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Attention: Mr. O. Stirajs, Resources Manager

Re: Flood Risk Mapping - Rideau River
From Mooneys Bay to Rideau Falls

Dear Sir:

We are pleased to submit our report of the above-noted study. It
includes chapters on hydrology, hydraulics and engineering
assessment of measures to alleviate flooding along the Rideau
River through the Cities of Ottawa and Vanier,

Two sets of flood risk maps accompany this report: one set gives
the location of the 1:5, 1:10, 1:25, 1:50 and 1:100 year flood

lines as well as the fill line location; the other set gives the
locations of the 1:100-yvear flood lines and fill lines.

The mapping related tasks were carried out by Northway-Gestalt
Corporation and the field surveys and engineering were undertaken
by A.J. Robinson & Associates Inc. with technical advise on ice-
related concerns provided by Dr, B. Michel of Laval University.

We thank the Authority for the opportunity to undertake this
assignment.

Yours very truly,

A.J. ROBINSON & ASSOCIATES INC.
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1. SUMMARY

A flood-risk mapping study of the Rideau River from Rideau Falls
to Mooneys Bay has been completed for the Rideau Valley
Conservation Authority. The flood risk maps provided with this
report, which were produced from 1982 aerial photography, replace
those prepared for the Rideau Valley Conservation Authority in
1972 by M.,M, Dillon Limited and reflect the numerous changes in
the watercourse and its flood plains which have occurred over the
past ten years. The extent of flooding along the study reaches
attributable to the Regional-Flood (100-year return period) has
changed due to additional urban development and local differences
in the topographic mapping and flood elevations resulting from
the two studies. The frequency analyses of maximum annual floods
give lower return period flows than the 1972 Dillon Report, but
the hydraulic calibration and analyses show higher £f1loo0d
elevations for a given return period flood in some areas and
lower water elevations in others. Compared with the 1972-
determined topographic mapping and floodline elevations the
following general statements are made about the current flood-
risk mapping.

The area inundated under the 1:100~year flood in the New
Edinburgh area is approximately the same with slight local
variations due to differences in the contour elevations between
the 1972 and 1982 mappings. In the Kingsview Park area the
construction of the NCC bicycle pathway and the Vanier Parkway
Extension, in addition to higher than previously surveyed roadway
elevations between Wayling Avenue and Tudor Place, cause the
flood line to run closer to the river shore in the more recent

mapping.
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The structural adequacies of the embankments between the Rideau
River and the New Edinburgh and Kingsview areas are, however, in
question and the areas are designated as "areas of reduced flood
risk"., Until such time as the embankments can be shown to be
stable and impervious under conditions of the Regional Flood
(1:100-year return period) the areas should be so designated.

There are fewer homes in the Brantwood Park area affected by the
regional flood conditions than shown in the previous study.
Higher ground elevations and slightly lower flood elevations in
the area bring the flood line closer to the river. In the Rideau
Garden Drive area the flood line does not inundate homes as was
previously reported in the 1972 study. Field surveys confirm
that flooding is contained closer to the river. Slightly higher
flood elevations upstream of Billings Bridge result in the flood
line extending farther up the banks in the Warrington Drive area
with water crossing over Bank Street and inundating the area
behind the Windsor Park Dike-Stage I. The flow width over the
roadway is not extensive, The current pumping system recently
installed with Stage I may be sufficient to drain the flocd
waters entering behind the dike, but the area must still remain
as an area of reduced flood risk, Higher flood elevations in the
Warrington Drive area leads to slightly more area inundated under
the Regional Flood than in the 1972 flood mapping.

Although a rocadway around the Carleton University Sports Centre
has been built above the Regional Flood elevation, the area
between the roadway and Bronson Avenue still remains below this
elevation. The resulting flooded area extends passed the Sports
Centre over Bronson Avenue and behind the Brewer Park Dike.

Those areas presently protected by dikes but below the 1:100-year
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return period flood elevation have been noted on the mapping as a
"Reduced Flood Risk Areas", and the 1:100-year elevation plotted
according to the policies of the Conservation Authorities and
Water Management Branch, Ontario Ministry of Natural Resources.
The affected Municipalities should adopt appropriate Official
Plan Policies and implement Zoning By-Laws which will clearly
define the permitted land uses in these reduced risk areas and
the type of constraints which are to apply to developments.

The current mapping in the area of the Brewer Park Dike does not
agree with the previously proposed top of dike elevations. The
Conservation Authority should complete field surveys in order to
establish the existing dike elevations, Similarily, in the area
of the dike over the sewer on the west side of Bronson Avenue at
Carleton University the mapping does not have spot elevations
matching the proposed dike construction elevation given 1in
Dillon's Construction drawings. It is recommended that the

Authority resurvey this area.

The most feasible and economical solution to preventing open
water flooding with the Regional Flood event is to construct
dikes at several locations along the river., The areas considered
are: Carleton University, Warrington Drive, Windsor Park - Stage
II, Brantwood Park and New Edinburgh.

Ice jams are a major factor contributing to flooding in the
Rideau River. Further improvements to the ice jam prevention
techniques have been suggested. Additional proposed studies
should be completed to determine the feasibility of these tech-
niques.

Control of frazil ice formation at Strathcona Rapids can be
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accomplished by constructing weirs at the upstream end of
Cummings Island to drown out the rapids. Reducing the occurrence
of frazil ice formation and subsequent ice thickening could
reduce the current ice clearing operation costs and flooding due
to ice jamming in combination with higher flows,



=y

S et

3
-t

.

[W—

]

[ —

2. INTRODUCTION

Flooding and ice jam control on the Rideau River have previously
been studied. The preliminary engineering study of the river
from the Ottawa River to Kars prepared by MM, Dillon in July,
1972 [1] recommended dike construction to prevent inundation of
valuable residential and commercial lands. Two of the diking
sSchemes proposed have been implemented by the Rideau Valley
Conservation Authority. The Brewer Park dike and dike extension
have been built for some time and the Windsor Park Dike-Stage I
has been recently completed.

The Rideau Valley Conservation Authority requested that a new
study be completed to determine the magnitude of the 1:5, 1:10,
1:25, 1:50 and 1:100-year return maximum flows in the reaches of
the Rideau River from Rideau Falls to Mooneys Bay (see Figure 1).
The study also included computation of water surface elevations
in the study reaches associated with the established design
flows. Moreover, digitally produced contour mapping at a scale
of 1:2,000 with 1.0 metre contours and 0.5 metre auxiliary
contours was required with the 1:100-year f£flood and £ill lines
plotted on two sets of maps, and the 1:5, 1:10, 1:25, 1:50,
1:100-~year flood and fill lines plotted on another set,

An assessment of the morphology of the Rideau River with respect
to the formation of anchor ice and ice jams that identify
sections of the river which may be particularly susceptible was
to be completed. This assessment was to address, in a prelimin-
ary manner, the feasibility of carrying out modifications to the
river channel to reduce the likelihood of the formation of ice
jams, Any proposed solutions were to include preliminary designs
and cost estimates,
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Many floods large enough to inundate residential properties have
been reported since the early 1860s in the study reaches. The
majority were due to a combination of high snowmelt runoff flows
and ice jammings at channel restrictions. Successful ice cutting
and blasting operations dating back to 1887 have been completed
to prevent ice jam formation. Unpredictable weather conditions
during some spring freshet periods have resulted in the ice sheet
not being removed early enough to prevent flooding above the

normal open water levels.

The following chapters cover hydrology, hydraulics and a
preliminary engineering assessment of reducing the extent of

flooding and ice jam formations,
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3. HYDROLOGY

Frequency analyses were carried out to determine the specified
return period annual maximum flows for the reaches of the Rideau
River between Mooneys Bay and the confluence with the Ottawa
River at Rideau Falls, where the drainage area is 3,860 sqguare
kilometres. Water level readings have been recorded on the
Rideau River at Ottawa since 1916, although year-round measure-
ments were not taken until 1947. From 1947 to 1982, inclusive,
there are records of annual maximum mean daily flows for the
spring flood period with the exception of 1948, Hence there are
35 years of data for use in frequency analyses of annual maximum
mean daily flows, Maximum instantaneous flows have been recorded
since 1971 - except for 1974 - providing ten years of instan-
taneous maximum flow data.

The annual maximum flow series is given in the Historical
Streamflow Summary {2) provided by the Water Survey of Canada
(WSC), Environment Canada, Analyses were undertaken on these
flows, which result from natural occurrences, modified by either
the past or present rule curves applied to the Rideau River at
the Poonamalie hydraulic control structure.

Environment Canada, Flood Damage Reduction Section has published
Schedule B - Hydrologic and Hydraulic Procedures for Flood Plain
Delineation [3] which recognizes that instantaneous peak flows
should be used when analysing an annual maximum flow series, The
observed annual maximum mean daily flows and maximum instan-
taneous flows are given in Table I. Comparing maximum instan-
taneous with maximum mean daily flows for the Rideau River at
Carleton University (Station No. 02LA004) reveals that the ratio
of these two quantities varies from 1.013 to 1,096 with an
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average of 1.053. Both linear and non-linear regression analyses
were carried out between the ratio of the two statistiecs and the
annual maximum mean daily flow; however, no meaningful relation
was found. Thus the arithmetic mean is considered to be the best
estimate, The recorded maximum mean daily flood flows before
1971 and the 1974 value weremultiplied by this ratio to obtain a
maximum instantaneous flow series for the 35-year record These
flow values are also listed in Table I.

The major flood storage reservoir on the Rideau River is in and
upstream of the Big Rideau-Lower Rideau Lakes where the water
levels are controlled by a hydraulic structure at Poonamalie,
upstream of which is one third the total basin drainage area.
This reservoir is lowered in the autumn and winter annually and
is replenished during the spring runoff period; hence the flows
at Ottawa during the spring runoff periods are not a direct
function of the runoff from the total basin. The influence of
the stored water in the Big Rideau-Lower Rideau Lakes reduces the
flow magnitudes at Ottawa during the winter and spring runoff
periods, which is when the maximum annual floods occur.

In 1977 the rule curve applicable to the hydraulic control
structure at Poonamlie was changed [4]. Previous to 1977 the
reservoir levels were controlled almost exclusively to enhance
water conservation for summer operation of the Rideau Canal
System. The policy was subsequently changed to provide as much
control as possible in the high runoff periods so that the down-
stream flood magnitudes would be reduced.

The Poonamalie flow records for the period before 1972 are
available from the Rideau Canal Authority; however, the flows had
been estimated from stop-log settings as well as head
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measurements and are not considered accurate for the purposes of
this analysis and therefore not considered further.

The annual maximum flows at Poonamalie and those passing through
Ottawa from 1972 to the present (excluding 1974) are listed in
Table II. Travel times between the two locations were not
considered in comparing the two peaks., Although the times of
peak occurrences at Poonamalie are known, the times of the
corresponding maxima of the Poonamalie flood waves when they
arrive at Ottawa are not known because of the large volumes of
lateral inflow during flood events between the two locations from
a drainage area twice the size of that above Poonamalie. From
Table IT it can be seen that for the period of common record
before 1977, the ratio of annual maximum mean daily flow at
Poonamalie to annual maximum mean daily flow at Ottawa varies
from 0.069 to 0.139 with an average of 0,096. After 1976 the
outflow from Poonamalie was restricted during spring freshets.
This resulted in maximum flow ratios (Table II) ranging from 0.0

to 0.081 with an average of 0.028.

The maximum instantaneocus flows of the Rideau River at Ottawa,
which are listed inTable I, were altered in order toreflect the
present or the past rule curve applied at Poonamalie, The first
adjustment considered was to modify the before 1977 flows to
reflect the new operational procedure, Instantaneous maximum
flows at Ottawa {Table I) should then be reduced by an average of
seven percent (Table III). The second condition is to increase
maximum instantaneous flows at Ottawa (Table I) from 1977 to 1982
by seven percent (Table III), The latter adjustment was applied
to determine the design flood flows in the study reaches, since
it produces higher flood magnitudes and there is no guarantee
that the current Poonamalie rule curve will continue to be

10
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applied. "Schedule B", cited above, gives reqguirements in a
section on flood frequency analysis for converting regulated
streamflow to naturally occurring ones. Accurate, continuous
records of measured stages and corresponding flows for the period
of record are required to complete such an analysis, Accurate
water level records for most reservoirs in the Rideau River
System are only available from 1978 to the present. Since the
records being studied are for the 1947; 1949-1982 years, this

type of analysis cannot be undertaken,

Frequency analyses were carried out on the annual maximum instan-
taneous flow data listed in Tables I and III using the computer
program: Flood Damage Reduction Program Flood Frequency
Analysis, Water Planning and Management Branch, Inland Waters
Directorate, Environment Canada [5]. Computer printouts

accompanying this report give statistics of these analyses.

Figure 2 is a histogram of annual maximum mean daily flows of the
Rideau River at Ottawa for the 1947; 1949-82 years, The largest
recorded spring flood flow is 583 m3/sec and the lowest is 109
m3/sec. The frequency plot of maximum instantaneous flows given
in Table III is shown in Figure 3. It may be seen from the
figure that the fit is not good. The analysis shows that the
coefficients of skewness for the data are very negative and there
is no distribution which closely fits the data. Upon review of
the data of the maximum mean daily flows for the years 1957,
1961, 1964, 1965 and 1966 it was noted that these flows were very

much below normal, all less than 225 m3/sec.
Low flood flows were recorded in other basins in eastern Ontario

during these same years, mainly in the South Nation River at
Plantagenet Springs and the Mississippi River at Appleton, The

11



annual maximum flow data for the same years for the two neigh-
bouring basins were examined, which have drainage areas of 2900
and 3810 square kilometers, respectively, and are approximately
the same size as the Rideau River basin. The histograms of
annual maximum daily £flows are given inFigures 4 and 5 for these

two streams.

