ENGINEERING CO. LTD.

P O.Box 975 Phone 634-6973
Corner Brook Nfild.
AZ2H-6J3

7262

May 20, 1990

Canada-Newfoundland
Flood Damage Reduction Program
Department of Environment and Lands
P.O. Box 8700
4th Floor
Confederation Bldg., West Block
St. John’s, Newfoundland
AlB 4J6

Attention: Mr. Robert Pico
Project_Engineer

Gentlemen:

Re: Trout River Flood Risk Mapping Stud

We are plcased to submit our final report on the above mentioned
study. The comments and suggestions from the Technical Committee
on previous draft sections of this report have been incorporated
in this version.

Yours very truly

CUMMING COCKBURN LIMITED IS D|ENGINEERING CO. LTD.
. Belore, P. Eng. John\VE. Carlson, P. Eng.
Dlrector Water Resources President
FSSOCIATION oOF
TS :mb PROFESSIONAL ENGINEERS
Encl. i PROVINCE oF

NEWFOUNDLAND
H. 8. BELORE

LT TS

1950
LICENCE
TO PRACTICE

MUNICI]E1 RAL DESIGN — PROJECT MANAGEMENT — FEASIBILITY STUDIES
UNDERWATER SURVEYS — MARINE STRUCTURES — BUILDINGS




Canada — Newfoundland Department of Environment and Lands

Flood P.0. Box 8700
Damage 4th Floor, Confederation Bldg, West Block
Reduction St. John's, Newfoundland
Program AlB 4J8 Telephone: (709) 576-3396
Facsimile: (708} 576 1930
-
\"\/4}\_:;;F; August 23, 1990

Dr. waéf/allah

Difector, Water Resources Division
Department of Environment and Lands

Re: Trout River Flococd Risk Mapping Study

Dear Dr. Ullah:

On behalf of the Canada-Newfoundland Flood Damage
Reduction Program I am pleased to present you with a copy of
the recently completed report entitled "Flood Risk Mapping
Study of the Trout River Area".

The results of the study are now being used to produce
flood risk and public information maps of the area. These
maps will be available in a few months.

If you have any questions on the report please call our
Project Engineer for the program, Mr. Ken Rollings at 576-
2553.

Yours truly,

David G.

Assistant (Deputy Minister
- Environment

Cochairman

Steering Committee

KR/

Department of Environment
Environment and Lands Canada




FLOOD RISK MAPPING STUDY
OF
TROUT RIVER

MAY, 1990

by Island Engineering Ltd.
In Association With
Cumming Cockburn Limited



TROUT RIVER REPORT
TABLE OF CONTENTS

EXECUTIVE SUMMARY

1.0

2.0

3‘0

4I

0

INTRODUCTION

1.1
1.2
1.3
1.4

General

Authorization and Scope of Study
Study Area Description

Overview of Study Methodology

BACKGROUND

2.1
2.2

NN
[ ] L ]
5w

Interviews

Historical Floods

2.2.1 History of Flooding
2.2.2 Nature of Flooding
Previous Studies

Existing Data

2.4.1 Hydrometric

2.4.2 Tidal Data

2.4.3 Field Surveys

HYDROLOGIC ANALYSES

3.1
3.2

3.3

W W
.
N

General

Statistical Analyses

3.2.1 Flood Flow Estimates

3.2.2 Single Station Statistical Analysis
Deterministic Analyses

3.3.1 Introduction

3.3.2 OTTHYMO Model Structure

3.3.3 Meteorological Data

Floodline Profile Sensitivity to Flows

Main Conclusions and Recommendations of
Hydrologic Analyses

HYDRAULIC INVESTIGATIONS

4.1

4.2

Methodology

4.1.1 General Overview

4.1.2 Model Description

Hydraulic Model Structure and Input Data
4.2.1 Field Survey

.2.2 Channel and Floodplain Characteristics
2.3 Hydraulic Model Application

2.4 Starting Water Elevation
2.5

4
4
4
4 Ice Jam Analysis

Page

P
o
.

| ] 1 1 I | 1 i i 1 ] I =

wuwwwwuuwul\)l'\JNNNNNNNN»—-HHHH
DOt A AR RERENNE = OO 0N E WWER = B WN =

rrTERERTY
W W 00 N Ol U = e 4 s D

i

-F-b-'P-h-h



et b o e

5.0

6.0

4.3

4.4
4!5

4.6

TABLE OF CONTENTS (cont'd)

Model Calibration

4,3.1 General

4.3.2 Methodology

4.3.3 Model Calibration

4.3.4 Summary of Model Calibration

Design Flood Profiles

Sensitivity Testing on Design Flood Profiles

4.,5.1 Methodology

4,5.2 Sensitivity to Peak Discharge

4,5.3 Sensitivity to Starting Water Levels

4.5.4 Sensitivity to Roughness Coefficient

4.5.5 Summary of Results and Conclusions of
Sensitivity Analysis

Conclusions of Hydraulic Analysis

EMMANUEL'S BROOK

5.1
5.2
5.3
5.4
5.5
5.6

Introduction

Background and Interviews

Hydrology

Hydraulics

Field Survey and Floodiine Delineation
Conclusions

REMEDIAL MEASURES

6.1
6.2

6.3

General

Identification of Structural Measures
6.2.1 Trout River

6.2.2 Emmanuel's Brook
Non-structural Flood Control Measures
6.3.1 Trout River

6.3.2 Emmanuel's Brook

Page

4-10
4-10
4-10
4-11
4-12
4-12
4-13
4-13
4-14
4-14
4-15

4-16
4-17
5-1
5-1
5-2
5-4

5-5
5-6
6-1

6-1
6-1
6-2

6-3
6-3



- TABLE

FIGURE

N s

APPENDIX A:

(]

LIST OF TABLES

Physiographic and Hydrometric Station Data
Parameter Ranges

Example of Lark Harbour Tide Data

External Analysis of Parson's Pond Water Level Data

Water Level Data at Parson's Pond for Selected
Return Periods

External Analysis of Lark Harbour/Cox's Cove
Water Level Data

Water Level at Lark Harbour/Cox's Cove for
Selected Return Periods

Hydrometric Station Summary

Comparison of Instantaneous Flow Rates
Recommended Peak Flows

Summary of Typical Roughness Coeffients

Flood Depths at Feeder Brook Bridge

Summary of HEC-2 Model Calibration

Emmanuei's Brook Flows

LIST OF FIGURES

Photographs, 1959 Flooding
Trout River Watersheds

Emmanuel's Brook Watersheds
Emmanuel's Brook Floodline

APPENDICES

Hydroiogy

A.1 Regression Equations
A.2 OTTHYMO
Photographs

Hydraulic Structures
HEC-2 Results

D.1 Summary Tables
D.2 Trout River

D.3 Feeder Brook

D.4 Emmanuel's Brook
Tides

Ice Jam Analysis

)

SRS W LN
BAHONNWWR
—

]



EXECUTIVE SUMMARY

Introduction

The Community of Trout River has had a history of flooding from Trout
River and Feeder Brook in the westerly part of the Community. In
recent years, there has also been flooding at the easterly side of
town from Emmanuel's Brook.

On May 22, 1981, the Province of Newfoundland and the Government of
Canada entered into a General Agreement Respecting Flood Damage
Reduction. The main objective of this Agreement is to reduce the
potential for flood damages in floodplains and along the shores of
lakes, rivers and the sea. This Agreement also recognizes that the
potential for future flood damages can be reduced by controlling
future development in the areas prone to flooding.

The main objective of this study was to develop fhe 20 and 100 year
return period flood peaks and associated backwater profiles for the
study area.

The study area extended from the outlet of Trout River to Lower Trout
River Pond, approximately 500 metres up Feeder Brook from its
confluence with Trout River, and Emmanuel's Brook for approximately
200 metres from its outlet into Trout River Bay.

The main report and associated appendices describe in detail the
methodology and findings of the hydrotechnical investigations.
Additional background information and documentation of field surveys
is provided in an accompanying supplementary report.
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Field surveys were undertaken for Trout River in May, 1989 and for
Emmanuel's Brook in April, 1990. The field survey program included
surveying cross-sections, taking photographs and interviewing local
residents to gather background information on flooding events, and to
determine peak flood elevations during the January, 1990 flood.
Photographs were also taken on January 29, 1990 to document the
Jdanuary 27th flooding.

Main Findings

Computer simulation and statistical techniques were utilized in order
to estimate the peak flow rates and associated flood levels in the
study area, taking into account hydrologic conditions at upstream
locations and the effects of lake, reservoir and channel routing.

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

1. Peak flow estimates for Trout River at its outlet to Trout
River Bay were found to be 144 and 118 m3/s for the 100 and 20
year peak flows respectively. These estimates were determined
by means of a regional flood frequency equation and were
verified by comparison to secondary estimates.

2. Peak flow estimates for Feeder Brook at its confluence with
Trout River were 41 and 31 m3/s for the 100 and 20 year peak
flows respectively. The estimates were determined by using the
OTTHYMO computer program.

3. Preliminary peak flow estimates for Emmanuel's Brook were found
to be 32.2 m3/s for the 100 year storm. This estimate was
determined by means of an uncalibrated OTTHYMO model.
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Corresponding 20 and 100 year flood profiles were determined
and plotted on available mapping at a scale of 1:2500.

A potential for ice jams was found to exist along Feeder
Brook. Ice jam flood levels were found to exceed open water
flood conditions upstream of the Feeder Brook Bridge.

Flooding of Emmanuel's Brook appears to be caused by ice
jamming at the outlet of the brook. This ice is probably a
combination of ice pack in Trout River Bay and ice washed down
the brook by the high flows. Snow drifted into the channel is
also a contributing factor. Water backs up behind the ice dam,
overtops the timber cribbing and flows down the road flooding
the depression.

Several homes are subject to flooding in the Emmanuel's Brook
area. A few homes are also subject to flooding along Trout

River.

Remedial Measures

Flooding of the Community of Trout River from Feeder Brook may
be alleviated by the installation of snow boards, regular
cleaning of the bridge and culverts or by enlarging the bridge
and culverts.

Flooding from Emmanuel's Brook would be reduced by replacing
cribbing with new cribbing built to a higher elevation.
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INTRODUCTION
General

Historically, the development of urban centres in many areas of
Canada, including Newfoundland, has taken place on floodprone

lands. These lands were developed by the first settlers due to ease
of access, etc. These early uses of the floodplain have evolved into
present day highly urbanized communities which still attempt to
utilize floodplain lands. An increasing trend towards urban
developments in Canada has resulted in an increased potential for
higher flood losses. A nation-wide survey of potential flood
hazards has indicated that more than 200 communities in Canada have
some deveiopments located in flood hazard areas. Floods in
Newfoundiand, and more specifically in Trout River, are relatively
frequent.

On May 22, 1981, the Province of Newfoundland and the Government of
Canada entered into a General Agreement Respecting Flood Damage
Reduction. The main objective of this Agreement is to reduce the
potential for flood damages in floodplains and along the shores of
lakes, rivers and the sea. This Agreement also recognizes that the
potential for future flood damages can be reduced by controlling the
areas prone to flooding.

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

To provide for the identification and delineation of flood prone
areas in Newfoundland, the "Agreement Respecting Flood Risk Mapping®
was also signed on May 22, 1981. Under the terms of this agreement,
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a number of flood prone areas in the province are to be mapped and
flood risk zones delineated and utlimately designated as areas where
the federal and provincial governments will agree to restrict their
funding for new development. These agreements were amended in May
1983 and a related "Studies Agreement" was signed in June 1983. (In
this report, projects completed under these agreements are referred
to as work done under the Canada Newfoundland Flood Damage Reduction
Program; CNFDRP for short.) The agreements were again amended in
1988; three additional areas were added and the agreements were com-
bined in a "Flood Risk Mapping and Studies Agreement".

Authorization and Scope of Study

The agreements previously mentioned provide for the establishment of
two committees; the Steering Committee which is responsible for gen-
eral administration of the agreements and the Technical Committee
which provides technical support to the Steering Committee. On
April 3, 1989, Island Engineering Company Limited, in association
with Cumming Cockburn Limited, were commissioned by the Newfoundland
Department of the Environment and Lands to undertake a "Hydrotech-
nical Study of Trout River". As described in the Terms of Refer-
ence, the main objective of this investigation was to develop the 20
and 100 year return period flood hydrographs and associated back-
water profiles for the study area.

The following points summarize the overall scope of the investiga-
tions:

1. Review of background information to characterize the flooding
problem;

2. Evaluate the significance of various factors affecting flooding
in Trout River;

3. Design, coordinate and manage a field program for the purpose of
collecting hydrologic and hydraulic data for model catibration;
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4. Determine 20 and 100 year recurrence interval backwater profiles
from the outlet of Trout River to Lower Trout River Pond;

5. Produce the 20 and 100 year flood profiles and plot the 20 and
100 year return period flood lines on topographic maps to deter-
mine the areal extent of flood prone areas;

6. Undertake sensitivity analyses of peak flow estimates and back-
water profiles;

7. Assess the significance of ice jamming and other hydraulic
factors affecting flood l1ines; and

8. Identify possible remedial measures for flood management and
flood damage reduction which may be analysed as required in
possible future phases of the flood hazard investigations.

The scope of the study is described in detail in the Terms of
Reference.

During the course of these investigations, the need for undertaking
a preliminary evaluation of the floodplain along the lower portion
of Emmanuel's Brook in the Community of Trout River was also
identified.

Study Area Description

The Community of Trout River is located on the Gulf of St. Lawrence
near the southwestern boundary of Gros Morne National Park. Feeder
Brook is a smali tributary joining Trout River just scuth of the
town at Route 431 (see Figure 3.1). Emmanuel‘s Brook flows into the
gulf on the eastern side of the community. Flooding occurs in the
residential section of town along the east bank of the river and
along the downstream portion of Emmanuel's Brook. The flooding is
caused by ice jams in Feeder Brook and Trout River upstream of the
floodprone area, and by ice along Emmanuel's Brook. Flooding also
occurs along the lower portion of Emmanuel's Brook (see Section
5.0).
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Overview of Study Methodology

As indicated previously, the basic purpose of this investigation was
to provide the 20 and 100 year open water flood profiles and flood-
plain extent for Trout River. The accurate determination of flood
profiles along the study reach depends on several hydrological and
hydraulic factors, including the following:

- historical flood conditions in the study area;

- climatological characteristics of the Trout River watershed,
including rainfall and snowmelt characteristics;

- land use in the watershed;

- peak discharge rates associated with the 20 and 100 year
return period floods;

- effects of tides, ice jams, debris jams and other hydraulic
factors along the study reach;

- existing stream channel and floodplain hydraulic character-
istics and man-made changes such as bridge and channel con-
strictions, berms and dyking, etc.

