin and, consequently, that precipitation runoff cannot

be perfectly simulated.

Snowfall data and temperature data for verifying snowfall and rainfall
events and for assessing snowmelt were obtained on magnetic tape from St.
John's Airport. Depth of snow on the ground was obtained from St. John's
West CDA from 1964 to date, to validate snowfall data derived from airport
data.

4.2.5 Streamflow Data

Streamflow has been monitored in the watershed at the following principal

locations (shown in Figufe 4-1);
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+  Kilbride - station 02ZM0O08 - late 1973 to present
. Mt Pearl - station 02ZM008 - March 15881 to present
. Donovans - station 02ZM0O11 - May 1981 to end 1984

Data from these locations was available to the study on magnetic tape for
the perijod of record until June 1986. More recent data was obtained in
paper copy. Stage-discharge curves, used to transform water level reading
into streamflow were also provided (Figure 4-5). In 1986, a gauge was
established on South Brook at Pearl Town Road (02ZM021), but no data from
this site was availeble to the project. There is also runoff information
from some storms at a storm sewer outfall at Mount Pearl (02ZM012). Because
data from this latter site is also unavailable through the Water Survey of
Canada, relates only to the storm sewer discharge from a small rapidly
'aeve1oped drainage area (0.4 km?), and is regulated in passage through an
outlet structure, it was not considered appropriate for general use at this
watershed-scale of study (76.7 km?).

Streamflow data is the only information which can be used to verify hydro-
logic simulations. Consequently, several discussions were held with Water
Survey of Canada personnel in the St. John's and Bartmouth offices regarding
the gquality of data obtained from measurements at the three principal sites
Tisted above. This was warranted in view of several revisions made by the
WSC to their flow estimates (e.g. 1980) and the .data given in Figure 4-5.
The figures show that various measurements of stage and flow have lead to a
range of flow for a given, measured level., The range is about *15% from the
-average during high filow, high water periods.

Concern was expressed by the WSC about the reliability of data from the
Donovans site (02ZMO11l), and it was noted that there were an unusual number
of missing data for the station due to weed growth, backwater and estimated
periods. The quality of data was described only as fair to good and it is
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expected that reported flows may only be accurate to perhaps 15% of true
values. Records from Mount Pearl and Kilbride were considered much more
accurate and within about 10% of true discharge values, principally because

the sites are good and flows are frequently measured.

In view of the above, Water Survey personnel advised use of the Kilbride and
Mt. Pearl locations for model calibration and yerification. The Donovan's

data was considered unreliable by comparison.
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5.0 HYDROLOGIC MODELLING

5.1 The QUALHYMO Model

After careful consideration of the requirement for hydrologic information
concerning magnitude and frequency of flood discharges, the model, QUALHYMO
(Wisner and Rowney, 1985), was chosen to estimate peak flows throughout the
watershed under existing (1984) Tland use conditions. QUALHYMO is a simple
continuous water quantity (and gquality) simulation model which was developed
in 1983 at the University of Ottawa for the analysis of stormwater detention
ponds. The model can be used as a general tool for simulating rainfall
rupaff but is most suited to planning-level analysis of river basins where
the land surface is developing from a rural or undeveloped state to an urban

land use.

Several concepts in the QUALHYMO model have been retained from two earlier
single event hydrologic models: HYMO (Williams and Haan, 1973) a runoff
model which has been tested and extensively used for the hydro1ogit
component of flood plain mapping studies; and OTTHYMO (Wisner et al, 1983),
which is gaining widespread acceptance in planning-level studies of storm
water management within urban areas. Unlike these single event models which
require the modeller to approximate watershed conditions before each storm,
the continuous simulation capability of QUALHYMO enables hour—by-hour
updating of soil moisture, snowmelt and basefliow. As discussed below,
QUALHYMO also improves upon the way that runoff is generated from impervious
~and pervious land use segments - important for accurate modelling of

urbanized watersheds.

Meteorologic input to the QUALHYMO model consists of hourly precipitation
and temperature records. During the winter period, precipitation ‘is
categorized as Tliquid or snow depending on air temperature relative to a
specified threshold value at or near to 0° Centigrade. Snowpack accumula-
‘tion and ab1ationlis estimated by a temperature index equation.
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Further technical discussion about the model and model enhancements is

provided for the interested reader in Appendix 1.0.

5.2 Basin Discretization

Several decisions were made following the review of the watershed physical
characteristics, surficial geology, Tland use, the previous watershed
modelling study and the needs of present and future studies in the basin.

It was determined that:

. the same discretization of subcatchments within the Waterford Basin as
was used in the Urban Hydrclogy watershed modelling report was apprd-
priate for the study area west of Kilbride (Figure 5-1). This
selection is particularly appropriate to avoid confusion among

reviewers of both studies. The following exceptions were made:

- subcatchment #4 was divided into two (2) subcatchments to obtain
an intermediate flow point near the upstream end of the study area
at Donovans Industrial Park (subcatchments 4.1 and 4.2).

- subcatchment #38 at Mount Pearl was broken into two (2) subcatch-
ments to capture the predominantly rural character of this area on
the north side of the river (9.1) and the urban character on the
south side of the river (9.2).

. The area of the basin east of Kilbride, which was not modelled previ-
ously, was subdivided into 12 subcatchment areas to provide detailed
flow points for fdnput to the backwater modelling (Section- 7.0).
Particular use was made of sewer and stormwater 1ayout draw1ngs to

assist in discretizing the subcatchments.

. elevation area-discharge relationships for Mundy and: Beaver Pond
outlets were derived from drawings, maps and surveys by the study team. -

A modification was made to storage elevation data developed in previous
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studies for Bremigans Pond to more accurately represent the

stage-storage-discharge relationship.

Figure 5-1 shows the geographical distribution of the discretized

subcatchments.

5.3 Imperviousness and Hydrologic Soil Complexes

This current study diverges from the previous Urban Hydrology Study in that
pervious and impervious areas are determined separately for each subcatch-

ment area.

In the previous watershed modelling study (Environment Canada, 1985), land
use was combined with hydrologic soils classifications to obtain a weighted
hydrologic soil cover complex number (i.e. CN number) for each subcatchment.:
The impervious components of each catchment were included in this CN number
assignment according to established percent imperviousness categories, sum-
marized in Table 5-1 (from Map K-2, Urban Hydrology Study, 1985 Draft

report).

For this current study, pervious and impervious areas are treated separ-
ately, and were planimetered and tabulated independently (and only totalled
for verification checks on total subcatchment areas computed earlier in the
Urban Hydrology Study). Then, based on soil types, CN numbers were deter-
mined for each pervious area for subsequent transformation into water loss.
to the soil (a "soil loss parameter" discussed in detail in the next

section).
The impervious areas were treated as follows:

. the surface area of various urban 1land wuses {(e.g. commercial,
industrial, residential, etc.) were determined for each subcatchment



TABLE 5-1

LAND USB/IMPERMEABILITY CATEGORIES

Impermeability in the Following Categories Includes Roof Tops,
Pavement, Hard Packed Ground, and Some Goods Stock-Piled Outside
Which Allow Rapid Runoff of Surface Water.

AGRICULTURAL
A, Bog; used for grating or improved for agricultural use.
Ay Cropland, Close Grown, Improved Pasture and Forage Crops;
includes lands u:s»d for associated farm buildings.
Ay Cropland Grown ir Rows,
A, Land Cleared for Agriculturazl Purposes; brush piles evident.
H Intensive Agricultural Activity; e.g. greenhouses
K Natural Grasslands; or unimproved pasture (where grazing
may occur). Idle land which is not principally vegetated
in shrubs or trees (bushes and trees may cover no more than 25%).
COMMERCTAL/INDUSTRTAL
cy Very Low Percentage of Impermeable Surfaces;
Commercial/industrial property where very little of its
surfaces can be irnterpreted as impermeable; e.g., initial
stages of construrtion. Impermeability: 0 - 15%
Cq Small Percentage of Impermeable Surfaces;
low building density, Impermeability: 16 - 30%
C3 Moderate Fercentage of Impermeable Surfaces; Impermeability: 31 - 45%
Cy4 Moderately High Proporticn of Impermeable Surfaces;
Similar to C,, but a greater percentage will be
impervious. Impermeability: 46 - 60%
Cs High Percentage ot Impermealde Surfaces; where close
spacing of buildings and lasge areas of hard,
impervious surfacrs can be seen. Impermeability: 61 - 75%
Ceg Very High Percentage oﬁ Impermeable Surfaces; where
clearly most of the area is impervious. Impermeability: 76 - 90%
Cy Virtually Completr Impermeability; commercial property
which, regardless ~f building size, has virtually all
of its surface in'»rpreted as impermeable. Impermeability: 91% plus
INSTITUTIONAL
I; Institutional Whe:e Less than 40%_are Impermeable
Surfaces; e.g. cemeteries schools, hospitals.
I, Institutional Where All Surfaces Account for Greater

Than_or Bqual to 40% of the Area: e.g. some schools,
hospitals community centres.



TABLE 5-1 (continued)

LAMD USE/IMPERMEABILITY CATEGORIES

UNVEGETATED SURFACES

L1 Unvegetated, Low [mpermeability; where less than 40% is

impervious. This may have resulted from removal of surface
material clearing or areas to which fill has been brought

in but not graded

Ly Unvegetated, High Impermeability: where 40% or greater is
impervious - surfaces are usually graded and land use
activity tends to be in transition.

Lz Rockland, Natural Bare Rock: may consist of minimal
amount of vegetative cover.

Residential
Ry Initial Stages of Construction Impermeability: 0 -~ 15%
R; Low Density Housing: (in terms of space between
houses) - this of'en includes rural dwellings. Impermeability: 16 - 30%
Ry  Medium Density Housing: Impermeability: 31 - 45%

Ry Medium to High Density Housinpg: moderate area of
impervious surfa«es, either consolidated or separated.
Most suburban hot.-ing falls here. . Impermeability: 46 - 60%

Rg High Density Hous.ng: close spacing of houses where
much of the grour+ surface is impervious with either
consolidated or separated portions of pavement. Impermeability: 61 - 75%

Rg VYery High.Dénsit} in Housing Group: where clearly
most, if not all. the ground surface is impervious.

Qther Categories

X Highways: major !:ansportation routes which are usually
four lanes wide includes land on road right-of-way
draining into hix-way cunoff system,

E Excavation, Grave, Pits, Quarries: where there clearly
appears t¢ be significant removal of earth materials,
e.g. Borrow pits. gquarries, which contribute to depression
water storage. .

4] Open_Space, Parklasnd, Recreation Use: (grass covered)
e.g. basepall, gclf courses. '

T Trees, Forest: Wwhere crown closure is greater than 25%
and trees are at least seven metres in height.

U1 Unproductive Woodiands, Scrub: Wet Site; land with
vegetative crown . over of less than 25% and shorter
than seven metres in height. Stunted trees, bushes.

Uz Unproductive Woed,ands, Scrub: Messic to dry site;
land with vegetat' ve crown cover of less than 25%

M Marsh, Bogs; Low vying, level areas with characteristic
vegetation appear ng very low and evenly textures.
Water may be vis:i le.

z Water Bodies; Ponis, river, lakes




. the percent impermeability for each of these urban uses was determined
from Table 5-1. An average value for each range of percent imperme-
ability was chosen to simplify matters (e.g. 68% impermeability was
selected for a range given as 61% to 75%).

. the pervious component of each impervious area was then computed.
Following the above example, where 68% of the surface was determined to

be impervious, the remaining 32% was taken as a pervious surface.

. the pervious component (32%) was then weighted with the other
pervious/rural area to obtain a weighted CN value for the pervious

areas of each subcatchment.

. last, the total impervious area for each subcatchment was expressed as
a percent of the total subcatchment drainage area.

Table 5-2 presents our initial estimates of weighted CN values and percent

imperviousness computed for each of the 39 subcatchments.

5.4 Transformation of Hydrologic-Soil Cover Complexes (CN) for
QUALHYMO Input

As discussed previously, the QUALHYMO model uses the U.S5. Soil Conservation
Service (SCS) procedure to determine runoff from pervious land segments.
The technical procedure is outlined in detail in Appendix 1.0.

In summary, QUALHYMO employs an approach which continuously keeps track of
soil moisture conditions for each hydrologic soil cover complex number (CN).
Rather than using just the CN Number, the model transforms that number into
a set of numbers which include a maximum, minimum and rate of change in soil
moisture conditions (SMAX, SMIN and SK). " The "S" values change each day
depending on the antecedent precipitation. -




TABLE 5-2
WATERFORD RIVER HYDROTECHNICAL STUDY
INITIAL ESTIMATES OF
SUBCATCHMENT AREAS, IMPERVIQUSNESS AND
COMPLEX MUMBER (CN) MODEL INPUT DATA

Sub-Basin Area Imp. Area Perv. Area | Weighted
No. (ha) (ha) {%) (ha) CN {AMC 11)
1 193.0 6.3 3.3 186.7 65
2 268.0 36.4 13.6 231.6 66
3 228.0 15.1 6.6 212.9 72
4.1 293.6 63.4 21.6 230.2 63
4.2 46 .4 26.5 57.1 19.9 67
5 106.0 14.2 13.4 91.8 73
6 177.7 18.7 10.5 159.0 70
7 216.8 34.3 15.8 182.5 73
8 133.0 49.3 37.1 83.7 67
9.1 160.8 23.2 14.4 137.6 65
9.2 73.4 31.2 42.5 42,2 68
10 166.2 51.0 30.7 115.2 71
1 179.1 11.4 6.4 167.7 Ia
12 298.5 '66.5 22.3 232.0 69
13 110,2 2.0 1.8 108.2 67
14 160.9 1.5 0.9 159.4 73
15 329.4 128.2 38.9 201.2 67
16% 84.2 21,0 25.0 63.2 66
20 547.3 0 0 547.3 67
21 515.3 42.4 8.2 472.9 74
22 109.0 2.0 1.8 107.0 79
23 221.8 0.8 0.7 221.0 75
24 175.3 30.0 17.1 45,3 72
25 135.5 2.7 6.5 38.6 72
26 306.1 46.3 15.1 259.8 70
27 41.3 2.7 6.5 38.6 69
28 17.0 6.5 38.0 10.5 67
29 71.0 0.85 1.2 70.2 67
30 19.5 63.3 32.0 131.7 67
31 79.0 3.6 4.5 75.4 68
32 191.0 2.3 1.2 189.7 78
33 56.0 | 20.2 36.0 35.8 67
34 37.0 3.0 8.0 34.0 68
35 84.0 30.2 36.0 53.8 67
36 170.0 17.7 10.4 152.3 75
37 255.0 78.9 31.7 176.1 71
38 99.8 37.2 37.3 62.6 67
39 48.0 21.4 44.6 26.6 67
40 69.0 5.1 7.4 63.9 T4

* subbasins 17, 18, 19 were not defined in the Urban Hydrology Study
wWatershed Modelling-HYMO report (Env.Can., 1985)
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5.5 "Lumped" Hydrologic Modelling

The discretized basins outlined in Table 5-2 were grouped, or Tumped, to
derive six (6) rather than 39 subcatchments shown in Figure 4-1. Five of
these (301 to 305) were used in the lumped model. Flow points in the model
are provided at the Water Survey of Canada (WSC) gauging stations at
Donovans, Mount Pearl and Kilbride. Two lumped subcatchments were used to

provide flows on South Brook.
The Tumped model was assembled for two purposes:

. the main purpose was to generate a full sequence of streamfiows from
1959 to the present - to identify peak flow periods in the 15 years
before WSC streamflow gauges were 1in operation in the basin (1959 to
1973). The value of this work is that flood peaks from these peak flow
periods (the focus of later, detailed modelling) double the amount of
data used later in statistical analyses to estimate 1:20 and 1:100 year
flood flows.

. a second purpose was to begin the model calibration-verification
procedure in an economical manner (using 5 vs. 39 detailed catchments).
The detailed, discretized modelling described later benefits from this
strategy by beginning with a relatively well-defined range of calibra-

tion factors.