From Table IV it may be seen that the five lowest flood years on
the Rideau River were also the same five lowest £lo0d years on
the South Nation River, although their serial ranking is not the
same, Four of the five lowest flood years on the Mississippi
River are the same as on the Rideau, although again they are not
in the same order. Records of flow kept by the Rideau Canal
Office of Parks Canada in Smiths Falls indicate that during the
five lowest flood years either problems were encountered in
filling the Rideau River System reservoirs or £flows out of the
reservoirs were severely restricted in order to try to fill the

reservoirs for summer regulation.

Statistical tests based on the normal probability distribution
were performed on the Rideau River annual maximum mean daily
flows for the period of record considered to determine the
existence of flow outliers (Appendix A) which were tested at the
5, 2.5 and 1.0% significance levels. There are no high outliers;
however, the maximum flows of the five lowest flood years were
found to be low outliers at the 2.5 % significance level. 1In
other words, one can be 97,5 % confident that flows lower than
244 m3/sec. - the cut off point for outliers - will occur with a
probability of less than 3.3 % in any year., The same outlier
tests were carried out on the South Nation and Mississippi River
flood data, and the maximum mean daily flows of the five lowest
flood years of the same period of record were also found to be

12
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outliers of the 5 % significance level but not at the 2,5% sig-
nificance level (See Appendix B). The differences 1in the
critical significance levels between the Rideau River flood
series and those of the other two streams most likely represent
the higher degree of storage on the Rideau compared with the

other streams.

The annual maximum flood data recorded at the Hurdman Bridge
hydrometric gauge (Station No. 02LA002) from 1947 to 1966 and at
the Carleton University hydrometric gauge (Station No. 02LA004)
since 1967 were tested for consistency of gauge data. This was
completed by the Dalrymple method ([6]. The data sets are
homogeneous, hence the data collected at the two stations are

consistent,

The recorded annual maximum instantaneous flows increased by
seven percent are given in Table II and plotted in Figure 6 along
with the three-parameter lognormal curve which fits this data.
The fit of the distribution is very good, only the thirty-~year
data set was used, ie., the lowest five years of data were hot

included., A copy of the computer printout accompanies this

report,

On the instructions of the Conservation Authority's staff two-
and three-parameter Weibull probability distributions [7] were
applied to the data. The two-parameter distribution gave a poor
fit; the three-parameter distribution fitted the observed data
better. Compared with the three-parameter log normal dis-
tribution, which was determined by excluding the five lowest
floods, the three-parameter Weibull better fits the observed data
at the lower end of the flood range. A weakness of applying the
latter distribution is that the lower bound is a negative

13
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460 m3/sec which is impossible physically. On the other hand, it
is difficult to accept that there could be five low f£lood out-
liers in thirty five years of record. Hence a hydrologist is
faced with the difficult task of choosing the better of the two
distributions, which agree relatively well with the observed data
in the higher flood range, but not at the lower. The three-
parameter Weibull distribution gives a 1l:100~year flood magnitude
of 623 m3/sec; the three parameter log-normal distribution gives

654 m3/sec.

In order to decide which curve fits the flow data better the
standard errors of estimate were calculated. The standard error
of estimate obtained by the fit of the three-parameter log normal
(exluding the five lowest floods) to the observed data is 12.4
m3/sec; the same statistic obtained for three-parameter Weibull
for the same range of flood values is 10.6 m3/sec. The
difference in these values were tested with the FP-statistics
test, and they were found not to be significantly different.
Thus the two probability distributions fit the observed data
equally well in the range of the design return periods. The
difference in maximum flood magnitudes in the return period range
investigated increases with the return period., The difference is
zero percent at the 1l:5-year and five percent at the 1:100~year
flocd.

To be on the conservative side the values of the larger set of
flood magnitudes (three-parameter log normal) will be used in the
calculations of the wvarious prescribed water surface profiles,
The flow magnitudes for the specified return periods are given

below.

14
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The 1972 flood risk mapping study gave a l:100-year f£lood flow of

737 m3/sec which was determined with a Gumbel probability dis-

tribution applied to 1916 - 1972 mean daily data collected only
during open-water conditions. Moxley ({8} gquestiocned the applic-
ability of Ffitting the Gumbel distribution to the flood data and
recommended another curve which more closely fits the fifty-four
year data set. His 1:100-year flood estimate is 609 m3/sec based
on a probability distribution with an upper limit which is not

acceptable on geophysical grounds,.

The three-parameter log normal distribution is used in the
subsequent analysis because it was carried out on maximum
instantaneous flow statistics, which were collected during the
complete spring runoff periods, and because it was developed from
the most recently available data (to 1982) that excludes low

flood outliers and the distribution has a low coefficient of

skewness.

The study reach is approximately eleven kilometres long and the
local lateral runoff is drainage from a 33 sguare kilometre area
- less than one percent of the total drainage area. Flood flows

15
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are measured with precisions varying between ninety and ninety-
five percent. Thus any lateral increases in flow to be
considered along the study reaches are within the bound of
precision that the maximum flood flows are known., Hence it is
not technically sound with the available data to increase the
flows along the study reaches for use in the backwater

computations,

16
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4, HYDRAULICS

4,1 General

A flood profile was established by MM Dillon Limited{[l] in 1972
for the section of the Rideau River between the Ottawa River and
Kars - a distance of 39 kilometres. The floodplain mapping
produced was registered under Ontario Regulation No., 875/76 (as
amended by Ontario Regulation 52/80) for flood elevations based
on the Regional Flood (l00-year return period) flow magnitude of
736 m3/sec. This flow was obtained through flood frequency
analysis of published and unpublished flow and stage data from
the previous hydrometric gauging station at the Canadian Pacific
Railway Bridge upstream of Hurdman Bridge and the current Ottawa
hydrometric station adjacent to Carleton University.

A subsequent study by Dillon in 1977 (9] carried out several
statistical fitting techniques on the recorded flood flows. The
analysis essentially confirmed the previously reported [1]
maximum flood flow magnitudes and corresponding water surface

elevations.

Stage measurements and corresponding discharges have been
available for the Rideau River at Hurdman Bridge since 1916 with
continuous recordings since 1946. Stage recording at this
location was discontinued in 1966, The established rating curves
of stage-discharge at the present Carleton University hydrometric
gauge (No., 02LACO04) and the former gauge site at Hurdman Bridge
{02LA002) have provided a source of observed water level infor-

mation for dice-free conditions.

17
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4.2 Methodology and Assumptions

Cross sections of the river below the 1982 summer water surface
elevations were obtained at representative reaches to check and
supplement the bathymetry completed by the Canadian Hydrographic
Service for the NCC in 1970. The cross-section elevations were
tied into Geodetic Datum. Existing structures, such as bridges,
dikes, etc., which affect the floodline were photographed and
surveyed, Field data obtained included a survey of dimensions
and elevations, Bridge data collected by M.M. Dillon Limited in
1972 was verified and used in this study. The photographs of the

bridges as well as dikes and the bridge data sheets are given in-

Appendix E.

Topographic mapping at a scale of 1:2,000 along the Rideau River
from the Ottawa River to the Hogs Back Road was completed by
Northway-Gestalt Corporation., The mapping strip width varies
along the study reaches to include sufficient contour information
to delineate the floodlines and associated fill 1lines, Cross-
sections of the river and floodplain above the water surface were

taken from the mapping and supplemented by field surveys.

The starting water surface elevations at the Rideau Falls East
and West Dams, used in backwater computations, were the critical
depths over the two dam sills, since the latters are close enough
to the falls to act as broad-crested weirs. When flood
conditions prevail all the stop logs from both dams are removed.
Since the five-year return period flood is at bank-full stage or
higher, these assumptions of critical depths and complete removal

of stop logs are valid.

The east and west channels upstream of the Rideau Falls were
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considered separately to determine each channel effects on flood
profiles, The flow split of 28% in the west channel and 72% in

the east channel was determined through successive computer runs,

The water surface profiles for the specified return period floods
were computed for the compiled Rideau River model using the
current version of HEC-2, the backwater analysis program
developed by the Hydrologic Engineering Center, Corps of
Engineers, U.S8. Army, Davis California [10]. Collection and
processing of data, computational procedures and analysis of
computed profiles meet the criteria and guidelines published by
the Hydrologic Engiﬂééring Center User's Manual and Training

Documents {[1G].

Along the study reach Manning's roughness values ("n" values)
were selected for the main channel and left as well as right
overbank areas from field observations and reference [11l & 12]
and used as initial estimates for all return period flood flows.
Adjustments to the "n" values were made in order to calibrate
with the stage-discharge information for the previous Hurdman
Bridge and the present Carleton University hydrometric gauges.
Coefficients for bridge hydraulic loss computations were selected
from the HEC-2 User's Manual [10] for flow contraction, f£low

expansion, pier shape and coefficient of discharge.

The HEC~2 river model at bridge sections was coded with the
necessary information for the Normal Bridge or Special Bridge
Routines, 1Initial HEC-2 computer runs indicated that the 1:100-
yvear flood water level would reach the level of the low chords on
several bridges, namely, Cummings Bridge and the 01d Hurdman

Bridge because of the arched bridge openings, The Cummings
Bridge was simulated using the Normal Bridge Routine because of
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the arches. All other bridges were simulated using the Special

Bridge Routine.

The existing Brewer Park Dike and the section of the recently
finished Windsor Park, Stage I Dike were coded into the HEC-2

River model, and flood profile computations completed.

4.3 cCalibration

The points of calibration for the HEC-2 river model are the known
and extrapolated stage-discharge curves for the old Hurdman
Bridge gauge and the Carleton University gauge., There have been
four stage-discharge curves developed by WSC for the Hurdmans
Bridge hydrometric gauge throughout its period of operation -
1916 to 1966. The reason for the different curves is because of
changes in the river regime and hydraulic control points, which
occur in every river especially those that traverse urban areas.
The latest developed WSC stage~discharge rating was developed
from current metering data collected in the 1960 to 1966 period.
Since it is based on the most recently available data, it is used
for hydraulic calibration because it should closely represent the

existing river regime,

The stage versus discharge points for the designated return
periods flows are listed for each gauge on the following page.

20




RN

e —

hmeiadd

st an

| .
Lincrmyss g [FEPR VY]

]

4
b mare

Of Occurrence

Number

Rideau River
at Ottawa

1947; 1947-1982
Station No. 02LAQ004

Histogram of Annual Maximum

Daily Flows
6 ]
5 —
4 -
3 o
2 —
|
_ -
100 200 300 400 500 600

Annual Maximum Mean Daily Flow {(m3/sec.)

Figure 2







0z o1 E z 1§00 10800 100
Cl L | o L
| £0-Aungoaoda Gl
* “ NS FO S P USSR SR SO O S
, . B il _,f _ .
b _ SR :
L f R H .
z W. _ : , ,m .
: : | e ‘
| oo : Ea
; w4 n
..... ,
— H
[ At SIS T R i S ety e s SO LR SCRTPVRNINT S EUSTesY SHSN R RSO SN o
....... M

(s32)

b
— o . - *
L
' L ..
«*
. SRR R O R
it [ H
: B
I ; . ] :
| el E ¢
| S :
) : . ol
o F:“omw..:_mﬁwmz 6o " Lajawning el _ 1T
o P B _.M‘l. ._”:n P P SN R - ._.-'Fr»:
“ e i MO :oocEcEwS.sEgi_xo b L
B B e e e S B e e b e s GEEN T
: R . - : | Z TN
TS P WU NN RS P , . DMDUO [y oAy ndopiy :
i o B - . T . . .. [ R R [ [P T N 1) [ - ! - [ '
o B A N LS i
— [ - L T R RSSO FUV S SIS SR
: p— e e : , _ i e
T IO B I DY B , e B T o PSRN S M i |
01 _H| P A _ A : S O ER T I N m | e
U0 60010 20§01 b q 0 . i Bt ey 0 (% ae e e 96 666 _ eees Ui

-y SPN P . . N
4 - 0 Am ...».»\...J. Prrrad b bl Preardom vy P ot Bt A \wt.,_r.d“ R ] Lannsiniide | - .a






Of Qccurrence

Number

SOUTH NATION RIVER
NEAR PLANTAGNET SPRINGS

1947,1949 -1982
Station No. 02L.B0O0S
Histogram of Annual Maximum

Daily Flows

200

T T T T

400 600 800 1000

Annual Maximum Mean Daily Flow (m 3/sec.)