- natural and artificial flood storage in the study area.

The complex interrelationships between the above mentioned factors
have been considered in the course of undertaking our climatologic,
hydrologic and hydraulic investigations.

The first step in the investigation was the collection and review of
available background information and existing data on climatologic
and flood characteristics. These are discussed in Chapter 2.0,
entitled "Background", and in the “"Survey and Monitoring Report"
under separate cover.

The next step was the determination of appropriate 20 and 100 year
peak discharge rates. Alternative estimates by statistical and de-
terministic analyses were derived and compared as discussed in
Chapter 3.0, "Hydrologic Analyses". Where appropriate, this
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inctuded model calibration and sensitivity and error analyses in
order to achieve an appropriate level of accuracy for the discharge
estimates.

Thirdly, the peak flow estimates were converted to flood water
levels (profiles) along the study reaches by means of a computer
model of hydraulic characteristics. This is discussed in Chapter
4.0. This also includes sensitivity testing of the most important
hydraulic parameters and relevant model calibration and verification
using documented events.

Finally, the approximate extent of the flood hazard areas was plot-
ted on copies of new topographic mapping for the study area. It was
then possible to identify potential remedial measures which might be
considered in more detatl in the future for alleviating the poten-
tial for future flood losses. These measures are identified in
Chapter 6.0.

As required by the Terms of Reference, the "Hydrologic and Hydraulic
Procedures for Floodplain Delineation" and "Survey and Mapping
Procedures for Floodplain Delineation", developed by Environment
Canada were used as basic guidelines throughout the course of these
investigations.
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BACKGROUND
Interviews

On May 8, 9 and 10, 1989 interviews were held with residents of
Trout River and other people knowledgeable of the area. Further
interviews were held in June and July, 1989.

Mr. David Hann of Trout River indicated there is frequent flooding
on the road. Some years the ice in the Lower Trout River Pond melts
in place, staying in the pond as it did in 1989 and 1990. Other
years the ice breaks up and flows down the river, jamming at down-
stream locations. Precise locations of these ice jams were not
indicated.

Mr. Isaac Crocker has lived in the first house upstream of the
bridge, on the east side of the river, west of the road, for the
past 40 years. Before that he lived on the other side of the

river. He has seen ice pans two to three feet thick and twenty feet
long going past his house. They do not jam up and cause flooding at
the bridge. He has not been flooded from the river since a retain-
ing wall (approximately 1 m high) was installed along the river with
fi11 placed behind it.

Mr. Fred Crocker 1ives near Mr. Isaac Crocker but approximately 35 m
east of the road, further from the river. He indicated that some
ice occasionally backs up at the bridge, but never enough to cause
flooding. The tide comes up as far as the bridge but does not seem
to make the problem any worse.

Mr. Fred Crocker said that flooding in town (he has had water in his
yard) is caused upstream at the confluence of the Feeder Brook and
Trout River. Ice comes down the Feeder and backs up at the bridge
and culverts. Water flows across the road, and down the road
through the town. This is the first year (1989) he has not seen it
flood the road. '
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Ice flowing down Trout River also accumulates in the shallows at the
confluece with Feeder Brook and combines with ice from the Feeder
causing water backup.

Mr. Walter Crocker lives in the first house downstream of the
Feeder, on the east side of the road. Mr. Crocker says that the
road has not flooded since the new bridge was built (about 1976) and
the four culverts placed at the location of the old bridge. With
the old bridge, sheet ice from the Feeder used to back up at the
bridge and flood the road. This conflicts with statements by other
residents.

Mr. Barnes said that the largest flood ever was in 1938. That year,
a barn at the fork in the road (with Route 431) was washed away with
the spring flood.

Mrs. Mary Crocker said there was another big flood about 30 years
ago (1959). Photographs taken at that time by a local resident are
shown on Figure 2.1.

Mr. Murdock Brake, an elderly resident of Trout River has lived most
of his 1ife in a house located on the east side of the river, west
of the road, about 600 metres north of the Big Feeder Brook. Mr.
Brake indicated that the last two large floods he could recall
occured in 1976 and 1983 respectively. He has seen ice jams at the
Trout River bridge, but has not seen any flooding of the town as a
result of this since the retaining wall was built. Mr. Brake said
that the major cause of flooding in the last 15 years has been from
the Big and Small Feeder Brooks.

Discussion with Mr. H. Smith, Public Works Canada, in Rocky Harbour
indicated that Public Works has no information concerning the Trout
River flooding problems.
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A meeting was also held with Mr. P. Caines, Chief Park Warden for
Gros Morne National Park. After discussion with other staff
members, it was determined that Parks Canada had no photographs or
records on Trout River. When the new bridge was built at Lower
Trout River Pond, some assessment was done into high water marks but
all information was verbal.

Historical Floods

History of Flooding

Winter 1985/86: According to Mr. Howard Crocker, the Mayor of Trout
River, ice which formed on Feeder Brook broke up and was flushed
downstream to jam at the confluence of Feeder Brook with Trout
River. In this incident a local road was closed due to water and
ice flowing across it. There were no reports of any property
damage. Mr. Crocker stated that this type of flooding occurs every
twe or three years.

1980-82: Floods have also occurred as a result of ice jams near the
island in Trout River. Sometime between 1980 and 1982 an ice jam
near this istand resulted in the grounds surrounding the local
school being flooded. There were no reports of property damage from
this flood. According to residents this type of flooding occurs
less frequently than the type of event noted above.

Spring 1976: The Trout River bridge was damaged by ice and high
water. Scouring was reported around the centre pier and settling
resulted. Ice also damaged the planking on the nose of the piers.
No other damage was reported.
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2.2.2 Nature of Flooding

The known floods which have occurred in the Trout River area appear
to have been as a result of ice jams, usually at the confluence of
Feeder Brook with Trout River, and less frequently at the island in
the river or near the bridge in the community. There have been no
reports of floods from high fresh water flows or of floods related
to high tides.

We have been informed by the residents of Trout River that the
flooding in the last 15 years has not been caused by Trout River but
by two small tributaries which flow into the river known as the Big
and Small Feeder brooks. Before 1975 the runoff was handled by the
two Feeder Brooks and each brook contained its own bridge. In 1975
or 1976 the Deparment of Transportation tried to rechannel all of
the runoff into Big Feeder Brook by eliminating the bridge on the
Small Feeder and placing four 1.2 metre culverts in its place.
Eighty metres down from the pump house where the Big Feeder and
Small Feeder intersect a gravel retaining wall was constructed to
eliminate the flow of water into the Small Feeder. A new bridge was
then constructed over the Big Feeder. This was an attempt by the
Department of Transportation to eliminate the problem of flooding
caused by ice jamming at both of the old bridges. Ten to fifteen
meters above the area where the gravel retaining wall was
constructed a bend in the Big Feeder causes ice to block up during
quick runoff. Water builds up behind the ice and flows over the
gravel retaining wall into the Small Feeder down towards the four
culverts. Snow buildup around the four culverts from snowfall and
winter snow clearing causes the culverts to block up. The water
that is flowing in the Small Feeder builds up behind the blocked
culverts until it reaches a level where it flows onto the road and
into surrounding fields. Ice building up at the Big Feeder bridge
adds to the flooding problem.

Another area of problem is the confluence of Big Feeder Brook and
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Trout River. If this area is blocked with ice from Trout River then
ice flowing down the Big Feeder has nowhere to go and adds to the
ice jam. Water builds up behind the ice, thus resulting in the
surrounding area being flooded. This flooding does not seem to be
as serious as the first one mentioned.

Previous Studies

A study was carried out with the objective of providing a technique
for estimating the 20 and 100 year recurrence interval instantaneous
flood flows for the Island of Newfoundland. The results are des-
cribed in the report "Regional Flood Frequency Analysis for the
Island of Newfoundland". These are extensively used in the estima-
tion of flood flows for a variety of projects including flood risk
mapping, remedial measures studies, the design of spillways,
bridges, and other hydraulic structures.

Existing Data

Hydrometric Dat;

Data from five hydrometric stations in the area were considered
appropriate for use or potential use in this study. These stations
are:

1. 02YF001 Cat Arm River above Great Cat Arm

2. 02YJ001 Harry's River below Highway Bridge

3. 02YK002 Lewaseechjeech Brook at Little Grand Lake
4. 02YKO03 Sheffield River near TCH

5. 02YKO0O4 Hinds Brook near Grand Lake

Physiographic and hydrometric data for each of these stations is
shown in Table 2.1.



810 £S

166°9¢

€69 (€

000" 8%
050 t$

()

ATNLIIOROT AANLILYT

[} A |

08°61

96"

9y

61°Z
(m)

SSANNDIHL
RAQHNIUIAO

€968

ZRZ 6

6958y

[ 2014

091 ° 0%

(.)

8Ll

861

[4 9 4

18°1

HO1oV4
3dvHs

¥91

[N B

€81
s7e
66%

An\aEv

ooﬁmc

ey’

[TA O §

[4:1

A~ax\zxu

ALISNHQ
BOVRIVHG

asvd VIvVa DIDOTOHOALAWOYUAH (NV DIHdVUDOISAHd

el 971 £°16
fotl 86 o'v
(4] 1T €98
[te ocs 12¢
1w L€ 1z
- ] a8 o E: | w
(s W) (a7 @) (as w)
[
% ‘i
6vo° 1'0z¢
266" sie
zz0't 809
1'14' 60S
ez9° 052
(%) (W} “JANNVHO NIVM
TENNVHD 40 ALINIDIA NI
NIVH JATALIG NISYd
40 Ad0IS @O NOIXIVAZIA

08

8i

L£:]
[4:]
LL)

(ut) QTOMINZD LV
TIVANIVE HHOLS
JoI¥ad NYN13Y¥
HVAX SZ "UNCH 2

ANYIANNOAMEN 40 ANVISI FHL d0d SISATYNY AJNANOLIEA qOOTd TYNOIDTY

052

092

0Lz
0sZ
oty

(w1} 0Z HOWVH NO

‘dJOMIN3D NISVE LV JJ0NNY

Y86

9638

Z911

T2€Y

ozZvl

{uwr)

FAENOS

(¥004KZ0) @%e] puRad JEau 300§ SPULH

113
{£00NX20) Lemyd(y eprue)
6 suell Jesu JaAld PIAfriIaus
(Z00NAZO) aje] pusi) arl13]
00T I® Nooag yzaalysaanemsan)
[} (100rxzo) @#3prag Asmyl3TH Mol[aq Jaaty s,L11ey
001 {1004XZ0) BV 18] IRIID SACHR JIATY WY 18D
(%) dHVMS
T BAV] 8 -

INZIVAINDZ WALVM IVNNNY  Q3TI0HINOD

AOVIMONS HYAW

(Z 3aed) 1'z d18VL
6Z°6%  6L7¥ST  92°991  TvsIl
60°8C  ¥C'6S  6S°v9Z  OL°6Z
B8°¥S  CZ°9ET  €Z°8SZ  S0°6Z
00°09 SB'EY  BY'SOS  ¥Z'SS
L1°0E  Y0°OTT  69°0Zv T6°@Z

(wq) Anuﬂu Anzxv anex,
TARHVHD
RIVH 40 vauv vaaY VIV
HIONZT N3¥Hve ISAMOX  dJNVMmsS

NV3H

LA x4
£ L€

Ly’ 9y
€rse
6L°1¢
aNIS-

vauv
v

vauv

6Z¢
Tec

(1734
or9
11y
.w!x-

Vauv
BOVNIVHA

JSvd VIVd DID0TOYORLAHOUAXH UNV DIHJAVIODOISXHI

11 334}

1'2 ATV

(Y00NXZ0) %81 puwlID IW3U NoOIg SPUTH

(£003X20) Keaydyy wpeus)
SURIL JRIU JIATH PIATJJays

(ZOOXAZO) anw] pumay @331
1% yoold yIefysraasend]

(100rxzo) 3pyag AemydtH moreq oAty 8, Krmy

(1004X70) WI¥ JvD J¥a1D sADqQE JIATY WIY %)

HAGWNNN GNY FHVR NOILIVIS

Y3GHNN OGNV FHYN ROILVIS




2.4.2

2.4.3

Tidal Data

Hourly tidal data for the Lark Harbour station was obtained for the
period 1963-1988. These data were provided by Environment Canada
(Marine Environmental Data Service), Department of Fisheries and
Oceans in hard copy tabular form (150 pages). (See Table A.6 for an
example page of the data format.)

In addition two recent investigations by Martec Limited on tides and
extreme water levels at Cox's Cove and Parson's Pond were obtained
and reviewed. The results of these analyses are summarized in
Tables A.7 to A.10.

No local tidal measurements were found. In the absence of local
tidal measurement, tidal information was derived from the regional
reference point at Harrington Harbour. Interpolation of results
from Table A.7 to A.10 were then utilized and referred to for com-
parison purposes.

Field Surveys

Field surveys of channel and floodplain characteristics were carried
out along the Trout River in the spring of 1989 by staff from Island
Engineering and Cumming Cockburn Limited. These studies are dis-
cussed in Section 3.0 of this report and in the Survey and Monitor-
ing Report.
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HYDROLOGIC ANALYSES

General

Long term streamflow measurements are not available on the Trout
River watershed. Therefore, the 20 and 100 year recurrence interval
peak flows were determined for the Trout River watershed (Figure
3.1) using alternative estimating techniques:

1) Statistical Analyses - Regional Flood Frequency Analysis
- Single station estimate from nearby
watersheds
2) Deterministic Analysis - Instantaneous Unit Hydrograph
technique

These alternative estimating techniques were used for comparison
purposes and in order to assess the reljability and accuracy of the
available peak flow estimates.

To provide peak flow estimates, a regional flood frequency analysis
was applied using procedures developed under the Canada-Newfoundland
Flood Damage Reduction Program in 1983. For comparison purposes,
the transfer of statistical estimates from nearby watersheds with
hydrometric stations was made to estimate flows for the Trout River.

Also for the purpose of comparison and as a means of verifying the
results of the regional estimates, a secondary peak flow analysis
was undertaken utilizing the deterministic model OTTHYMO, as dis-
cussed in Section 3.3. Experience with this technique in other
flood studies has proven its usefulness as a means of estimating
peak flows for ungauged watersheds.

The following sections outliine the procedures used in the develop-
ment and application of these techniques for estimating peak dis-
charges associated with the 20 and 100 year recurrence interval
flood events.
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Statistical Analyses

Flood Flow Estimates

i) Regional Flood Flow Estimates

A Regional Flood Frequency Analysis has been compieted under the
Canada-Newfoundland Flood Damage Reduction Program (Env. Canada and
Newfoundland Environment, 1983). The results of this analysis have
been utilized in this study to derive Regional Flood estimates for
the instantaneous flood flows on the Trout River.