The year 1959 was selected as the beginning year for simulation as it was
the first year that detailed precipitation began to become available in the
St. John's area.

5.5.1 Model Parameters

Hydrologic~soil cover cohp]exes for each Tumped subcatchment were calculated

from the CN values derived for the discretized basins. Impervious areas



were combined with pervious areas to obtain weighted CN values. These are
provided in Table 5-3, along with the drainage areas of each lumped catch-

ment.

The longest river length and corresponding difference in elevation for each
Jumped subcatchment was measured from topographic mapping. These values are
also shown in Table 5-3, and were input to the QUALHYMO model for calcula-
tion of hydrograph peak and shape parameters (K and Tp) using the Manning's
equation. These parameters can also be computed externally to the model and

provided as inputs.

Preliminary estimates »f soil moisture parameters (SMIN, SMAX and SK) were
obtained using the procedure outlined in Appendix 1.0 (transformation of CN
values to SMIN, SMAX, SK). These estimates are also given in Table 5-3.

Estimates of water loss to deep storage in the basin were then obtained by
conducting an annual water balance for the period 1982-1985 at the Donovans,
Mount Pearl and Kilbride flow gauges. Annual estimates of precipitation and
evapotranspiration were obtained from Environment Canada (AES), while annual
estimates of streamflow runoff at the three site were obtained from WSC
streamflow publications. The result of the analysis showed that deep
storage losses are not a significant factor in the water budget of the

Waterford River.
Lastly, preliminary estimates of the baseflow recession constant were
developed by analyzing the recession of various observed hydrographs at

Donovans, Mount Pearl and Kilbride.

5.5.2 Calibratjon Procedure

A1l of the above, preliminary estimates of model parameters were input to
the QUALHYMO lumped model to initiate the calibration procedure.  Three
basic steps were then followed to develop parameters which correctly defined

hydrograph shapes and voiumes.



LUMPED MODEL - INITIAL INPUT PARAMETERS

JABLE 5-3

WATERFORD RIVER BASIN

ISub-Catch

I Drainage I CN I Longest I Difference I Unad justed I Unadjusted I Unad justed I Unadjusted I I
| Number | Area | Value | River [ Elevation | K Tp Smin [ Smax | SK |
| I (Km?) I | Length [ {m) I (thr) | (hr) i (mm ) | {mm) 1 |
| | | | (Km) | 1 E | I |
| | | | | | ] | | I |
I 307 I 11.35 I 72 I 5.7 I 102 I 1.26 E 1.23 I 24 I 575 I 0.055 :
| [
| 302 | 5.28 I 76 I 3.3 I 75 I 0.85 I 0.71 I 15 I 450 I 0,055 I
I 303 I 15.63 I 76 I 8.4 I 202 I 1.15 I 1.31 I 15 I 450 I 0.055 I
I 304 I 10.63 ‘I 70 I 7.8 I 144 I’ 1.32 I 1.29 I 26 I 600 I 0.055 I
| i | ' N
| 305 | 9.8 | 76 I 7.8 I 171 I - 1.15 I 1.17 I 15 I 450 I 0.055 I

TABLE S5-4
LUMPED _MODEL - FINAL CALIBRATION PARAMETERS
WATERFORD RIVER BASIN

ISub-Catch | Drainage I CN I Longest I Difference I Adjusted I Adjusted -I Adjusted I Ad justed | AdjustedI

| | I ) | - I | | > | | [
| Number I Area | Yalue | River I Elevation | K | Tp i sSmin I Smax i SK [
| | (Km?) I | L?EQ?" i (m) | (hr) I (hr) I (mm ) | (mm) | i
{ | ] | m ] [ ] | | l J
! | I ] I I | | [ | |
i 301 I 11.35 I 72 I 5.7 I 102 I 2.35 I 2.45 I 50 I 950 I 0.055 I
I 302 I 5.28 I 76 I 3.3 I 75 I 1.69 I 1.52 I 45 I 900 I 0.055 I
I 303 I '15.63 I 76 I 8.4 I 202 I 2,30 I 2.61 . I 45 I 900 ' I 0.055 I
|
i 304 I 10.63 I 70 : 7.8 I 144 I 2,65 I 2.58 I 53 I 980 I 0.055 I
| | C )
[ 305 .| 9.89 I I 7.8 |- 1N I 2,30 I I 45 I 900 I 0.055 I

2.34

" 76
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Shape of the Recession Limb

The following series of long term runoff periods were selected for this
purpose, because they contained an uninterrupted record of both streamflow

and precipitation data:
Donovans: 1 Sept - 20 Oct 1982
Mount Peari: 1 Sept - 20 Oct 1982

Kilbride: 1 July - 21 Dec 1983
1 Dec/84 - 15 Jun 1885

Various base flow recession constants were tested until the shape of the
recession limb was in close agreement with observed hydrographs. It was
determined that a constant of 0.000007 mm/sec/mm provided fairly good
agreement. During this phase of the calibration, no attempt was made to
match the volumes with the observed hydrographs.

Volume of Runoff

Once the shape of the recession 1imb was reasonably established, initial
estimates of SMIN and SMAX were adjusted to obtain correct volumes of
runoff for the Tong-term runoff periods listed above. The adjusted SMIN and
SMAX soil moisture values for each lumped subcatchment are shown in Table
5-4.

Shape of the Hydrograph

Once the shape of the recession limb and runoff volumes were correct, the
shape of the hydrograph was adjusted by manipulating the K and Tp values for
selected high flow events. This calibration procedure is outlined below.
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5.5.3 Calibration of High Flow Periods

Rainfall

Calibration was initially undertaken with rainfall events in order to set
certain model parameters before their influence is masked by the effect of
the snowmelt. The period from 1881-85 was examined for calibration

sequences, and the following were selected:

22 May 1984
25 May 1985

These peak flow periods were chosen because they are close to or within
the period of Tand use seiected for modelling (1984) and were monitored by
t he WSC at three locations in the basin.

Simulations were initiated about one month before the peak flow periods,
employing cne hour rainfall increments and beginning with an API condition
determined from previous simulations. Following several runs involving
adjustments to improve the correspondence between the observed and simulated
hydrographs, final values were selected for SMAX, SMIN, and other para-
meters. These are given in Table 5-4.

Figure 5-Za and 5-2b present plots for Kilbride (May 1984) and Mount Pear]
(May 1985), showing reasonably good agreement between the simulated and
observed hydrographs. Figure 5-5 shows that the peak flow at Kilbride was
also accurately simulated for the latter flow periocd.

It is appropriate to make two comments at this point:

1. The current version of QUALHYMO provides values of f1o0d peaks at many
locations in a watershed, but only gives a full hydrograph at a
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single location during each simulation. Hence, in the above cases, it
was only possible to show the full hydrograph for one location in the
1984 simulation (Kilbride) and the 1985 simulation {(Mount Pearl).

2. No calibration or verification hydrographs were made to compare the
simulated and observed flows at Donovans Industrial Park. The WSC
advised that data from Donovans was less reliable than other sites on
the river (see Chapter 4). Hence, the monitoring station at Mt. Pear]
(which is physically close and has a similar drainage area) and the
station at Kilbride (which integrates flows from both branches of the
river) were selected as the oﬁ1y reliable WSC stations for comparing

the monitored and simulated flows.
Snowmelt

Missing streamflow data during some snowme1t-induced high flow periods (in
the years around 1984) limited the selection of. good snowmelt events for
calibration to: ' ' o

10-11 April 1984

The simulation of this case was initiated in the previous fall (in November)
and run continuously through the winter to account for snow accumulation/
ablation. As noted in Appendix 1.0, QUALHYMO uses the NWS snowmelt model,
which includes the following parameters (and their range of valués from NWS
guidelines):

MFMAX - maximum non-rain melt factor (0.004-0.009)
MFMIN - minimum non-rain melt factor (0.0015-0.0035)

UADJ — mean wind function value during rain or snow periods in mm/millibar
(0.017-0.057) .
S — areal water equivalent above which there is always complete areal

snow cover (35 mm-130 mm)
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It was determined through calibration runs for this event that the best

overall results were obtained with the following values:

MFMAX = 0.009

MFMIN = 0.0018

UADJ = 0.057 mm/millibar

SI = 38.0 mm

Figure 5-3 plots the calibration results for Mount Pearl. It is also

noteworthy that the model also simulated the 7 February annual peak flow as
3.3 m3/s (as compared to 36.6 m3/sec recorded). Unfortunately, this
occasion is not plotted herein because of missinn WSC hourly data, for much

of this event.

The calibration of this model could have been further refined. As indicated
earlier, however, its main purpose is simply to provide a reasonable indica-
tion of the dates when high flows likely occurred in the past before the
stream was gauged by the WSC. The results do show this reasonable agreement
in time and magnitude of flood events and, hence, no further effort was
spent in calibrating this model tool.

5.5.4 Verification of Lumped Modelling

The parameters established through the calibration procedures were employed
in the simulation of other high flow sequences to verify the model. These
sequences included both rainfall and snowmelt events:

26 October 1983
4 October 1982
26 November 1981
27 January 1978
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Plots of these simulations are given in Figure 5-4a to 5-4d, and in Figure
5-5, which compares observed and simulated peaks for all the verification

and calibration simulations.

It must be recognized that the input data for the January 1978 case is from
St. John's Airport, and not from the CDA station in the Waterford Basin.
This and unknown effects of urbanization in the 7 years between the 1978
observed runoff and the 1984 base land use are considered to account for the
slightly higher simulated flow estimates (about 15%).

These verification figures show close agreement between observed and
simulated discharges for a range of flood peaks from high to low - and
provide reasonable confidence in the model's capability to identify high
flow periods in years when streamflow was not monitored.

5.5.5 Identification of High Flow Periods (1959-1973)

Having proven that the lumped model identifies the peak flow periods wheh
flows were monitored by the WSC, the next step in this study was to extend
the analysis to identify these periods in the past when the dates of high
flow periods were not known (i.e., from 1959 to 1973). These periods were
determined by continuous simulation using the lumped model.

Continuous simulation of hourly streamflow was initiated on January 1, 1959
and carried through to the end of 1973 (15 years). The peak flows in each
year were ranked by the model and printed for review and selection of the

events for detailed, discretized modelling.

In most years, the model identified one flow period which was clearly the
time of maximum discharge in that year (i.e., flood peak more than double
the magnitude of the next highest peak). These obviocus perieds of flood
flows were selected for further modelling. Other years had two or more
occasions when high flows were similar (e.g., 1970). In these years, all
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similar high flow occasions were retained for detailed modelling to
ultimately select the highest flow period.

Table 5-5 summarizes all of the selected high flow occasions from 1959 to
1873, and Table 5-6 summarizes simulated high flow events from 1974 to the
present. Noteworthy in Table 5-6 is that the Tlumped model correctly
simulates the time of high flow periods monitored by the WSC. Each of the
flood flow periods identified in these tables was simulated by the detailed,
discretized model described in the following chapter.

5.6 Discretized Modelling

5.6.1 Initialization

The calibrated parameters from the Tumped model were initially employed as
input to the discrete model, as they represent reasonable starting
estimates. The values are shown in Table 5-4, and SK (the slope of the soil

moisture curve) was held constant at 0.055.

Routing reaches and flow summing points were then assembled and are shown
schematically in Figure 5-6. As shown in this figure and earlier in
Figure 5-1, the subcatchments are much smaller in the discretized model than
those used in the lumped model. Consequently, it was decided to use 10
minute time steps for simulating rainfall runoff to ensure accurate

results.

5.6.2 . Model Calibration

The model calibration followed the same procedure outlined earlier for the
Tumped model, and employed the same rainfall and snowmelt events:

22 May 1984 (rainfall following snowmelt)
25 May 1985 (rainfall following snowmelt)



Year Date*
1859 Nov.
1960 Oct.
1961 Mar.
1862 Mar.
Nov.
1963 Dec.
Jan.
1964 Aug.
Nov.
1965 Nov.
1966 Dec.
1867 Jan.
1968 Aug
1969 Feb.
1970 Aug.
1971 Feb.
1972 Nov.
1973 Jun.

11

18

21

02
20

04
01

05
06

19

21

06

. 22

15

01
11
18

TABLE 5-5

HISTORICAL FLOGD FLOW PERIODS
ESTIMATED BY MODELLING

Comment

coincides with reports of flooding Nov. 10-11 and is
clearly the maximum for the year

coincides with only report of flooding that year
(Oct.17-18)

coincides with only report of flooding in 1981 (Mar.
21-22)

two similar flood flows. Nov. 19-20 reports describe
local flooding, and there was also another (unknown)
flood date in 1962 (presumed March)

two highest flows. Reports of Jan. 1-3 flooding
identify ice jams as a .actor.

two highest flows that year with flooding reports
describing flooding on Aug. 4-5

no reports of flooding that year on Waterford. This
date is only high flow date at nearby Northeast Pond
River, and corresponds to a major rainfall of histor-
ical note (AES) in that local area

coincides with only report of flooding in 1966 (Dec.
20-22)

no reports of flooding that year

undated reports describe one flood in 1968, and this
date is high flow date on nearby Northeast Pond Rijver

no high flow reports, but this date is clearly the
highest flow period on nearby Northeast Pond River

local flooding from drainage problems also reported in
late-February and early March

coincides with reports of flooding at several sites
coincides with only report of flooding in 1972

coincides with Kilbride flood and erosion reports

* date(s) of maximum

hourly flow at Kilbride estimated by QUALHYMO model



TABLE 5-6

HISTORICAL FLOOD FLOW PERIODS
FROM SIMULATIONS AND MONITORING*

Year Date** Comment

1974 Aug. 31 + coincides with dates of maximum instantaneous and
Dec. 11 maximum daily flows, respectively

1975 Aug. 23 « coincides with data of maximum flood flow

1976 Jan. 09 + coincides with date of max. flood flows and a later,
Dec. 29 projected date of high flows

1977 Dec. 27 + coincides with date of maximum flow and only report of

flooding

1978 Jan. 27 - coincides with dates having highest daily flows and
Dec.'19‘. maximum flow (Jan. 27)

1979 Jan. 28 « coincides with maximum flow and flood reports

1980 Oct. .07 | » coincides with date of maxijm flood flow

1981 Nov. 26 < coincides with extreme flood flow occasion

1982  QOct. 04 + coincides with date of maximum flows but no flooding

1984 Feb. 07. ¢ coincides with date of maximum flood flow

1985 Mar. 25 . cdincides with date of maximum daily flow

1986 Apr. 11 e coincides with date of maximum flow (estimated)

1987 Apr. 03 * (not simulated - monitored data provisional)

* Kilbride since 1974 by W.S.C.
** Simulations by QUALHYMO .
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10 April 1984 (rainfall following snowmelt)
Rainfall

In working with this model, it was determined that some of the parameters
had to be fine-tuned to obtain good agreement between the simulated and
observed hydrographs. The following adjustments were made:

unadjusted K and Tp values were multiplied by a factor of 3

initial abstraction was increased from 14 mm for the lumped model to 18
mm for the discretized model.

recession constant was reduced from 0.000007 mm/sec/mm for the lumped
model to 0.000005 mm/sec/mm for the discretized model

Simulations were generally initiated about 3 to 4 days pricr to each rain-
fall event, drawing on antecedent precipitation (API) values from previous
model runs to set the initial conditions.

Figures 5-8a tc 5-8b plot the observed and simulated hydrographs for the
rainfall calibration cases, showing good agreement in terms of peak flow and
event timing. Interesting in both cases are troughs in the simulated runoff
during the peak flow period. These are caused by sharp reductions in rain-
fall during the storm, and would be smoothed to conform with the monitored
record if rainfall data from several locations in the basin were available
for model input (rather than just the single station at St. John's West
CDA).
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Snowmelt

As before for the lumped model, the snowmelt (with rainfall) event of 10-11
April 1984 was selected to calibrate the discretized model. Model runs were
initiated on December 1, 1983 and carried through in 10 minute time steps to
April 20, 1984.