1200

Figure 4







ron .
vl weeind s

. ‘ . ) :
| PR M miord [

b

crmninel

’
[ DI

Tatumnt Lm‘w

\
AT

bmisie

[IReEHSeY

Number Of Occurrence

o
1

Mississippi River
at Appleton
1947,1949-1982

Stotion No. O02KFOOb

Histogram of Annual Maximum
Daily Flows

50

100 50 200 250

Annual Moximum Mean Daily Flow (m3/sec)

Figure 5







66'66 666 266 86 G6 0% oR 0 s 05 ne {1 07 m i ;

.1 . 8 , : : ; [ &0 20 10400 100
m BE —- — - ” I e e i , e
”. L9 BN - S RUEY TN TR RN PRSI B S N N
,” SN o . 1 4uadlag = dauspeabx3 ;o Akiqogoly Mf S _. :
. I A e b L
. . [ . i . o Vi PN . . | . R ol
: . i _ ; PR , [ . . ._._ S . . - . N
m I AR B S | e Sy
! . _ ' 1 ! ,. .tl.. .._ B L.Il [ - . .5 . .
SRR DS B L - _ m “ : ¢
IR 10 I | NN .
_ _ | Co | i
] . SR . | Ll S
' . o t . ] | . v
m L ! | R
' - " : j | o
e . ﬂ . NIV DT R )
_ 3 INUSENS NI OO PR IS NSAPY NS 0 A B m
. e . st . 1 ....
...‘.mn.\ w f‘. -2 - . m Z e an .- S e
m LTS RS I - [ .. ﬂo.. . e l:w PRI S S ; .
A NS SIS DU (RS VU SN EON O L RN D )
: B SO0 ] i R - —
S P
' “ ' f . EEEE
T 8 : SRR ! S
R & I ES S RWE
' . P B - PN h Lol i ! . . : B
N T UonHog _UEL_oz..udew _QoE_ho._on_ ] e , R
1 AN 00 T A A R (R 3.V T SNO3uD[uD)SU| E:.E_xo T e
L N o - 7_ BT N
[ " AR i B I n;dzo 1<zum>£ R 22 R — SR
...... b b e e S o T aAINy %ocmncmhu.-! %..-!.I‘T...-aiz.m,Ef.-
- rd I;lwhi.w. T R W ” . S O A B S S S i | .-l..lm.irélliwill.%r__
SR L N S R o A S SR TOR R N § -z.,;p!s R NI

il 800160 <0 &0 f Z - 1 o s AT T AV

f I P T e mmy P ey Lt ] ——— ey R RNY B . by R e Mmoo

('s¥D) Mmor4

~






6666

2 8unbig

&

002 001 0O Oc o}

866

T
L
T

66

66

dRRA - poliay Uinjay
g

[6M] e
. .-

0 T0 S00 0o

1o

i
I T i N m . [ . bempomdee
L.l 14 . L 1 oo [N I -
H, ._.wz _ ! L N [ JL_,;W#;N-;
L ARSI S 2] SRR
ﬁ. r sl + rn,n,—..m .
i o i N-.,. w.u 1
= o B w I S i S G A
. IREE ‘- L b fo]o]}
i i PR A + ' H +
R I O W . ! . .
IR SR .w
B | i L m— *
SR | A
t m ! o ! PR O
L _ 1 i i . Lol
RS T 002
b il | : ” tead o
b ] SN
_A L ' - -
AR R M P
Fils ' | .
O T - 00¢
CLTERE ] i
e _. | e
| 1 7
P i .
1 o :
Lt ; Ve
. *ﬁ i Qov
: , 1 .
. ﬁm P ! .
PR S A e
Cil ﬁ ;
1 __ Yo
Ll S N
Sl i ey 00s
! i
Do U AT
H [ N O A
i i vif i b
: RTEE
g - 1 T 009
P et
[ 3 2 [SOUI I
RS uE A
SRR TR R
“ .‘m N L ' ool 4s a . O
T R : :
{ | | beo PR PO 0L
G UL AR S
5 Pl — e ER
TN i o .\\., U_ — -
VLR T W ﬁ
! w i 4 i A, : 1 p L, _ -
vl . H :
L : g~ I ™
Pk N Lo
L Sarn mrac) ERRRE LIS N LA AR SRS SO NSV MRS RN BN RSO B mhn._._ ca P B
SRR i sl
I S “ 1l
G0

K66 6’66 £6'66

29s /g W - MO|4






Hurdman Bridge Gauge Carleton University

Return Maximum GSC Elevation GSC Elevation
Period Flow Rating Model Rating Model
{yr) Curve Calibration Curve Calibration
(m3/sec) (m) {m) {m) {m)
5 513 57.45 57.44 60.08 60.06
10 552 57.56 57.56 60.20 60,20
25 598 57.70 57.70 60.34 60.35
50 626 57.79 57.78 60.42 60.41
100 654 57.87 57.85 60.50 60.49

The initial estimates of the Mannings roughness "n" values were
too low, and adjustments were made to the "n" values in the main
channel and some overbank areas. The Special Bridge Routine was
used in computing bridge losses in order to account for the
presence of piers at most bridges. The Normal -Bridge Routine was
used for the Cummings Bridge because of the sloping bridge deck
and the multiple-arch openings between piers, since they cannot
be approximated by a representative trapezoid for use with the

Yarnell equation for low flow in the Special Bridge Routine.

4,4 Design Flood Profiles

The design return period flows were used to compute water surface
elevations at various points along the river. The final flow
split in the east and west channels around Green Island upstream
of Rideau Falls was 78 and 28 percent, respectively. The final
adjusted Manning's roughness ("n") values provided a good
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calibration of the HEC-2 river model, The model accuracy at the
old Hurdman Bridge gauge was +-0.01 m, and +-0.02 m at the
Carleton University gauge for all return period flood profiles,
The water surface elevations at various points along the river
for the design flows are listed in Table VI,

Two sets of flood risk maps accompany this report. One set has
all the prescribed return period flood and fill lines plotted;
the other has the 1:100-year flood and £ill lines. The fill
lines, which restrict the placement of f£ill adjacent to the flood
lines, have been set at approximately 15 metres back from the
flood lines or of the top of slope if a flood line crosses an
embankment. As much as possible the £fill lines have been set

along property or house lines,

4.5 Changes in Flood Line Elevations

The Regional Flood (1:100~-year return period) line has been
plotted on the 1:2,000 scale, digitally produced topographic
mapping completed by Northway~Gestalt Corporation ({Sheets Nos. 1
through 16) which accompany this report. The new floodline
corresponds to the floodline established in 1972 in most areas

through the study reaches.

Differences in water elevations are due to the different Hurdman
Bridge rating curves used in the calibrations and the lower
maximum flows for various return period flows used in the current
study. In other reaches the water surface elevations for various
return periods are higher in the current study because of the
additional calibration carried out with the Carleton University

gauge data,
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In the New Edinburgh area slightly higher Regional Flood eleva-
tions result in more lands being inundated, Several more houses
are within the floodplain than were shown on the 1972 mapping.

The previous mapping showed a rather large flooded area in Kings-
view Park. Due to the recent construction of the bicycle path by
the NCC and the Vanier Parkway extending along the original River
Road alignment in this area as well as across St. Patrick Street,
the formerly designated flooded area in the City of Vanier around
Landry and Charlevoix Streets is no longer inundated with the
occurrences of the 1:100-year flood. The structural adeguacy of
the embankments between the Rideau River and this area is,
however, in guestion and the area is designated as an area of
reduced flood risk. Until such time as the embankment is found
to be stable under conditions of the Regional Flood (1:100-year
return period) the area should be so designated.

Field surveys were completed in the area of Tudor Place and
Wayling Avenue in the Kingsview area. The ground elevations
obtained in the field show that the Regional Flood line is
contained close to the right river bank.

In the area of the Rideau Tennis Club, extensive gabion walls
have been constructed to prevent damage from ice since the
previous mapping was undertaken. The new 1:2,000 mapping shows
that the Regional Flood line does not extend as far up the river
bank as was shown on the 1972 mapping in this area., The computed
flood elevations are lower in magnitude resulting in a substan-
tially smaller flooded area.

In the Brantwood Park area the slightly higher flood elevations
and the higher topographic elevations lead to smaller flooded
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areas included within the floodplain for the Regional Flood.
One slight difference is that ground elevations in the area of
the intersection of Centennial Blvd and Bullock Ave are higher on
the new mapping, which exclude a number of houses from the flood
plain, The designated flood plain in the area of Rideau Garden
Drive is not as extensive as formerly due to higher ground
‘elevations on the new topographic mapping. Several houses are no
longer situated within the Regional Flood line.

In the area of Rideau River Drive and Smythe Road, the extension
of the roadway and filling of the area adjacent to Smythe Road

means higher land elevations prevents some flooding.

A portion of the 1972 proposed Windsor Park Dike has been
recently constructed to prevent flooding in the area of Windsor
Ave and Riverdale Ave., The topographic mapping and construction
drawings for Bank Street at Riverdale Ave show a low point in the
road which is below the Regional Flood elevation, The area
behind the Windsor Park Dike -~ Stage II will still be subject to
minor effects of the Regional Flood., The current flood risk
mapping in the area of Warrington Drive and Harvard Ave is more
extensive than on the 1972 mapping. The present computations
give a flood elevation approximately 0.15 m higher than the old
floodplain mapping.

The Brewer Park Dikes were built high enough to prevent the
Regional Flood from flowing over the dikes, however, at present
the flood waters will flow over Bronson Avenue from the Carleton
University area and inundate areas behind the dikes, The desig-
nated flooded area around Carleton University shown within the
floodplain on the 1972 mapping is slightly larger in the current
mapping.
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5. PRELIMINARY ENGINEERING ASSESSMENT

5.1 Introduction

The Rideau River downstream of Hogs Back Road has been subjected
to serious flooding during snowmelt runoff periods since the
former community of Bytown was settled. The City of Ottawa has
carried out blasting operations to eliminate ice jams, and hence
alleviate flooding, since the 1880s. Each year throughout the
1900s the City of Ottawa has normally dynamited the ice cover
before the main flood occurs in the spring. These blasting opera-
tions start at Rideau Falls and progress upstream to Billings
Bridge, Where there are electric conduits and water mains ,etc.,
buried beneath the stream bed, keys are cut beforehand traversely
across the stream so that the conduits will not be damaged. When
the ice sheets between the keys are subseguently blasted the
broken ice pans flow downstream until they enter the Ottawa

River.

The details of these ice clearing operations will not be
described here; however, these operations are dangerous as well
as costly, and one of the tasks of this study is to consider in a
preliminary way means of improving these operations and recom-
mending feasible alternatives to prevent flooding in the Rideau

River through ©Ottawa and Vanier,

The two main categories of remedial measures of eliminating or
reducing flooding are: 1) improving ice clearing operations, and
2), change the flow regime of some river reaches so that water
surface elevations will be lower for a particular flood magnitude

in either open-water or ice-cover conditions,
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The water surface slopes in the downstream half.of the eleven
kilometre long study area are in the order of 1:10,000 m/m and
in the upstream half about 1:1,000 m/m., There are two major
rapids in the study reaches, Strathcona Rapids and those adjacent
to as well as upstream of Carleton University. There are also
small rapids in the reach from Strathcona Rapids to Hurdman
Bridge and some smaller ones occur upstream of Billings Bridge,
The smaller ones are submerged during high flows; however, the
larger rapids at Carleton University and Strathcona Park are at
locations where frazil and anchor ice can readily form during
relatively high December flows (approximately 100 m3/sec). The
high velocities at the rapids a;d the river and atmospheric
thermal regimes during freeze up periods, cause frazil ice and
hanging ice dams to form downstream of the rapids. These ice
formations raise the water levels during subsequent spring runoff
periods, The normal ice sheet thickness can be one metre or
more, and the occurrence of frazil and hanging ice dams cause

greater ice thicknesses and ice jamming in some locations.

The various alternatives to eliminate flooding or reduce flood

levels considered in this study are:

1. Controlling the upstream flow entering the reaches during
runoff conditions;

2, Divert flow through the Rideau Canal downstream of Hogs Back
Road during high flow occurrences;

3. Flow control during ice sheet formation;

4, Modifying the current ice clearing operations that are
carried out to eliminate ice jam formation;

5. Raising the water level at Strathcona Rapids to drown out
the rapids during periods when frazil ice forms;

6. Excavating the channel at one or more hydraulic control
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points to reduce the flood levels; and
7. Building dikes along the reaches where there are flood-prone

areas.,

These alternatives will be considered in greater detail in the

following paragraphs.

5,2 Control of Upstream Flood Releases

The Rideau River drainage basin is 3860 square kilometres of which
1273 square kilometres are upstream of the Poonamalie control
structure. The outflow from Big Rideau-Lower Rideau Lake has been
reduced to about 10% of the corresponding flow at Ottawa during the
passage of flood peaks in Ottawa since 1976. One additional means
of reducing the flood peaks, and in turn the flood levels in the
Study reaches, is to store water during the passage of the main
stem flood in an additional reservoir, or reservoirs, constructed

on the Jock River or Kemptville Creek or both.

The drainage basin of the Jock River is 588 square kilometres,
549 of which are upstream of the hydrometric gauge near Moodie
Drive, This basin represents about 21 % of the 2560 square
kilometres of uncontrolled drainage area downstream of Poonama-
lie. The Jock and Rideau Rivers usually peak concurrently during
spring runoff, and the average ratio of the Jock River to Rideau
River recorded maximum flood flows is 25%. Because of these
characteristics there would be a flow magnitude reduction in the
study reaches if a control structure were built at Richmond.
Acres Report [13) states that such a structure would reduce the
peak outflow by 23 m3/sec for the 1l:10-year flood and no substan-
tial reduction would be realized with with floods of 15 years or
longer recurrence intervals. The storage volume available is 41
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million cubic metres[MCM], Acres' report stated that the 1:10
vear flood elevations would be reduced by 0.08 metres in the

study reaches.

There may be a storage site on the reaches downstream of Richmond
on the Jock River; however, the drainage area between Richmond and
the confluence with the Rideau River is relatively small so that-
there would be no advantage of having a storage reservoilr
downstream of the one considered by Acres at Richmond, which would
provide flood protection at Richmond as well as some in the Ottawa
reaches, Hence a reservoir on the Jock River would not markedly

reduce the flood peak magnitudes nor flood damage in Ottawa.

The drainage area of Kemptville Creek is 466 sguare kilometres or

18 percent of the uncontrolled basin downstream of Poonamalie.

The stream gradients are mild, and the only significant storage

areas are in the headwaters of its two tributaries - the South and
North Kemptville Creeks., On the latter stream there is 3,1 MCM
storage available at Cranberry Lake, and 2.8 MCM available at
Oxford Mills on the South Branch {14 and 15}, These storages are
much smaller than the proposed one at Richmond on the Jock River
and their drainage areas are much less, hence their possible con-
tributions to flood attenuations at Ottawa are small, Because of
low stream gradients there are no suitable, larger reservoir
locations on the downstream reaches of Kemptville Creek. Hence the
possible influence of storage reservoirs on the Jock River and
Kemptville Creek on flood level reduction in the study reaches is

not sufficient to warrant further study.
A possible reduction in the flood hazard may be realized along

the study reaches by storing more water in Big Rideau-Lower
Rideau Lake upstream of Poonamalie during freshet, ie., do not

28




g

s

ot

i

-y

e

s
[P

brtnis

L Nimpin i)

P, T L..o- - i\wM

R

ooy

allow any discharge from the lake. This is not considered to be
feasible for two reasons: Parks Canada has attempted to control
outflows since 1976 - normally less than three m3/sec - during
peak flood occurrences; and the Poonamalie control structures
only control 33% of the drainage area of the Rideau River basin.
Although there is a little more storage at each of the downstream
locks and upstream of the control structures, their total storage
is not large enough to appreciably attenuate the flood peak in
the study reaches. Thus the Poonamalie control structure cannot
be used more effectively than it is at present in attenuating the
peak flood flow rate of th Rideau River through the study

reaches.