The regression equations developed in the above noted study are
based on a single station instantaneous flood frequency analysis at
11 hydrometric stations with at teast 10 years of record located in
southern and eastern parts of the Island of Newfoundland. The
regression equations are developed in the following form:

Togig QPT = K + a logigDA + b 1ogyp MAR (3.1)
+ ¢ logig ACLS + d logyg SHAPE
where QP = T year maximum instantaneous peak flow
K,a,b,c,d = constants (refer to Appendix A for specific values)
DA = area controlled by lake and swamp (% of drainage
area) from 1:50,000 NTS maps using criteria that
lake or swamp with surface areas at least 1% of the
drainage area to the lake or swamp outlet controls
the area to the outlet
SHAPE = (0.28 x basin perimeter) vDA (1/km) from Chow's
Handbook on Hydrology
MAR = Mean Annual Runoff (mm) over the area
ACLS = Area controlled by lakes and swamps.
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Since the drainage area of Trout River was outside the range of app-
lication of the equation developed for the Northern Region, the pre-
diction equation developed for the entire island was used.

Regression equations and results for the entire Island and for the
North Region for the 20 and 100 year storms are shown in Appendix A
in Tables A.1 through A.4. The parameter range used for the
analysis is given in Table A.5.

The peak instantaneous flow rates calculated are summarized in Table
3.2.

ii) Regional Flood Flow Estimates from Other Sites

To help verify peak flows as estimated by the Regional Flood Fre-
quency Analysis on the Trout River, the average of the unit 100 year
regional flood flow estimates for five nearby stations was calcula-
ted. The following stations were selected due to hydrologic simi-
larity:

1) 02YFOO1 Cat Arm River above Great Cat Arm

2) 02YJ001 Harry's River below Highway Bridge

3) 02YKO02 Lewaseechjeech Brook at Little Grand Lake

4) 02YKO03 Sheffield River near TransCanada Highway

5) 02YK004 Hinds Brook near Grand Lake

Regional instantaneous flood flow rates for each of the five sta-
tions were taken from the Regional Flood Frequency Analysis using
the equations for the entire Island of Newfoundland. The watershed
parameters are summarized in Table 2.1 and the unit flow rates are
summarized in Table 3.1.

The average unit flow rate was then applied to the Trout River Basin
at the outlet of Lesser Trout River Pond and at the outlet of the
Trout River. These peak flow rates are summarized in Table 3.2,
column 2, for the 20 and 100 year return period storms.
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3.2.2 Single Station Statistical Analysis

3.3

3.3']

Peak flow rates determined by single station statistical analysis
for the stations listed in Table 3.1 were also used to determine an
average unit flow rate (CNFDRP, 1983). The average unit flow rate
was then applied to the Trout River Basin.

The average single station analysis produced flow estimates slightly
higher than the Regional regression equations for the Trout River.
Peak flow rates are compared to other methods in Table 3.2.

The secondary comparisons indicated that data available at the Harry
River gauge may be resulting in high peak flow estimates. There-
fore, for comparison purposes, this data was removed from the aver-
age presented in Table 3.2. This resulted in a lower overall aver-
age for the secondary comparisons. Overall, this tends to confirm
that the use of the Regional Regression Estimates provide reasonable
peak flow estimates for the study area.

Deterministic Analyses

Introduction

The 20 and 100 year peak flows were also estimated by using a syn-
thetic unit hydrograph procedure known as OTTHYMO (University of
Ottawa). The input requirements of this simulation technique
include both meteorological (rainfall/snowmelt) data and physio-
graphic characteristics (land use, time to peak values, constituent
soil characteristics, etc.) of the study area.

The following sections describe the hydrologic procedures used in
the development and application of the OTTHYMO model in the prelim-
inary determination of secondary peak flow estimates for the Trout
River watershed. A comparison of the deterministic and statistical
estimates is given in Table 3.2 and discussed in Section 3.4.
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OTTHYMO Model Structure

The OTTHYMO program is a hydrologic computer model used to simulate
the surface runoff from a particular drainage area for a specific
meteorological input. For transformation of the input into runoff
hydrographs, the program uses a synthetic unit hydregraph technigue
and the 3So0il1 Conservation Service rainfall-runoff relationships
(SCS, 1972).

The program generates a hydrograph for each selected sub-drainage
area of the watershed, in this case, Trout River to Lower Trout
River Pond, and the Feeder Brook watershed.

The reservoir routing effects of Upper and Lower Trout River Ponds
were also modelled using the OTTHYMO program. The input require-
ments are the discharge/storage relationship for the pords. Field
measurements at the ocutlet of Lower Trout River Pond and available
topographic maps were used to obtain these relationships. The
model parameters are summarized in Appendix A.Z2.

Meteorological Data

The design storm patterns and total rainfall used in the determin-
istic computer model were determined for the Trout River area based
on available meteorological data.

The time of concentration of the Trout River watershed, to the out-
let of Lower Trout River Pond was found to be about 9 hours.

Storms with durations of 6, 12 and 24 hour storms were modelled.
The 6 hour storm produced the highest instantaneous peak flow from
the watershed area upstream of the Upper Trout River Pond and the
24 hour storm produced the lowest. However, when the hydrographs
were routed through Upper and Lower Trout River Ponds, the 24 hour
storm caused the highest flow to the study reach of the Trout
River. This is attributed to the higher runoff volume associated
with the 24 hour storm event.
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For this reason, the peak flows associated with the 24 hour storm
were selected as a comparison to the Regional Regression Analysis,
The model input/output and OTTHYMO simulation results are summariz-
ed in Appendix A.2.

Floodline Profile Sensitivity to Flows

A preliminary backwater model (HEC-2) was developed to test the
sensitivity of the floodline to different flows. The flows used
were those calculated using the average Single Station unit flow
rates, the recommended Regional Analysis equations applied to Trout
River, and the OTTHYMO computer model. The flows were highest for
the Single Station and lowest for the OTTHYMO computations.

[t was found that for the single station analysis, the higher 100
year flow caused a maximum 0.24 m increase in depth, and an average
depth increase of 0.14 m along the study area.

The flow calculated by the OTTHYMO model produced flood levels less
than those corresponding to the regional regression flows with a

maximum depth -about 0.16 m less (average ¢.11 m less).

Main Conclusions and Recommendations of Hydrologic Analyses

1) A suitable long term record of discharge measurements is not
available for Trout River.

2) The peak flows were computed by application of the Regional
Flood Frequency equations developed by CNFDRP. Other peak
flow estimating procedures resulted in comparable peak flows,
however, the regional technique is considered to be more
reliable. Therefore, it was concluded that the peak flows
estimated by the application of the regional equations are
reasonable estimates which can be utilized in undertaking
backwater computations along the Trout River.
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The OTTHYMO model was selected to provide secondary peak flow
estimates. While no data was available to calibrate the model to
Trout River, this model has previously proven capabilities for
simulating peak flows in a number of other practical applica-
tions, including the Stephenviile Hydrotechnical Study (4).
OTTHYMO peak flow estimates confirmed use of the peak flow esti-
mates by the Regional prediction equation.

Secondary peak flow estimates derived by transferring unit peak
flows from selected stream gauge locations also confirmed the
peak flow estimates by the Regional Flood Frequency Equation.

The peak 20 and 100 year flows at the outlet of the Trout River
(Reference Point #1 on Figure 3.1) were found to be 118 and 144
m3/s respectively. From the confluence of the Feeder Brook
(Ref. Point #2) to Lower Trout River Pond (Ref. Point #3), they
were found to be 91 and 116 m3/s respectively. These flows,
summarized in Table 3.3, are recommended for computation of the
20 and 100 year flood profiles along Trout River.



TABLE 3.3

RECOMMENDED PEAK FLOWS FOR TROUT RIVER

Return Period

20 Year 100 Year
Location (m3/s) (m3/s)
Outlet to Feeder Brook 118 144

Above Confluence of
o Feeder Brook 91 116

e et e e et 1 i O = St 1
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HYDRAULIC ANALYSES

Methodology

General Overview

The main purpose of the hydraulic analysis on the Trout River was
to transform peak discharge estimates into flood profiles. This
was undertaken for the 20 and 100 year flood events.

A backwater model was developed to simulate the existing hydraulic
characteristics of the channel and floodplain as interpreted from
the results of field topographic and reconnaissance surveys, and
from existing 1:2500 mapping. These surveys are discussed in
Section 4.2. The backwater model was calibrated using measured
water levels and peak discharge collected as part of these investi-
gations. The model calibration is discussed in Section 4.3.

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

In order to define the degree of sensitivity of simulated flood
profiles to variations in the hydraulic model input parameters sen-
sitivity testing was undertaken. This aspect is discussed in Sec-
tion 4.5.

Model Description

In order to estimate the flood levels associated with each of the
required flood peaks, a mathematical backwater model was applied to
simulate the hydraulic characteristics along the Trout River.

The effects of channel and floodplain storage on flood profiles
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along the study reach were generally not considered to be signifi-
cant due to the comparatively large volume of the flood hydro-
graph. In cases where the effects of storage are not significant,
it is a standard practice to assume steady state flow conditions in
the computation of the backwater profiles.

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

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

3h = (S, - S¢) / (1 - vZ/gh) (4.1)
ox
where h = depth of flow (m)
X = distance in direction of flow (m)
So = bottom slope (m/m)
Sf = boundary frictional effect {m/m)
v = velocity in direction of flow (m/s)
g = acceleration due to gravity (m/s?)

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

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

The HEC-2 model (USCE, 1982) has been successfully used in many
similar practical applications. Therefore, this model was selected
since it is a well proven and well documented nonproprietary
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technique which is flexible to use. The model can be applied in
the future to evaluate the effects of recommended hydraulic
improvements and any proposed channelization or filling along the
study reach.

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

In addition, the model can calculate critical depth at each cross-
section and can compute profiles for supercritical flow, where re-
quired. Backwater profiles can be run for subcritical flow condi-
tions by specifying a starting water tevel at the downstream end of
a stream reach being simulated. For supercritical flow conditions
flood profiles can be computed by starting the computation at a
known water level at the upstream end of a given study reach.

The model can take into account the following factors:

1) Channel-roughness

2) Floodplain roughness

3) Islands or flow divisions

4) Bends in the stream or floodplain

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

6) Slope of the channel and floodplain

7) Energy losses at hydraulic structures, including bridges,
culverts, weirs, dams, etc.

8) Channel and floodplain expansion and contraction leosses

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

10) The effect of ice cover on the stream or floodplain.

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

A major advantage of the HEC-2 model is that the channel and flood-
plain roughness (Manning's 'n') can be varied for each cross-sec-
tion in the program. This provides a means of describing the vari-
ous local factors on which the roughness coefficient depends such
as channel composition, type and extent of vegetation, etc.

Energy losses created at hydraulic structures, such as bridges and
culverts, are computed in the program in two parts. First the
energy losses due to expansion and contraction of the flow at the
cross-section on the upstream and downstream sides of the structure
are calculated, and second, the energy loss through the structure
itself is computed by either using the special bridge or the normal
bridge sub-routine in the HEC-2 model. Energy losses due to expan-
sion and contraction of flow are calculated by employing expansion
and contraction coefficients which are mu]tiblied by the absolute
difference in velocity heads between cross-sections to estimate the
energy loss caused by the transition.

When the normal bridge subroutine is used the water level is com-
puted at the bridge or culvert section in the same manner as normal
river cross-sections, but exctuding the cross-sectional area of any
existing piers, deck or wingwalls below the water surface. When
the water surface elevation exceeds the bottom chord, the wetted
perimeter of the section is also adjusted. The special bridge
routine computes losses through the structure for low flow or for
any combination of weir flow and pressure flow.

The Trout River was modelled from the mouth of the river to the
Lower Trout River Pond, a distance of approximately 2.6 km. Feeder
Brook was also modelled for a distance of approximately 0.5 km from
its confluence with Trout River.
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The specific characteristics of the channel and floodplain modelled
are discussed in detail later in this report.

Hydraulic Model and Input Data

Field Survey

Cross-sectional data were unavailable for the Trout River study
reaches. Therefore, field surveys were undertaken as part of this
investigation to measure typical channel and floodplain cross-sec-
tions.

A11 topographic information collected during the field surveys was
retated to geodetic elevation and where possible, all sections were
located by means of reference to recognizable land marks located
near the floodplain.

Floodplain and channel roughness coefficients were also assessed in
the field utilizing procedures developed by the U.S. Dept. of
Transporation (U.S. Dept. Transportation, 1984).

i) Cross-sections

A total of 15 cross-sections were field surveyed along the study
reach. The complete inventory of cross-sections, including loca-
tion and extent, is shown on the flood risk maps developed in con-
Junction with this study. Cross-section measurements were obtained
at representative locations along the study reach, and were located
based on changes in the slope, cross-sectional area or channel
roughness. Additional measurements were taken near all bridge
crossings along the study reach. Cross-section plots and the loca-
tion of each surveyed location are given in the Field Survey
report.

By means of a comparison of field surveys to the 1:2500 scale topo-
graphic mapping, it was evident that the elevations denoted on the
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mapping and determined from the surveys were, in general, similar
along the study reaches. Therefore, it was decided that the mapp-
ing could be used to supplement the field surveys where necessary.
The Tocation of surveyed and map interpreted cross-sections is
summarized in Appendix D.

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

i) Hydraulic Structures

Each of the hydraulic structures along the study reach represents a
potential flow constriction which may have a pronounced effect on
water surface profiles during flood periods. Therefore, the physi-
cal dimensions and elevations of all hydraulic structures were
field surveyed as described in the Physical Surveys and Field Pro-
gram report. These measurements included the size of the opening
and the elevations of the soffit and bridge decks, etc. The data
sheets for the bridges are included in this report as Appendix C.

jii) Crest Gauges

In order to collect peak water level data for the purpose of cali-
brating the hydraulic routing model, a total of 3 crest gauge sta-
tions were installed along the Trout River in 1989, under the
direction of Island Engineering Company Limited and Cumming
Cockburn Limited. Subsequent measurements of water levels were
undertaken in order to collect data suitable for model calibra-
tion. Additional information on the data collected is included in
the Survey and Monitoring Report.

The results of the field investigations and river and floodplain
characteristics are discussed in the following section.
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4.2.2 Channel and Floodplain Characteristics

i) General Hydraulic Characteristics

The channel and floodplain characteristics of the study reach were
identified by means of field reconnaissance surveys. Generally, it
was found that the west bank was steep and heavily wooded while the
east bank was flat floodplain, approximately 1-2 m above the

river. The overbanks are generally grassed adjacent to houses.
More development exists in downstream areas with sparser housing
upstream approaching Gros Morne National Park.