The melt parameters given eariier in Section 5.5.2 were tested and
modified along with other parameters. It was concluded that the best
results were obtained with the same final values given earlier for the

Tumped model.

Figure 5-9 compares the modelled and observed Hydrographs for this event.
As indicated earlier, the annual maximum event occurred on February 7, 1984,
when streamflow data is not available for -plotting purposes. Water Survey
records note that the maximum instantaneous flow at Kilbride was 36.6 m3/s.
The model simulates 32.6 m*/s or within 12% of the cbserved.

Table 5-7 Tists the final estimates of various model parameters determined

from the model calibration.

5.6.3 Model Verification

Using the parameters established through the calibration of the rainfall and
snowmelt events identified earlier, other events were simulated to verify
the discretized model. Some examples of rainfall events which are plotted
to illustrate the model verificgtion are shown in Figures 5-10 for{

26 November 1981
4 October- 1982
26 October 1983
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TABLE 5-7
WATERFORD RIVER HYDROTECHNICAL STUDY

FINAL ESTIMATES OF
SUBCATCHMENT AREAS, IMPERVIOUSNESS AND
COMPLEX NUMBER (CN} MODEL INPUT DATA

Subﬁgasin ?Eg? (ha;mp, Are?%) Peryﬁa?rea Cxezgnée?l) ?m&g ?max K Tp

. mm } {hrs)} (hrs)
1 193.0 6.3 3.3 186.7 65 58 1385 1.8 1.4
2 268.0 36.4 13.6 231.6 66 57 1316 2.0 1.6
3 228.0 15.1 6.6 212.9 72 50 950 2.1 1.6
4.1 293.6 63.4 21.6 230.2 63 60 1531 2.1 1.7
4.2 46. 4 26.5 57.1 19.9 67 56 1248 1.1 0.6
5 106.0 14.2 13.4 91.8 73 49 896 1.4 1.0
6 177.7 18.7 10.5 159.0 70 53 980 1.7 1.3
7 216.8 34.3 15.8 182.5 73 49 896 1.5 1.0
8 133.0 49.3 37.1 83.7 67 56 1248 1.4 1.0
9.1 160.8 ‘ 23.2 14.4 137.6 65 58 1385 1.0 1.0
9.2 73.4 31.2 42.5 42.2 68 35 1255 1.7 1.0
10 166.2 51.0 30.7 115.2 71 51.5 965 1.9 1.4
1 179.1 11.4 6.4 167.7 71 51.5 965 0.6 0.7
12 298.5 66.5 22.3 232.0 69 52 1134 2.4 1.9
13 110.2 2.0 1.8 108.2 67 56 1265 1.9 1.3
14 160.9 1.5 0.9 159.4 73 49 896 1.1 1.0
15 329.4 128.2 38.9 201.2 67 56 1248 2.0 1.6
16* 84.2 21.0 25.0 63.2 66 57 1316 1.9 1.2
20 547.3 0 0 547.3 67 56 1248 2.8 2.5
21 515.3 42.4 8.2 472.9 74 LE 841 3.6 2.9
22 109.0 2.0 1.8 107.0 79 42 603 5.4 2.4
23 221.8 0.8 0.7 221.0 75 47 789 2.0 1.6
24 175.3 30.0 17.1 145.3 72 50 950 1.3 1.1
25 135.5 2.7 6.5 38.6 72 50 950 2.3 1.6
26 306.1 46.3 15.1 259.8 70 53 980 1.3 1.3
27 41.3 2.7 6.5 38.6 69 52 1134 0.4 0.4
28 17.0 6.5 38,0 10.5 67 56 1248 6.9 0.4
29 71.0 0.85 1.2 70.2 67 56 1248 0.5 0.5
30 19.5 63.3 32.0 131.7 67 56 1248 1.1 1.0
31 79.0 3.6 4.5 75.4 68 55 1255 0.4 0.5
32 191.0 2.3 1.2 189.7 78 43 648 1.25 1.1
33 56.0 20.2 36.0 35.8 67 56 1248 0.75 0.55
34 37.0 3.0 8.0 34,0 68 55 1255 0.41 0,37
35 84.0 30.2 36.0 53.8 67 56 1248 1.05 0.76
36 170.0 17.7 10,4 152.3 75 47 749 0.61 0.70
37 255.0 78.9 31.7 176.1 71 51.5 965 1.55 1.32
38 99.8 37.2 37.3 62.6 67 56 1248 1.60 0.96
39 48.0 21.4 ug.6 26.6 67 56 1248 0.56 0.41
40 69.0 5.1 7.4 63,9 74 48 841 0.37 0.41

* subbasins 17, 18, 19 were not defined in the Urban Hydrology Study Watershed Modelling-HYMO
report (Draft 1985)
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An example of snowmelt (with rainfall) verification is given . in Figure
5-11 for: -

27 Jdanuary 1978

As was noted earlier, the difference between observed and simulated in this
latter case is credited to use of rainfall input from St. John's Airport
(outside of the basin) and urbanization - which may have affected all of the

above results.

Figure 5-12aplots the observed and simulated peak flows at Kilbride for the
calibration/ verification runs and for other peak events from 1981 to 1985
(closest years to the 1984 land use information employed by the model. The
agreement is excellent. A1l simulated peaks are within 10% of the observed
(i.e., within the .projected range of error of the measured flows).
Noteworthy too is that the correspondence is good for a wide range of flows
- 17 m3/s to about 60 m3/s. Figure 5-12b presents similar results for Mount

Pearl.

The fit of modelled and simulated results was then tested for the early
period of gauged record at Kilbride (1974 to 1980). This was done prin-
cipally to test the model sensitivity to rainfall input from St. John's
Airport rather than St. John's West CDA (used for calibration/verification
but not available for years from 1974-80). The results of observed and

simulated high flow occasions are shown in Figure 5-13.

Figure 5-13 shows more scatter in results, as would be expected from use of
a different rainfall record. Some influence of urbanization may also be a
factor, and if there is a trend, it is to somewhat higher simulated peaks
than were observed. |

Overall, the results shown in Figure 5-12 and 5-13 support conclusions
that:
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simulations of recent years having land use similar to that contained
in the QUALHYMO model (1984) can be undertaken with great accuracy

St. John's Airport data can be used with reasonable confidence to
simulate precipitation runoff in the Waterford Basin

the streamflow record on the Waterford River can be extended back to
1959 with QUALHYMO to derive useful data for flood flow frequency
analysis based on present land use conditions

5.6.4 - Simulation of High Flow Periods (1959-1986)

This® stage of modelling was relatively straightforward. The calibrated/
verified model parameters were employed without adjustment. Precipitation
data from S5t. John's Airport (used for lumped runs described in Section
5.5.5) were used for all the QUALHYMO simu]atﬁon, and API values were taken

from earlier runs to initialize the model..

Each possible high flow period listed in Tables 5-5 and 5-6 was simulated
and the peak flow was determined for each year. These values are listed in
Table 5-8 for the Water Survey site at Kilbride.

5.7 Frequency Analysis of Flood Flows

5.7.1 . Analysis of Modelled Data

The results provided in Table 5-8 include several .years when more than one
event was simulated (e.g., 1961). This was done because earlier modelling
(described in Section 5.5.5 using the Tumped model) identified that some
years had more than one flow period which could be the annual peak. Simula-
tion of all these occasions with the calibrated and verified discretized
modeT clearly separates the secondary peaks from the annual peaks. The
annual peaks‘are flagged by ah asterisk in the table for those years when

more than cne event was simulated.



TABLE 5.8

SUMMARY OF SIMULATED PEAK FLOWS
WATERFORD RIVER AT KILBRIDE (1959-86)

Simulated Peak Flow
at Kilbride Using

Observed Peak Flow Discretized Model

Date at Kilbride (m3/s) (m3/s)
11 Nov. 1959 - 71.04
18 Oct. 1360 - 55.76
26 Mar. 1961 - 29.31(*)
09 May 1961 - 25.58
02 Mar. 1962 - 43.86(*)
20 Nov. 1962 - 35.91
01 Jan. 1963 - 24 .24
04 Dec. 1963 - 29.31(*)
05 Aug. 1964 - 48.42
06 Nov. 1964 - 66.44(*)
19 Nov. 1965 - 31.81
21 Dec. 1966 - 61.40
06 Jan. 1967 - 47 .59
22 Aug. 1968 - : 28.31
15 Feb. 1969 - 1 34.43
19 Aug. 1970 - 57.23
01 Feb. 1971 - 87.99
11 Nov. 1972 - 54.77
18 Jun. 1973 - 33.83(*)
12 Aug. 1973 - 28.72
11 Dec. 1974 - 28.99
31 Aug. 1974*** 30.9 31.27(*)
23 Aug. 1975 21.8 ‘ 30.09
09 Jan. 1976 28.3 : 24.40(™)
28 Dec. 1976 - - 23.46
27 Dec. 1977 40.2 41.73
27 Jan. 1978 30.9 32.00
19 Dec. 1978 - 36.56(*)
29 Jan. 1979 34.50 ) 38.00
07 Oct. 1980 22.7 - 28.2** 32.43
26 Nov. 1981 62.1 62.19
04 Oct. 1982 53.4 _ 54.66
26 Oct. 1983 41.7 42.63
07 Feb. 1984 36.6 37.38
25 May 1985 n/a 53.14
11 Apr. 1986 62.7(**) 71.49

* Annual Peak Flow event

**  Estimated peak flow or range

n/a Peak flow not recorded

*** Simulated peaks from this and subsequent years coincide in time with
monitored flows at Kilbride '
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Values in Table 5.8 illustrate only the results at Kilbride. Similar
results were also derived at 18 flow points within the watershed and along
the river course. Those along the river are of particular value for estab-
lishing flow points for use in backwater modelling, whereas other points in
the basin may be used for determining discharges for smaller tributary

areas.

A1l of the annual flood flows at each of the 18 flow points were subject to
frequency analyses to determine the 1:20 year and 1:100 year flood flows.
The Consolidated Frequency Analysis Package (Inland Waters Directorate,
Environment Canada; 1985) was employed to develop probability distributions,

which included:
Generalized Extreme Value (GEV)
Three Parameter Log Normal (3PLN)
Log Pearson Type III (LP3)
Wakeby

Appendix 2.0 presents the tabular and graphical output of each analysis.

The Generalized Extreme Value distribution (BEV) initially provides several

relevant statistics on the distribution of the annual maximum flood. These
indicate that the distribution has a lower bound and a positive skew, giving
the upward curving shape without an upper bound. The coefficients of skew
and kurtosis indicate that a three-parameter distribution is appropriate
(e.g., 3PLN) and that a two-parameter distribution (e.g., Gumbel I) is not

appropriate.

Fitting of the Three-Parameter Log Normal distribution to the transformed

data provides coefficients of skew (-0.189) and kurtosis (2.556) for com-
parison with the theoretical values of 0.0 and 3.0 respectively. Both
statistics are reasonably close to their anticipated values. The co-
efficient of skew (-0.189) indicates a more non-symetric distribution than
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is observed in most Atlantic provinces and Newfoundland at large. However,
its value is very close to those determined for stations which are on or
near the Avalon Peninsula and which were evaluated in the Regional Flood
Freguency Analysis for the Island of Newfoundland (e.g., Northwest Brook, CS
= -0.197), (Reference: Canada-Newfoundland Flood Damage Reduction Program,
1984).

The moment coefficient of kurtosis (2.556) is also lower than for many
Newfoundland rivers, indicating a relatively uniform gradation in the peak
flow sequence. However, as above, this lower than average value is also

seen in other rivers in or near the Avalon Peninsula.

The Log Pearson III distribution (LP3) for the flood series employs three
parameters to define the shape of the distribution. Unfortunately, it is

difficuit to assess how closely this distribution matches the data because
theoretical values for coefficients of skew and kurtosis are not defined.
This assessment must be done visually and by employing statistical tests for
goodness of fit (e.g., Kolmogorov and chi-square tests). It is evident from
figures in Appendix 2.0 that this distribution almost fits the data as wel]
as does the 3PLN distribution.

Last, the Wakeby distribution employs five parameters to allow the lower and
higher flows to be modelled separately. The statistics indicate that the
distribution is a valid one for this data, but flag that this distribution
gives an upper bound at 126 m3/s. This is not large by comparison to the
observed and estimated peak flows and appears to be affecting the shape of
the frequency curve in the range of our interest (i.e., 1:20 year to 1:100

year).

Table 5.9 summarizes the frequency analysis results for the above distribu-
tions at Mount Pearl and Kilbride. Other than £he Wakeby distribution,
which appears to underestimate peak flows because of its upper bound, there
is very little difference between the GEV, 3PLN and LP3 distributions. Of
these three, the 3PLN distribution provides a slightly better fit to the



Location

Mount Pearl
Kilbride

Location

Mount Pear]
Kilbride

TABLE 5.9

FLOCD FREQUENCY ANALYSIS
WATERFORD RIVER

1:100 YEAR RETURN PERIGD (m3/s)

Generalized 3PLN Log Pearson Wakeby
Extreme Value Distrib.  Type III Distrib.
36.70 36.20 37.20 30.40
118.00 118.00 122.00 94 .90
1:20 YEAR RETURN PERIOD (m3/s)

Generalized 3PLN Log Pearson Wakeby
Extreme Value Distrib. Type III Distrib.
25.70 ©26.20 26.10 25.40
81.30 83.30 83.10 79.40
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data (both graphically and statistically), and is the distribution which is
best suited to match the regional statistics of other nearby rivers in the
Avalon Peninsula. This Tlatter consistency with the Regional Flood
Frequency Analysis as well as reasonable fit to the data make the Three
Parameter Log Normal distribution (3PLN) the distribution of choice for
determining flood flow frequencies from the modelled streamflow data in the
Waterford River Basin. The fit of this distribution to data at Kilbride is
shown in Figure 5-14.

5.7.2 Compari;on with Other Data

Two tests were conducted to determine if the selected approach using the 28
years of modelled peak flows (with 1984 land use conditions prevailing for

all years) gives reasonable results.

The first test applied the 3PLN, GEV and LP3 methods to compute flood
frequenc%es using the observed flow data at Kilbride. The three methods
give similar results (Appendix 3.0)‘éhd the 3PLN distribution gives a 1:100
year flow of 104 m3/s and a 1:20 year flow of 70.6 m3/s. Both of these
return period flood flows are within the range of the above-described
results using 28 years of data but are lower. This is expected because of
missing high flow periods in the short record of the monitored data (e.qg.,
1859), and perhaps because of the effect of urbanization (e.g. decreases in
pervious areas which hold moisture in the soil, more rapid runoff through
storm sewers and channels, etc.). These Jatter effects would be expected to
increase flood peaks above those monitored in the years prior to 1984,

The second test involved use of the regional flood frequency analysis pre-
pared by the Canada-Newfoundland Flood Damage Reduction Program (1984). The
report and users guide from that study provide a procedure for estimating
peak flows based on physiographic and hydrometeorological characteristics of
a watershed.” "Application of the approach to the Waterford basin at Kilbride
yields a 1:100 year flood peak estimate of'approximate1y 103 m3/s, and a
1:20 year flood flow of 76 m3/s. As expected, these values are again lower
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than those developed by frequency analysis using 28 years of modelled data.
Again, this is expected because the regional approach is based on streamflow
records from largely undeveloped watersheds. Significant urban development
within the Waterford basin with elimination of natural storage depressions,
removal of vegetation and soils through lot grading, etc. is assumed to be

the cause of the slightly higher flow estimates developed in Section 5.7.1.

Overall, frequency analyses of the 28 years of modelled flood flows give
values which are slightly higher than are projected by observed data and the
regional approach. This result is anticipated and logical in view of the
nature of watershed development, and it confirms that the 28 year frequency

analysis precents reliable and conservative results.