5.3 Flood Releases Through The Rideau Canal

One possibilility of alleviating some flood damages in the Rideau
River through Ottawa during large floods is to allow some of the
flood flow through the portion of the Rideau Canal System from
Mooneys Bay to the QOttawa River, thus reducing the flow magnitude
that is conveyed through the Rideau River., Calculations in-
dicated that approximately 28 m3/sec could flow through the canal
system without damaging the locks or eroding the channel banks.
A consideration, which has not been conceptually resolved, is how
to free the canal of its ice cover in a reasonable duration
before the flood peaks without causing structural damages and
without interfering with traditional recreational use of the ice
covered canal. 1In any case the flow rate of 28 m3/sec, which 1is
the largest that the canal can feasibly carry, when subtracted
from the maximum flow rate in the Rideau River would decrease the
water surface elevation upstream of Cummings Bridge by 0.08 and
0.11 metres for the 1:100- and 1:50-year floods, respectively.
Hence using the Rideau Canal System through the study reaches is
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not considered feasible because of its small effect on Rideau
River flood levels and the expense of adapting the Rideau Canal

for reliable hydraulic conveyance in early spring.

5.4 VUpstream Flow Control buring Ice Formation

Frazil ice, which causes some of the thickening of ice sheet as
well as anchor ice and hanging ice dam formations, results from
supercooling of water particles in rapid flow locations. Thus,
if the flow variation, during the periods of the vear when the
air temperatures are below freezing and an ice cover is forming,
is minimized there will be less frazil ice produced, Hence one
possible means of lessening the ice jamming potential is to have
the flow rates in the lower river system fluctuate as little as
possible during the formation period each year. One result would
be that ice formation and subsequent thickening of ice sheet
immediately downstream of the Strathcona Rapids would be

minimized.

With a reservoir built on the Jock River and the freedom to
control Poonamalie releases, about 48% of the basin runoff could
be controlled. These measures alone are not adequate to stop
rapidly rising and falling water stages during winter rainstorm
conditions especially when rain on frozen ground runoff occurs
which is a common event in the Rideau River basin in December and

January.,

Although there would be some benefits from enacting upstream con-
trols, its feasibility cannot be assessed until a comprehensive
study on the study reaches winter regime and Rideau River winter
hydrology as recommended by Dr. Michel -given in Appendix C- has

been completed.
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5.5 Ice Sheet Removal

Meetings were held with Mr, W, Freitag of the City of Ottawa to
discuss the city's ice clearing operations. Also Dr, B, Michel,
a river ice expert, inspected the river reaches and the ice
clearing operations and later met with City of Ottawa and the
Conservation Authority officials. He submitted a letter report

on his findings and conclusions, which is given in Appendix C.

Basically he concluded

-~

"The present ice control operations are the best to
prevent jamming and they are fine~tuned to the river
hydraulic and glaciological regime, However, because
of the high annual cost of the ice clearing operations
I recommend that studies be undertaken to either
improve them or to design permanent works that would

reduce costs,"

In order to assess the feasibility of these alternatives he

recommended two studies be commissioned

a) " A comprehensive study on the winter regime, on the
evolution of ice cover and on ice control operations as
well as their effectiveness in preventing flooding,
This report should also include the hydrology of the
upstream basin and its influences on winter flash
floods and the pre-breakup use of water to imprdve the

ice clearing operations,"

B) "A study on possible improvements to current ice control
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operations such as full mechanization of key cutting,
blasting alternatives, ice dusting and floating ice

breaking devices,"

Most of the information required to undertake the first study is
available from the City of Ottawa, the Rideau Valley Conservation
Authority and Parks Canada files, There is extensive technical
literature on most phases of the second study.

5.6 Drowning Strathcona Rapids

The average summer flow in the Rideau River at Ottawa is
approximately 20 m3/sec (non-storm flow); the average December
storm flow is about 100 m3/sec and the average annual £flood,
which is due to snowmelt runoff, is approximately 450 m3/sec.

The Strathcona Rapids either do not freeze over or their location
is the last one along the study reaches to freeze over each year.
In the reach between Cummings and Hurdman Bridges the adjacent
lands are subject to flooding during the high return period £loods
fFigure 8]. Some of this flooding results from the frazil ice and
anchor ice formations in the reaches downstream of Strathcona
Rapids caused by restricted hydraulic conveyance during the spring
runoff period,

One means considered to reduce or eliminate frazil and anchor ice
formations in this location is to reduce the velocities of flow
at and in the vicinity of the Strathcona Rapids when the ice
cover is being formed. This could be accomplished by building
two broad-crested weirs across the river upstream of Cummings
Bridge in the two channels adjacent to Cummings Island [See
Figure 9]. One weir could be approximately 55 metres long and
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would extend from the east shore (Vanier) to the island and the
other would be 95 metres long and would extend from the west
shore (Ottawa) of the river bank to the island. The simulated
weirs have 1.75 m crest lengths and rounded upstream edges.

Various weir cross-sectional shapes as well as invert elevations
were considered in order that the combined hydraulic conveyance
rating through the two weirs would have such characteristics that
the upstream water surface elevations would be higher than they
are under current conditions at flow rates around 100 m3/sec and
are not above, or at most only a little above normal, when the

high annual floods occur in the spring.

Various combinations such as weir type, triangular and rec-
tangular -in each channel around the island, weir 1invert
elevations between 52.5 and 54 metres as well as the triangular
notch angle between 140 and 160 degrees were simulated. Both
weirs were considered located at the upstream end of Cummings
Island (See Figure 9 ). The rating curve of the combination of
two weirs, with various physical geometries, were compared with
rating curves of the flow with the present stream geometry in
order to determine rating curves of the two weirs in place that
would have higher water surface elevations at low flows and lower
than current conditions at high flows (in the neighbourhood of
annual maximum flows}. It was found that there were two com-
binations that provided the desired results, Both have a
rectangular weir in the 55-metre wide east channel and a

triangular weir in the wider west channel.
Both cases had the invert of the triangular weir set at

52.5 metres and the rectangular at 54 metres, In one case the
notch angle was set at 140 degrees in the other 160 degrees. The
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initial calculations showed that both combinations would give an
increase in water surface elevation at the 1island of
approximately 0.6 metres above existing conditions when the flow
is 100 m3/sec and less than existing with flows above 400 m3/sec.
These hydraulic conditions do not consider the influence of the
backwater due to the downstream hydraulic control.

In order to take into account the backwater effects the weir
combinations simulated at the upstream end of Cummings Island
were tested with the HEC2 model, and the water surface elevations
determined in the river reach between station 2490 and 3909,
which are tﬁe cross sections immediately downstream and upstream
of Strathcona Rapids. Because of the backwater from Cummings
Bridge, the increase in water elevations for the considered flows
were not as high as when the hydraulics of the weirs was con-
sidered alone, For the 160 degree notch welir case it is about
0.08 metre; and for the 140 degree notch weir case it is about

0.17 metres,

The average velocity at the Strathcona Rapid section with the
existing channel section when the flow is 100 cms is 94 cm/sec.
This is decreased to 82 cm/sec for the 160 degree notch weir
case and to 77 cm/sec, for the 140 degree notch weir situation.
These are not significant decreases in water velocities and would

not significantly decrease the formation of frazil ice.

The two broad-crested weirs were simulated again with the invert
at at elevation 54.5 metres which gives water surface elevations
higher than 57.0 metres with flow rates higher than 350 m3/sec
and an increase in water elevation of one-half metre. The
maximum spatial average water velocity in the rapid reach is
64 cm/sec when the flow rate is 100 m3/sec., Frazil ice will form
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when water is flowing at velocities greater than 25 cm/sec when
the water particles in the turbulent flow are supercooled. Thus
frazil ice still will form at the Strathcona Rapids if broad-

crested weirs are placed at Cummings Island.

With the weirs in place the rapids will be drowned out. Al though
the velocities will be reduced only slightly the turbulence most
likely will decrease by a greater extent, The weirs under these
flow conditions would not be drowned out by the downstream con-
striction at Cummings Bridge, hence there will be rapid but
smooth flow immediately downstream of the weir. The weirs could
be effective if the turbulence immediately downstream of the
welrs is less than it is over the rapids with the current con-

ditions.

In order to assess the effectiveness of this measure physical
hydraulic modelling or sophisticated hydrodynamic numerical
modelling would have to be carried out on the river reach from
downstream of Cummings Bridge to upstream of Strathcona Rapids.
These are beyond the scope of the present study and should only
be considered after the other alternatives are reviewed.

No doubt if weirs were placed with invert elevations higher than
55 metres the Strathcona Rapids would be drowned out when the
flow is approximately 100 m3/sec (during the formation of an ice
cover); however, the weirs would cause such high water surface
elevations during spring flooding periods that there would be
overbank flooding in the reaches between Cummings and Hurdman
Bridges. Flood elevations would be higher than those that occur
under existing natural conditions. This would outweigh the
advantages of the weirs eliminating or hampering formation of ice

jams. Thus this alternative will not be considered further.
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Mathematically modelling weirs at other locations along the river
was not considered because the only other area where there are
rapids is upstream of Billings Bridge. There the water stream
gradients are so high - 10 times higher than in the lower reaches
~ that the weirs would not be effective. Moreover, these areas
are not the ones where ice jamming and serious flooding occur.

5.7 Channel Improvements

5.7.1 General

The location and elevation of bedrock in the Rideau River are not
precisely known with the exceptions at Strathcona Rapids and at
the geological fault that crosses the Rideau River at Carleton
University. A 1:50,000-scale map labelled Bedrock Topography of
Ottawa-Hull gives the bedrock elevations with 25-foot contours
[16]. The map shows bedrock elevations varying between 45.7 and
53.3 metres above Geodetic datum in the study reaches; however,
the map is not precise enough to obtain bedrock elevations where
channel improvements are considered. All bedrock excavations

considered to lower the flood stage or move the hydraulic

" controls are at high points on the riverbed profile [see

Figure 8]. It was assumed that the riverbed at these locations
consists of rock only, since if there was overburden the action
of annual flood velocities and ice movements would have eroded it
deeper during the 10,000 years that the Rideau River has been
flowing in its present course. At Hogs Back Road the rock is
limestone of the Ottawa Formation, downstream there is black
shale of the Billings Formation and in the lower reaches there
are the dark grey limestones with shales of the Eastview

Formation. The cost of excavating this rock is based on building
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and removing berms, blasting the rock and removing it.

A number of channel improvements have been considered which would
lower the floodwater elevation in some reaches and help alleviate
ice jammings and subsequent backwaters, Unit material costs
which were obtained from various sources, including the Rideau
Valley Conservation Authority, are given in Table VII.

5.7.2 Strathcona Rapids

Excavating the bedrock at Strathcona Rapids from the present
maximum rock invert elevation of 54.6 metres to a lower elevation
at a location where the streambed is approximately 125 metres
wide was considered (See Figure 8). One possibility is to
excavate to elevation 53.95 metres. This involves blasting and
removing 7200 cubic metres of rock at a cost of $576,000. This
would lower the water surface elevations immediately upstream by
nine centimetres and by five centimetres at Hurdman Bridge during

a 1:1080-year flood,

The other possibility at Strathcona Rapids is to excavate to
elevation 53.80 metres. This would involve blasting and removing
10,640 cubic metres of rock at a cost of $ 851,000.00. This
would lower the water surface elevation immediately upstream by
eleven centimetres and by five centimetres at Hurdman Bridge

during the Regional Flood.

5.7.3 Cummings Bridge and Island

The 1:100-year open water level through the Cummings Bridge is
below the crowns of the arches, nevertheless a small backwater
occurs. The major problem at this location is when ice is
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flowing with large spring floods., Ice jams have occurred at the
bridge during large annual maximum flows causing serious flooding
in the upstream reaches such as that which occurred in February
1981, The river turns to the west just downstream of the bridge
hence the water surface will be super-elevated on the east side
during high flows making it more susceptible to ice jamming,
since there is a higher probability of the eastern bridge span

openings being blocked with ice.

The total length of the arched bridge is 170 metres with five, 26
metre spans and a series of smaller arches. An effective way of
eliminating the susceptibility to ice jamming is to replace the
bridge with a one- or two-span bridge. The cost would be
approximately $ 4,000,000, including removing the existing
bridge. Since the bridge is 0ld and discussions have taken place
at the Regional Municipality level to modify it, this possibility
should be considered further,

Improved hydraulic conveyance of the bridge would be somewhat
negated if the Cummings Island located immediately upstream of
the bridge retards the large magnitude flows which would cause
higher backwaters and reduces the hydraulic effectiveness of
building a new one- or two-span bridge. The combined cross
sectional area of flow in both channels around Cummings Island is
larger than that of the bridge at flood stages, hence the island
is not presently constricting open water flow.

5.7.4 Porter Island

The next possibility is excavating the channels on hoth sides of
Porter Island to elevation 53.2 metres and completing rock
excavation in the channel to the St, Patrick Street Bridge to the
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same elevation. This would involve excavating 13,100 cubic
metres of rock at a cost of $1,048,000. The 1:100-year water
surface elevations would be lowered by five centimetres at the
northern Porter Island Bridge, ten centimetres at St. Patrick
Street Bridge and eight centimetres at the downstream edge of

Cummings Bridge,

5.7.5 ©8t. Patrick Street Bridge

This bridge was built where the streambed is high - elevation
53.65 metres, The excavation width considered is 155 metres.
Two possibilities were investigated: one is to‘excavate the
bedrock to 53.35 metres; the other is to excavate it to'53.2
metres. The first conditions would involve excavating 720 cubic
metres of rock at a cost of $58,000. This would lower the water
surface elevation by one centimetre for the 1:100-year flood.
The second possibility would involve excavating 2400 cubic
metres at a cost of $192,000. This would lower the 1:100-year
flood water surface elevation by two centimetres immediately

upstream.