The river is relatively straight, with a few curves and a fairly
constant width of 25 to 40 m. The riverbed consists of pebbles and
boulders.

Manning's roughness coefficients were selected based on relative
cover, type and amount of vegetation, channel configuration and
natural physical constraints relative to the channel and overbank
reaches along the watercourse (Chow, 1959). Typical roughness
coefficients were then determined based on field observations of
channel and overbank characteristics, experience in conducting sim-
ilar investigations, and with reference to the classification tech-
niques developed by the U.S. Department of Transportation (U.S.
Dept. Transportation, 1984). A summary of typical Manning's rough-
ness coefficients determined for various reaches of the study area
are given in Table 4.1.

11) Hydraulic Structures

The discharge and flood levels during peak flows are also influ-
enced to some degree by two bridges along the Trout River. The
bridge crossing Feeder Brook controls flood levels during peak
flows.



TABLE 4.1

TROUT RIVER FLOOD STUDY

SUMMARY OF TYPICAL ROUGHNESS COEFFICIENTS

Cross-Section Left Overbank Right Channel
1 2 1 2 1
0 + 045 0.055/0.095 0.055/0.085 0.045/0.050
0 + 810 0.045/0.055 0.090/0.090 0.045/0.050
1 + 035 0.035/0.040 0.075/0.075 0.045/0.045
1 + 485 0.045/0.045 0.085/0.085 0.040/0.045
1 + 700 0.045/0.045 0.080/0.080 0.045/0.045
1 + 805 0.045/0.045 0.090/0.090 0.045/0.045
2 + 805 0.030/0.030 0.095/0.095 0.045/0.045
2 + 300 0.045/0.045 0.100/0.100 0.045/0.045
2 + 600 0{045/0.045 0.045/0.045 0.065/0.055
2 + 620 0.035/0.035 0.035/0.035 0.045/0.045
NOTES: 1. Uncalibrated Roughness Coefficient

2. Calibrated Roughness Coefficient




4.2.3 Hydraulic Model Application

In order to simulate the flood levels associated with the 20 and
100 year peak flows, the available background and field data was
input to the HEC-2 program.

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

i)

ii)

iii)

All sections are coded as if looking upstream aitong the
watercourse.

Field measured cross-sections used in the hydraulic model
are referenced to the supplementary field report according
to the sequential numbering system developed during the
field surveys.

In some cases, field measured cross-sections were used more
than once as typical cross-sections a]ong particular reach-
es. This is to facilitate the accurate coding of bridges
and other such constraints at various locations on the
watercourses, as described in the program documentation
(USCE, 1982). Invert elevations were adjusted by applying
the average slope between measured sections to the point of
interest.

All hydrautic structures are referenced to the field survey
report through the use of comment cards in the HEC-2 comput-
er listing.

Head losses through the bridges (see Appendix D for structure
characteristics) were simulated using the special bridge method, as
described in the HEC-2 Users Manual (USCE, 1982). This option
allows a combination of pressure and weir flow to be modelled.
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Starting Water Elevation

The starting water surface elevation for Trout River is determined
by tidal influence. A discussion for the methodology in determin-
ing tide conditions and water elevations is included in Appendix
E. The starting levels were found to be 1.92 m and 1.64 m for the
design flood conditions (100 and 20 year respectively).

Ice Jam Analysis

A theoretical ice jam analysis was attempted as described in Appen-
dix F. This analysis indicated that ice jams on the Feeder Stream
would generally not be associated with flows greater than approxi-
mately 10 - 20 m3/s.

Historically, ice jams have occurred which almost completely block-
ed the Feeder Stream Bridge. This led to the construction of four
flood relief culverts near the bridge.

An hydraulic analysis was undertaken by assuming that the bridge
and culverts were almost completely blocked with ice. It was found
that flood water would overtop the road for flows above 5 m3/s,
assuming nearly complete blockage. The flood depths over the road
for various flow rates are shown in Table 4.2.

An ice jam occurred in January of 1990 at this tocation. (See
Appendix F and the Survey and Monitoring Report for photographic
documentation.) Observations confirmed that nearly complete block-
age of the bridge and culverts occurred as a result of upstream ice
accumulation. Flooding was also apparently made worse by the
height of accumulated roadside snow banks. Flow was observed to
occur over the road, thus providing indirect confirmation of the
hydraulic modelling results (although no discharge observations
were available for this event).



TABLE 4.2
FLOOD DEPTHS AT FEEDER BROOK BRIDGE*

Flow Elevation Depth over Road
(m3/s) (m) (m)
2 5.09 -
5 5.67 0.29
10 5.77 0.37
15 5.83 0.43
20 5.89 0.49

HEC-2 simulations with ice blockage on Feeder Brook Bridge
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Comparison to open water flood levels will indicate that ice jam
flooding is higher at this location.

Open water elevations for the 100 and 20 year events are 5.77 and
5.50 m respectively but all flow remains in Big Feeder Brook where
the level is higher. Under ice conditions, water is forced into
Small Feeder Brook farther upstream. The road elevation is lower
near the culverts (1.0 m) and flooding occurs at lower flows.

Model Calibration

General

In order to accurately reflect the potential flood conditions along
the Trout River, an attempt was made to calibrate the HEC-2 model
using field measured high water levels collected as part of a moni-
toring program conducted in 1989, The monitoring program and data
collected are discussed in the Survey and Monitoring Report. The
observed water levels were utilized in order to refine the
backwater model parameters determined during the field reconnaiss-
ance phase of the study.

The general procedures for calibration of the HEC-2 model are summ-
arized in the following section.

4.3.2 Methodology

The HEC-2 model calibration was undertaken by modifying the channe!
and floodplain roughness coefficients (Manning's "n") and other
hydraulic parameters (e.g. expansion and contraction coefficients)
until acceptable simulation accuracy was achieved. It was evident
that the Manning's roughness coefficient was the most sensitive
parameter with respect to calibration of water levels on the Trout
River,
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Discharge data used in the analysis was as recorded at the Lower
Trout River Pond bridge and Feeder Brook bridge.

The following outlines the general procedures for calibration and
verification of the HEC-2 model:

1) Water level measurements were collected by field survey in
1989, at predetermined locations along the Trout River {refer
to 1:2500 mapping for gauging locations).

2) The sensitive hydraulic model parameters were selected.

3) Computed water levels were compared to those recorded from
crest gauges.

4) Hydraulic parameters were varied, as required, until a suit-
able comparison between measured and computed water levels at
the gauge locations was achieved.

5) Flows of 36.7 and 20.7 m3/s on Trout River on May 17 and May
30, 1989 were used for calibration.

This peak flow has a frequency of occurrence of approximately once
in 5 years. A summary of the calibration results can be found in

Table 4.3, with a corresponding discussion of calibration results

in Section 4.3.3 and 4.3.4.

Based on the findings of the model calibration, it was determined
that the backwater model is a suitable representation of the
hydraulic characteristics of the Trout River in the study area.

Model Calibration

Calibration was undertaken by modifying the channel and floodplain
roughness coefficients as required. Water level and discharge
observations recorded on May 17 and May 30, 1989 were used to
calibrate the HEC-2 backwater model.



TABLE 4.3

TROUT RIVER FLOOD STUDY

SUMMARY OF BACKWATER MODEL CALIBRATION

May 17, 1989 Q = 36.7 m3/s May 30, 1989 Q = 20.7 m3/s

Gauge No. Measured Simulated Measured Simulated
1 1.40 1.52 1.45 1.51
2 1.65 1.68 1.50 1.57
3 6.92 6.93 6.56 6.57
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The initial uncalibrated backwater model utilized the hydraulic
parameters as determined from the field reconnaissance surveys of

the study area. The calibrated roughness values are summarized in
Table 4.1.

Table 4.3 summarizes the results of the backwater model calibration
on Trout River to conditions on May 17 and May 30, 1989.

Summary of Model Calibration

The available data base was inadequate to fully calibrate the
model, most notably in the downstream areas influenced by tides and
surges. However, the results of this preliminary calibration are
adequate for the purpose of this study. Therefore, in our opinion,
the calibrated backwater model can be used to accurately simulate
the water surface profiles.

Additional model sensitivity testing is discussed in Section 4.5.

Design Flood Profiles

The main objective of this investigation was to determine flood

profiles along the study reach for floods with a recurrence inter-
val of 20 and 100 years.

The hydrologic analyses described in Section 3.0 resulted in the
determination of the instantaneous peak discharge values for the
study area for these events.

The HEC-2 backwater model was developed as discussed in Section
4.2. Channel and floodplain characteristics were determined as
discussed in Section 4.2.2. The calibration undertaken has
increased the level of confidence in the ability of the backwater
model to accurately simulate flood profiles.
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The model structure was discussed in Section 4.2. The following
briefly outlines the main assumptions in the application of the
calibrated model for the simulation of the flood profiles on the
Trout River:

1) Water level profiles were computed assuming a subcritical
flow condition.

2) The hydraulic coefficients used in the development of the 20
and 100 year flood profiles were those as calibrated to
May 17 and May 30, 1989 conditions.

3) A1l bridges were assumed free of any temporary obstruction
which may reduce the hydraulic discharge capacity.

4) Peak flows summarized in Table 3.3 were used in determining
the flood profiles.

Numerical values for the various flood profiles are summarized in
tabular form in Appendix D of this report.

The extent of the flooded areas associated with the 100 year flood
profile was determined by plotting the floodline on topographic
maps at a scale of 1:2500. Interpretation of the backwater pro-
files and associated computer output, together with an assessment
of the extent of flooded areas was undertaken in order to identify
flood hazard locations.

Sensitivity Testing on Design Flood Profiles

Methodology

In order to assess variations in the magnitude of various input
parameters on flood profiles along the study reaches, various sen-
sitivity simulations were undertaken.

Based on a review of the initial model simulations, the field
reconnajssance survey, and on previous results of backwater
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modelling, the following parameters were determined to be of most
importance with respect to definition of flood levels in the study
area:
- the influence of initial water level variations
- peak discharge rates along the watercourse
- definition of channel and floodplain roughness coefficients
(Manning's 'n')

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

Sensitivity to Peak Discharge

Sensitivity simulations were conducted utilizing the computed 100
year peak discharge versus the 100 year peak discharge plus or
minus ten percent.

Variations in peak discharge had 1ittle effect on water levels.
There were very small differences in the reach from the ocutlet to
the bridge in town. This is attributed to tidal influences. Up-
stream of the bridge, differences in water level increased more.
The greatest difference between the high and low flow was found to
be 0.25 m,

The average difference in flood profile upstream of the bridge, for
a variation of £10% of peak discharge, was found to be approximate-
ly 0.16 m.
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4.5.3 Sensitivity to Starting Water Levels

4.5.4

The HEC-2 model requires the definition of initial starting levels
along the study reach. This, in turn, accounts for possible back-
water effects on water levels in the lower portions of a channel
reach. Sensitivity simulations were undertaken to determine the
effect of variations in the initial water levels on flood levels in
Trout River.

For the purpose of this investigation, the range of water levels at
the outlet was chosen as 1.54 to 2.12 m. This represents the 95%
confidence limits of the tide during the 100 year runoff event.

It was evident from this analysis that tidal influence is a signi-
ficant factor with respect to water levels from the outlet to
approximately 1,000 metres upstream, or 400 m below the confluence
of Feeder Brook. Upstream of Feeder Brook there is no tidal influ-
ence during flood events. The average difference in the downstream
water levels was about 0.47 m, ranging from 0.02 to 0.58 m
(excludes starting level at downstream section).

Sensitivity to Roughness Coefficient

Manning's roughness coefficients for the channel and floodplain
were determined as described in Section 4.2.2. The sensitivity of
the flood profile computations to variations in roughness coeffic-
ient was undertaken as a means of further substantiating the accur-
acy of the backwater model subsequent to model calibration.

The range of Manning's "n" values applied in the analysis as a
"mean value" are summarized in Table 4.1. The discharge value used
in the sensitivity testing corresponded to the median 100 year est-
imate of peak flow as given in Table 3.3.
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The range of "n" values given in Table 4.1 corresponds to the range
of potential values as described by Chow (Chow, 1959) applied to
the channel characteristics of the study reach. For the purposes
of these sensitivity tests, it was determined that the roughness
coefficients could vary 120% about the "mean value".

The average difference in water levels from the mean were found to
be about +0.06 m corresponding to +20% and -20% changes in the
roughness coefficients respectively. The corresponding range of
differences were found to be about 0.00 m to 0.34 m and 0.00 to
0.20 m respectively. Similarly, the corresponding maximum differ-
ence between the upper and lower range was 0.37 m near Lower Trout
River Pond.

Summary of Results and Conclusions of Sensitivity Analysis

The following points summarize the main findings and conclusions of
the sensitivity analyses on computed flood profi]es along the study
watercourses (for the 100 year event).

1) The sensitivity of the flood profile along the watercourse to
variation in peak discharge can be represented by the follow-
ing:

- average difference above the 100 year +10% 1imit was
0.06 m (range of 0.04 to 0.12 m)

- average difference below the mean for -95% confidence
Timit was 0.07 m (range of 0.0 to 0.13 m).

2} The sensitivity of flood profiles along the Trout River to
variation in roughness coefficient resulted in changes in
flood elevations in the range of 0.37 m.

- average difference above the mean for +20% change in n
was +0.10 m (range of 0.00 to 0.17 m)

- average difference below the mean for -20% was 0.06 m
(range of 0.00 m to 0.19 m)
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The influence of starting water levels is felt along the
lTower portion of the study reach downstream of the confluence
with Feeder Brook.

4.6 Conclusions of Hydraulic Analysis

The HEC-2 backwater model was successfully utilized to determine
flood profiles along the Trout River using channel and floodplain
characteristics determined from the field surveys.

The following conclusions were derived from the hydraulic analysis:

2)

3)

4)

The flood profiles were most sensitive to starting water
surface elevation and variation in discharge and less
sensitive to channel and flcodplain roughness coefficients.

Testing of the backwater model by comparison to observed
flood leveis has confirmed the flood level simulations.

A potential for ice jams was found to exist along Feeder
Brook. Ice jam flood levels were found to exceed open water
fiood conditions upstream of the Feeder Brook Bridge.