A1l of the above—described estimates of flood flows are based on streamflow

derived from historical rainfall and snowmelt- conditions.

5.8 Design Rainfall Simulation

Extreme rainfall events (i.e. the 1:20 and 1:100 year storms) will also
cause high flows in the river - possibly higher than those discussed above.

Development of runoff from these rainfall storms is described below.

5.8.1 Design Rainfall Distributions - St. John's

The Canadian Climate Centre (CCC) of Environment Canada's Atmospheric
Environment Service has done considerable research into design rainfall
distributions (e.q. Hogg, 1980, 1982; Wwatt et al., 1986). Several
discussions were held with W.D. Hogg of the CCC to determine the most appro-
priate distributions for the Waterford River Basin - including short-term,
convective shower events (thunder-storms) and longer duration, synoptic

scale cyclonic events.

It was concluded that the most appropriate distribution for short duration
storms be based on the recent work by Watt et al (1986). This approach
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employs a two parameter model giving a linear rise to the peak intensity of
the storm followed by exponential decay in the rainfall. The distribution
of rainfall for long duration storms (i.e. 12-hour events) is based on work
by Hogg (1980), which initially examined 1-hr and 12-hr rainfall charac-
teristics, and which subsequently examined regional differences in these
characteristics (Hogg, 1982). As part of the latter work, Hogg prepared
data sheets representing the results of analysis of 12 hour storms at
selected locations across Canada (1982). St. John's was one of the selected

stations.

Table 5-10 summarizes the distribution of total design rainfall determined
for the St. John's area for l1-hr and 12-hr storm events. It is considered
appropriate (Hogg, p.c. 1987) to employ the l-hour distribution for design
storm duration up to approximately 4 hours, and the 12 hour distribution for

longer durations.

Previcus urban hydrology studies by Environment Canada and Newfoundland
Environment in the Waterford River Basin conclude that the longer duration
storms (i.e., 12 hour durations) produced the maximum flood flow response.
Precipitation within the peak hour(s) of such storms may also be distributed
to give a peak within the peak hour (Hogg p.c., 1987). This slightly
modifies the 12-hcur distribution, as shown in Figure 5-15, to yield a
distributicn given in Table 5-11 (100-year, 12-hour storm).

Initial conditions in the watershed must reasonably reflect average
conditions which would likely be present just prior to the advent of such
storms. In the watershed modelling report of the previous Urban Hydrology
Study, the authors examined antecedent moisture conditions (AMC) before
several annual peak flow events and concluded that a very wet condition was
a reasonable choice for peak flow estimates (AMC III). They also selected a
mean of base flow observed in the river before such storms.

Herein, we also examined conditions prior to high flow events, drawing on
sixty-three major storms from 1959 to 1986, but focussing on conditions just



TABLE 5-10
WATERFORD RIVER BASIN
DESIGN RAINFALL DISTRIBUTION

1-Hour Storm (') 12-Hour Storm (2)

Time Percent of Time Percent of
(mins) Total Rainfall (hr) Total Rainfall
00-05 2.4 00-01 1.0
05-10C 7.3 01-02 1.0
10-15 12.2 02-03 5.0
15-20 17.1 03-04 11.0
20-25 21.9 04-05 20.0
25-30 22.3* 05-C6 25.0
30-35 10.0 | 06-07 - 18.0
35-40 4.1 07-08 _ 17.0
40-45 1.6 08-09 5.0
45-50 0.7 09-10 2.0
50-55 0.3 10-11 1.0
55-60 0.1 11-12 1.0
1 hour 100 % 12 hour 100%
* peak at 27th minute RAINFALL TOTALS(3)

25-27 min 10.1%

27-30 min 12.2% 1 hr 20 Year 26.50 mm

I hr 100 Year 32.69 mm
12 hr 20 Year 80.00 mm*
12 hr 100 Year 97.94 mm*

(') ref. Watt et al., 1986
(?2) ref. Hogg, 1982b
(3) ref. AES, 1987

* rainfall totals employed in Table 5-11 and Table 5-12
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TABLE 5-11
DISTRIBUTION OF 100-YR, 12-HR
DESIGN STORM RAINFALL (97.94 mm)
WATERFORD RIVER BASIN

Time Rainfall/Time Time Rainfall/Time
(mins) Interval (mm) (mins) Interval {(mm)
000-005 0.0816 355-360 1.65
005-010 0.0816 360-365 1.55

- - 365-370 1.40
055-060 0.0816 370-375 1.35
060-065 0.0816 375-380 1.30

- - 380-385 1.20
110-115 0.0816 ' 385-390 1.15
115-120 0.0820 390-395 1.10
120-125 0.4079 395-400 1.05
125-130 0.4081 400-405 1.00
130-135 0.4081 405-410 0.95

- - 410-415 0.90
175-180 0.4081 415-420 0.85
180-185 0.8976 _ 420-425 0.8162
185-190 0.8978 425-530 0.8162
180-195 0.8978 - -

- - 470-475 0.8162
230-235 0.8978 475-480 0.8158
235-2490 0.8978 480-485 0.4079
240-245 1.6323 485-490 0.4081
245-250 1.6323 490-495 0.4081
290-295 1.6323 535-540 0.4081
295-300 1.6327 540-545 0.1636
300-305 1.8000 545-550 0.1632
305-310 2.13 - -
310-315 2.42 590-595 0.1632
315-320 2.72 595-600 0.1632
320-325 3.00 600-605 0.0820
325-330 3.30 605-610 0.0816
330-335 2.942 - -
335-340 2.40 655-660 0.0816
340-345 2.20 660-665 - 0.0816
345-350 1.95 - -
350-355 1.80 715-720 0.0816



TABLE 5-12
DISTRIBUTION OF 20-YR, 12-HR
DESIGN STORM RAINFALL (80.00 mm)

Time Rainfall/Time Time Rainfall/Time
(mins) Intervall (mm) (mins) Interval (mm)
000-005 0.066 360-365 1.266
005-010 0.066 365-370 1.145

- - 370-375 1.103
055-060 0.066 375-380 1.062
060-065 0.066 380-385 0.980

- - 385-390 0.939
110-115 0.074 390-395 0.899
115-120 0.074 395-400 0.858
120-125 0.333 400-405 0.817
125-130 0.333 405-410 0.776
130-135 0.333 410-415 0.735
Co- - 415-420 0.694
175-180 0.337 420-425 0.674
180-185 0.733 425-430 0.666
185-190 0.733 - -
190-195 0.733 470-475 0.666

- - 475-480 0.666
230-235 0.733 480-485 0.337
235-240 0.737 485-49(0 0.333
240-245 1.333 : 490-495 0.333
245-250 1.333 - -

- - 535-540 0.333
290-295 1.333 540-545 0.137
295-300 1.337 545-550 0.133
300-305 1.470 550-555 0.133
305-310 1.740 - -
310-315 1.977 : 590-595 0.133
315-320 2.222 595-600 0.133
320-325 2.450 600-605 0.074
325-330 2.696 605-610 0.066
330-335 2.403 - -
335-340 1.960 655-660 0.066 °
340-345 1.797 660-665 0.066
345-350 1.583 - -
350-355 1.470 715-720 0.066
355-360 1.348
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prior to 28 annual events. It was determined that average conditions in the
watershed before the annual peak flow events were wet, but not extremely
wet. The API value averaged 50 mm, which Ties between the AMC II (35.8 mm)
and AMC III (61.6 mm) condition. In view of this finding, it was decided to
determine runoff employing the average API value of 50 mm, but also evaluate
the sensitivity of flow projections using 61.6 mm (the AMC III condition).

5.8.2 Design Rainfall Simulations

Table 5-13 summarizes the results of the design rainfall simulations. The
first two columns show the results of this current study and the third

column gives the results of earlier HYMO modelling.

It is initially apparent that the current study gives higher runoff than the
earlier study. This may be due to differences in the models (QUALHYMO is
better suited for this work), the distribution of the design rainfall or
differences in imperviousness between land use employed in this study (i.e.,
1984 land use vs. 1981 use employed earlier).

The results of the present QUALHYMO study show fhat streamflow is somewhat
sensitive to the antecedent moisture condition of the watershed. Flood
flows with an API of 61.6 mm (AMC III) are about 12% higher than those with
the average, pre-storm API condition (50 mm). However, this 12% increase in
flow results from a 23% increase in the API. |

5.9 Selection of Design Flows

Table 5-14. summarizes the_f]oodyf1GW'estimates derived from design storm
rainfall and the frequency analyses of ‘simulated streamflows (discussed in
Section-5.7.1)."

The»f]ood flows using streamfiow fréquency analyses ‘are about 20% higher
than the design rainfall runoff. This result shows that'sn0wme1t, snowmelt
with rainfall, and rainfall all join to play a role in defining flood peaks



TABLE 5-13

SUMMARY OF PEAK FLOWS FOR
DESIGN RAINFALL STORMS*

1:100 YEAR STORM

WSC Gauge Present QYALHYMO Previous HYMO Model
Location Study (m3/s) Study (m3/s)
API = 50 API =61.6 AMC III
Donovans 15.14 2l.4 14.7
Mount Pear] 30.36 33.8 25.7
Kilbride 95.07 105.4 81.5

1:20 YEAR STORM

Donovans 14.1 - 11.6
Mount Pear] 21.8 - 19.9
Kilbride 67.9 - 64.6

* Values include basefliow of 0.36 m3/s, 0.67 m3/s and 2.57 m3/s at
Donovans, Mount Pearl and Kilbride, respectively

- not simulated



TABLE 5-14

SUMMARY OF FLOCD FLOW ESTIMATES
DESIGN STORMS AND FREQUENCY ANALYSES

1:100 YEAR RETURN PERIOD (m3/s)

Design _ 3 PLN*
Locaticn Rainfall Distrib.
Mount Pear] 30.36 36.20
Kilbride 95.07 118.00

1:20 YEAR RETURN PERIOD (m3/s)

Design 3 PLN*
Location Rainfall Distrib.
Mount Pearl 21.8 26.20
Kitbride 67.9 83.30

selected distribution - the Three Parameter Log Normal Distribution
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on Waterford River Basin. The design rainfall events provide reasonably
good estimates of flood flows but these estimates are slightly lower than

projections using a long sequence (28 years) of river flows.

It was noted earlier that the Three—-Parameter Log Normal distribution pro-
vides the best fit to the data, matches regional statistics, and is also a
distribution which is consistent with that selected by the Canada-
Newfoundland Flood Damage Reduction Program for general flood studies in
Newfoundland. It also provides flood peaks which are higher than design
rainfall events and, hence, has been selected for determining backwater

conditions along the Waterford River.

Figure 5-14 gave the frequency analysis of design flood flows at one
Jocation on the river — Kilbride. Table 5-15 summarizes the 1:20 year and
1:100 year design flood flows derived from the Three Parameter Log Normal
Distribution at 18 other points along the river. These values are used in
the following section to derive 1:20 year and 1:100 year flow profiles.



TABLE 5-15

SUMMARY OF 1:20 AND 1:100 YEAR DESIGN FLOWS
AT VARIQUS POINTS ALONG THE WATERFORD RIVER

Hydrologic Model Design Peak Flows (m3/s)
Flow Points 1:20 _yr 1:100 yr
100 (west Tributary at Donovans) 6.13 9.13
102 (south Tributarty at Donovans) - 5.53 6.43
103 (Combined Trib’s at Donovans) 15.1 15.6
104 (Donovan Flow Gauge) 16.9 22.8
107 (Mt Pear] Flow Gauge) 26.2 36.2
109 29.2 40.3
110 ' 32.2 44.2
112 ’ 38.3 52.4
114 44.9 61.4
116 (U/S of Waterford R. & South 52.2 71.1
Brook Confluence)
123 (D/S of Waterford R. & South 82.7 117.0
Brook Confluence)
124 (Kilbride Flow Station) 83.3 118.0
85.0 121.0
129 93.1 133.0
131 94.5 135.0
133 97.4 139.0
137 (Outlet of Waterford River) 102.0 145.0

* Cross section numbering in metres from the river mouth






6.0 HYDRAULIC ANALYSIS
6.1 General

The purpose of the hydraulic investigation is to derive the 1:20 and 1:100
year open water surface profiles along the study reaches using the results of
the hydrologic information provided in Chapter 5.0.

To carry out the investigations, the HEC-2 (HEC, 1982) computer model was
used. This model was selected for this study because it represents the
state-of-the-art for the computation of water surface profiles for steady
state conditions in open channels. It has been successfully used in similar
applications 1in the U.S. and Canada, is well-documented, 1is parameter
efficient for calibration, and is flexible in use. The HEC-2 Model was also
selected since it has been applied to three (3) short reaches along the
Waterford River in a previous study (Flood Study of the Urban Hydrology Study
of the Waterford River Basin, 1986).

The model was developed by the U.S. Corps of Engineers, Hydrologic Engineering
Center to compute water surface profiles for natural or man-made channels,
assuming that such flow is steady and gradually varied. The modei estimates
the change in water surface elevation between given river cross-sections with
special computations accounting for bridge structures and other flow
obstructions in the flood plain. The basic computational procedure used in
the model is the solution of the one-dimensional energy equation with energy
loss due to friction evaluated with Manning's equation.

Full details of the HEC-2 model and its underlying theory are given in the
user's manual (HEC, 1982). The release used for this study was issued

November 1976 updated May 1984.

6.2 Previous Hydraulic Analysis

As part of the Urban Hydrology Study of the Waterford River Basin (1986), a
hydraulic investigation of three short reaches along the Waterford River was
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undertaken jointly by Environment Canada and Newfoundland Departiment of
Environment. The three reaches studied were:

(i) Kilbride: This reach extends from the Water Survey of Canada
hydrometric gauge (02ZMO08) just below the bridge at Kilbride to the
ruins of an old control structure for the Bowring Park pond. . The
length of the reach is about 335 metres and includes 20 HEC-2 cross
sections.

(ii) Mount Pearl: This reach extends from a foot bridge (Steady Waters
Bridge) located at the end of Forest Avenue to upstream of Winston
Ave., downstream of the MWater Survey of Canada hydrometric gauge
(02ZM010). The length of the reach is about 1130 metres and includes
14 HEC-2 cross sections.

(ii1) Donovans: This reach extends from the Water Survey of Canada
hydrometric gauge site (02ZM01l) on the abandoned bridge abutment to
downstream of the merging of the two tributaries above the Newfoundland
Hardwoods Limited buildings. Two bridges are located within this
reach. The length of the reach is about 600 metres and includes 22
HEC-Z2 cross-sections.

The HEC-2 model for each reach was calibrated/validated based on events
monitored during the 1981-1983 period. Each model was subsequently used to
compute the 1:20 and 1:100 year water surface profiles for floodplain mapping
purposes.  Further details on the model set-up, calibration/validation and

computation of design water levels are provided in the earlier Flood Study
report (1986).

Five of these sections were re-surveyed as part of this study. No significant
changes were found in the channel geometry since 1981-83, and the above 56
sections were included in the subsequent development of the HEC-2 model.



6.3 Set-Up of the HEC-2 Model

The HEC-2 model for the Waterford River was set-up using river cross-sectional
data obtained from field surveys (undertaken during the summer and fall of
1987) and topographic data from other sources. The surveys included
measurements of representative channel cross sections and structures across
the watercourse, and photographs at each section.

A total of 133 representative river valley and structure cross-sections were
surveyed along the Waterford River from the CN Dockyard to the Clyde Corner
culverts in the Donovan area. The total distance surveyed along the river was
about 13.7 km (excluding most of about 2.1 km previously surveyed for the
Kilbride, Mount Pearl and Donovan reaches). The surveyed cross sections
represent an average of about 10 cross-sections per km.