The stretch of the river near St. Patrick Street Bridge is under
the backwater influence of a downstream hydraulic control., Hence
it is not feasible to consider excavating to any depth at this

location without also excavating at other locations,

Another possibility is to excavate the channel bed from
St., Patrick Street bridge to the southern end of Porter Island to
elevation 53.2 metres, This lowers the 1:100-year water surface
by another one centimetre. The total rock excavation is 6000
cubic metres and it would cost approximately $480,000.
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5.8 Diking in Flood Prone Areas

5.8.1 General

The measures considered were dikes placed along the shore
adjacent to areas where the ground elevations are below the
Regional Flood elevation. The proposed dikes top widths would be
two metres and side slopes four horizontal to one vertical. The
height will be up to two metres with 0.6 metre freeboard above
the 1:100-year flood line to account for enbankment settlement
and wave action. The cross-sections will be trapezoidal and will
be constructed of £ill material. The in-situ overburden will be
excavated to the bottom of organic material along the route over
the width of the dike in order to key the dike into its
foundation. Topsoil, 80 mm thick, is to be placed on the dike
side slopes and then seeded in order to develop stable slopes

that are erosion-resistant.

Since most of the dikes are either in or close to parklands the
tops could be paved with asphalt (40 mm thick) with a 100 mm
layer of gravel base underneath to form a bicycle path. The
proposed dikes have been located so that they will follow as much
as possible the borders of parks and property lines. The dikes
are situated inshore so that the park land will still be part of
the 1:100-~year and smaller recurrence interval floodplains. The
total number of residential properties that would be protected by

the dikes is approximately 200,

5.8.2 Carleton University

This dike would be built to elevation 60.0 metres between the
west embankment of Bronson Avenue to the Carleton University
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Sports Center roadway, a distance of 25 metres. The estimated
total cost of construction, engineering and contingencies is
$12,000. The extent of the diking is shown in Figure 10.

5.8.3 Warrington Drive PR

The dike would extend on the north side of the rlver from up—
stream of Billings Bridge to the retalnlng 3913 at the easEMgf
Osborne Avenue at the townhouses. The Concrete dlke length would
be 480 metres and would be built to an elevatlon varying between
59,6 and 59.9 metres, Provisions for storm water pumping are
required, The estimated total construction, engineering and
contingencies cost is $260,000. The extent of the diking is

shown in Figure 11,

5.8.4 WwWindsor Park - Stage II

This dike would have a top elevation varying from 59.5 to 59.6
metres and extend along the west shore adjacent to the junction
of Rideau River Drive and Brighton Street to the Windsor Park-
Stage I Dike - a distance of 435 metres. The estimated total
construction cost of the dike plus engineering and contingencies
is approximately $210,000. The extent of the diking is shown in

Figure 12,

5.8.5 Brantwood Park

The proposed dike which would be placed along the shoreside of
Onslow Avernue would be approximately 300 metres long extending
from Burnham Road to Brantwood Drive. The dike top elevation
will vary from 59.20 to 59.35 metres. The estimated total
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construction cost including pumping, engineering and
contingencies is $100,000, The extent of the diking is shown in

Figure 13.

5.8.6 New Edinburgh

This dike would be located on the east side of the Rideau River
from Sussex Drive to Union Street and then south until it meets
the 56.2 metre contour adjacent to the old railway bridge
embankment in New Edinburgh Park. The total length of dike would
be 620 metres, 280 metres north of Union Street and 340 metres
south of that street. The estimated total construction cost
including storm water pumping, engineering and contingencies is
$65,000. The extent of the diking is shown in Figﬁre 14.

5.8.7 Local bDrainage

The spring runoff from the local drainage area upslope of each
dike must be transported to the river by means other than the
existing storm sewers. It is proposed to place a one-way valve
in each storm sewer flowing to the Rideau River that drains areas
protected by the proposed dikes and pump the local runoff over
the dike from a sump located at the lowest point adjacent and

upslope of the dike. This would occur every year,

The most feasible means of draining the areas contributing to
runoff behind the dikes is to build a permanent sump one metre
deep at the lowest point in a protected area next to the dike and
purchase four portable sump pumps (one for each area)that would
be stored in a warehouse and transported to the sumps at the
onset of high flows. These pumps would be used for a maximum
duration of two weeks in the high spring floods and would be
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stored in a warehouse for the remainder to the year, At the
onset of a large flood each pump would be moved to the sump, set
up and operated as reguired until the flood subsides. An
allowance has been made to have an operator on duty at each site
for up to a two-week duration in the economic analysis.

5.9 Economic Analysis of Diking

5.9.1 Objective

Along the Rideau River downstream of Hogs Back Road there are
residential areas that are subjected to flooding during the
spring runoff, if not every year then during higher than average
spring runoff yeafs. These include the Warrington Drive area,
Windsor Park - Stage II and Brantwood Park, all within the City
of Ottawa on the left shore. The Kingsview Park area in the City
of Vanier and the New Edinburg area in the City of Ottawa, both
on the right shore, could flood with the occcurrence of high
return period floods, Most of the buildings in the latter two
areas would be flooded if existing berms (the structural and
hydraulic integrities of which are presently unknown) failed.
The expected annual flood damage costs in these areas were
calculated and compared with the cost of preventing flooding by
the construction as well as maintenance of dikes and pumping the

local runoff during high river stages.

Outlined in the following paragraphs are the methodology and
results of an economical analysis to determine whether or not
diking is an economically viable means of protecting these
residential properties from flood damage whose probabilities of
occurrence are equal to or greater than 0,01 in any year. The
Planning horizon used is twenty five years hence, if diking is
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built in the recommended areas the risk that the dikes will be
overtopped and residential areas flooded once in the next twenty-
five years is 22 percent. The proposed dikes will have 0.6 metre
of freeboard above the Regional Floodlines; these dikes will
contain floods larger than the 1:1000 year return period flood
with 0.3 metres of freeboard., The risk of such a flood occurring
at least once in a twenty-five-year period is 2.7%.

5.9.2 Methodology

The number of buildings within the prescribed flood lines were
counted, The Listings of the Real Estate Board of Ottawa-
Carleton {17] for the second half of 1983 were consulted to
determine the average selling price of houses in each flocod-prone
area. In most cases because of the small number of building
sales in the flood-prone areas, houses outside a flood-prone area
but yet in the immediate vicinity were considered. In addition,
some 1984 house selling transactions were investigated to deter-
mine the selling prices. From this an average house value was

calculated for each area.

The flood damage to a house was estimated by judging from the
ground elevation near the houses and the flood line elevation
whether the water level would be below or above the elevation of
the first floor., Average values of flood damages versus flood
water level given in Flood Damage Study [18] were used to
approximate the flood damage as a percentage of property value.
When the water level is above the first floor elevation of a
building the structural damage was taken as 4% of the property
value. When it does not come up to the level of the first floor,
the structural damage was taken as 3% of property value. The
house content damages were taken as 7.5% if the flood level comes
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above the first floor and 6% if the water level does not come up
to the first floor. The number of buildings within each
prescribed floodline were multiplied by the average property
value and by the appropriate combined percentage of structural
and content damages to obtain the total flood damage for various
probabilities of exceedence, These damage amounts were plotted
against probability of exceedence and the areas under the curves
were integrated to obtain the expected average annual flood

damage.

5.9.3 Economic Analysis

The average value of properties for the various flood prone areas

are given bhelow:

Area No. of 1983 Sales Considered Average Price
Warrington Drive 2 $149,000.
Windsor Park 8 $5130,000.
Brantwood Park 1 $130,000.
Kingsview

- East of Vanier Parkway 15 $ 88,000.

- West of Vanier Parkway 2 $130,000.
New Edinburgh 2 $178,000.

The sampling in Brantwood Park is too small to obtain an average;
hence the Windsor Park average was used in this area. The ratio-
nale being that the two areas are close and the houses are of
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similar style and age. All property values have been increased

by three percent to express them in 1984 dollars.

The expected annual flood damage to properties as well as the
expected total flood damage over twenty five years located within
the 1:100-year flood lines are given in Table VIII.

A design horizon of 25 years is considered, mainly because of the
expected life of pump machinery and continual changing stream

morphology.

The construction costs of the dykes are:

Carleton University $ 12,000.
Warrington Drive Area $260,000.
Windsor Park, Phase II $160,000.
Brantwood Park $ 80,000.
New Edinburgh $ 50,000.

The cost of pumping and auxilary equiment has been estimated to
range between $5000 and $20,000 ~-depending on capacity and in

turn location.

The future costs and benefits were discounted at 7% per year to
obtain their 1984 value as recommended in the publication:
Benefit-Cost Guidelines for Conservation Authority Flood and
Erosion Control Projects[19). 1In addition, discount rates of 5 %
and 10% were also applied in order to reflect the sensitivity of
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varying opportunity costs of money during the 25~year planning
horizon. The diking costs and benefit-cost ratios are given in

Table 1%,

At Kingsview Park in Vanier and in New Edinburgh there are two
ground depressions where houses and other buildings have been
built. The basements and the first floor levels in most of these
buildings are below the Regional Flood elevation. At present
these areas are protected from flooding by the roadway along
Stanley Street in the New Edinburgh area and by the River Road
and Vanier Parkway in Kingsview Park area. The stability and
hydraulic imperviousness of -these roadways are unknown, and the
Rideau Valley Conservation Authority requested that the damages
resulting from structural or hydraulic failures on either roadway
be assessed. It has been assumed that the roadways will act as
an effective barrier to flooding for flood magnitudes of 1l:5-year
return period or less. The damages to buildings in these areas
are also given in Table VIII for various discount rates. The
roadways have so far provided flood protection in the reduced
flood risk areas. Before consideration is given to any
additional protection it is recommended that geotechnical field
investigations and analyses be undertaken to determine their

stability and effectiveness in preventing excessive seepage and

piping.

The results of this economic analysis are approximations only
because of the method used to determine property values and the
probable flood damges to the buildings. To obtain more precise
results would require extensive field surveys and property
assessments, which are beyond the scope of a preliminary
engineering assessment. The benefit-cost ratios are so high (all
over two); however, that it may be concluded that dike
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construction should be completed in the Warrington Drive, Windsor
Park - Stage II and Brantwood Park flood-prone areas.
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6. RECOMMENDATIONS AND CONCLUSIONS

Flood flows for the specified return periods determined in the
flood frequency analyses are the best estimates for design
purposes along the study reaches. The three-parameter lognormal
distribution gives the best statistical fit to the flood data and
these results have been used in determining return period flood

elevations.

The flood elevations and extent of flooding are similar to those
reported in the 1972 study. Exceptions are those 1lands
previously noted as flooded in the Kingsview Park area. Higher
than previously shown road elevations between Tudor Place and
Wayling Avenue contain the Region Flood closer to the river.
Along Rideau River Drive (near Billings Bridge) there are higher

than previously shown road and ground elevations. The current

"analysis and new topographic mapping show that the flooding is

contained along and close to the stream bank in these areas.

The completion of the considered dike schemes will substantially
reduce flooding at the Warrington Dbrive, Windsor Park - Stage II
and Brantwood Park areas. We recommend that these works be
undertaken, Also the hydraulic and structural integrities of
Stanley Street roadway in New Edinburgh and of River Road and the
Vanler Parkway in Kingsview Park be investigated and if found to

be inadequate then remedial measures be enacted.

Conveying flow through the Rideau Canal at Hogs Back Road and
channel excavations are not economical alternatives. Providing
;gaitional control of upstream flows during the spring runoff
periods may be a viable means of reducing the severity of

flooding; however, in order for this to be determined a hydro-~
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logical analysis as recommended in Chapter V must be completed.

Replacing Cummings Bridge is not economically feasible for ice
jam elimination alone; however, if the bridge is to be replaced
because of other considerations, it is recommended that the
design of the spans and obverts take into account ice passage

considerations.

Before the dikes are designed the feasibility of building them
higher to protect flood-prone areas from larger floods than
1:100-year should be investigated.

The placement of broad-crested weirs at Cummings Island to reduce
frazil ice formation at Strathcona Rapids could be feasible, but
physical hydraulic model testing or sophisticated hydrodynamic
numerical modelling would have to be conducted in order to
establish this.

A study should be commissioned to determine means and economic
feasibility of improving the ice clearing operations. Also,
another study should be undertaken on the evaluation of the
influence of ice cover thickness and variability on ice control
operations as well as the latter costs and effectiveness in
preventing flooding, This study should also include the hydro-
logy of the upstream basin for controlling flow variations during
ice cover formation and to provide pre-flushing water at the

optimum time for ice clearing operations.
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FLOOD FLOWS FOR STATION NO.