Design flood levels for the 20 and 100 year events were
determined at each cross-section and are summarized in
Appendix D.
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EMMANUEL'S BROOK

Introduction

Emmanuel's Brook is a small stream at the east side of the
Community of Trout River. The location of the watershed is shown
on Figure 5.1. The watershed area is approximately 4.7 kmZ. The
brook has a very steep gradient with an average slope greater than
6%. The lower portion of the brook, about 220 metres in length
from the beach to the house just upstream of the road, is much
flatter with a slope of about 2.2%. In the past few years it has
flooded several homes in the eastern part of Trout River during
sudden thaws in late winter and early spring. In January 1990
Cumming Cockburn Limited was requested by the Technical Committee
to undertake a preliminary study of the flooding of Emmanuel's
Brook area as an addition to the Trout River Study.

Background and Interviews

This study was undertaken after discussion between the Department
of Environment and Lands and residents of Trout River concerned
with the recurring flooding of Emmanuel's Brook.

Emmanuel's Brook had flooded recently in March 1988 and again in
March 1989. The 1988 flood was considerably worse than the 1989
flood, with water rising above the main floor on four houses (#3,
4, 6, 7). This was confirmed by several residents. (House numbers
are shown on Figure 5,2.)

On January 27, 1990, a sudden thaw and rain occurred causing
Emmanuel's Brook to flood again. According to most residents in
the area, interviewed on April 16 and 17, 1990, this flood was
worse than those in previous years with flood levels once more
above several first floor levels. The following interview comments
pertain mainiy to the 1990 flood event except where noted.
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Mr. Fred Crocker, who lives in the other side of town, has two
brothers 1iving in this area in houses 3 and 4. He said that the
water level at house 3 (Mr. George Crocker) was just below the
front door and the main floor level. House 4 had 3 to 4 inches of
water over the main floor according to Mr. Fred Crocker. Mrs.
Ellen Crocker, his sister-in-law, indicated that it was 6 to 8
inches over the floor. Fred Crocker also said that the water came
just below the door on house 5 but was well above the main floor in
houses 6 and 7. A1l the basements flooded.

In an earlier interview with the Department of the Environment,

Mr. George Crocker (house 4) reported that there had been no
flooding in recent years until 1988. He felt that flooding was a
result of ice buildup on the bottom of the brook. Rain in a warm
spell loosens the ice and washes it downstream where it jams up
forming a dam. Water is then forced out over the cribbing and down
the road to the low area flooding several houses. The location of
the ice jams is shown on Figure 2.

Mr. Sam Snook (house 5) reported that the water rose to just below
his front door, to the top of his bridge. In a CBC News interview
Mr. Snook showed the water level just below the main floor in his
basement. Mr. Snook raised this house in 1988 and avoided first
floor damage in the 1990 flood. According to Mr. Snook, the houses
suffering the most from flooding were houses 6 and 7 where carpets
and mattresses had been ruined. He said that there had been no
flooding until 1988.

A young lady at house 6 reported that the basement had flooded and
that the carpets and cushion flooring in her home had been ruined
by the flood waters. She said that the house next door (#7) had
been flooded worse. They even iost their television and VCR. She
felt that this had been happening every year "for a long time".
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Mrs. John Young, of house 7, said that three mattresses, the TV and
VCR were ruined by the high water. In addition, all furniture and
clothes in dressers were soaked. The water was up to the front
window of the house. (This appears to be about 25 cm above the
floor.} The 1990 flood was worse, and caused more damage than the
1988 or 1989 flooding.

The residents of house 1 reported that they had only a few inches
of water in the basement. The water was just at the basement
window level. ‘

Mr. Leonard White, of house 12, said that in January 1990 the lower
end of the brook was filled with snow. When the thaw and rain came
the water could not flow in the channel and overflowed onto the
road. He stated that this has been happening for many years but
has been getting worse recently. He feels that diverting the upper
reaches of the brook to Long Pond (Wallace Brook) would help
alleviate the flooding in Trout River.

Mr. White is also concerned about an erosion problem. Timber
cribbing installed in 1973 is deteriorating and in places is coll-
apsing. A portion of the ¢rib wall immediately upstream of the
bridge (his driveway) has collapsed and been covered with fallen
earth. The stream is now eroding behind the upstream end of the
crib. The erosion has just started in the past two years since
seme filling was done on the opposite side of the brook.

Mr. James Harris 1ives on the opposite side of Emmanuel's Brook in
house 9. According to Mr. Harris, the ice forms a dam near the
outlet of the brook. With the combination of the ice dam and ice
buildup on the bottom of the brook, the water is forced over the
bank. The upstream end of the spill begins just upstream of his
house. The water flows around the house, but is not high enough to
enter the house. In an effort to prevent this, he has added fill
into Emmanuel's Brook, encroaching from 1 to 2.5 metres beyond the
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original cribbing. The filling has not raised the bank, it has
only reduced the width of the brook. This has not stopped the
flooding, but has altered the course of the brook enough to cause
erosion on the opposite bank. Mr. Harris has lived in Trout River
for sixty-five years and says the flooding of Emmanuel's Brook has
been happening for many years. He thinks that the brook should be
diverted to Long Pond further upstream, just below the Route 431
crossing.

Hydrology

A hydrologic model was developed using the OTTHYMO computer program
to help determine a 100 year floodline without ice conditions. The
100 year storm was simulated for 2 hour, 6 hour, 12 hour and 24
hour durations. The two hour storm was used for the effect of the
high peak.

The watershed was broken down into three subcatchments as shown on
Figure 5.1. This was done to determine flow at Route 431, at the
head of a small stream about 1300 m below the highway, and at the
outlet of Emmanuel's Brook.

It was determined that approximately 48% of the flow in the brook
is generated above the highway crossing. A total of 64% of the
runoff to Emmanuel's Brook comes from subcatchments cne and two. A
summary of peak flows at each location is given in Table 5.1.

Hydraulics

Emmanuel's Brook was simulated utilizing the HEC-2 computer model
from the outlet at Trout River Bay, upstream for a distance of
about 200 m. Surveyed cross-sections were used to model the flat,
downstream reach where flooding is a problem.



TABLE 5.1
SUMMARY OF 100 YEAR FLOWS (2 HOUR STORM)

Peak Flow
Subcatchment (m3/s)
1 15.6
,,,,, 2 6.0
Sub-total 21.6
B} 3 112
TOTAL 32.2
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It was determined that the 100 year, 2 hour storm, with no ice at
the outlet or in the channel, would be conveyed in the channel,
filling it, but with no overflow, except at section 0+197. At this
location the bank is overtopped and flooding would extend about 5 m
out of the existing channel. Cross-sections 0+179 and 0+197 were
then modified to represent the width of the channel before the
infilling by Mr. Harris. It was found that all flow would be
contained within the channel to just below the top of the bank.
Both hydrologic and hydraulic models are uncalibrated and
approximate.

Field Survey and Floodline Delineation

In order to produce mapping of this part of Trout River, a field
survey was conducted to determine ground elevations, first floor
elevations, and reported flood elevations, as well as the location
of structures, utility poles, Emmanuel's Brook, and other features
affected by flooding. This survey was tied in with the existing
1:2500 mapping of the Trout River on the opposite side of town.

From the results of this survey, and discussions with concerned
residents, an approximate floodline for the January 27, 1990 flood
has been plotted (see Figure 5.2). The March 2, 1988 flood was not
quite as severe as the more recent one. It would appear that peak
flood elevations were about 0.1 to 0.2 m lower in 1988. Because of
the shape of the depression, the areal extent of the 1988 flood
would be almost as much as that of the 1990 flood.

Conclusions and Recommendations

From discussions with residents and photographic evidence taken
Just after the flood, it was determined that the peak flood
elevation of January 27, 1990 was 3.5 to 3.6 m in the depressed
area.
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Flooding of Emmanuel's Brook appears to be caused by ice jamming at
the outlet of the brook. This ice is probably a combination of ice
pack in Trout River Bay and ice washed down the brook by the high
flows. Snow drifted into the channel is also a contributing
factor.

Water backs up behind the ice dam, overtops the timber cribbing and
flows down the road flooding the depression.

If the 100 year flood levels were to rise less than 0.3 meters in
the area above the bridge, water would flow into the low area.

:
The homes subject to flooding from Emmanuel's Brook are located in
a depression. '

It appears that the infitling undertaken by Mr. James Harris may
aggravate the flooding but does not cause it. The infilling,
however, is causing erosion of the opposite -bank.
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6.2.1

REMEDIAL MEASURES

General

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

a) Structural Measures which directly affect the flood charac-
teristics, and

b) Non-structural Measures which are intended to modify the 10ss
burden, either by reducing the potential for continued devel-
opment in flood prone lands or by providing some form of
economic relief from flood losses.

A detailed analysis of possible remedial measures was beyond the
scope of the present investigations. However, based on the results
of the study, it has been possible to identify a number of alterna-
tive remedial measures for future detailed consideration. These
are briefly identified in the following sections.

Identification of Structural Measures

Trout River

Flooding on Feeder Brook is presently aggravated due to blockage of
the flood overflow channel and overflow culverts by snow accumula-
tion. Snow boards could be installed along the edge of the roadway
above the culverts and bridge opening in an effort to reduce the
amount of snow which is plowed from the road back into the creek at
these locations. Creation of snow banks along the edge of the road
at this location also tend to aggravate flood conditions and should
be avoided.

Provision of a larger emergency floodway opening at the overflow
culverts should be given series consideration. This could be
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accomplished by considering construction of culverts with larger
openings or a second bridge at this location.

Emmanuel's Brook

Several potential remedies to the Emmanuel's Brook flooding were
mentioned by residents of Trout River.

Some suggested that the brook be diverted northward to Wallace
Brook. There are two locations where topography suggests that this
would be possible.

One location is about 1300 metres downstream of the Route 431 cros-
sing. About 64 percent of the total flow in Emmanuel's Brook could
be diverted at this point.

The other site is immediately downstream of the Route 431 cross-
ing. The channel could be diverted to flow in a more northerly
direction to Long Pond and on to Wallace Brook. This site is much
more accessible. This would reduce the flow in Emmanuel's Brook by
about 48 percent.

Another suggestion was to repair the cribbing in the downstream
section of the brook. A complete rebuild would be more realistic
with higher sides and removal of fill that has been placed in the
past few years. This would have to be continued as far as the
existing crib on the south side of the river. The cribbing would
actually be a dyke to prevent flooding onto the road.

Construction of a new, higher dyke would help prevent water from
flooding the depression on the south side of the road. It would
have to be high enough to allow the water to find its own route
over the ice and snow in the channel. There should probably be
some maintenance during the winter to keep the outlet and channel
somewhat free.
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Non-structural Flood Control Measures

In areas of potential future development, regulations should be
implemented to restrict development and reduce the potential for
continued increases in flood damages. In this case, a two-zone
floodway flood-fringe concept is envisaged where zoning regulations
would prohibit future development in the high hazard areas.
Additional deveiopment might be permitted in the flood fringe
areas, depending on the degree of hazard and the implementation of
floodproofing measures to protect these developments. Other
non-structural measures which might be considered include the
following:

Trout River

Maintain a program of debris and snow clearing to keep the flood
relief channel and flood relief culverts on the Feeder Brook clear
of snow prior to the arrival of the spring freshet. This would
help to avoid reduced flow conveyance in the flood relief channel
during ice jam conditions.

Relocation of buildings and flood prone structures to prevent
future flood damages.

Maintain equipment and personnel on standby for removal of ice jams
and blockages on the Feeder Brook.

Emmanuel's Brook

Maintain equipment and personnel on standby to remove snow and ice
from the channel to avoid blockage and flooding.
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APPENDIX A.1
REGRESSION EQUATIONS
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TABLE A.5

PARAMETER RANGE USED IN ANALYSIS*

Values Used

To Pond To River
Inlet Qutlet
Entire Island
DA 3.9 to 4400 km2 142 253.5
- MAR 788 to 2124 mm 1170 1100
ACLS 55 to 100% 55 89.9
B SHAPE 1.24 to 2.45 1.41 1.83
North Region
DA 237 to 4400 km?2
- MAR 788 to 1420 mm
LATITUDE 48,379 to 50.943°
South Region
DA 3.9  to 2640 km?
MAR 929 to 2124 mm
) ACLS 55 to 100%
SHAPE 1.24 to 2.45

* These parameter ranges are presented for general guidance only. If,
when computing flood flows using the equations presented in this
report, the value of the above parameters falls near the extremities
of or outside these ranges, then the estimates of flood flows will be

— questionable.

Source: Regional Flood Frequency Analysis for the Island of Newfoundland
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164 174
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TABLE A.6

EXAMPLE OF LARK HARBOUR TIDE

DATA

HARBOUR NFLD

55
200
112
232
157
189
169
177
152

164 127
164 39
164 37
164 108
156 77

"B 184 T4

1564
164

57
83

151
139
114
1Cc8
119
89
83
60
82

164
144
164

39
140
114

40
127
30

21
165

71
219
125
191
164
175
156
164
153
129
124
130
101

92

76

84

48
135

80

-3
127
49
195
89
175
134
163

-23
92
13

155
5%

150

109

151

166 155
158 155
143 139
135 145
137 150
119 131

103 117

96 113
96 1403

-13
66
-1

140
<9

129
82

118

112

142
141
132
143
141
138
121
132
113

71
144
79

83
159
97

123
192
111

0 51
56 76
11 33

121 109
13 138
95 37
56 53

102 77
93 716

122 100

120 101
119 109
133 119
133 114
136 123
120 108
144 147
117 115
147 162
203 218
136 155

90
93
80
128
33
30
54
77
73
86
82
83
10%
93

116

ar
140
107
163
2lé
165

177 205-
142 153-
157 201~
161 169~
111 141~
130 151~
100 133-
100 116~
97 114~
30 106~
71 83-
72 75~
92 95~
71 69~
B4 75~

- 637 52-

113 94=
71 47-
157 132~
167 143~
142 126~
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15 1464
16 164
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1&4
154
154
164

<U fé4 143 153 160

21
21
22
22
23

164
144
154
164
164

91
97
103
43
116

ios
119
127
71
144
95

122 90
183 164
154 124
197 177
169 145

205 199 174 143 103

141 123

181 185 166 135 109

153 151
163 173
147 142

130 140
131 151
132 149
119 136
83 108

B4
87
8s
30

135

32
143
112

96
130

160
134

94
89
89
30
80

82

&8

110
103
86
37
80

129
127
57
68
21
66

60

150 171

154 179
114 129
105 135
109 129

72 105
101 118
41 31
33 99
59 83

177
192
141
166
141

162 140-

183 162~
126 101~
184 168~
139 121~

43
82

101 T3 51

136
109

103 79
87 58

75 30
22 34
70 66
41 42
59 56
5 44

150
163
1710
152
130

las
142
165
179
160
15¢Q

131 111
127 1908
155 147
176 168
162 152
166 168

80 65
84 64
109 100
147 126
130 105
1560 142

q
[\
1w

OO0 O0Oo

1é4
164
164
164
164
164

24
24
25
25
28

96 112
63 80
84 30
52 56
88 79
61 44

125
108
93
79
17
50

142
127
117
99
94
82

153 155
149 1467
131 144
130 154
101 123
125 1561

146 126
171 164
148 138
178 181
123 141
201 233




TABLE A.7

EXTREMAL ANALYSIS OF PARSON'S POND
WATER LEVEL DATA

Ordered Input Data Surge Year Probability Return Period
(m above)