A1l the details of some of the structures were not surveyed since construction
drawings were available. However, the major dimensions were surveyed at these
structures and the top of road and/or low chord elevations were tied into
geodetic datum. The structures which had drawings available were:

Symes Bridge

Waterford Lane Bridge

Kilbride Bridge

Brookfield Bridge

Outerbridge Street/Park Avenue Bridge
Commonwealth Avenue Bridge
Newfoundland Fibreply Bridge
Newfoundland Hardwoods Bridge
TransCanada Highway Bridge at Donovans
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The cross-sections were surveyed above and below the waterline and in most
cases beyond the top of bank. Each cross-section was referenced to geodetic
datum.

The field cross section information at most stations was supplemented with
1:2500 scale topographic mapping (with 0.5m contour intervals). The
supplementary data was used to extend the measured vailey sections to
elevations near the outer Timits of the flood plain mapping sheets. This
measure proved largely unnecessary, however, as flood water levels (determined
later 1in the study) do not reach the mapping limits. Several sections were
caded entirely from the 1:2500 scale mapping. These are the western-most
sections on the western tributary at the Trans-Canada Highway. Another was
coded from bathymetric survey data obtained by others for CNR developments at
the harbour mouth. Ten other sections were coded using channel.cross sections
from the field surveys and overbank data from the 1:2500 scale mapping.

The structures across the watercourse were coded using the guidelines outlined
- in the HEC-2 Users Manual. For example, the skewness of the structures was
taken into account in the coding where the structure is not perpendicular to
the flow.

A total of 209 cross sections were used to model the Waterford River. Ninety
one are bridge-related sections, four are sections from the mapping near the
Trans-Canada Highway, one 1is within St. John's Harbour, and 113 are river

sections between the Harbour and the upstream study 1limit. Locations of some
of these sections are shown on the flood profile mapping examples given at the
end of Chapter 7 (Figures 7-1 to 7-7).

The cross section . numbers generally represent the total distance in metres
from the upstream face of the CN Dockyard/synchrolift. However;, the HEC-2.
model begins about 50 metres downstream of that structure to estimate the
hydraulic effect of the Dockyard with its many piers.
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A1l the cross-sections were coded adopting the convention of looking
downstream from Teft to right bank, and all the sections are referenced to
Geodetic Survey of Canada (GSCD) datum.

Plots of all cross-sections and bridge/culvert structures are presented in the
Technical Appendix. The Manning's roughness coefficients for the left and
right overbanks and channel are shown in the above-noted plots and are listed
for each section in Appendix 4.0. Initially the roughness coefficients were
estimated from photographs taken of each section during the field work and
from available mapping. The values were estimated by the use of the Cowan
equation empioyed in the previous flood study (for the Kilbride, Mount Pearl
and Donovan reaches). Subsequently some of the values were adjusted during
the calibration of the model.

6.4 Calibration of the HEC-2 Model

6.4.1 General

In order to obtain confidence 1in the computed water surface profiles, the

HEC-2 model was calibrated and validated with observed water levels and flow
data. For the Waterford River, this information was obtained from:

(i) Selected events which were monitored for the Urban Hydrology Study
(UHS) during the 1981-1983 period for the Kilbride, Mount Pearl and
Donovan reaches. Tabulation of observed water levels and flows are
presented in the Flood Study report of the UHS (1986).

(i1) Water level monitoring program undertaken for this study during the 26
March - 13 November 1987 period. This monitoring program is described
in Section 6.4.2. ' T

(iii) Supplementary hydrology data (hydrographs) from the hydro]ogy study
(Chapter 5). '
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6.4.2 MWater Level Monitoring Program

Five crest gauges were initially instalied along the Waterford River to obtain
water Tlevels suitable for calibration purposes. The crest gauges were
installed on the upstream side of the following bridge abutments:

Symes Bridge (cross-section 1575)

Brookfield Road Bridge (cross-section 5425)

Birch Avenue Tracks (cross-section 2010)

Newfoundland Fibreply Limited Bridge (cross-section 3007.1)
Newfoundland Hardwoods Limited Bridge (cross-section 3014.8)

The observed levels from this program are provided in the Technical Appendix
with other measurement data.

The crest gauges were referenced to geodetic datum corresponding to the bottom
of each gauge. Unfortunately, the gauge at Birch Ave. was repeatedly damaged
by vandals and it proved necessary to manually measure the water level at this
location. A reference point was marked at the top of the abutment, and the
field crew measured from this point to the water surface. This approach was
eventually abandoned as it proved impossible for the field crew to time their
arrival at the time of the peak water level.

A major high flow event did not occur during the 26 March - 13 November 1987
monitoring period. From hourly flow data obtained from Water Survey of
Canada, the peak flow of 31.1 m3/s occurred at the Kilbride hydrometric
station on 3 April 1987. There were other smaller flow events but the peaks
were generally less than 20 m3/s at the Kilbride station.




6.4.3 Model Caliibration

The event which occurred on 3 April 1987 was selected to calibrate the
model, because it represents the most recent hydraulic condition in the
river and the observed water Tevels are for the full length of the river.

The above noted event ws generated primarily by snowmelt, and was almost
identical to the smowmelt event that occurred on 27 January 1978. The
observed and simulated peak flows for both events are presented below:

Hydrometric Station Observed {Simulated) Peak Flow (m3/s)
27 January 1978 3 April 1987
Mount Pearl - (10.3)* 10.3
Kitbride 30.9 (32.0)** 31.1

* Simulated with the QUALHYMO Model. The Mount Pearl Station was not
active in 1978.
**% Simulated with the QUALHYMO Model.

Of importance in this table 1is that the observed flows at Kilbride are
practically identical, and that the simulations (which give peak flows at a
variety of locations) are also similar to the observed flows. Hence for
practical purposes to fill the need for flows at many unmonitored locations,
the January 1978 event (simulated with QUALHYMO) was used to distribute the
flows to unmonitored locations in the HEC-2 Model.

Several computer runs were made to calibrate the HEC-2model. After each run
adjustments were made to the Manning’s roughness values until good agreement
was obtained between the simulated and observed water levels. The results
are presented in Table 6-1. Also presented in Table 6-1 are the observed
and simulated water levels at the Kilbride hydrometric station, obtained
from Water Survey of Canada.

The Manning’s roughness values used in the calibration are presented in the
cross-section plots in the Technical Appendix and are listed in Appendix
4.0. The values are given for the left and right overbanks and channel.



TABLE 6-1

CALIBRATION OF WATERFORD RIVER

HEC-2 MODEL - 3 APRIL 1987 EVENT

Cross Section Peak Flow Water Surface Elevation (m)

Location Number (m>/s) Observed Computed
Symes Bridge 1575 37.10 12.52 12.52
Kilbride Gauge 1001+ 31.10 32;17 32.11
Br‘.ookfie1d Brl'idge " 5425 19.10 56.11 56.09

Birch Ave. Tracks 2010* - 12.15 No data** 103.38
Newfoundland Fibrply Bridge 3007.1% 7.12 134.31 134,33 ’
Newfoundland Hardwoods Bridge 3015* 5.18 135.04 135.05

* Cross séction numbering used in previous Waterford River Flood Study

*k Peak water level not measured due to damaged crest gauge. However in October

1983, the flow at cross-section 2010 was about 15.2 m3/s and the observed
water level 103.54 m. The simulated water level in April 1987 appears in
close agreement for a flow of 12.15 m3/s.
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6.5 VYalidation of the HEC-2 Model

After the HEC-2 model was calibrated, it was validated to ensure it was
predicting reasonably accurate results. The observed water levels from the
previous flood study (1986) were used to validate the model. Two events were
selected for validation of the Kilbride and Mount Pearl reaches, and one event
was used for the verification of the Donovan reach.

6.5.1 Kilbride Reach

This reach corresponds to cross sections 1001 to 1008 in the previcus flood
study (1986). The only change made to the original HEC-2 model was in the
area of cross section 1007 where the cross section was slightly altered due to
the construction of the Malloys Lane Arterial Road over the river. However,
the bridge 1is high and wide and does not obstruct the flow of water
underneath.

The two events selected for validation were the 26 November 1981 and the 26

October 1983 events. The HEC-2 models were run from St. John's Harbour to

upstream of cross section 1008. The flows were distributed to appropriate
HEC-2 cross section using the flows simulated with the QUALHYMO Model as part

of the hydrologic analysis.

The starting water levels were obtained from the November 1981 and October
1983 monthly tide Tevels observed at St. John's Harbour. However, results are
insensitive to the starting water level since critical flow conditions occur a
short distance upstream of the CN Dockyard.

The results of the validation for the 26 November 1981' and.26 October 1933’
events are presented in Table 6-2 and Table 6-3; respectivg]y. R




TABLE 6-2

VERIFICATION OF WATERFORD RIVER HEC-2 MODEL
FOR KILBRIDE REACH

26 November 1981 Event

Cross Section Flow Water Surface Elevation (m)
Number*** (m3/s) Observed Computed
1001 47 .2 32.40 32.42
1001.5 47.2 32.51
1002.1 47.2 32.42
1002.9 47.2 32.45
1003 47.2 32.53 32.61
1004 47.2 32.49 32.61
1005 47.2 32.84%% 32.64
1005.7 47.2 32.87
1005.8 47.2 33.12
1005.9 47.2 33.39
1006 47.2 33.30 33.40
1006.1 47.2 33.44
1006.2 47.2 33.39
1006.3 47.2 33.39
1006.4 47.2 33.39
1006.5 47.2 33.27 33.39
1006.7 47.2 33.40
1006.8 47.2 33.40
4008* 47.2 33.79 33.84
1008 47.2 33.98 34,02

*  Approximate Tocation as cross section 1007 in previous study (1986)
**  Previous study identified possible datum error at this section

- *** Cross section numbering used in previous study (see Table 7-2)

,,,,,



TABLE 6-3

VERIFICATION OF WATERFORD HEC-2 RIVER MODEL
FOR KILBRIDE REACH

26 Qctober 1983 Event

Cross Section Flow Water Surface Elevation (m)
Number**+* (m3/s) - Observed Computed
1001 39.30 1 32,47%%* 32.35
1001.5 39.30 32.35 32.41
1002.1 39.30 32.35
1002.9 39.30 32.37
1003 3%.30 32.42 32.49
1004 39.30 32.49
1005 39.30 32.52%* 32.51
1005.7 39.30 32.94 32.77
1005.8 39.30 33.05
1005.9 39.30 33.26
1006 39.30 33.36 33.26
1006.1 39.30 33.32
1006.2 39.30 33.28
1006.3 39.30 33.28
1006.4 39.30 33.28
1006.5 39.30 33.22 33.28
1006.7 39.30 33.29
1006.8 39.30 33.29
4008~ 39.30 33.69 33.65
1008 39.30 33.80 33.82

* Approximate location as cross section 1007 in previous study (1986

**  Previous study identified possible datum error at this section

*** Water level appears high for observed flow. In 26 November 1981, the
water level was lower (32.40 m) for a higher flow (47.2 m3/s)

****Cross section numbering used in previous study (see Table 7-2)
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Generally there 1is fairly good agreement between the observed and computed
water surface elevations. The verification simulation in Table 6-2 gives
computed results which are slightly higher than the observed levels, and that
of Table 6-3 gives values which are slightly lower. There appears to be some
discrepancy at cross section 1005 but, as indicated in the previous flood
study, a datum error 1is suspected at this section. Another possible reason
for the discrepancy may be due to local debris blockage. Some inconsistency
in water level measurements may also occur for this reach since water levels
were measured from downstream to upstream rather than in the direction of the
flow, and recent channel modifications slightly affect the upper and Tower
ends of the reach.

The selected Manning's roughness coefficients for this reach range from 0.03
to 0.04 for the overbanks and 0.02 to 0.03 for the channel.
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6.5.2 Mount Pearl Reach

This reach corresponds to cross section 2001 to 2013 in the previous study.
The events selected for verification for this reach were the 26 October 1983
and 20 June 1982 events.

Initially, attempts were made to validate the HEC-2 model using the calibrated
model and the representative flows presented in the previous study (12.0 m3/s
for the 26 October 1983 event and 8.67 |n3/s for the 20 June 1982 event).
However, using these flows and realistic roughness values did not produce good
agreement with the measured water levels.

Subsequently, the hydrometric record of the 26 October 1983 event was subject
to close investigation. From hourly flow data provided by Water Survey of
Canada at the Mount Pearl gauge, it was found that the staked profile was
measured during the recession 1limb of the hydrograph. At time 16:16 when the
measurements were started at cross section 2013 (the upper section}, the flow
at the Mount Pearl gauge was about 13.3 m3/s. Since the water levels were
measured during the- recession, the flows along the staked reach were in fact
higher than at the upstream gauge at Mount Pearl. By taking into account the
travel time between the gauge and section 2013, it was estimated that the flow
at section 2013 was about 13.8 m3/s. Next the Tocal inflow from the QUALHYMO
model simulation was added to the above flow to obtain representative flows
for the study reach. The flow at cross section 2001 was estimated to be 15.2
m3/s. Above cross section 2011, the flow was reduced to 14.3 m3/s because a
small tributary empties into the main river downstream of this section.

The HEC-2 model was subsequently run with the ,fevisedv flows starting
downstream of cross section 2001, and the results for the 26 October 1983
event are presented in Table 6-4. Except for cross sections 2008 and 2009,



TABLE 6-4

VERIFICATION OF WATERFORD RIVER HEC-2 MODEL
FOR MOUNT PEARL REACH

26 October 1983 Event

Cross Section Flow Water Surface Elevation (m)
Number*xx* (m3/s) Observed Computed
2001 15.2 102.18 102.20
2002 15.2 102.25
2002.5 15.2 102.28
2003 15.2 102.30 102.29
2004 15.2 102.34 102.32
2005 15.2 102.40
2006 15.2 102.53 102.49
2007 15.2 102.68 102.64
2008*** 15.2 103.00* 102.73
2009*** 15.2 103.63 103.01
2010 15.2 103.54%* 103.44
2011 14.3 103.75 103.67
2012 14.3 104.07 104.24
2013 14.3

104.39 104.41

* Measurement error suspected
**  Measurement reported not to be at this section (Flood Study, 1986)
*** Manning's roughness values used were: 0.12 for left bank,

0.09 for right bank and 0.08 for channel only at these sections
*x** Cross section numbering used in previous study (see Table 7-2)
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there is generally good agreement between the observed and simulated water
levels. As indicated in the previous flood study (1986), a measurement error
is suspected at section 2008, and the water level measurement reported at 2010
is from another section.

To improve the results at sections 2008 and 2009, additional cross sections
were added downstream. However the additional sections did not improve the
results and they were subsequently discarded.

The Manning's roughness coefficients for this reach ranged typically from
0.035 to 0.09 for the overbanks and 0.025 to 0.08 for the channel. Only at
cross sections 2008 and 2009 were the coefficients for the left overbank
increased to 0,12,

Similar considerations as described for the 26 October 1983 event were
undertaken to revise (increase) the flow for the 20 June 1982 event. The
flows were estimated to be 10.2 m3/s at cross section 2001 and reduced to 9.3
m3/s upstream of cross section 2011.

The results are summarized in Table 6-5. As can be seen, there is fairly good
agreement for the whole profile except at cross section 2009.

6.5.3 Donovans Reach

This reach corresponds to cross sections 3001 to 3017 in the previous study.
Two changes were made to this part of the previous model. One was near cross
section 3001 (site of the abandoned Donovan hydrometric gauge) where a section
was added to take into account the existing abutments from the demolished
bridge. The other was at the Newfoundiand Hardwoods Limited bridge (cross
section 3014.8) to enable computer modelling of the stoplog structure upstream
(rather than manual calculation).