TABLE T

02LA004,

RIDEAU RIVER AT OTTAWA

Year

1982
1981
1980
1979
1978
1977
1976
1975
1974
1973
1972
1971
1970
1969
1968
1967
1966
1965
1964
1963
1962
1961
1960
1959
1958
1957
1956
1955
1854
1953
1952
1951
1950
1949
1947

Maximum

Instantaneous

Maximum Maximum mean {Maximum mean
Instantaneous Daily Daily x 1.,053)
m3/sec (cfs) m3/sec (cfs) m3/sec (cfs)
435 (15360} 397 (14020) 435%* (15360)
446 (15750) 435 (15360) 446 %* {15750)
421  (14870) 385 (15600) 421* {14870)
423  (149490) 403 (14230) 423 % (14940)
527 (18610) 487 (17200) 527%* (18610)
473  (16700) 467 (16490) 473% (16700)
597 (21080) 583 (20590) 597 % (21080)
413  (14590) 394 {13910) 413% {14590)
396 (13%990) 417 (14730)
464 (16390) 447 (15790) 464 % (16390)
578 (20410) 535 (18890) 578%* (20410)
513 (18210) 496 (17520) 513% (18120)
442 {15610) 465%* {(16440)
328 {11580) 345 (12200)
377 (13310 397 {(14020)
3N (10980) 327 {11570)
215 ( 7590) 226 { 8000)
146 { 5160) 154 { 5430)
109 { 3850) 115 { 4050)
442 (15610) 465 (16440)
323 (11410) 3490 {12010)
193 { 8820) 203 { 7180)
532 {18790) 560 (19780)
413 (14590) 435 {15360)
306 (10810) 322 (11380)
133 { 4700) 140 { 4950)
351 (12400) 370 (13050)
493 (17410) 519 (18330}
405 {14300) 426 (150690)
331 {11690) 349 (12310)
379 (13380) 399 (14090)
419 (14800) 441 {15580)
447 (15790) 471 {16620)
379 (13380) 399 (14090)
538 567 (20010)

* recorded values

(130600)
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ANNUAL MAXIMUM MEAN DAILY FLOWS AT POONAMALIE

TABLE I1

AND OTTAWA AND RATIO OF TWO IN PERCENT

Date Pocnamalie Ottawa

m3/sec (cfs) m3/sec (cfs) Ratio%
1982 April t, 11.7 ( 410) 397 (14020) 2.95
1981 Feb., 24 35,1 (1240) 435 (15360) 8.09
1980 Mar. 22 2.3 { 80) 385 {15600) 0.52
1979 Mar. 25 3.4 ( 120) 403 {(14230) 0.84
1978 Apr. 14 21.2 { 750) 487 (17200) 4.37
1977 Mar. 15 0.0 ( 8) 467 (16490) 0.00
.1976 Mar. 28 55.8 {1370) 583 (20590) 9.57
1875 Apr. 20 31.4 (1110) 394 (13910) 7.98
1974 Apr. 6 55.2 {1950) 396 {13990) 13.94
1973 Mar. 18 30.9 (10990) 447 (15790) 6.90
1972 Apr. 21 51.8 (1830) 535 (18890) 9.69




et paranad] [OP—

St

TABLE ITIX

MAXTIMUM INSTANTANEOUS FLOW - STATION NO. 02LA004

RIDEAU RIVER AT OTTAWA

Increase Flows
After 1977
by 7 percent

Year Decrease Flows
Prior to 1977
by 7 percent

RN S

'
ot s it [t

S

&

m3/sec (cfs)

Unchanged from Table II

m3/sec (cfs)

1982 435* (15360) 465 (16440)
1381 446* (15750) 477 (16850)
1980 421% (14870) 450 (15910)
1979 423% (14940) 453 (15980}
1878 527*% (18610) 564 (19910)
1977 473% (16700) 506 (17870)
1976 555 (19600) 597 (21080)
1975 384 (13560} 413 (14590)
1974 388 (13700) 417 (14730}
1973 464 {15240) 464 (16390)
1972 538 (18980) 578 (20410}
1971 477 {16850) 513 (18120)
1970 432  (15270) 465 (16440)
1969 321 {(11330) 345  (12200)
1968 369 (13040) 387 (14020)
1967 304 (10740) 327 (11570)
1966 210 ( 7420) 226 ( B80OO0O)
1365 143 ( 5060) i54 { 5430)
1964 107 ( 3780) 115 ( 4050)
1963 432  (15270) 455 (16440)
1962 316 (11170) 340 (12010)
1961 189 ( 6670) 203 ( 7180)
1960 521 (183990) 560 (19780)
1959 405 (14290) 435 {15360)
1958 299 (10580) 322 (11380)
1957 130 { 4600) 140 { 4950)
1956 344 (12150) 370 {13050)
1955 483 (17050) 519 (183390)
1954 396 (13990) 426 (15060)
1953 325 (11460) 349  (12310)
1952 371 (13100) 399 (14090}
1951 410 (14480) 441 (15580)
1950 438 (15470) 471 (16620)
1949 371 (13100) 399  (14090)
1947 527 (18610) 567 (20010)
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TABLE IV

SOME FLOW STATISTICS OF MISSISSIPPI,

SOUTH NATION AND RIDEAU RIVERS

lowest flood

second lowest flood
third lowest flood
fourth lowest flood

fifth lowest flood

Mississippi South Nation Rideau
1957 1957 1964
1961 1965 1957
1964 1964 1965
1966 1961 1961
1962 1966 1966




TABLE V

RETURN PERIOD FLOOD ESTIMATES

Maximum Instantaneous Flows
After 1976 Increased by 7%

Return Period Flows

m3/s
Distribution Return Period Skew Coef.
5 10 25 50 100
LN 513 552 606 632 663 -.1076
3PLN 513 552 598 626 654 -,0389
LP-3-M 513 552 600 626 654 -,2652
LP-3-L 513 549 581 615 637 ~.2652

Note: LN - means lognormal distribution
3PLN - means three parameter lognormal disktribution
LP-3-M ~ means log Pearson type III distribution using
moments
LP-3-L -~ means log Pearson type III distribution using

maximum likelihood



REVISED - TABLE VI

SUMMARY OF RETURN PERIOD FLOOD ELEVATION

Return Period (yr)

Location Chainage {m) 100 50 25 10 5
from Rideau Falls

East Channel Metres above Geodetic datum

Rideau Falls 41 53,57 53.51 53.46 53.37 53.31

East Dam 49 54.22 54,14 54.07 53.93 53.81
B6 54.52 54,44 54,35 54.22 54.11

Sussex Drive 114 54.85 54.78 54.70 54.58 54.47

Minto Bridges 387 55.36 55.29 55.21 55.08 54,97
396 55.37 55.29 55.21 55.09 54.97
506 55.58 55,50 55.41 55.27 55.15
599 55,58 55.50 55.41 55.27 55.15

West Channel

Rideau Falls 30 53.47 53.43 53.38 53.31 53.24
West Dam 37 54,77 54.70 54.62 54.50 54.40
Sussex Drive 125 55.41 55.33 55.23 55.08 54.95
145 55,41 55.33 55.24 55,09 54.95
Minto Bridges 385 55,51 55.43 55.36 55.23 55.11
396 55.51 55.43 55.36 55.23 55.11
506 55.60 55.52 55.44 55.30 55.19

599 55.60 55.52 55.44 55.30 55.19

Main Channel

B4de6 55.71 55.63 55.55 55.40 55.29

. li4z2 55.81 55.73 55.66 55.51 55.40

Porter Island 1351 55.97 55.90 55,83 55.70 55.60
Bridge 1399 £56.04 55.97 55.90 55.77 55.66
Porter Island 1511 56.11 56.04 55.97 55.84 55.73
Foot Bridge 1515 56.12 56.04 55.97 55.84 55.73
St., Patrick St. 1690 56.25 56.17 56.10 55.97 55,86
Bridge 1720 56.26 56.18 ©56.11 55.97 55.86
Cummings Bridge 2474 56.49 56.41 56.33 56.19 56,07
2490 56,52 56.44 56.36 56.21 56.09

Strathcona Rapids 3352 57.85 57.78 57.70 57.56 57.44
01d Hurdman 4399 | £7.62 57.54 57.47 57.33 57.22
Bridge 4406 57.63 57.56 57.48 57.35 57.24
Queensway 4434 57.70 57.63 57.55 57.41 57.30
Bridge 4464 57.71 57.64 57.56 57.42 57.31
CPR Railway 4521 57.81 57.74 57.66 57.52 57.41
Bridge 4524 57.85 57.78. 57.70. 57.56. 57.44
Smyth Road 6899 58.63 58.55 58.47 58.32 58.21
6920 58.65 58.57 58.49 58.34 58.23

Billings 8171 58.98 58,90 58.83 58.67 58.57
Bridge 8189 59,00 58.92 58.85 58.68 58.58
Dunbar 9493 59.33 59.25 59.17 59.00 58.89
Bridge 9513 59.34- 59.25 59.17 59.00 M58m§9
CPR Bridge 100086 59.89 59.81 59.75 59.61 59.46
10011 59,92 59.85 59.78 59.64 59.49

Carleton Gauge 10168 60.49 60.41 60.35 60,20 60.06
Heron Road 10834 61.65 61.57 61.52 61.38 61.29
10878 61.70 61.63 61.57 61.44 ©61.38

11507 72.03 71.94 71.85 71.69 71.56

Hog's Back Dam 11550 73,55 73.43 73.32 73.11 72.95



TABLE VII

DIKING AND EXCAVATION UNIT MATERIAL COSTS

Channel Rock Excavation $80.00/m3
. Barth Excavation $1.58/m3
Asphalt (HL3) per 1lift $7.88/m3

Gravel (granular A)
Topsoil

Grass seeding

Clay

Reinforced Concrete

$9.08/tonne
$10.50/m>

$0.50/m?
$12.00/m3

- Installed  $400.00/m>
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PROFILE OF RIDEAU RIVER
Bed aond [|:l00 year Profile of Rideau River
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APPENDIX A

QUTLIER TESTING RIDEAU RIVER






APPENDIX A

The initial data set consisting of 35 years of continuocus flow
data {Maximum Instantanecus Flows) was analysed to determine the
occurence of outliers. The methodology used was taken from:
Bulletin 17B of the Hydrology Committee, U.S, Water Resources
Council, Revised September 1981, "Guidelines for Determining

Flood Flow Frequency". These computations are as follows:

10% Significance Level
Data From Table ITI - Historic Data

lst attemopt using natural logarithms metric
mean of logarithms X 9.50397 5.93951
standard deviation of logs S . 39587 .39578
skew coefficient of logs G -1,.70682 -1.70252
years of data 35 '

Low outlier estimate cutoff

X=X - KN, S where KN given in Appendix 4
KN for sample size of 35 = 2.628

XL 9.50397 - 1.0403

8.4636

4740 cfs

therefore eliminate 4050 cfs - 1964

il

2nd attempt

mean of natural logarithm 9.53970
std. dev. of natural logarithm .34183
skew coef of natural logarithm -1,68568
years of data 34
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test for low ocutliers XL= X - KNS

therefore eliminate data 1957-(4950

3rd attempt

mean In
std. dev. ln
skew in -
Years
test for low outliers KN = 2,591
XL = X - KNS
= 8.97970

7,940 {cfs)

1

therefore eliminate 7180 cfs - 1961

4th attempt

mean In
std. dev. In
skew 1n -
years
Kn = 2,577 XL = X - KNS
= 9,09908
= 8,947 cfs

therefore eliminate 1966 (8000 cfs)

9.53870 ~ 2.616(.34183)

8.64547 (5684 cfs)

cfs},

9.60135

.23983

1.23855
32

9.62408
. 20373
.86700

31

data

1965-(5430 cfs)
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5th attempt

mean in
std. dev. 1n
skew of 1n
Kn = 2,563 XL = 9.21276

=10,024 cfs

No more to eliminate

Data from Table III - Flows after 1976 Increased by 7%

9.64531

. 16877
.00213

Attempt No. 1

mean 1n
std, dev. 1n
sxew 1n
years
AL = X -~ KNS KN =

I}

8.45920 (4718 cfs)

therefore eliminate 1964

Attempt No. 2

mean In
std. dev. in
sKew In
vears
XL, = X = KNS KN =

]

8.64164 (5663 cfs)

9.51556

-1

.40196
.69276
35

2.628

9

-1

2

{4050 cfs) data

.55112
. 34766
.67332
34
.616

therefore eliminate 1957 (4950 cfs) and

1965 (5430 c¢fs) data
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Attempt No.

mean
std. dev,
skew

years

AL

In 9.61348
In . 24555
1n -1.26005
32
= X - KNS KN = 2,591

8,97727 (7921 cfs)

therefore eliminate 1961 (7180 cfs) data

Attempt No.

mean
std. dev.
skew

years

XL

In 9.63717
in . 20915
In - .93383
31
= X - KNS KN = 2.577

9.09819 (8939 cfs)

therefore eliminate 1966 (B000 cfs) data

Attempt No.

mean
std. dev,
skew

years

No

In 9.65883
In .17378
in -~ ,15723
30
= X — KNS KN = 2,563

9.21344 (10,031 c¢fs)
more points to eliminate.
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APPENDIX B

OUTLIER TESTING

MISSISSIPPI RIVER AND SOUTH NATION RIVER
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APPENDIX B
The last 35 years of continuous flow data for the South Nation
River near Plantagenet Springs (Station No, OZLBOOS) and for the
Mississippl River at Appleton (Station No. 02KF006) have been
analysed to determine the occurence of outliers. The methodology
was taken from: Bulletin No. 17B "Guidelines for Determining
Flood Flow Freguency", U.S. Water Resources Council, Revised

September 1981,
The streams were tested at the 5 percent significance level.

South Nation River

mean of logarithms 10.23470
standard deviation of logs . 24655
skew coefficient of logs ' - ,67747
years of data 31

XL = 9,55446 KN = 2,759

= 14,107 cfs (399 m3/sec)
therefore only 4 outliers

mean of logarithms 10.25400
standard deviation of logs . 22569
skew coefficient of logs -  ,56724
years of data 30

XL = 9.,63448 KN = 2,745

= 15,283 cfs (433 m3/sec)
therefore only 4 outliers

Mississippi River

mean of logarithms 8.61729
standard deviation of logs .24157
skew coefficient of logs - .35981
vears of data 30

XL = 7,95418 KN = 2,745

= 2847 cfs (80.6 m3/sec)
therefore 5 outliers






(R

]

[N

meen

Farhrvmy it

frmonm sl

WL,

[R—

APPENDIX C

LETTER FROM DR. B. MICHEL RE ICE CLEARING OPERATIONS






B. C. MicHEL, DR. ING.

739. RUE DES VIGNES
STE-FOY. QUEBEC G1V 2Y1

TEL.. 418-653-3404

March 2, 1983

Dr. Peter Jolly

A.J. Robinson & Ass. Inc.
Cons. Eng.

P.0O. Box 13130

Kanata, Ontario

K2K 1X3

Re: Anchor ice and ice jam in the Rideau river

Dear Peter:

Following my visit to Ottawa on March lst, which included a tour
of the river and of the ice control operations under the supervision of
Mr. Wayne Fretag; completed by discussions with your engineers, those of
the Rideau Valley Conservation Authority and those of the City of Ottawa, I
have the following remarks to make concerning the study of ice jamming in
this reach of the river.