Chart - Geodetic

Datum Datum
2.95 1.06 1985 .041 24,342
2.91 1.02 1970 .095 10.511
2.86 .97 1983 .149 6.703
2.81 .92 1966 .203 4,920
2.81 .92 1968 .257 3.887
2.80 .91 1971 .311 3.212
2.78 .89 : 1973 .365 2.737
2.76 .87 1977 .419 2.384
2.75 .86 1969 474 2.112
2.74 .85 1982 .528 1.895
2.72 .83 1974 .582 1.719
2.71 .82 1981 .536 1.573
2.71 .82 1972 .690 1.450
2.70 .81 1965 .744 1.344
2.69 .80 - 1986 .798 1.253
2.69 .80 1979 .852 1.174
2.60 .71 1978 .506 1.104
2.57 .68 1967 .960 1.042

Input Data Three-Parameter Lognormal
Transformation

mean 2.7512 0.2908
standard deviation 0.1000 0.0714
coefficient of skew 0.2170 -0.0016
coefficient of kurtosis 3.9594 3.9508

" Sourte: Martec Limited, "Historical Floodi i
: ng Review and F i
Mapping Study for Parson's Pond", anada-Newfoundi:gg ?iggd

Damage Reduction Program, Newf i
Environment Canada, %eceébeiwlggg?land Pepartment of Environment,



TABLE A.8

WATER LEVEL AT PARSON'S POND FOR SELECTED RETURN PERIODS

Three-Parameter Lognormal Distribution fitted

by Maximum Likelihood

90% Confidence Limits

Return Perigd Estimate
(year) - (m above) (m above)
Chart Geodetic Chart
Datum Datum Datum
5 2.83 0094 2.79 - 2-88
10 2.88 0.99 2.82 - 2.93
20 2.92 1.03 2.84 - 2.99
50 2.96 1.07 2.87 - 3.05
100 2.99 1.1 2.88 - 3.10
200 3.02 1.13 2.88 - 3.1%8

Source . Martec Limited, "Historical Flooding Review and Flood Risk
Mapping Study for Parscn's Pond",

Environment Canada,

December 1988.

Canada-Newfoundland Flood
Damage Reduction Program, Newfoundland Department of Environment,

Geodetic
Datum

.90 - .99
.93 - 1.04
.95 - 1.10
.98 - 1.16
.89 - 1.21
.99 - 1.25



TABLE A.9

EXTREMAL ANALYSIS OF LARK HARBOUR/COX'S COVE
WATER LEVEL DATA

Ordered Input Data Surge Year Probability Return Period
(m above)

Chart Geodetic

Datum Datum
2.79 1.75 1970 041 24.342
2.58 1.54 1981 .095 10.511
2.57 1.53 1966 .149 6.703
2.56 1.52 1983 .203 4,920
2.56 1.52 1985 .257 3.887
2.51 1.47 1668 .311 3.212
2.49 1.45 1977 .365 2.737
2.49 1.45 1969 .419 2.384
2.47 1.43 1971 .474 2.112
2.44 1.40 1965 .528 1.895
2.42 1,38 1979 .582 1.719
2.39 1.35 1982 .636 1.573
2.37 1.33 1974 .690 1.450
2.35 1.31 1972 .744 1.344
2.33 1.29 1978 .798 1.253
2.30 1.26 1986 .852 1.174
2.30 1.26 1967 .906 1.104
2.28 1.24 1973 .960 1.042

Input Data Three-Parameter Lognormal
Transformation

mean 2.4556 -1.1956

standard deviation .100 . .4041

coefficient of skew .7935 -.1260

coefficient of Kurtosis 4.6276 2.9764

Source: Martec Limited, "Historical Flooding Revi i
2 iew
Mapping Study for Cox's Cove", Cana a~Newfou:g?a£éoggo§;Sk

Damage Reduction Program, New i
Environment Canada, %eceﬁber fgggdland Department of Environment,




TABLE A.10
WATER LEVEL AT LARK HARBOUR/COX'S COVE FOR SELECTED RETURN PERIOQDS

Three-Parameter Lognormal Distribution fitted by Maximum Likelihood

Return Period Estimate 90% Cohfidence Limits
(year) (m above) (m above)
"""" Chart Geodetic Chart Geodetic
Datum Datum Datum Datum
— 5 2.55 1.52 2.47 - 2.63 1.45 - 1.59
10 2063 1-60 2.52 - 2-74 1-49 - 1-71
- 20 2.71 1.68 2.56 - 2.87 1.52 - 1.83
50 2.82 1.78 2.59 - 3.05 " 1.56 - 2.01
100 2.90 1.86 2.61 - 3.19 1.57 - 2.16
- 200 2.98 1.55 2.61 - 3.35 1.58 - 2.31
Source; Martec Limited, "Historical Flooding Review and Flood Risk

Mapping Study for Cox's Cove", Canaga-Newfoundland Flood

Damage Reduction Program, Newfound i
Environment Canada, %eceﬁber 1988 land Department of Environment,
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TABLE A.12

RAINFALL DISTRIBUTION

12 Hour 24 Hour
Time % Rain Time % Rain
(hrs) (hrs)

1 5 1 1
2 8 2 1
3 8 3 2
4 i0 4 3
5 10 5 5
) 14 6 4
7 13 7 5
8 8 8 5
9 10 9 6
10 8 10 7
11 4 11 5
12 _2 12 4
' 13 6

100 14 7

15 5

16 6

17 3

18 3

19 4

20 4

21 5

22 6

23 1

24 _2

100




TABLE A.13

PRECIPITATION SUMMARY

Return
Period Rainfall* (mm)
(yrs) 6 hr 12 hr 24 hr
2 35.88 45,48 56.4
5 47.94 58.08 72.29
10 55.98 66.48 82.8
20 62.4 74.6 93.4
25 66.06 77.04 . 96.24
50 73.50 84.84 106.08
100 80.94 92.64 115.92

* Based on AES analysis at Stephenville meteorological station

(13 years data)




APPENDIX A.2

OTTHYMO - TROUT RIVER
AND FEEDER BROOK
EMMANUEL'S BROOK
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L} VERSION 2.0 u
1 ]
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:; ADAPTED FOR MICROCOMPYTER BY 1

1]
:: ANDREW BRODIE ASSOCIATES INC. t:

{
1 11
1" 3]
::CUHHING-CDCKBURN RSSOCIATES LTD 1t

1t
BRI R R LA NSRRI RN R ER AR R AR NI LARATINRIITEINITRARLLNNISLY
THE METRIC UNITS OPTION HAS BEEN SPECIFIED

LRRI LR et AaRt R qtbayiiicaifiedtifie

1 TROUT RIVER, NEWFDUNDLAND $

1 IR Rt i RhesiReititibitei
1 ROUTING THROUGH UPPER AND LONER 1 3 L
§ TROUT RIVER PONDS £ 1 100 YEAR, 24 HOUR STORM
s CEL 72623 %

i
! SEPT/89 1 sRpesprnsssassasssistaanisce
AR PP T R R AR R ERRASELLTIREATREE
1 07262824 WS AT 7.5 »

1
!
START 0.0 HOURS
COMPUTE HYD ID 1 HYD 101 DT=0.25 DA=22750 HA
AR=0.0 AB=0.0  CN=84 TA=4.0 s
=5.3 TP=3.5  NI=9%
116 1,16 1.16 1.16
1.16 1,16 1.16 1.16
2,32 2,32 .32 .32
J.48 148 3.48 3.48

3.80 5,80 5.80 5.80
.50 460 A5d 464

3.80 5.80 5.80 3.80
5.80 9.80 5.80 5.80
6,96 6,96 6.95 6.9
8.1 &1 8.11 8.l
5.80 5,80 5.80 5.8
4,64 A58 4,54 4,44
6.9 6,95 b5.95 6.9
g.11 8.11 8.1l B.li
5.80 3,80 5.80 35.80
b.96 6.95 6.9 6.9
3.48 1.4 3.48 3.48
348 3,48 1.48 3.48
164 4.5 460 4,04
.64 4,60 4,54 4.0
5.80 5.80 35.80 35,80
5,96 6.9 6.95 6.9%
1.16 1.1&6 1.16 1,14
2,32 2,32 1..32 .32
SHAPE CONSTANT, N = 3,53
UNIT PEAK = 145.88 CNS

§UM OF THE UNIT HYDROGRAPH CO-ORDINATES = 3.98
PEAK DISCHARGE = 243,610 CNS  RUNOFF VOLUME =  B0.75 MM TIME TO PEAK =  23.500 HRS
TOTAL RAINFALL = 115,98 WM RUNOFF VDLUMETRIC COEFFICIENT = .70

t

RBUTE RESERVELIR ID & HYD 104 INID |

B cas § ha-a
0.0 0

1.1
8.9 4

]
.
[

b e L) O B D
O 0O O~ 00 M+
M
o~ O O~ O O
-~
—
<>

——

1420




118.6 1420

118.6 1420

118.4 i42

118.6 1420

118.4 1420

118.4 1420

118.6 1420

118.4 1420

118.5 1420

11B.6 1420
; PEAK DISCHARSE = 99,5285 CMS RUNDFF VOLUME= 80,6351 MM
COMPYTE HYD ID 2 HYD 102 DT=0.25 DA=2430 HA

RA=0.0 AB=0.0  CN=B4 18:4,0 an
K=0.7 TP=0.9  NI=9% RAIN=-1
SHAPE CONSTANT, N = 4,62
UNIT PEAK = 117.50 CnS
SUN OF THE UNIT HYDROGRAPH CC-ORDINATES = 4.00
PEAK DISCHARBE = 41,133 CMS  RUNOFF VOLUME = BI.79 MM TINE T0 PEAK =  14.250 HRS

TOTAL RAINFALL =  115.98 MM  RUNOFF VOLUMETRIC COEFFICIENT = .7t

ADD HYD ID3 HYD 302 4 2
PEAX FLOW = 125,277 CM§ RUNOFF VOLUME = 80,75 MM TIME TC PEAK= 22.25 HOURS
ADD HYD 10=3 HYD ND=302 ID I=4 b 11=2
!
COMPUTE HYD ID 4 HYD 103 D7=0.25 DA=150 HA

RA=0,0 AB=0.0  CN=84 1A=4.0 ma
K=0.3 TP=0.3  NI=% RAIN=-1
SHAPE CONSTANT, N = 3,53

UNIT PEAK = 17.63 CMS
SUM OF THE UNIT HYDROGRAPH CO-ORDINATES = 3.7
PEAX DISCHARGE = 2,740 CNS  RUNODFF VOLUME = 81.13 WM TIME TO PEAK =  14.000 HRS
TOTAL RAINFALL = 115,98 MM RUNOFF VOLUMETRIC COEFFICIENT = .70
ADD KYD HD 303 3 4

]
PEAK FLOW = 125,973 CMS RUNCFF VOLUME = 80,75 MM TIME TD PEAK= 22.25 HOURS
ADD HYD D=5 HYD NO=303 ID I=3 1D 11=4
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= 3,53

UNIT PEAK = 145.88 CNs
SUM OF THE UNIT HYDROBRAPH CO-ORDINATES = 3.98

PEAK DISCHARBE =
TOTAL RAINFALL =

1
ROUTE RESERVOIR

' PERK DISCHARGE =
COMPUTE HYD

k=0
SHAPE CONSTANT, N

1B5.381 CMS  RUNCFF VOLUME = 40,34 M TINE TD PERK =  23.750 HRS
93.39 MM RUNOFF VOLUMETRIC COEFFICIENT = .45

1B &6 HYD 104 INID 1

B cas 5 ha-a

0.0 0
L.l 2
8.9 4
2.4 b
42,5 8
68.6 10
9.6 19
118.5 1420
118.4 1420
118.6 1420
11B.6 1420
118.6 1420
118.6 12
118.6 1420
118.4 1420
118.6 1420
118.46 1420
118.6 1420
118.6 1420

118.8 1420
88,1393 CHS RUNDFF VOLUME= 40,2322 MM
2 HYD 102 D7=0.25 DA=2450 HA

ID
AR=0.0 AB=0.0  [N=84 IA=4.0 an

7 TP=0.9  NI=9% RAIN=-1

UNIT PEAK = 117.50 CHS
SUM OF THE UNIT HYDROSRAPH CO-ORDINATES = 3.00

PEAK DISCHARGE =

31.091 CMS  RUNDFF VOLUNE = 61,13 MN TIME TO PEAK = 14,250 HRS



TOTAL RAINFALL = 93.39 M RUNDFF VOLUMETRIC COEFFICIENT = .45

!
ADD HYD
PEAK FLEU =

DD HY

1
COMPUTE HYD

D3I HDIZ 5 2
109.230 €M RUNCFF VOLUME = 50,32 MM TIME 7O PEAK= 22.25 HOURS
b D=3 HYD N0=302 1D I=b D 11=2

4 HYD 103 DT=0,25 DA=150 HA
0.0 AB=0.0  CN=Bé& [A=4.0 an

1D
Af=
K=0,

3 TP=0.3  NI=%& RAIN=-1
SHAPE CONSTANT, N = 3,53
UNIT PEAK = 17,63 CN8
SUM OF THE UNIT HYDROGRAPH CO-ORDINATES = 3.9

PEAK DISCHARGE
TOTAL RRINFALL

1
ADD HYD
PEAK FLgH 2

DD HY

§
FINISH

2.082 CMS  RUNOFF VOLUME =  40.43 MM TIME TO PEAK = 14,000 HRS
93.39 MM RUNOFF VOLUMETRIC COEFFICIENT = 45

1

ID 5 HYD302 3 4
110,550 CMS RUNOFF VOLUME = 60,32 MM TIME TO PEAK= 22,25 HOURS
D D=5 HYD ND=302 D I=3 D 11=4



l:llll!lltltll!l!tlllltllllltllllttllltlllltlllXl!ll!llllli!lltl!l!lxtlllt!l!llllllll!l!l!l