TABLE 6-5

- VERIFICATION OF WATERFORD RIVER HEC-2 MODEL
FOR MOUNT PEARL REACH

20 June 1982 Event

Cross Section Filow Water Surface Elevation (m)
Number#*** (m3/s) Observed Computed
2001 10.2 101.91 102.01
2002 10,2 101.96 102.05
2002.5 10.2 102.08
2003 10.2 102.11 102.09
2004 10.2 102.11* 102.12
2005 10.2 102.22
2006 10.2 102.33 102.32
2007 10.2 102.57 102.48
2008** 10.2 102.57
2009** 10.2 103.10 102.88
2010 10.2 103.33
2011 9.3 103.56 103.56
2012 9.3 103.98 104.07
2013 9.3 104.21 104.32

*  15m downstream of section

** Manning roughness values same as presented in Table 6-4

*** Cross section numbering used in previous study (see Table 7-2)
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Initially, the 4 October 1982 and the 26 October 1983 high flow events were
selected for verification purposes. However, these two events have similar
flows and the 26 October 1983 event was ultimately selected (since it has more
water level measurements than the 1982 event).

Attempts were initially made to verify the HEC-2 model using the calibrated
model and the flow estimate of 6.72 |n3/s reported in the previous study.
However, the computed and measured water levels were not in good agreement and
it was again suspected that the streamflow during profiling might not be truly
representative of actual conditions.

Hourly flow data for the above event was not available at the Donovan station
to complete this analysis. However, the simulated flow from the QUALHYMO
model for this event was slightly higher than the observed and was entered
into the model. A flow of 9.0 m3/s was used from cross section 3001 to 3010
and then it was reduced to 7.7 m3/s to account for reddced drainage area above
section 3010.

The results of the verification for the Donovan reach are presented in Table
6-6. As can be seen there is fairly good agreement between the observed and
computed water levels except above the Newfoundland Hardwoods Limited bridge
(sections 3015 to 3017). It is suspected that the accuracy of water level
monitoring in this area is in the range of plus or minus 0.15 m, perhaps
because of debris blockage at the bridge. A

The Manning's rohghness' coefficients ranged from 0.08 to 0.09 for the
overbanks and 0.025 to 0.085 for the channel.

6.5.4 Calibration/Verification Conclusions

From the results presented in Tables 6-1 to 6-6, it can be seen that the
observed and computed water Jlevels are 1in reasonably close agreement.
Consequently, it 1is concluded that the model is capéb]e of accurately
predicting‘open water surface profiles for flood flow events.



Cross Section
Number**

3001

13001.

3002
3003
3004
3005
3006

3007.1
3007.9

3008
3009
3010
3011
3012
3013

3014.
3014.
3014,
3014.

3015
3016
3017

O O N

TABLE 6-6

VERIFICATION OF WATERFORD RIVER HEC-2 MODEL
FOR DONOYAN REACH

Flow

(m3/s)

.0

* ' Water levels at these

9

9.0
$.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
9.0
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7

26 October 1983

Water Surface Elevation (m)

Observed

133.

133.

134.

134.

134.

134

135.
135.
135.

67

17*

03*

36

46

.49*
134,
134.
134.

53*
64
64

39* (135.12)
40 ‘
48* (135.47)

Computed

133.
133.
133.
133.
134.
.41
134.
134,
134.
134,
134,
134,
134.
134.
134.
134,
134.
.07
135.
135,
135.
135,

134

135

sections were measured as follows:

Section 3003, 2m upstream; section 3004, 21m downstream;
3m upstream; section 3011, 14m downstream; section 3015,

section 3017, 2m upstream

( ) interpolated Tevel at actual section
** Cross section numbering used in previous study (see Table 7-2)

67
61
76
79
28

40
40
40
39
45
44
53
57
62
61
51

15
06
27
28

section 3010,
4m upstream;
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6.6 Sensitivity Testing for the HEC-2 Model

6.6.1 General

In order to test the sensitivity of the computed water Tevels to variations
in parameters within the model, a number of computer runs were made by
varying one parameter while holding the others at their previously
determined values. The parameters changed in the modelling were: channel
invert by * 0.15 m; discharge by t 30%; starting water level by + 0.15m;
Manning’s ‘n’ values by t 10%; and expansion and contraction coefficients by
t 10%. The above variations in parameters were used to be consistent with
those used in the previous flood study (1986).

As indicated in Section 6.3, the HEC-2 model for the Waterford River
consists of 210 cross sections. In order to reduce computer costs, it was
decided to conduct sensitivity testing on a representative part of the
Waterford River. The reach selected extends from cross section 6450 below
Dunn’s Avenue Bridge to downstream of Confederation Avenue bridge (cross
section 9415) and includes the Mount Pearl reach modelled in the previous
study. This reach was selected because part of the river is steep and part
of it has moderate slopes. The Mount Pearl reach is relatively flat and the
reach downstream is relatively steep.

The 1:100 year flow was used for sensitivity testing and the results are
presented in Table 6-7.

6.6.2 Sensitivity to Changes in Channel Invert

The channel invert between cross section 6450 and 9415 was changed by + 0.15
metre. Table 6-7 shows that the change in the water surface profile is more
pronounced for the steeper reach than the flatter one. For the steeper
reach (cross sections 6955 to 7193) the change in water level is between
0.07 to 0.11 metres whereas for the flatter reach (cross section 2001 to
2013) the change is only 0.0 to 0.02 metres.
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6.6.3 Sensitivity to Peak Discharge

Variations of + 30% in peak discharge altered the water levels from 0.07 to
0.45 m. The chahge in water level 1is affected primarily by the
configuration at each cross section. Typically cross sections with steep
sides will produce greater change in water levels whereas cross sections
with flatter sides will produce smaller change in water Tlevels.

For the Waterford River, the sensitivity analysis indicates that the water
surface profile is generally not very sensitive to large variations in
discharges.

6.6.4 Sensitivity to Starting Water Level

The Waterford River has some fairly steep reaches where critical flow
conditions occur. - Therefore starting water level conditions have only a
localized effect on water levels. In the sensitivity testing undertaken,
the 1:100 year water level at cross section 6450 was varied by + 0.15 metre.
However, critical depth occurred shortly upstream and therefore the water
levels upstream were not affected by the starting water levels.

Noteworthy is that critical depth occurs at about 45 locations from the
confluence at Donovan to the outlet, and hence, it is felt that water levels
are generally insensitive to starting elevations throughout the Rijver.
Although subcritical flow may occcur at these locations, the use of critical
depth values appropriately covers the effect of debris within the streamflow
and other naturally occurring small perturbations in water levels.

6.6.5 Sensitivity to Roughness Coefficient

As can be seen from Table 6-7, variation in the Manning’s ’'n’ values by +
10% results in water levels change of less than 0.13 metres. Therefore, the
. water surface profile is not significantly affected by the modeller’s
judgementlin selecting the Manning’s 'n’.
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6.6.6 Sensitivity to Expansion and Contraction Coefficients

Variation in the expansion and contraction coefficients by + 10% has
localized effect on the water levels by generally less than 0.03 metres.
The results indicate that the model is not sensitive to errors in estimating
the expansion and contraction coefficients.

Overall, the modelled results are insenstive to all but relatively Tlarge
changes in streamflow at a few, narrow cross sections. In a river-wide
sense, however, the model is not very sensitive to variations in all
parameter values.
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7.0 FLOOD LEVEL PROFILES

As indicated previously, the purpcse of this study is to derive open water
surface profiles for the 1:20 and 1:100 year return period flood flows.

In Chapter 5.0, 28 years of annual maximum peak flows were generated by the
QUALHYMO model at 18 points along the main branch of the Waterford River.
At each point, flood frequency analyses were conducted using the CFA88
program and the Three Parameter Lognormal distribution was employed to
provide the best estimate of the 1:20 and 1:100 year flows.

A summary of these flows for 1:20 and 1:100 year return period floods is
presented in Table 7-1. Also presented are the 18 hydrologic model flow
points and the corresponding HEC-2 cross sections. Noteworthy is that the
HEC-2 cross-section numbering for each flow point is in metres from the
river mouth to provide a consistent way to identify cross section lacations.
Table 7-2 provides a listing of this numbering system and that used in the
previous flood study (1986), to assist those who are examining both studies.

7.1 Starting Water lLevels

The starting water Tevel for backwater modelling of the Waterford River is
St. John’s Harbour. Water Tevels have been recorded there for many years,
but it is only since 1962 that maximum instantaneous value have been taken
by the Marine Environmental Data Service (MEDS).

The mean high tide level (mean of large tides and average tides) at the
datum employed by MEDS is 1.295 m. This datum at St. John’s is 0.677 m
below the geodetic datum employed for this study. Hence, the mean high tide
level is 0.62 m (GSCD). As it is quite possible that this water level would
be present during the course of high river flows, it was selected ‘as the
backwater starting level.




TABLE 7-1

SUMMARY OF 1:20 AND 1:100 YEAR DESIGN FLOWS
AT VARIOUS POINTS ALONG THE WATERFORD RIVER

Hydrologic Model HEC-2 * Design Peak Flows (m3/s)
Flow Points Cross-section 1:20 yr 1:100 yr
100 (west Tributary at Donovans) 12355 6.13 9.13
102 (south Tributarty at Donovans) 12312 .53 6.43
103 (Combined Trib’s at Donovans) 12302 15.1 15.6
104 (Donovan Flow Gauge) 11758 16.9 22.8
107 (Mt Pearl Flow Gauge) 9870 26.2 36.2
109 7947 29.2 40.3
110 7070 32.2 44 .2
112 6970 - 38.3 52.4
114 6450 44.9 61.4
116 (U/S of Waterford R. & South 4070 52.2 71.1
Brook Confluence)
123 (D/S of Waterford R. & South 4008 82.7 117.0
Brook Confluence)

124 (KiTbride Flow Station) 3694 83.3 118.0
128 3008 85.0 121.0
129 2206 93.1 133.0
131 1575 94.5 135.0
133 745 97.4 139.0
137 (Outlet of Waterford River) 0 102.0 145.0

* Cross section numbering in metres from the river mouth




TABLE 7-2
REVISED CROSS-SECTION NUMBERING

FOR EARLIER BACKWATER STUDY

Kilbridge Reach Mount Pearl Reach
Previous Revised Previous Revised
Section No.* Number** Section No. Number
1,001.0 3,694 2,001 7,947
1,001.5 3,688 2,002 7,963
1,002.1 3,702 2,002.5 8,022
1,002.9 3,709 2,003 8,120
1,003.0 3,711 2,004 8,232
1,004.0 3,722 2,005 8,357
1,005.0 3,764 2,006 8,508
1,005.7 3,837 2,007 8,606
1,005.8 3,883 2,008 8,629
1,005.9-6.0 3,817 2,009 8,776
1,006.1 3,933 2,010 8,842
1,006.2 3,945 2,011 8,896
1,006.3-.4-.5 3,957 2,012 8,988
1,006.7-.8 3,960 2,013 9,048
1,007.0 3,997
1,008.0 4,028

Oonovans Reach Donovans Reach (continued)
3,001 11,758 3,009 11,942
3,002 11,767 3,010 12,045
3,003 11,774 3,011 12,124
3,004 11,873 3,012 12,200
3,005 11,918 3,013 12,227
3,006 11,924 3,014 12,232
3,007.1 11,930 3,015 12,235
3,007.9 11,933 3,016 12,244
3,008 11,938 3,017 12,302

* previous Waterford River Basin Flood Study (1986)

** current study employing section numbering in metres from river
mouth



7-2

The instantaneous water levels (no wave effect) in the harbour also provide
a second data set for evajuating the 1:20 year and 1:100 year flood
elevations near the river mouth. MEDS records indicate that the highest
annual levels occur in the winter months when streamflows are Jlow.
Frequency analyses of these Tevels (in the Technical Appendix) provide the
following results:

Water Level at Instantaneous
Waterford River Mouth Level (GSCD)
1:20 year ' 1.54 m
1:100 year 1.69 m

Hence, to show both possibilities of flooding (from high flows on the
Waterford River and high Tevels at the river mouth) the highest of these two -
must be plotted near the mouth.

7.2 Flood Level Delineation

The compiete calibrated/verified HEC-2 model was run with a starting level
of 0.62 m and the 1:20 and 1:100 year peak flows. This provided water level
data at all cross sections in the model, and a summary printout of the
results for both flood flows is presented in Appendix 5.0.

Typical cross section Tocations in the model are plotted in Figures 7-1 to.
7-7, which are photo-reductions of portions of the floodplain mapping. Each
section is marked as a line on the map, the circle connecting the line gives
the 1:20 and 1:100 year flood water level. The dashed and soiid Tlines
connecting the cross sections delineate the 1:100 year and 1:20 year flood
hazard areas, respectively. There are many locations along the river where
the 1:100 year flood levels are only slightly higher than the 1:20 year
Tevels. In these locations, only the 1:20 year flood line has been plotted.
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Complete verions of the flood risk maps (showing flood Tlevels from the
harbour to Donovans Industrial Park) may be obtained from the Department of
Environment and Lands, St. John’s.

The mapping delineates a number of individual structures and groups of
buildings which are within the floodplain. However, the number is fewer
than would be anticipated from review of historical reports - most likely

the result of problems and damages incurred during previous floods. It is
noted, for example, that bridges which formerly obstructed flow passage at
Leslie Street and at the mouth have been replaced by newer structures with
greater capacity. New or reconditioned structures are also present at
Commonwealth Avenue, Brookfield Road and Waterford Lane (St. John’s Bridge).

In addition to improVed bridge crossings, recent channelization at the mouth
through the CNR'yafd and in the Donovans area south of the rail line appears
to be adequately designed to convey flood-flows without significant overbank
flooding.

The above works Have certainly reduced the potential for flood damage in
many areas which were once flood-prone. There are still other areas which
are within.or close to the Timits of flooding, which are summarized below.

The flood profile mapping of Figure 7-1 shows the river at the Leslie Street
overpass. Within the floodplain are portions of four commercial/railroad
buildings - two upstream and two downstream of Leslie Street. The first
building upstream along the northbank is a massive stone structure with no
apparent openings below the flood level. The first two structures below the
bridge are e1eVaﬁed storage/transfer facilities of the CNR, and the gate
house at the rail line has .been built on a raised concrete foundation. The
second structure on the north side west of the bridge has an opening below
the 20 year level. | '

Figure 7-2 shows‘the river reach near Symes Bridge. Two homes on the north
bank just west of the bridge are within the 20 year flood risk area,
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although only one is likely to sustain flood damage.

At Kilbride (Figure 7-3), the Corpus Christi Church and 4-5 nearby bu%]dings
are in the floodplain. Another building just northwest of the Bowring Park
Road Bridge will sustain flood damage to its lower/basement Tevel at flows
in the range of about the 100 year Tlevel.

Figure 7-4 shows Brookfield Road Bridge and an industrial/concrete making
plant (perhaps abandoned) across from the intersection of Doyle and Bishop
Place in Brookfield Estates (400 m upstream of Brookfield Road Bridge).
This plant is within the floodway and outbuildings/storage structures are
within the flood fringe.

Figure 7-5 shows a portion of the river reach near the Steady Waters
Footbridge. There are several structures on the fringe of the floodway
(i.e. the end of Forest Avenue) which may sustain flood damage during a
1:100 year flood.

Figure 7-6 is the area immediately west of Figure 7-5, and the Figure shows
the large flood prone basin upstream of the footbridge. There appears to be
only the one building at the foot of Winston Avenue in a spill area of the
floodplain, from this location upstream to Harnum Crescent in Mount Pearl.

The tast flood risk map (Figure 7-7) shows part of of the study area at
Donovans Industrial Park. The Newfoundland Fibrply building lies on the
floodway fringe and may sustain flood damage at flows in the range of the
1:20 year (or lower) return period. Two houses near the TCH also appear to
be in the flood risk area, although only one would be 1likely to sustain
- flood damage.