My first observation is that the ice control operations on the
Rideau river are about the best ones that can be carried to prevent jzamming
and, that they are fine tuned to the actual hydraulic and glaciological
regime ¢f the river. Very little amelioration can be suggested to improve
on what is presently being done. The knowledge of Mr. Fretag on ice control
on this reach of the river and its winter regime is outstanding.

However, because this program has a high annual cost I believe
that studies should be done either to improve, 1f possible, the ice control
operations or even try to design permanent works that would reduce their

cost.

First of all, a comprehensive report is needed on the winter
regime of this reach of the river, on the evolution of the ice cover from the
time of formation to final breakup, on the ice contrel operations, their cost
and effectiveness in preventing flooding. This report should also include an
hydrological study of the effect of flash floods in winter on the thickening
of the solid ice cover as well as on the pre-breakup use of water from the
storage dams upstream to Ilmprove the ice clearing operations., Conclusions
should be drawn relating to the best modes of water storage management.

L d2
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A second report should deal with small possible improvements on
the actual ice control operations. This should include full mechanization
of the key cutting operations and study of alternatives to blasting, like
the use of ACV vehicles, other floating lce-breaking devices, dusting or
other means, This engineerimg report could also contain a preliminary study
with cost analysis of more permanent works to reduce or eliminate the ice
control operations. These works would essentially be levees and dikes and
river bed corrections or excavations. Most important would be the construc-—
tion of a weir to replace the Strathcona rapids, stabilizing the ice upstream
of it and cutting the anchor ice production downstream,

I think that these are essentially the conclusions of my visit and
discussions on this project and may I say that 1 enjoyed very much the hospi-
tality combined with the wonderful weather we had for the tour.

o /‘ ,
Loelgrie /ﬁglliJ/

Bernard Michel, Dr, Eng.

Yours truly,

BM/dd
Enclosure: invoice
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APPENDIX D

REPORT ON REVIEW OF HYDROMETRIC SURVEY DATA
TO 1966 FOR RIDEAU RIVER AT OTTAWA
STATION NO. 2LAZ

By D.,K. Randall
Water Survey of Canada
Inland Waters Branch
Department of Energy Mines and Resources

February 26, 1968
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Rideau River at (Qbtawa

Station No, 2 LA-?

Contents

Station History, R297

Extremes of Discharge, RZ258
Summary of Revisions, RZ259

Revised Data for Publication, R260

Daily Discharges and Summaries for 1933 to
1945 Water Years

Stage-Discharge Curve Sheets, 1933 to 19%5
1955 to 196Y and 1965 to 1966

Discharge Hydrographs, 1933 to 1966

Progress Sheet, R256
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DEPARTMENT OF ENERGY, MINESAND RESOURCES
INLAND WATERS BRANCH -WATER SURYEY OF CANADA

STATION HISTORY

Rideau River at Ottawa Station No. 2 L

for

Period of Record:

Cpen water operation from May 1933 teo Movember 1445; continuous operation from
Apr, 1546 to November, 1947 and continuous operation from April. 1548 to September
1606, when the station was discontinued.

Location:

Latitude U459 24" 56", langitude 76© 39¢ ko', Onﬂario, at Canadian HNational
failways bridge, upstream from Yurdmans Bridge at Ottawa,

sischare Measurerents:

rom bridee, bBoat and ny wadirn-,

LYpes o! smuges:

‘rrzreace pelnt on bridge Trom oapril 1633,
#ire weirht Tox gauge Srom Yoy 100,

o

r.evation of iavre oatume:

Jeul feel TULrLa, 19U5 datum) from fuy i, 1031 to May 17, 19355,
10,020 feet ¢ 5,007, dasum LYn% ali.) fres by 13, 1255 Lo Heptlember 30, 1959

5.
1 TeA et (G,5,0. datnm 1ol adj.Y from vewon e 1, 1764 tn seplomner 35, 1585,
olees feeb A, LT, datum Lol adj,) Promotootssan 1, 1605 to september 30, 1950,

wAir aevels at tals stalion were uricinally rafe et oty o departmant of buhlie
STTES alum, as Irowm o inferzation egtrasted Tromoa Meparimans of pubhlic dorks
dally paurce neeivnt and Ciscnarge record form Cor 12225, it is Found tha
wiier levels w:re referrad Lo lRenen MNark 5o, LOONLTE, elevation 194,58 feer,

€7 lev-ls taxen aren 21, 1421, The sensn rark could net be found in the two
ptiolicsations, Jeodetic Surves of fDanatia Publication No. ©7, aad teodetic

w.rvey ol Janada jublication N, 1%, whicn ware available ia Loe District Uirice,
77 informaticn reccived [from seodetic survey of ZTanada, it was fouad that

“n7s5 benen mark was establishe:d Ly the Departrent of Piblic Worvs, in 1909

. an el=vation of 154,71 feet, conaecied by jeaietic survey of Zanada in

!

1213 ta give an elevation of 195,050 fent, anl atiisted in 1929 to an elevation
¢l 194,003 feet, It is not koowna why the Beparveent of fuhlic Works used an

wovation of 19h.:58 Teet, but fer simplicity, the review staf!f will assume
“iav water levels were reterred to the original Lepariment of Public works,

[ o T ..
1845 anam,

anen the Bracch assumed the operiation of this stalicn in April 1933 the
cepiiriment of Peblic Works datum was retained unbil semetime probably in 1955,

»
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DEPARTMENT OF ENERGY, MINES AND ~<SQURCES Pagoki;_
{9 -A7)
INLAND WATERS BRANCH-WATER SURVEY OF CANAD A i
_ SUMMARY OF REVISIONS
for_ Hideau River at QOttawa ’ ' ‘ﬁnﬂmsHm 2 1A-2 |

Comments: (cont'd)

1955

Mean discharges for June 29 was computed as 36l cfs. and should be 255 cfs,, a
+30% error in transferring gauge heights from observer's book to R79-B as
above, Ho revision is nacessary,

For December 22 the discharge was 2510 cfs. and shonld be 230 cfs., +3% error
u July 25 " L " 251 cfs, ® . " 260 cfs., -4% error
0 September 7 ® " " 216 cfs, n ¥ 255 cfs.,-18% error

On December 22, July 25 and September 7, discharge measuremeats were taken and
the weasured flow was used as the mean discharge for the day. The reason why
this was done was not apparent, however the percent differences involved if the
mean gauge height for the day were used are:

December 22 + 3%

July 25 - 47

September'7 -18%
Therefore original discharges for these days were accepted,
1958 |

Hinlmm daily dischargs for June was published as 2L0 cfs, and should be 232 cfs,

NOTE: -

Discharges for the 1946, 1947, 1948 and 1949 water years are published in the
1949-50 and 1950-51 publieation - Water Resources Paper No. 107,
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DEPARTMENT OF NORTHERN AF FAIRS AND NATIONAL RESOURCES Al
' i 2
WATER RESOURCES BRANCH — HYDROME TRIC SURYEY DATA REVIEW SECTION
Extremes of Discharge in cubic feet per second
f_ R};q_e_a,u Rlver at (_)Pté‘n’é_ Tttt o s i e h e ei— .« ___Station No, 2 _LA_?;Z_\ -
Y .
Warer ) Daily Mazimum Mo cimum Minimum
¥ aor P:lchargcs lns!Aonrrmoou: Dote Tarly . Dore Daily Dote
in WP Mo, Discharge Dischorya { Discharge
1933 | 2 E - o - . == _q -
1934 TN S - U | - r ;L - {162 June 1,2, l; ¢
| 1935 |z | a._ - r -- 138 . _ -J,g.n__J_L .
| 1936 J._z | _n. -t -- r - _127 ___idune 20
1937 Z 1} ~= r -= 8o ]Sent. 3
| 1938 | 2z [ n.__ -~ r . -- 150 . July 5,6 &
L1939 | e i o n_ .. - r H -- JL3d8 n.ﬁﬂcv._l
1940 | 2 _n.. b - r ! - 2048 . Aug._Zl,ZZ
219 N T SO SN - W A r - 150 .. |Hay3l,June ]
1942 Z a i -= r - 191 0ct, 6,7 !f
AW | = | n 1= r -~ 127 |June 10 !
Aghk 2 _a. i - r - 208 . Var,ima..&.izn.%
1945 z _n [_ . == 11300 May 19 -- Q| o=
JAshb | 1074 .. .. -- C 5000 5 Mepreo 250 Varlous tn .
1947 197 0 ; - 19000 _ Apr, 12 208 iCet, b |
IR TN N Y2 IR T - HIoF 3 | dope—2e 250 May 1 1
194L9 107 i n j - 13500 Har, 30,3] 176 Varxous th
1950 L 107 4 . ono - 15850 Apr. 3 162 . _ iCct.. 26
1651 ¢ 107 | o ) - 1200 Apr. 2 176 . |May. l_cg___wh J
1iwe2 111 n —e 13h00 Apr, & 250 July 7 !
F1ys3 | 111 ‘0 _ - 11756 Mar, 23 _|. . 208 _lJduly3,Aug.3 .
B B S Y: T R U - b0 apr, 8 712507 TiNov. 3.4
11955 | 115 N koo o apr. 6,7 [ 150 lway 2%
1986 1119 ] el T[T L. CTLA00  CoApre 5. 138 iSent. 17
1997 119 i ! - Lhaiy ' Mar, 1¢ 117 May 13 f
1893 § 126 | a7 - 10300 #ar, 31 | 105 -,zze_c_L_;.L_!
1956 1 129 1 T i -- Wesd | apr. 5 | 151 jdune 7
| 1900 | 133 n, -- 3850 Apr. 1y | 150 lJuly §
1%L 137 n_ ; - Cplin Mar, 30 108 eb Febd, ;o to 2(
lge) 10 n i - 11400 e b Apr. 1 155 eb 'Har. 5 ;
i%03 | ih3 o i -- 15600 Har, 31 L 159.m_m__idullmh__~__‘
16584 | _1az n. " - 355 Bpry 23 . 162 . |Sept. 30
_1%e5 1 1965 o s - . 5‘JC“ e Apre 13,17 123 eb (Feb., 1-11
A7 N IO R S LT60 o Mar. 6 [ 8L duly 7,30
q. - [liot detlermined; midimum may havle occurre | cjuring period when gaugelwas R
] not opgrating. o - ; _ ,[ R _
et - [Estimatled under icd cgn:iitiqns. o ) P o
[ - (ot determined; injufficient rdadings to dg¢fine peak, . .- .
2 -~ |Records were not published, ' ;
r. - |Recordg were not rdliable from lDecember 1 %o April 39, e . e i
S = |Records| ware gof rdlieble From|Decarber 7. :LLM:!KCH S 7% N S S
~ e | S S|
| | o
i
i
l i —————
. i -
oo Propased by H.A, Hecilarvey



DEPARTMENT OF ENERGY, MINES AND RESOURCES m3i3e
(9 -A1)
INLAND WATERS BRAMCH.WATER SUR _ OF CAMADA

SUMMARY OF REYISIONS

for_ Rideau River at Qttawa Station Mo. 2_LA-2

Period of Record Reviewed:

From May 1933 to September 1966,

Revisions;

1933 to 18945, 1946 and 1948,

Comments:

General:

Since the reference point used from 1933 to 1955 was the base of a rail and
this reference point was acknowledged as the bench mark for the station, through
to 1966 when the station was discontinued, then there is a good possibility of

variations in elevations at the gauge throughout the years,

This station has been operated by the Branch since April 1, 1933 even though the
publication has only acknowledged records beginning October 1, 1945, After
reviewing these previously unpublished records from the 1933 to the 1945 water
years, the review staff noted that ice corrections were never made during the
winter months of these years, Therefore, only open water records should be
published, The beginning and terminating dates of the ice period for each

water year could not be determined, An attempt was made to determine whether or
not the daily maximuwn discharges occurred during open water, but it was revealed
that in some cases the maximum discharge has occurred during the ice period,
Therefore, it was decided to only publish months which were always completely
free of ice, namely October, November, and May to September, As a result, the
maximum daily discharges will not be published for any of the years except for
1945, when the maximum is known to have occurred on May 19, 1945 when the maximum -
water level occurred during open water,

It should be noted that although the discharges for the ice periods are
questionable, the water level data which were collected are reliable, Therefore,
the maximum daily water level which occurred was 189,45 feet G.S,C, on March 24,
1838, Two other extreme water levels occurred on April 12, 1947 {189.42) and on
April 14, 1960 (188.72).

1946 and 1948

The winter records for these two years were published (except for January and
February 1948) but it was noted that corrections due to ice conditions were not
made, Therefore, the winter records are unreliable and will not be published, °
The beginning of the ice periods could not be determined, but the hydrographs
indicate that the spring freshets occurred in the middle of March, It was
therefore decided that the open water period for which data would be published
was from April 1 to November 30, for the 1946 and 1948 water years, The maximum
daily discharges occurred during the spring freshets, so they will not be

published,
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INLAND WATERS BRANCH_WATER SURVEY OF CANADA

SUMMARY OF REVISIONS

for Rideau River at Ottawa &1Hu1Ho.jLJJbﬁL____é

1851

Errors were made in transferring gauge heights from observer's book to R79-A
for April 9 and 15, As a result of this the mean discharge for April 9 was
computed as 8940 cfs., and should be 8800 cfs. a +2% error. The mean discharge
for April 15 was computed as 7490 cfs, and should be 7540 c¢fs,, a -1% error,
Since both errors are less than the 50% review criterion, then no revisions
are necessary,

Prepared by H, A, McGarvey Approved by D, W, Kirk Shest of

Pova Or bk e 1Q 1R Dnata Tivnma 1L 1A
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SUMMARY OFF REVISIONS
Rideau River at Ottawa 02LAVD2

1947

The original records were calculated with allowances being made for ice
conditions in Decewber, Januury and February, It is not known how these
ice conditions were calculated since there were no winter measurements
made on which to basc the estimates.