11
1 NI O RO HY M J---3 14
1 i
11 P 0T THY NN i
11 1]
n VERSION 2,0 i
n 11
4] 1]
:: ADAPTED FOR MICROCOMPUTER BY 1"

i1
:: ANDREW BRODIE ASSOCIATES INC. 1

1]
1 1
1 n
lXCUHHINB-CUCKBURN ASSOCIATES LTD 1]

it
1lt!llltl!!X!IX!Xll!l!ll!llllllt!!t!!!t!!lli!Xt!lt!tll!ltll!itltllltlllltll!llllt!tllll!lll
THE METRIC UNITS OPTION HAS BEEN SPECIFIED

FERIIERRRLR R RS RSN e Raaressnsssasetns

£ TROUT RIVER, NEWFOUNDLAND ¥

1 (R R 2 RetbRRe bRedesiiitity]
§ EMMANUEL'S BROOK o {
1 It 100 YEAR, 2 HOUR STORM ¢
t CCL 72621 1

t
! APRIL/TO & $3SSRSRRERLLILRSTLL0200003018
FERBIRERITRERssLessbesanssusiseissonny
1 DEMOZHR

START 0.0 HOURS
COMPUTE HYD IDI HYD1 DT=0,167 DA=217 HA
AA=0.0 AB=0.0  CN=92 [4=4.0 aa
K=0.23 TP=0,28 NI=12
2 46 10,63 26,38 43.19 71,77 3.2
9.24 18.61 13.29 5.32 2,66 2.b6
SHAPE CONSTANT, N = 4,33
UNIT PEAK = 32.01 CMS

5UM OF THE UNIT HYDROGRAPH CO-ORDINATES = 6.03
PEAK DISCHARGE =  15.601 CMS  RUNOFF VOLUME = 24,30 MM TINE TO PEAK = 1,002 HRS
TOTAL RAINFALL = 44,39 #M  RUNGFF VQLUMETRIC COEFFICIENT = .59

3
COMPUTE HYD

D2 HYD2 DT=0.167 DA=84 HA
AR=0.0 AB=0.0  CN=92 14=4.0 an
X=0,23 TP=0.21 NI=[2 RAIN=-
SHAPE CONSTANT, N = 3.23
UNIT PEAK = 13.11 CMS
SUM OF THE UNIT HYDROGRAPH CO-DRDINATES = 5.92
PEAK DISCHARGE = 6,035 CHS  RUNDFF VOLUME =  25.80 MM TIME T0 PEAK =  1.002 HRS
TOTAL RAINFALL = 44,39 MM RUNODFF VOLUMETRIC COEFFICIENT = .58
D HYD ID3 HYD 302 1 2
PERK FLOW = 21,633 CHS RUNOFF VOLUME = 2b.16 MM TIME TO PEAK= 1,00 HOURS
. ADD HYD 10=3 HYD ND=302 I 1=t 1D 11=2
COMPUTE HYD ID4 HYDJ DT=0.147 DA=172 HA

AR=0.0 AB=0.0  CN=92 if=4.0 s
K=0,30 TP=0.31 NI={2 RAIN=-
SHAPE CONSTANT, N = 3,43
UNIT PEAK = 20,09 CH5

SUM OF THE UNIT HYDROGRAPK CO-ORDINATES = 6.b0
PEAK DISCHARBE = 11,249 CMS  RUNOFF VOLUNE = 26.17 MM TIME TO PEAK = 1,149 HRS
TOTAL RAINFALL = 44,39 MM _ RUNOFF VOLUMETRIC COEFFICIENT = 59

ADD HYD ID 5 HYD 303

34
FEAK FLOW = 32,240 CMS RUNOFF VOLUME = 26.17 MM TIME TO PEAK= 1.17 HOURS
EINISH #DD HYD ID=§ HYD NO=303 I I=3 ID I1=4




APPENDIX B
PHOTOGRAPHS



PHOTO 2-13
Crest gauge #1 attached to wooden retaining wall near X-Section
Line #2, May 9, 1989,
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PHOTO NO. 2-18
Crest gauge #2 attached to wooden retaining wall 30 m north
of Jakeman Central High School. May 9, 1989,
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PHOTO 1-25
Looking upstream along Trout River toward the bridge over Trout
River at the mouth of Lower Trout River Pond, May 8, 1989.

PHOTO 2-19
Crest gauge #3 set between rocks underneath the bridge over
Trout River at the mocuth of Trout River Pond, May 9, 1989.




PHOTO 1-1

Looking upstream at bridge over Trout River along X-section
Line #3. Note the angle of the bridge to the river. May 8, 1989,

Looking northwest

£ e

PHOTO 3-10
at culverts under the road which connects the

banks of Trout River along X-section line #3. May 8, 1989.




PHOTO 3-25
Looking downstream at Feeder Brook toward the small islands at
the intersection of Trout River and Feeder Brook. May 9, 1989.

PHOTO 3-15
Looking north east toward the culverts under the road through
Trout River 50 north of the bridge over Feeder Brook, May 9, 1989.




PHOTO 1-18

Looking upstream along Feeder Brook toward the bridge over Feeder
Brook, May 8, 1989.

PHOTO 4-8
Looking upstream along Trout River towar
#8, May 10, 1989.

d big island at X-section



PHOTO 1-7
Looking seaward at the harbour, May 8, 1989.
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PHOTO 3-3
_____ - Looking south west along X-section Line #1 at convergance of
Trout River and the harbour, May 8, 1989.




PHOTO 3-4
Looking west along X-section Line #2, May 9, 1989.
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PHOTO 3-7
Looking west across Trout River to houses on west side of
harbour at X-section line #3, May 8, 1989,




PHOTO 3-12
Looking west toward Trout River along X-section Line #4, May 8, 1989.

PHOTO 3-14
Looking west toward Trout River along X-section Line #5, May 8, 1989.




PHOTO 4-21
Looking east toward X-section Line #6 which runs across island
at middle right of photo,. May 10, 1989.

Looking south west along X-section line #7 toward Intersection
Feeder Brook and Trout River, May 8, 1989.
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- PHOTO 4-9
Looking north east from the west bank of Trout River along X-section
Line #8. May 10, 1989.

PHOTO 4-12

Looking north east from west bank of Trout River along
X-section Line #9, May 10, 1989.
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PHOTO 2-22

Looking south west toward Trout River along X-section #10,

May 9, 1989.

i

PHOTO 2-5
Looking north east along X-section #11 toward Bridge #1
over Trout River at mouth of Little Trout River Pond.

May 9,

1989.
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PHOTO 3-16
Looking north east upstream toward bridge over Feeder Brook.
X-section Line #1 * 10 m downstream from bridge. May 9, 1989.
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PHOTO 3-24
Looking north east upstream along Feeder Brook X-section Line #2
runs left to right across barren section middle right of photo.

May 9, 1989.




APPENDIX C
HYDRAULIC STRUCTURES



BRIDGE DATA

WATERCOURSE Trout River MAP SWEET NO __ - -4
LOCATION Trout River U.TM. GRID REFERENCE 5,381,950 N
STRUCTURE B 331 ‘60\] [
A. SPECIFICATIONS B. STAGE DISCHARGE CURVE
\
Span 40 .5 m !
Length of Structure 4.1 m ! ' [
Top of Road Elevation 3.6 m ; :
|
3 |
2.9 5 i
Low Chord {Saffit) : m < i
Elevation 2 ;
-1.5 a ‘
Upstream inven Elevation m i
Eltective Fiow Area 105 m i i I X l
DISCHARGE (m'/S)

C. PHOTOGRAPHIC PRESENTATION

A' ‘f"\ h
: ey, |m v*""’
SEI I N N fTie




BRIDGE DATA

WATERCOURSE Trout River MAP SWEET No T R-TR-1
LOCATION Lower Trout River Pond 07w, GRID AEFEREncE 55 480,100 4
STRUCTURE 82 332,280 ¢

A, SPECIFICATIONS

B. STAGE DISCHARGE CURVE

! [
3.0 .
Length of Siructure . m | I \
T I r
Top of Road Elevation 9.8 m 7 ’ |
1
g ? |
Low Chord (Soffit) 8.8 m - ‘
Elevation o 6 ;
5.1 a !
Upstream invert Elgvation m ‘
= J
Eitective Flow Area /4 m? 5 f l :

7.5 15 272.530 37.5 45

DISCHARGE (m'/S})

PHOTOGRAPHIC PRESENTATION

LG UALANEPALRY ALIPLIEEC St h g

——— v




Feeder Brook

BRIDGE DATA

WATERCOURSE
LOCATION Ba1]ey Bmdge
STRUCTURE B3

U.T M. GRID REFERENCE

MAP SMEET NOo T R-TR-1

0,481,120 N
331,900 E

A, SPECIFICATIONS

Span

Length of Struciure

Top of Road Elevation

Low Chard {Soffit)
Elevation

Upstream Invert Elevation

Efective Fiow Area

15.0 m
5 m
7.6 m

E

&

7.0 - =

&

4.7 m w
34 m?

B. STAGE DISCHARGE CURVE

|
6.0 ‘ ; 1
| i |
o
5.5 — /
i
T
5.0 ;
y. | ]
r |
AR
: 0 20 30

DiSCHARGE (m‘/S)

C. PHOTOGRAPHIC PRESENTATION




APPENDIX D
HEC-2 RESULTS



APPENDIX D.1
SUMMARY TABLE



TABLE 0.1
HEC-Z SUMMARY OF CROSS-SECTIONS AND FLOOD ELEVATIONS

TROUT RIVER FEEDER BROODK EMMANUEL'S BROOK
WITH ICE
Section Elevation Section Elevation Section Elevation
Number {m) Nuaber (m) Number {a)
45 1.92 7150 4,35 0 0,34
43 1.64 7150 4.23
133 1,98 7230 3.07 37 2.08
135 1.67 7230 4,92
300 2.07 7250 5.92 az 2.8
300 1.77 7250 3.86
330 2.45 7253 6.08 104 2.54
550 1.86 7233 £.00
573 2,16 7272 6.14 137 3.92
573 1.88 7272 6.06
579.1 2.17 7315 6.24 143 4.03
379.1 1.89 7315 b.1%
393 2,25 7355 6.70 158 4.19
595 1.98 7333 b.54
810 2.49 7400 7.2 172 4.49
810 2,25 7400 7.03
1035 2.98 7450 7.81 197 3.91
1033 2.80 7450 7.62
. 1290 3.86 7500 B.11
1290 3.74 7300 7.97
1400 4,32 8330 8.40
1400 4.2 8530 8.23
1483 4.85
1485 L
— 1635 3.87
1435 5.70
1700 5.08
1700 3.91
1805 b.14

1803

2085
2085

2300
2300

2600

3.98
5.4
6!2
b.9
6.7
1.7
2600 7.3
7.7
7.3
7.7
749
8.0
7.7

3 NDTE: FLONS ARE FGR 100 AND 20 YEAR
b EVENTS EXCEPT EMMANUEL'S BRODK
IS FOR 100 YEAR ONLY.

2620
2620

2623
2623

2640
2640

3
4
]
i
b
7
8
¥
2
7




TABLE D.2

Sections Survey

Mapping

Mapping &
Survey

Trout River
045
135
300
550
575
595
810
035
290
400
485
635
700
805
085
300
600
620

A T e

NN, P, PR PP~ 00000
A S S T S S S S S A e e =

N L N

Feeder Brook
7 + 250
7 + 272
8 + 230
8 + 530

A1l other sections interpreted from mapping

Emmanuel's Brook
A1l sections surveyed

LR




APPENDIX D.2
TROUT RIVER



(R RREE R ER R ER R EE R IR R AR R R B ER AR REE R PR R R E R EE R R B b E vt i o
& MWATER SURFACE PROFILES * ¢ .3, ARMY CORPS OF ENGINEERS

+ VERSION OF SEPTEMBER 1988 # THE HYDROLOGIC EMGINEERING CEwTzs

) # 509 SECOND STREET, SUITE O

)

¢ DAVIS, CALIFOANIA 93416
+ RUN DATE 3/ 9796 TINE  15:49:24

+ (914) 736-1104
PR R E R R R R R R L R LR E R FEE FHERRU R R PR LR LR R £ R ¢

- e -

X XX xx 1y
1 L] 1 X 1 X
1 X X
X0 X X FOE S S $ 4
X I X X
I Lo X X X
X XXX xxxxx A1
1END OF BANNER
3l /90 15:49:24 PAGE I
THIS RUN EXECUTED 3/ §/90  15:49:24
FHEEHREPHR FE R EHE R E R HE AR R H R R LY
HEC2 RELEASE DATED SEPT 88
FEEEREE R E R R R R R R EER R E R F R R LR L H
Ti CANADA-NEWFOUNDLAND FLODD DAMAGE REDUCTION PROGRANM
12 100 YEAR FLDOD
13 TROUT RIVER B72423E
Ji [ICHECK  INQ NINV IZIR STRT METRIC ~ HVINS ! WSEL Fa
¢ 2 0 1 1.92
J2 NPROF IPLOT PRFVS XSECV ISECH FN ALLDC 1B CHNIN ITRACE

! -1

J3 VARIABLE CODES FOR SUMNARY PRINTOUT

a8 1 LK} 28 42 40 26 3 4
Jo IHLEQ il SUBDIV  STRTDS RMILE

]

NC 095 .083 050 0.5 0.8
8T d 143.5 117.5

##+% CROSS-SECTIONS LOOK UPSTREAM #ass
11 043 14 118 163
GR 2.5 140 2.0 . 105 1.8 118 ~2.h 118.1 -4.1 133
GR -4.3 138 ~3.8 {42 -1.2 147 -0.6 133 0.0 137
bR 0.9 183 2.9 185 5.2 150 9.0 201
11 135 8 24 60 90 90 %0
6R 2ed 0 1.3 18 1.9 24 ~2.0 28 -3.0 40
&R -1.5 50 1.3 &0 2.5 81
| 300 20 150 287 190 115 135
&R 6.4 109 2.3 10 1.3 130 1.3 150 0.2 197
&R -1.8 157.3 -2.0 163 -2.3 168 -2.0 171 -0.8 179
GR -0.4 181 -0.3 200 0.7 214 0.4 235 ~0.4 250
R -0.7 270 -0.é anm 1.3 287 1.5 294 9.2 a2
11 30 16 237 280 233 133 230
T4 | 1.6 190
ER 4.5 190 2.3 130 2.0 148 1.7 229 1.7 237




GR 0.8 240 -t.2 248 -2.0 240 -1.7 364 -7 st
5R 0.5 278 Y a8 1.4 3% 1.8 392 1.8 355
Gk 3.0 435
3/ 9790 15149124 PagE 2