Table 7-3 summarizes the structures at risk (19 to 20 buildings) and
provides brief comments relating to possible damages and the flood hazard.
It can be tentatively concluded that the average annual flood damage from
the Waterford River is low.
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FIGURE 7-5

PORTION OF FLOOD RISK MAPPING
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Figure

TABLE 7-3

SUMMARY OF FLOOD-PRONE STRUCTURES

Affected Structures

7-1
7-2

7-3

7-4

7-5
7-6

7-7

Total

- four in risk area
- eleven on fringe

- 2 homes in risk area
- 8 buildings on fringe

- 5 buildings and Corpus
Christ Church
- Bowring Park house

- 1 commercial/industrial
building and several
out-buildings

- flooding of Waterford
Bridge Road

- 2-3 structures at Forest
Avenue '

- one structure at Winston
Avenue

- Newfoundland Fibrply

- 2 houses near the TCH
culvert

19 - 20 structures

Comment

possible damage to contents of
three structures (one a shed)

possible damage to structure
and contents of one home

in the 1:20 year floodway

damage to contents of Tower
floor during 1:100 year flows

possibly an abandoned structure

potential traffic hazard

possible damage during 1:100
year flood. ONe is a garage

possible damage with floods
in the 1:20 to 1:100 year range

possible flood damage with
flows at, or less than, the
1:20 year case

expected flood damage to one
house with flows above the
1:20 year level
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8.0 FLOOD DAMAGE REDUCTION OPTIONS

The final step in this study calls for preliminary identification of flood
damage reduction alternatives which could be employed along the Waterford
River. Noteworthy in considering these alternatives is that the flood-prone
areas shown in the final figures of Chapter 7 identify a "floodway" and a
"flood fringe".

The floodway 1is that part of the flood risk area, including the area
normally occupied by the river, in which most of the flood waters are

conveyed. This 1is an. area where current speeds and flood depths are =~

typically high and damages are often large. The floodway is defined as that
area flooded on an average of one in 20 years. -

The floodway fringe is that portion of the flood risk area lying between the
floodway and the outer 1imit of the area which is flooded on an average of
once in 100 years. This zone generally receives less damage from flooding
than the floodway. '

Proven ways to reduce flood damages can be broadly categorized into two

groups. The first contains alternatives which accept that high water levels -

will occur from time to time but mitigate damages from these levels by a
preventive approach which emphasizes long range planning for flood damage
reduction. This preventive approach includes:

floodplain regulations
acquisition

flcod proofing

The second group of a]ternatives~contains approaches which attempt to modify

or reduce damages by methods designed to reduce the flood level (or modify . -

the river hydraulics). Included here are structurally oriented work such. as:
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flood control dams
channelization or dyking
bridge opening expansions

An important factor which enters into the decision making process at this
stage is that it 1is always desireable to pursue alternatives which are
economically Jjustifiable. A benefit-cost analysis, (which is beyond the
scope of this project), is generally employed to give guidance in weighing
all the possible alternatives. However, from experience on similar projects
and that the damage-prone structures are distributed along the full length
of the river, it appears that the second group of alternatives would present
highly unattractive benefit-cost ratios. Hence, the focus of the following
is on the first group of alternatives.

8.1 Flood Damage Prevention

A total of about 20 residential dwellings, institutional and commercial
buildings currently fall within flood-prone areas of the Waterford River.
Much of the river banks are now developed but there still remain some flood-
prone areas which might otherwise be considered as desirable river-side
locations.

8.1.1 Floodplain Regulations

The primary alternative to reduce the potential for flood-related damages
over the long term is to adopt a preventive approach which emphasizes long
range planning in the flood-prone area. Measures such as zoning by-laws,
building codes and subdivision regulations can be used to control and direct
land use within the flood hazard areas. For example, no new buildings
should be erected in the floodway where damage potential is high - although
it is often desireable and acceptable to use this area for recreational or
agricultural purposes. |
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Within the floodway fringe, the objective of reducing future damages can be
achieved if effective flood-proofing measures are incorporated in the design
of new structures and subsequently carried out. This also applies to
existing buildings in the floodway fringe where flood-proofing measures can
substantially reduce the amount of future damage during a flood situation.
Several of these structures are discussed in Section 8.2.

Overall, this opfion of damage prevention 1is recommended for immediate
consideration. Regulations to control the design and type of structure
located in the flood hazard area can insure noc adverse effects to new
structures or to upstream or downstream residents, and can benefit existing
buildings in the floedway fringe. The cost of this option is Tow and the
flood damage reduction benefits for future development in these areas is
high.

8.1.2 Acquisition

Another alternative to reduce the potential for future damage in flood-prone
areas is to acquire the undeveloped lands and properties and damage-prone
structures. The option of overall acquisition of all existing properties in
the fiood hazard zone does not appear immediately feasible because the cost
and social disruption would be excessive. It may be advantageous, however,
to gradually acquire some of the most damage-prone structures as they come
on the market or when they have sustained severe flood damages. Several of
these are identified in Section 8.2.

8.1.3 Flood Proofing
Flood proofing encompasses a wide variety of adjustments, additions, and
alterations to structures {or their immediate environment) which attempt to

reduce or eliminate potential flood damages. These measures may include:

installation of permanent or temporary closures at low level openings
in structures
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raising structures on fill, columns or piers
construction of floodwalls or low berms around structures.

Permanent closure, as its name implies, involves permanently closing and
sealing all possible openings in a structure through which flood waters
could enter. Generally, flood proofing by permanent closure is limited to
large structures, or buildings on the outer fringe of flood prone-areas
where flood depths are less than about 0.3 m.

The elevation of buildings above flood levels is used in areas where
permanent closure is difficult or impossible. As with permanent closure, no
human intervention or flood warning is required to make the flood proofing
effective.

Flood proofing also entails combinations of closure and/or elevation of
certain structures, with berming around groups of other structures. The
group of structures near Corpus Christi Church are an example of a
development which could be protected by a flood wall.

8.2 Recommended Options

The following options to alleviate future damage problems are recommended
for consideration:

1) It is recommended that the flood elevations advanced herein be adopted
by Municipalities along the river so that developable areas which are
prone to flooding can be zoned in the near future for special flood
risk restrictions and design consideration (e.g. elevation flood
proofing on fill, extended and reinforced foundation walls or piles).
Consideration should be given to gradual acquisition (by the City) of
‘the most damage-prone buildings during this process.



8-5

2) It is recommended that the following shoqu be considered if it is
desireable to provide physical flood protection for existing buildings.

(a)

Flood proofing by elevation for:

the two houses in the flood risk area just north west of
Symes Bridge (Figure 7-2)

the house/seasonal residence in the 1:100 year flood zone
north of Winston Avenue, Mount Pearl (Figure 7-6)

two houses east of the TCH culvert near Donovans Industrial
Park (Figure 7-7)

the four bui]dings west of Corpus Christi Church and one
building north of it (Figure 7-3)

- (b) Flood proofing by the installation of permanent or automatic

closures for:

the second commercial building west of Leslie Street Bridge
(Figure 7-1)

the commercial/industrial building (possibly abandoned) on
the south side of the river upstream of Brookfield Road
Bridge (Figure 7-4). The - possibility of acquiring this
property for a park could also be considered

entry points.at the Newfoundland Fibrply facility in Donovans
Industrial Park (Figure 7-7)

the lTow Tevel openings ‘at Corpus Christi Church (Figure 7-3)

{c) Flood proofing by berms/fill or road regrading for:
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the two railway service or storage buildings in the 1:20 year
flood zone east of Leslie Street Bridge. Here, about 40 m of
the access road to the Gate house could be regraded and
protected by rip rap to reduce the frequency of the flood
hazard (Figure 7-1)

the two houses on the east side of the end of Forest Avenue,
Mount Pearl (Figure 7-5). A 25 m long, relatively low berm
would possibly benefit these houses in the fringe on the
1:100 year flood zone

the house on the north bank of the river just west of Bowing
Park Road Bridge (Figure 7-3). Lower windows in the finished
basement of this home are approximately at the 1:100 year
level and a Tow (0.3 m) wall or berm might be considered for
protection.

the area near Corpus Christi Church where the church and five

buildings appear to be located in a former meander in the
river (Figure 7-3). A floodwall (about 1-2 m high} might
also be considered, but this and road regrading would be
considerably more expensive/less cost beneficial than equally
effective flood-proofing approaches.

In conclusion, there are damage reduction options which may be applied to

reduce future and existing problems along the Waterford River. Most may be

carried out by the individual owners, but regulations to minimize future

developing problems and to facilitate correction of existing ones rests in

the hands of local government.
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Air Photography
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APPENDIX 1.0 QUALHYMO MODEL AND ENHANCEMENTS

In generating runoff from pervious land segments, the QUALHYMO model uses

the U.S. Soil Conservation Service (1969) procedure to determine the excess
moisture input from the pervious area. The scil moisture deficit of soils
and the injtial abstraction are updated by the model for each event to pro-
vide an accounting of initial moisture conditions. The initial abstraction
is reduced by the antecedent precipitation over the preceding twenty-four
hours and will recover to its user-specified maximum in the absence of pre-
cipitation over the foregoing period of time. In the case of the soil mois-
ture deficit, current values preceding an event are computed as a function
of a variable Antecedent Precipitation Index (API). This index is based on
daily rainfall totals weighted by a recession coefficient (having a system

memory of approximately thirty days).

Runoff volume computations for impervious areas are carried out by reducing

precipitation with a small initial abstraction and subsequently applying a
runoff coefficient (i.e. 0.95). Inter-event updating of the initial

abstraction is similar to the technique for pervious areas.

The QUALHYMO model calculates flow rates from flow volume by conveolution of
excess precipitation, with two unit hydrograph shapes proposed by Nash
(1957) and Williams (1973). Since runoff from pervious areas is convoluted
separately from impervious areas, the same or different unit hydrograph
shapes can be used at the discretion of the modeller. Herein, the Williams
and Nash approaches were used for the pervious and impervious areas,

respectively.

A flow path connected to an outlet 1is determined for both pervious and

impervious areas. The flow path for the impervious areas may be overland,
channel and pipe flow or combinations of these. The flow path for pervious
areas can be calculated or left to the model to compute based on physical

characteristics of the drainage area.
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A kinematic approximation is used within QUALHYMO to route flows along river
reaches. Hydrau]ﬁcs in the reach are represented either by a Manning fiow
equation or specified rating curve. Depth-flow velocity and depth-section
area relationships for the channel are calculated by the model and used sub-

sequently for flow routing purposes.

Calculation of base flow in the model is carried out with a single reservoir
representing groundwater storage. A net inflow and outflow from the reser-
voir is calculated for each model time step with inflow taken as the diffe-
rence between precipitation and runoff minus any losses to initial abstrac-
tion. Outflow is expressed as a function of a baseflow recession constant
times the groundwater reservoir storage. Losses to deen groundwater storage
are estimated as a constant proportion of the outflow from the groundwater

storage reservoir and effectively reduce the contribution to base flow.

Al.1 Model Enhancements

In order to accommodate the flow travel and attenuation process within water
courses of the Waterford River basin, the kinematic approximation employed
in the original QUALHYMO model for streamflow routing was replaced by a
" hydrologic Muskingum method which incorporates the variable storage
coefficient (VSC) method (Williams and Haan, 1973). The latter technigue
accounts for the variation in water surface slope and has been tested

successfully on Ontario streams (Waterloo Research Institute, 1984).

Another enhancement was the addition of the U.S. National Weather Service
(NWS) River Forecast System snowmelt model (1973) in order to improve the
computational accuracy of melt and moisture totals in the watershed during
rainfall and snowmelt occurrances. The NWS snowmelt model employs a
temperature index procedure in which melt rates are proportional to the
difference between the mean air temperature and a base temperature

(typica]]y 0°C) during periods without precipitation. A seasonal variation

in the melt factor can be simulated to reflect the increase in solar radia-
tion and the decrease in the albedo of a snow cover as the winter period



A.1-3

progresses. During periods of precipitation, a semi-empirical energy

balance approach takes into account the net long wave radiation transfer to
a snow cover, the latent heat transfer or sublimation of water vapour, sen-
sible heat transfer due to the heat content of the air, and heat transfer to
the snow cover caused by precipitation. Short wave radiation is considered
to be zero during the occurrence of precipitation due to the presence of
cloud cover. Meteorologic data required for computation is Timited to air

temperature and precipitation intensity during the snowmelt period.

Cutflow of liquid water from the snowpack is differentiated from snowmelt
in the NWS computational approach by a snowpack heat -accounting technigue,
which indicates whether water will be in a Tiquid or solid phase. Liquid
water is retained in the snowpack against gravity drainage and the portion
which -exceeds a specified capacity is transmitted as outflow after a time

lag which represents routing of meltwater through the snowpack.

The runoff which occurs within small urban catchments can be quite sensitive
to short duration intensities. As a final enhancement, QUALHYMO was also
modified to allow either 15 minute duration rainfall amounts to be read into
the model, or rainfall amounts for any time fraction of hourly inputs. The
latter is particularly useful for simulating runoff from design rainfall

storms.

A.l.2 CN Transformation for QUALKYMO Input

Rainfall runoff in pervious areas is calculated by the QUALHYMO model using )
the SCS relation:

(P - ABSPER)2

(P - ABSPER + $%)
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where:
Q = cumulative depth of runoff (m)
P = cumulative depth of precipitation (mm)
ABSPER = 1initial abstraction (mm)
S* = Jloss parameter (mm)

In the QUALHYMO Model, S* and ABSPER are updated by the model with each
precipitation occurrence in order to provide a continuous accounting of
initial moisture'conditions prior to runoff events. In the case of S*, this
is accomplished by expressing S* as a function of a variable Antecedent

Precipitation Index, the API.
The APi is determined from the following relation:

API2 APIK * API1 + P1

where:

APIK is a coefficient (typically taken as 0.9)
P1 is precipitation within time step 1, and the
API subscripts refer to conditions at the beginning of time step 1 and

time step 2.
The relationship which relate S* and API is:
S* = SMIN + (SMAX -‘SMIN)* exp(-éK*API)
where:
SMIN and SMAX represent the range in Sf, and . SK is a éa]ibration para-
meter which defines the slope of,soiT moisture between the maximum and

minimum values. _ These relationships -are shown graphically in the

following figure and their deve]bpmént is described below.
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In order to apply the QUALHYMO model to the Waterford River watershed, the

following steps were taken:

i)

1)

i11)

Hydrologic soil-cover complexes (CN) were computed for the large catch-
ments shown in Figure 4-1. A weighted average hydroclogic soil-cover
complex (CN) was calculated for each subcatchment to correspond to the
Soil Conservation Service Antecedent Moisture Condition I, II and III
(AMC condition).

The API sub-routine of the QUALHYMO model was then used in an analysis
of the hourly precipitation records between June 1953 and December 1985
for the St. John's Airport station to calculate continuous API
(Antecendent Precipitation Index) values. With these values, it is
possible to initiate model simulations on any date with the knowledge
that the API value for that date integrates all of the precipitation
that precedes that date.

In order to develop APl values for use in design storm runoff simula-
tions {Section 5.8), an API duration analysis was carried out to
determine the API values corresponding to the 15, 50 and 85 percent
time of exceedance. It was established that the API values of 17.8 mm,
35.8 mm and 61.6 mm corresponded to the foregoing percentage

exceedances, respectively.

An S* versus API curve was established for each subcatchment in Figure
4-1. In order to obtain the general shape of this curve, the hydro-
logic soil cover (CN) for each subcatchment corresponding to the ante-
cedent moisture conditions, I, II and III (point i) above) was con-
verted to the equivalent S* loss parameter by the relationship follow-
ing the Soil Conservation Service procedure (1969).