A look at the temperaturc and precipitation charts (see hydrograph) would
suggest an dee period extending into March, which disagrees with tho oviginal
culeulations, Another iladication that additional backwater reductions should
be made is the fact that the discharges for Junuary, February and March werc
exceptionally high compared with other years,

However, the monthly precipitations were well above average throughout the
wintur and the moothly moan temperatures (exeept For February) were slso
above the average, which suggests un unusually high winter runoff. ‘Fhesc
high discharges were further supported when compared with other stations in
the vicinity, e.g. Mississippi River at Appleton, Bomnechere River near
Castleford and Petawawa River ncar Petawawi.

Rovisiuns will not bo mado sinco thoy cunnot bo substuntintod,
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BRIDGE DATA

Watercourse: RIDEAU RIVER Location: RIDEAU FALLS DAM (West)

Map Sheet No.: 2 Cross-Section No.: 37

W fomr

L.

VIEW
oF
UPSTREAM

FACE

SPECIFICATIONS UPSTREAM DOWNSTREAM

Length of Structure 7.0 m _

Top of Road e 56.26m

Span 34.1 m

Low Chord Elevations 56.06 m

Inverts 52.26 m 51.71 m

Effective Flow Area 119.0 m?

Manning's "n" Values L 0.026

Additional Details




BRIDGE DATA

Watercourse: RIDEAU RIVER Location: RIDEAU FALLS DAM (East)

Map Sheet No.: 2 Cross-Section No.: 49

4

Serdes
VIEW
oF
UPSTREAM
FACE
i
]
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 7.9 m
Top of Road 56.48 m
. Span 68.4 m
l Low Chord Elevations 55.57 m
l Inverts 51.83 50.56 m
Effective Flow Area 226.0 m2
I Manning's "n" Values 0.026
Additional Details




l Watercourse:

RIDEAU RIVER

BRIDGE DATA

Location:

RIDEAU FALLS DAM (East)

i Map Sheet No.: 2 Cross-Section No,: 49
‘ VIEW
| OF
} UPSTREAM
‘ FACE .
2 .
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure _ 7.9 m
Too of Road 56.48 m _
: Span 68.4 m
Low Chord Elevations 55.57 m
Inverts 51.83 50.56 m
Effective Flow Area 226.0 m2
Manning's "n" Values 0.026
Additional Detaills
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BRIDGE DATA

Watercourse: RIDEAU RIVER Location: BRIDGE @ SUSSEX DR. (W.)

Map Sheet No.: 2 Cross-Section No.: 145

VIEW
OF
UPSTREAM
FACE
e T e
%
lﬁ
i
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 20.0 m
Top of Road — 57.4m
Span 8l.6 m
Low Chord Elevations 56.25 m
Inverts 51.83 m
Effective Flow Area 346 m?2
Manning's "n" Values 0.026
Additional Details Reinforced concrete with 3 piers
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Watercourse: RIDEAU RIVER

BRIDGE DATA

Location: BRIDGE @ SUSSEX DR. (E.)

Map Sheet No.: 2

Cross-Section No.: 134

Additional Details

VIEW
OF
UPSTREAM

FACE

SPECIFICATIONS UPSTREAM DOWNSTREAM

Length of Structure 20.0 m

Top of Road 56.1 m

Span 81.6 m o

Low Chord Elevations 56.8 m

Inverts 52.80 m

Effective Flow Area 305.0 m?

Manning's "n" Values 0.026

Reinforced concrete with 2 piers




BRIDGE DATA

Watercourse: RIDEAU RIVER Location: MINTO BRIDGE (WEST)

Map Sheet No.: 2 Cross-Section No.: 396

VIEW
OoF
UPSTREAM

FaCE
SPECIFICATIONS UPSTREAM DOWNSTREAM %
Length of Structure 11.0 m ﬂ
Top of Road 7.2 m
Span 53.0 m %
Low Chord Elevations 56.56 m ‘
Inverts 52.71 m §
Effective Flow Area 204.0 m? !
Manning's "n" Values 0.026 |
Additional Details Single span steel truss
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Watercourse: RIDEAU RIVER

BRIDGE DATA

Location: MINTO BRIDGE {Central)

Map Sheet No.,: 2

Cross-Section No.: 396

VIEW

OF

UPSTREAM

FACE

SPECIFICATIONS UPSTREAM BOWNSTREAM
Length of Structure ~ 9.0m

Top of Road 57.30m

Span 69.90 m

Low Chord Elevations 57.45 nm

Inverts 52.51 m

Effective Flow Area 295.0 m?

Manning's "n" Values 0.026

Additional Details Steel truss with 1 pier
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Watercourse: RIDEAU RIVER

BRIDGE DATA

Location: MINTO BRIDGE (East)

Map Sheet No.: 2

Cross-Section No.: 396

VIEW
oF
UPSTREAM

FACE
SPECIFICATIONS OPSTREAM DOWNSTREAM é
Length of Structure 3.0 m N
Top of Road 56,98 m |
Span 39.73 m 3{
Low Chord Elevations 55.98 m {
Inverts 52.51 m é.
Effective Flow Area 75.0 m2 :
Manning's "n" Values 0,026 |
Additional Details Single span steel truss




" BRIDGE DATA

! Watercourse: RIDEAU RIVER Location: PORTER ISLAND (North)

!

! Map Sheet No.: 3 Cross-~-Section No.: 1410

v

i

i

VIEW
OF
UPSTR‘EAM
FACE
!
|
=
i
l SPECIFICATIONS UPSTREAM DOWNSTREAM
; Length of Structure 11.0 m
I; Top of Road 59.1 m
E Span 79.9 m
#3 Low Chord Elevations 58.45 m
| Inverts 52.50 m
| Effective Flow Area 444.0 m2
!: Manning's "n" Values 0.035
; Additional Details Steel girder with £ piers
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Watercourse: RIDEAU RIVER

BRIDGE

DATA

Location: PORTER ISLAND ({North)

Map Sheet No.: 3 Cross-Section No.: 14190
{
[
VIEW ;
H
OF
i
UPSTREAM |
FACE E
|
i
5
SPECIFICATIONS UPSTREAM DOWNSTREAM |
i
Length of Structure 11.0m
Top of Road 59.1 m ;
Span 79.9 m
Low Chord Elevations 58.45 m %
Inverts 52.50 m
Effective Flow Area 444.0 m? |
Manning's "n" Values 0.035

Additional Details

Steel girder with 2 piers




Watercourse:

BRIDGE

DATA

RIDEAU RIVER

Map Sheet No.: 3

Location:

PORTER ISLAND (South)

Cross-Section No.: 1515

ottty [

VIEW
o
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 4.0
Top of Road 58.40 m
Span 62.0 m
Low Chord Elevations 57.91 m
Inverts 52.34 m
Effective Flow Area 340.0 m?2
0.035

Manning's "n" Values

Additional Details

Steel truss with 1 pier.
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Watercourse: RIDEAU RIVER

BRIDGE DATA

Location:

Map Sheet No.: 3

ST,

PATRICK ST. BRIDGE

Cross-Section No,: 1720

VIEW
OF
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
) Length of Structure 30.0m
: Top of Road 57.0 m _
% Span 154.8 m B
; Low Chord Elevations 58.5 m
3 Inverts 52.4 m
; Effective Flow Area 444.0 m?
| Manning's "n" Values 0.035
i Additional Details Post-Tensioned Concrete with 4 piers

|










BRIDGE DATA

RIDEAU RIVER Location: CUMMINGS BRIDGE

Watercourse:

Map Sheet No.: 4 Cross-Section No.: 2490

VIEW
QF
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 16.0 m
varies between
Top of Road 59.49 & 64.13 m
Span 146.3 m
varies between
Low Chord Elevations 57.94 & 62.36 m
Inverts 52.78 m
Effective Flow Area 208.5 m?
Manning's "n" Values 0.035
Reinforced concrete arched bridge
Additional Details with 7 piers of var. widths & heights




BRIDGE DATA

Watercourse: RIDEAU RIVER Location: CUMMINGS BRIDGE

Map Sheet No.: 4 Cross—-Section No,: 2490

VIEW g
OF [
UPSTREAM |
!
FACE
E
|
1
{
{
SPECIPFICATIONS UPSTREAM DOWNSTREAM i
i
Length of Structure 16.0 m |
varies between i
Top of Road 59.49 & 64.13 m
Span 146.3 m !
varies between
Low Chord Elevations 57.94 & 62.36 m !
Inverts 52.78 m t
Effective Flow Area 208.5 m2 |
Manning's "n" Values 0.035 ;
Reinforced concrekte arched bridge :
Additional Details with 7 piers of var. widths & heighte




BRIDGE

DATA

Watercourse: RIDEAU RIVER

Location: OLD HURDMAN BRIDGE

Map Sheet No,: 7 Cross-Section No.: 4406
VIEW
OF

UPSTREAM

FACE

SPECIFICATIONS UPSTREAM DOWNSTREAM

Length of Structure o 7.5 m

Top of Road _60.23 m _

Span 129.05 m

Low Chord Elevations 59,25 m

Inverts 54.923

Effective Flow Area 530.0 m?°

Manning's "n" Values 0.035

Additional Details

Reinforced concrete arches
with 6 piers
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f Direction /'

71
of flow ) £
Weir Cross Profiles

ELEY. 54-C @ ELEV 54.0
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Trianguiar Rectongular

LOCATION OF PROPOSED CUMMINGS ISLAND WEIRS
A.J.Robinson & Assoc. Scale 1:2000 . Figute 9







Figure 10

Proposed Carleton University Dike

Scale 1:2000



Figure 11

Proposed Warrington Drive Dike

Scale 1:2000



3 Proposed Windsor Park Stage II Dike
Scale 1:2000 Figure 12
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Proposed Brantwood Park Dike
Scale 1:2000 Figure 13



Proposed New Edinburgh Dike
Scale 1:2000 | Figure 14



BRIDGE DATA

Watercourse: RIDEAU RIVER Location: QUEENSWAY BRIDGE

Map Sheet No.: 7 Cross-Section No.: 4464

VIEW
OF
UPSTREAM
FACE
e I ST L S e - :
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 30,0 m
Top of Road 61.33 m
Span 147.08 m
Low Chord Elevations 60.13 m
Inverts 55.17 m
Effective Flow Area 634.0 m? 5
Manning's "n" Values 0.035 _
Additional Details Concrete beam and ?irder with 4 piers'




Watercourse: RIDEAU

BRIDGE DATA

Location: PEDESTRIAN BRIDGE

Map Sheet No.: 7

Cross-Section No.: 4524

VIEW

OF ?
UPSTREAM
FACE
e |
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure . 3.5 m
Top of Road ___ 60.1wm . %
Span 153.6 m o
Low Chord Elevations 59.57 m
Inverts 54.71 m %
Effective Flow Area 613 m? :
Manning's "n" values 0.036 [
Additional Details Steel railway bridge with 7 piers L




Watercourse: RIDEAU RIVER

BRIDGE DATA

Location: TRANSITWAY BRIDGE

Map Sheet No.: 8 Cross-Section No.: 5052
VIEW
OoF
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 14.5 m
Top of Road 59.25 m
Span 144.3 m B
Low Chord Elevations 59.15 m
Inverts 53.65 m
Effective Flow Area 855.0 m?
Manning's "n" Values 0.033
Additional Details Concrete beam & girder with 2 piers




BRIDGE DATA

Watercourse: RIDEAU RIVER Location: SMYTH ROAD

Map Sheet No.: 10 Cross-Section No.: 6920

VIEW ‘

QF g

UPSTREAM :

FACE

{

!

a T
SPECIFICATIONS UPSTREAM DOWNSTREAM

Length of Structure 21.0 m :

Top of Road 64.0 m %

Span 202.3 m §

Low Chord Elevations 63.07 m |

Inverts 56.42 m g

Effective Flow Area 1296 m? %
Manning's "n" Vvalues 0.040 EI

Additional Details Reinforced concrete with 5 piers !
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BRIDGE

DATA

Watercourse: RIDEAU RIVER Location: BILLINGS BRIDGE
Map Sheet No.: 12 Cross-Section No.: 8189
VIEW
OF
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 18.5 m
Top of Read 60.53 m _
Span 113.25 m
Low Chord Elevations (g;tzzﬁ;q
—
Inverts 55.06 m
Effective Flow Area 441 m?
Manning's "n" vValues 0.042

Additional Details

Reinforced concrete with 4 piers




BRIDGE DATA

Watercourse: RIDEAU RIVER Location: DUNBAR BRIDGE :

I  Map Sheet No.: 14 Cross-Section No.: 9513 :

VIEW J
OF %
UPSTREAM
FACE
l SPECIFICATIONS UPSTREAM DOWNSTREAM :
I Length of Structure 20,0 m .
i Top of Road _65.8 m
' Span 261.5 m
Low Chord Elevations 66.12 m
Inverts 56.67 m
Effective Flow Area 1496 m2
Manning's "n" Values 0.045
Additional Details Concrete beam and girder with 6 pierg




Watercourse:

BRIDGE DATA

RIDEAU RIVER

Location:

CPR BRIDGE AT CARLETON

L

[N ——

[T

— e

Map Sheet No.,: 15 Cross-Section No. 10011
VIEW
or
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 5.0 m
Top of Road 65.8 m
Span 98.75 m
Low Chord Elevations 65.3 m
Inverts 56.86 m
Effective Flow Area 743.7 m?
Manning's '"n" Values 0.046
Structural steel with 4 piers

Additional Details




BRIDGE DATA

Watercourse: RIDEAU RIVER Location: HERON ROAD BRIDGE

Map Sheet No,: 16 Cross-Section No.: 10878

VIEW
OF
UPSTREAM
FACE
SPECIFICATIONS UPSTREAM DOWNSTREAM
Length of Structure 44.0 m _
Top of Road 74.80 m o
Span 132.0 m
Low Chord Elevations 77.11 m
Inverts 56.35 m 56.30 m
Effective Flow Area 1963.0 m?
Manning's "n" Values 0.045
Concrete beam and girder
Additional Details with 6 concrete piers




COMPUTER PRINTOUTS
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