1000 - 10

CN



A.1-6

Based on the experience of the model's author, the foregoing S* magnitudes
were plotted at the API values corresponding to the 15, 50 and 85 percent
points. Values of SMIN and SMAX were subsequently established by graphical
curve extension, and SK (the curve slope) was computed from the exponential
equation relating this parameter to S*, SMIN and SMAX.
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APPENDIX 2.0

FREQUENCY ANALYSIS RESULTS
KILBRIDE 1959-87
(28 YEARS)






FREQUENCY ANALYSIS — BENERALIZED EXTREME VALUE DISTRIBUTION
kilbhride s 124 _

~ SAMFLLE STATISTICS
MEAN 5.0. I VN . 8. (I
X SERIES 46,037 1&.2328 2. 353 0.773 3204
LN X SERIES 2.772 0. 342 Q. 0F1 0. 249 Z.362
X{MIN)= 24,400 TATAL SAMFLE SIZFE= 28
X(MAX)= 87.330 NO. OF LOW OUTLIERS= 0
LOWER OUTLIER LIMIT OF X= 1805293 NO. OF ZERO FLOWS= o

SOLUTION OBTAINED YIA MaXIMuM LIKELIHOOD

EEY FPARAMETERS: L= 57.5% A= 11.080 = —0.183

1
1 L - 4 - . - -

FILOGD FREEQUENCY REGIME

3

RETURN EXZEEDANCE FL0O0D
FPERIOD FROBABILITY
LB 1.003 0.337 20.90
1.030 0. 952 2E. 40
’ r 10250 0,800 32.30
. 2. 000 O.3500 31,70
5. Q00 ), 200 S6.70 -
' 10, 000 O, 100 =8. 40
o 20, 000 0,050 g81.30
S0, Q00 Q. 020 101,00
’ 100, 000 O,.010 118,00
200,000 QL0005 137.00
) 500, 000 Q. 002 1866.00 -
N

3
v

i

®

.
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FREQUEMNCY aMAILLYSIS
kilbride s 124

MEAN
X SERIES 6. 037

LN X SERIES 3.772
LNCX-A) SERIES S.127

XMIN) = 24,400
X(MAX = 87.9330
: W LOWER GQUTLIER LIMIT OF X= 18. 295

SOLUTION OBTAI

3LN FARAMETERS:

RETURN
FERIOD

1,003
S 1, 050
1.250
2. 000
5a 000
10,000
20, OO0
50, OO0
100, Q00
200,000
SO0, 000

- THFEEE-FARAME

SAMFLE STATIS

S5.D.
16.23
0. 3542

0.633

TER LOGNOEMAL. DISTRIEBUTION

TICZS

.V,
0.353
0,091

Q. 202

NO.
NO.

C.5.
0.773
0243

-0.183

NED VIA MAXIMUM LIEELIHOOD

A

il
.
1y
o
W
0]

Fl.00D FRERQUENZY REGIME

EXZEEDAMCE
FROBABILITY

0. 337
0.3952
0. 800
QL 500
O, 200
0. 100
Q. 050
O, 020
O.010
QL0005
O, 002

FLOOD

22,70
26.60
32,10
41,50
57 .60
70,00
83.30
102, 00
118. 00
35.00

160,00

0.6

(0¥

03

Cuk.
3. 304
2,362

2. 3556

TOTAL SAMFLE SIZE= 2B
OF LOW QUTLIERS= O
OF ZERD FLOWS= 0
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v w v v

FEEQUENLCY aNaLYSIS — LOG FPEARSONM TYFE I1II DISTRIERUTION

kilbride s 124

SAMFLE STATISTICS

MEAN S.D. . V. =8,
X SERIES 36. 037 16. 23 0.333 0.773 3.
LN X SERIES 3.772 0,342 0.091 QL2343 =
X(MINI= 24,400 TOTAL SAMFLE SIZE=
X(MAX)= g87.'330 MO. OF LOW OUTLIERS=
LOWER OUTLIER LIMIT OF X= 18.293 NO. OF ZERO FLOWS=

SOLUTION OBTAINED VIA MAXIMUM LIKELIHOOD

LF3 FARAMETERES: A= 00,1518 B= 5.3231 LOGCM) =
M =

FLOOD FREGUENCY REGIME

FETURN ., EXCEEDANCE FLOOD
FERIOD FROBARBILLITY
1,003 0,337 S2.70
1.050 0,332 . 26.80
1.250 Q0,800 32.320
2. 000 0. 500 31,40
5. 000 0. 200 S6.30
10, 000 0. 100 6'9. 30
20, 000 Q. Q50 83.10
30 . 000 - 0. 0R0 104, 00
100, QOO0 0,010 123, Q0
200, 000 0,005 142,00
SO0, OO0 QL 00z 174, Q0

2.363
12.326

30

]
P e

e

Cak.

1

28

8]

0
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FREQUENCY aANALYSIS - WARERY DISTRIEBUTION
kilbride s 124 :

SAMFLE STATISTICS

MEAN 5.D. C.V. .8,

X SERIES 6. 037 16.:328 0.3533 0.773 3
LN X SERIES 2.77% 0. 342 0,031 0. 243 P
X{MIN»= 24,3400 ' TOTAL SAMPLE SIZE=
X{MAX)= 837.330 NO. OF L0OW OUTLIERS=
LOWER OQUTLIER LIMIT OF X= 18.235 NO. OF ZERO FLOWS=

THE FOLLOWING WAKERY FARAMETERS WERE OBTAINED BY ASSUMING ™M TO
NON-ZEFRO. THE ITERATION ALSORITHM WAS NOT REGUIRED.

Cok.
. 304

« 362

BE

M= 23.6807 A= 2.3649 B= 5,01 C= —'3'3. 168 D=—0, 28

DISTRIRBUTION IS UFPER BOUNDED AT E= 0.1Z61E+03

FLOOD FRERUENZY REGIME

FETURN - EXCEEDANCE FI1.00D

FERIOD FROBABILITY
1.003 Q.397 23.70
1.050 0,352 29.30
1.250 0.800 30.70
2. Q00 0. 500 42,40
5. 000 Q. 200 o930
10. 000 O.100 70.50
20, 000 0. 030 7330
50,000 0. 020 83, 00
100, 000 0.010 I IO
200, 000 0,005 93, 90

SQ0. 000 0,002 105,00

231
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APPENDIX 3.0

FREQUENCY ANALYSIS RESULTS
KILBRIDE 1974 - 87
(13 YEARS)






BtrO"1 Gt "Sé
BET"T - Bg"«B
Stz oL " 08
SLE"T gLz
SEST S1°59
FAMW A g85°/.8
Q00T 00 "0k
LGL T bk A
(074~ Ras G8tL
L99°% LETLE
LLOS 0L 461
oGt <1z
8101 Ralical 1R 4
(SHY3IA) (%)
(L) (N

S — it B S s o S e ——— oo —

10IN3d4 “13d "H0Md

-t o~NO O

(&)

AN

181812 Bl
Q0% " v
G0z 9T
aog 8
QO06* 0O
Q06" 0T
00Z " be
009 "9¢
OO " O
Q0L 1Y
O0OF “£5
Q001 °I9
QL Z9

(SWD
32

B ety

oD e B e i e ki . e i $480% it Srwn  HHAS Sobrm S oot} P VS S St 4 oy ey MAMS 430 | 11} T Aets oA YT PR Mt P e S e e a4 Akl $ATH s A LSS o ML S0 T S G R0 Q008 e S T b S il S SO, P Pt S M S b SRR

O0L "tz L8 t
O0L TS 93 v o
009 “9E 2= z
ooL*I1y _ EEB 01 _ )
00F "£5 z32 o1
o0ty ... 1B Iv. . . _
00T "9z oe o1
00G "bE 6L 1
006 "0L 8. 1
00T "Ob Le . Z1 i
00L "BT 9L 1
ooB*1Z . . Si..__ 8. i .
006 "0F v g
(SWD) .
BT D &4 SN ¢ &
Pigd  MYEA_ HINOW
MIAWNN a1 ==3WYN NGILYLS JSM
A =0ON NZI1Y1S 0OSM

9

@ D

¥

0]

B

)




00" 18T TEO o 000062
OO 1ZT Qo Q000 R
00701 010" 00000 T
0958 OTO O 000'0S
0119 2200 000" 07
0L "9C Q0T "0 000°0T i
Of "9t OOT 0 000°S
0T "bE | G050 ___ . _O00’Z
00" LT 0c8 0 057" 1
otz TE6 0 __os0o'T. o
05 81 LELO £00" 1
ALIT18YE0M . gorMIs
aoo4 IONLAIIIXI _ NMOL3S.
AIHIM AINIAOIMA Q004
CET 0~ =Y 56578 =4  9B-OT =M ISYILT MY ATD o
ADOHIENIT WAWIXYW @IA O3NIYLIA0 NOILS0S.

‘ux\mDLFHEHJ‘ENHUFDDiIMBUJ‘T‘1:

0 =8M0T14 O43Z 40 °"ON £R0"LT

) =543I1LN0 MO 40 “ON Q0L "I = (XOW} X

£1 =3ZI8 IdWYS T0l0L . 00B8°IZ  =(NIWX

611°C St 0 FLHOTO gpyeto 18 S3ITHAS X NI

0L - 64870 ORE°0 84511 696" LE S3TH3AS X .

"Mta 80 "D *aATS NY3IAW
SITISILIYLE ATWYS e et e

NOILAGTIMISTA 3N THA

e M3FWNN. QY =TT S
FAYLIXT dFZIWHENGD - SISATIUNY ATNINII3YA




QO Sr1
00°0Z1
00*v0T
0588
09"0L
05796
Q5 LY
00 TvE
05792
05"z

QL7611

10014

INIHIY AINIODINL d0014

UL =5 608 T

0OHITNIT WIWIXYW YIA Q3NIVIA0 NOILFI0S

O =SMD74 0M3IZ €0 "ON
O =SMIITLNO MO 40 -
£1  =37IS J4WYS WLOL
9BL ¢ T1Z0-
&11°C CIv Q.
045§ 6870

i Rde "5

w00 000 "Q0OZ
SO0 Q00 "O0NT
QIO =0 SRR & 1815 Tk ¢ TR . _ _
QZO 0 (810]0 2k 0 )54
OS50 "0 Q00 "OT
OOt "0 o000 0T
10T "0 R ¢ 16 T g =
RISy (01918 Rarad
QoLarto o L = S e
IS6 0 0501
L&6°0 £O0O°T
ALTITIAYASNA | a0I1434
AONZI33DXI NMOL3

ON

TEI0

TLAC LT =Y 1SM3L3WNYEYA NIC

£50°21 =X 40 LIWIT M31LA0 N3Mo
“““ 004729 . =(XOW)X
008712 = (NIW) X

60L70  608°T . S3INIS (Y-XINT

NOTLNEIMISIA TWWHONDOT MILIWYMYA-IINHL — SISATYNY -5NSNHTY4

: : ! i . - i
X5 SHA A o/ X Slanys {YA oW Avy own/ x@:
SLIA /X YA CSWA Z XHA SWA/YHA QLIAZJYHA  CLIA Z7YHA CLIA 7

Stinsx9n" wWA/xwn  SWa/xdn  suhsxua

Vi A LA 2V A MIrA FVEIA ™A rsvrtes NI A sAsi koA

9600 EvETO0 __ I88°¢  83IM3IS X NI
098 "0 8501 L& LE 831435 X
A0 e NYIW
SATLSILYLS IVSWys
MIAWAN AL = _ &7 .

D

P O D D 9 @ D

D

2 # 9 W

D



00" 4C1 seoto  ooorocc
00°9Z 1 €00 000SO0T
00" 901 0100 000001
0688 ¢To's . 00005 o
0L 69 G20 "0 00007
OF L8 GOl 0 00001 e
09 "9 GOZ O 0003
08°£F . pomto 000°%
0L 97 008 "0 0sz”
0L 22 %60 080T o
010z 1660 £O0"1
ALIOIEYEGYS 00 dOoIM¥34 -
aoo4 IINGAITINI . NMOL3M
IWIIY AONIAMSIMS dooTd . . ) .
) 0881 = W o
6T =) D07 o8 e =4 L0610 =Y 1SuIITWYHYL £d
A0OHITENIT WAWIXYW YA O3NIYVIE0_NOILNT0S . N
O =SMOTd4 0OM3Z 40 "ON  fe0 sl =X 40 LIWIT H3IIIL0O_N3MOT.
O  =SMIITLNO0 MO =40 CON 00L T = (XUW) X -
P =371 JdWYS. WLOL o o 00B IZ_ =(NIWMMX._ ..
11 SIv'O 960°0 _ FYErO___ 1BS'E 831838 X N1
0LS°F 62870 O9% "0 8.9 °C1 696" LE 831435 X
"% 9 5 0 “A®D “ArS . NYIW___
SOILSIIYLS JT4WYS -

: S ooooM3gWnNN dI = bTI
NDILNEIMLISIO 11T J4AL NOSHYAd 907 -~ SISATIUNY STN3N0AMA




APPENDIX 4.0

MANNINGS ROUGHNESS COEFFICIENTS






TABLE A-4
WATERFORD RIVER
MANNINGS ROUGHNESS VALUES

SECTION LB* RB CH SECTION LB* RB CH
0.100 .050 .050 .040%* 4176.0  .040 .040 .025**
0.300 .050 .050 .030*** 4356.0 .040 .040 .030***
120.0 .050 .050 .040 4608.0 .040 .040 .040
291.0 .045 .045 .035 4840.0 .040 .040 .025
765.0 .040 ~ .040 .040 4865.0 .030 .030 .030
782.0 .040 .040 .020 4880.0  .045 .045 .035
816.0 .050 .050 .040 5405.0  .045 .045 .025
857.0 .065 .065 .055 5445.0  .045 .045 .035
900.0 .070 .070 .050 6970.0 .040 .040 .030

1575.0  .070 .070 .030 6984.0 .050 .050 .035

1590.0 .070 .070 .040 7363.0  .060 .060 .045

2954.0-  .050 .050 .040 7585.0  .060 .060 .050

2965.0 .030 .030 .025 7963.0  .070 .070 .065

2980.0 .050 .050 .040 8232.0 .090 .090 .075

3008.0 .045 .045 .040 8508.0 .095 .095 .080

3694.0 .040 .040 .030 8629.0 .120 .090 .080

3698.0 .030 .030 .015 8842.0 .090 .080 .075

3702.3 .030 .030 .025 8988.0  .035 .035 .025

3722.0 .040 .040 .030 9836.0 .035 .035 .035

3764.0 .030 .030 .020 9870.0 .040 .040 .030

3883.0 .035 .035 .030 10,247.0  .045 .045 .035

3933.0 .035 .035 .025 10,582.0 .080 .080 .065

3945.0 .030 .030 .025 11,758.0  .080 .080 .025

3957.0 .030 .030 .020 11,767.0  .08¢C .080 .065

3957.2 .040 .040 .030 11,930.0 .080 .080 .030

3985.0 .030 .030 .030 11,942.0 .080 .080 .065

4028.0 .040 .040 .030 12,228.0 .080 .080 .025

4070.0 .040 .040 .040 12,233.0 .080 .080 .035

4158.0 .040 .040 .025 12,235.0 .080 .080 .07¢

* Mannings "n" for left bank {LB), right bank (RB) and channel (CH)
** values employed for this section and subsequent sections until revised

*** revised value employed for this and subsequent sections until next revision



TABLE A-4 (cont’d)
WATERFORD RIVER
MANNINGS ROUGHNESS VALUES

SECTION LB* RB CH
12,312.0 .050 .050 .040%*
12,323.0 .050 .050 .025%%%
12,330.0 .050 .050 .030
12,330.0 .050 .050 .025
12,354.0 .050 .050 .040
12,572.0 .040 .040 .035
12,593.0 - .040 040,025
12,607.0 .040 040 .030
12,735.0 .040 .040  .025
12,763.0 045 .045 .035
13,117.0 .045 .045 .025
13,146.0 .045 .045. .035
13,244.0 .045 .045  .025
13,266.0 .045 .045 035
13,470.0 .045 .045 .025
13,569.0 045 .045 .035
12,355.0 .050 .050 .040
12,366.0 .050 050 . .020
12,384.0 .050 .050 .040
12,408.0 .050 .050 .020
12,429.0

.050 .050 .040

* Mannings "n" for left bank (LB), right bank (RB) and channel (CH)
**  yalues employed for this section and subsequent sections until revised

*** revised value employed for this and subsequent sections until next
revision . ‘ '
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FLOOD LEVEL DATA
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