+het BRIDGE IN TROUT RIVER zes

it 73 21 152 190 22 13 23
13 10 1.8 1.2
6R 7.1 § .8 i 1.8 125 1.8 135 2.0 149
G6R 3.6 138 1.4 15d.1 -0.3 153 -0.3 173.4 3.4 173.3
6R 3.6 179 -0.3 175.1 -G¢,7 180 -1.3 184 -0.8 187
5R 1.4 189.6 3.4 189 1.8 236 1.2 27 1.2 308
R 4.0 320
5B 1.20 1.5 1.3 3t 1.3 105 1 -0.3 -0.3
0o 37,1 4.1 4.1 4.1
12 1 2.9 3.6
13 10 1.8 1.2
BT -11 ¢ 7.1 0 1 2.8 ¢ 123 1.8 0
BT 133 1.9 0 140 2.0 0 152 3.4 2.9
BT 190 3.5 2.9 236 1.8 274 .2 ]
BT 308 1.2 0 320 4.0
1 395 13 155 203 i} 25 20
GR 1.5 0 2.3 17 2.0 29 1.5 33 1.8 134
G/ 1.8 140 1.5 159 -0.4 159 -1.0 1% -1.0 i%0
6R -0.4 200 1.0 203 1.0 280 1.5 2% 7.3 e
N 059 090 .05¢
X1 210 ¢ al2 263 190 230 213
5R 9.3 0 3.1 33 1.8 aig 1.0 gl4 0.1 255
&R 0.5 239 0.9 263 1.4 263 8.5 274
L 040 O 043
X1 1033 11 192 226 223 das 223
R 9.4 0 3.1 13 3.3 27 3.2 49 2.3 192
SR 1.1 194 0.4 206 9.5 212 0.8 217 2.5 225
GR 3.2 233
13! 1290 14 19 )] 235 23 253
GR 2.2 0 b.b 43 3.3 81 4.6 129 3.5 143
6R 3.2 183 4.1 192 3.5 21% 2.8 228 2.8 254
bR 2.0 243 2.5 am 3.4 281 6.1 K)¥!
##i# CONFLUENCE OF FEEDER BROOK #as#

11 1400 5 230 363 110 10 110
R 8.0 4 7.9 29 7.4 63 3.9 3 9.0 117
GR 5.9 118 3.3 124 h.4 81 4.4 224 3.7 230
6R 3.3 2 2.8 37 3.0 350 .7 383 5.0 371
NC 045 083 043
87 g tia 91
13 1485 13 473 513 100 85 85
&R 9.0 100 8.3 185 8.3 190 7.5 220 7.4 265
&R 7.0 231 3.0 360 3.0 430 4.5 475 3.3 484
6R 3.8 502 4.3 513 19.0 Se8

3 9/90 153:49:24 PRGE 3
1 1633 19 440 3 110 155 150
6R 7.0 100 8.0 170 7.4 220 1.6 26 7.3 283
GR 6.0 370 6.0 424 4.9 460 4.6 4b3 b1 470
B6R 4.2 481 4.7 490 4.7 302 4.4 309 bo& 5190
&R 4.7 jia 9.0 320 7.3 340 10.0 Jai
m beg 045 363 043 38 090 547 .083 &79 .08
1l 1700 19 363 476 75 43 85
&R 9.3 19 7.9 117 3.4 360 3.4 343 4.8 Jaé
6R 8.4 370 4.2 KP4 5.3 392 4.6 397 3.1 358
&R .1 413 3.3 447 b1 452 3.5 434 1.5 458
6R 3.8 463 4.7 470 5.8 476 10.¢ 480
NC 045 090 043

u 1803 17 K1 407 110 120 105



283
396
398

19
185
214

HL

VoL
WTH
CORAR

SEE DOCUMENTATION FOR

00
. 000

oR 10 il 9.3 30 6.0
GR 4.9 348 4.1 350 3.8
&R 4,2 390 .4 3% 3.4
GR 3.3 440 10,0 450
NC 030 .095 045
1 2085 13 57 99 240
{1 1 4.7 [3))
BR 12.2 6 10.3 23 6.7
BR 5.0 58 4.5 &2 4,4
GR 5.4 98 5.7 9 12.5
NC 043 100 043
1 2300 14 95 126 g10
6R 15.2 [ 15.2 34 8.4
R 6.0 87 8.0 95 5.7
BR b4 113 4.3 117 5.8
NC 43 045 D55
4! 2600 14 147 200 KiLy
6] 12.9 0 12.0 § 10,9
GR 6.7 147 3.8 17 3.4
&R 7.0 210 7.0 250 10.0
NC 035 .33 L0435
+#4% BRIDGE AT LOWER TROUT RIVER POND ##s#
4] asae 28 223 251 18
13 10
&R 13.5 7 13.5 35 11.3
ER 9, 223 8.8 223 8.0
&R 5,2 228 5.3 229 3.1
iR 5.3 235 5.3 239 J.4
GR b.l 24h 6.3 247 8.5
lGR 9.8 251 10.1 393 15.0
3/ 919 15:49:24
SB 1.5 1.3 200 20
§ £623 3
12 1 8.8 9.8
13 10
1 2640 1§ 183 225 14
BR 18.5 20 11.0 k)] 8.5
GR 3.8 200 5.2 212 5.3
&R 12.3 290
37 9790 15:49:24
SECND  DEPTH  CWSEL  CRIWS  WSELK  EG Hy
g BLOB 6CH GROD ALOB ACH AROR
TIME vLOB YCH VRED INL INCH INR
SLOPE ILOBL  XLCH ILDBR  ITRIAL IDC 1CONT
#PROF |
IHLE@ = {. THEREFORE FRICTION LDSS (HL) IS CALCULATED AS A FUNCTION OF
PROFILE TYPE, WHICH CAN YARY FROM REACH TO REACH.
BETAILS,
0
CCHY= .500 CERV=
+5ECND 43,000
*exe CROSS-SECTIONS LOOK UPSTREAM #is#
45,00 8.22 1.92 .80 1.92 1.95 .03
144, 0. 143, i, 0. 190. b,
00 02 I3 12 095 030 085
. 000240 0. 0. 0. 0 ¢ 0

0
#SECND 135.000
3302 WARNING:
135,00 4
144,
.02

CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE

95 1.95
i, 143,
A3 1.09

00 .00 2.01 06
0. 3. 130, 2.
Al 095 030 .085

00

.0k
.000

£ wen
— -1

0D LA LA O e

fLogs
THA
ELNIN
TOPRID

.00
0.
-4.30
64.02

-3.00

42
86

79
108
134

160
194
300

9.4

192
e

BANK ELEV
LEFT/RIGHT

S5TA
ENDST

.80
9

90
119.20
176.22

1.50
8.85

g en
na

£ on
~3 =3

—

QMUALALN S X
MR
oo s o oo

Fus A1 s

L)

83
113

143
200

134
ed7
234
245
231

PABE 4

L
N
L% )

197
230

PABE &



) 000604 90, 90, 90, 1 0 0 00 4053 $9.38
SECND 300,000
- ' 3302 WARNING: [CONVEYANCE CHANGE DUTSIDE OF ACCEPTABLE RANGE
00,00  4.37  2.07 .00 00 2.08 .01 04 03 L
144, 2. lal, 1. 21, 304, 5, ca, 25, 1,30
A2 A1 46 2 .095  .050 .085  .000  -2.30 114.59
000185 190, 155, 115, 2 0 0 00 180.7%  295.33
¥SECND 550.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
550,00  4.15  2.15 .00 00 2,18 .03 .08 O LT
146, S, 1oL, 7. 39, 118, 131, 23, 74, 1,00
.21 A3 .86 B9 .95 .050 .085  .000  -2.00 142.34
) 000495 255,  2%0. 1. 0 0 0 00 257.13  399.47
i
3/ 9/90 15:49:24 PAGE
SECNO  DEPTH  CWSEL  CRINS  WSELK £ HY HL OLOSS  BANK ELEV
[ oLoB  acH GROB  ALOB  ACH ARDD VDL THA  LEFT/RIGHT
TINE VOB VCH VROR UM INCH  INR TN ELMIN SSTA
GLOPE  ILOBL  JXLCH  XLOBR  ITRIAL ILC ICONT  CORAR  TOPWID  ENDST
$SECND 575.000
3265 DIVIDED FLOW
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
sess BRIDGE IN TROUT RIVER #sss
575,00 3.4 2.1h .00 00 2.23 .07 .02 03 3,60
144, 2,  tia, 24, 2. 93, o, 127, 78, 3.40
.22 A5 12 3% .09 .050 .08  .000 1,50  B4.54
.001482 2. 25. {5. 0 0 0 A0 177.88  312.09
SPECIAL BRIDGE
5B XK YKOR £OFQ RDLEN  BWC BWP BAREA 55 ELCHU  ELCHD
- £.20 1,50 1,50 00 31.00 1.50 105,00 1,00 -.30 -,30
$5ECND 579,100
3265 DIVIDED FLOW
CLASS & LOW FLOM
3420 BRIDGE W.5.= 2.15 BRIDGE VELOCITY= 1.84  CALCULATED CHANNEL AREA= 78.
- £GPRS ESLMC %] AWEIR BLON BAREA TRAEEERID ELLL  ELTRD  WEIRLN
.00 2.24 .01 0. 144, 105, 105, 2.90 1,60 9,
i §79.10  3.47  2.47 .00 00 2.2 07 00 00 3.60
1ok, 2, 114, 24, 13. 9, 82, 128, 7. 3.40
28 A5 1.2 .38 .09 .050 .08 .000 -1.50  82.97
. ,001445 ¥, 4, ¥, 0 0 0 00 179,98 313.15
+SECND 595.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
595.00  3.85  2.25 .00 00 2,27 .02 .01 02 1,50
144, o, 108, 28, 74, 140, 113, i34, g4, 1.00
.23 16 .75 .25 .095  .0% .08  .000 -1.00  21.03
.000351 25, 20, 25, 2 0 0 00 275,97 298.00
3/ 9/90 15:49:24 PAGE



SECND  DEPTH  CWSEL  CRIwg KSELX
a QLaB SCH 4R08 ALOR
TIME YLOB VCH YROB INL
SLOPE  xLDBL  XLCH XLOBR  1TRIAL

#5ECND 810.000

35
ACH
INCH
I

H¥
ARQE
iINR
TEONT

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE

810,00 2,39 2.49 .00 .00

144, 1., 13, 0. 29,

.28 40 1,35 232 .05

) 001990 189, 215, 230, 2
¥SECND 1035.000

103500 2.58 2,98 .00 .00

144, a3, 121, 0, 37,

.32 b2 1T 25 .060

Q02361 g5,  2as,  pas, 2
SECNG 1299, 000

3265 DIVIDED FLOW

1296.06  1.86  3.84 .00 .00

144, 2%. 119. 0. 2.

.37 52 1,59 32040

004048 255, 255,  a%s. 4

<

+SECND 1400, 000
bk C?NF%HENCE 0§EFEEDER BRODK #£42

1409.00 00 .00
144, 3. 139, 0. 7.
.39 .85 1.25 33 040
00329% 110, 110, 110. 2

#SECND 1485.000

E 57
050
¢

.12
48,
045
0

3.98
74,
043
0

5,39
.,
043

0

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE

485,00 1.53 4.85 4.78 00
12, a, 119, 9, 1.
40 82 .49 .41 +04]
014315 100, g3, 3. 3
3 9% 15:49:24
SECND  DEPTH  CWSEL  CRIWS HSELK
g aLop 2CH BROB ALOB
TINE YLOB VCH YROB N
SLOPE  XLOBL  XLCH ILOBR  ITRiAL

*5ECND 1635.000

3.2t
41,
045
8

ACH
INEH
Hi

09
0.
090

075
0

RANGE
34

083
0

HV
ARDB
I

NR
[CONT

3302 WARNING: COMVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE

1633.00 177 5.87 .00 .00
{12, 19. 97. 5. 14,
43 .87 1,3 .91 08
«002371 116, 150, 135, 2

1490 NH CARD USED
$5EEND 1700, 000
1530 HANNINGS N gstUES FGgBCHANNELOgﬂNPBSITED

1700. 00
xxe. ll. 101, g, 24.
.44 b4 49 M 043

001514 73, &3, 43. 2

*SECND 1803.000

3.93
72,
045
0

6.10
147,
068

0

.08
i1,
.085
0

L2

.009
0

3302 WARNING: CONVEYANCE CHANGE CUTSIDE OF ACCEPTABLE RANGE

1803.00 2.74 6.4 .00 00
112, 9. 94, 7. al.
T .29 .68 2! 045

6.16

140.
045

.02
33.
090

HL
oL

CORAR

23
182,
000

.00

.l
208,
. 000

00

84
235,
000

00

40
47,
000

00

.39
234,

00

CORAR

46
264,
800

00

.12

.000
.00

.06
293,
.600

0LasS
THA
ELMIN
TOPWID

03
127,
]

A
136,03

04
158,
40
143.85

lol
{94,
2.00
134,64

.02
209,
2.99

141,37

.43

3.30
57,9

0L0SS
THA
ELMIN
TOPHID

.14
228.

96,74

.03
238.
3.30

179.32

.00
256,
3.80

BANK ELEY
LEFT/RIGHT

53574
ENDST

189

129,08
264,13

2. 3

83,75
227,60

3.50
3.40

138,39

cB6.13

3.70
3.70

ge7.11

368.48

4.50
4.50

457.87

515.81

PAGE

BANK ELEV
LEFT/RIGHT

55TA
ENDST

4.9
4.70

430.18

9gh.92

5.40

5,80
294,60
473,92

3.00
4
272.912



LU 2 0 0 .00 168.47  4hi.e
1SECND 2085.000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
2085.00 2,03 543 .00 00 653 .10 .3 08 5.7
1z, b, 10, 0. b, T, 1, 3. 287, 5.7
56 L7b A2 38,030 .04 095 L0000  4.60 41}
LIS U ) 2 0 0 b0 SB.82 100,61
£SECHD 230,000
2300.00 2.5 693 .00 .00 .09 .16 .51 .05 6,00
12, 10, 162, 0, 9, 56, 1, M8, 297, 5.8
40 1,10 183 3@ 065 L045 .100 000  6.40  84.83
002986 al0. 215, 2is. 2 9 0 .00 s2.59 12742
3 9790 15:49:24 PAGE
SECNO  DEPTH  CMSEL  CRING  WSELK  EB Hy HL OLOSS _BANK ELEV
g GLOB GCH QRO ALOB  ACH  AROB VDL TWA  LEFT/RIGHT
TINE  VL0D  VCH  YROB ML XNCK  INR  WTN  ELMIN . SSTA
SLOPE  XLOBL  KLCH  XLOBR  ITRIAL 1DC  ICONT  CORAR  TOPWID  ENDST
$SECND 2400, 000
) 2600.00 274 7% .00 .00 7,80 .06 .6k .05 6,70
112 . 80, 3l 2, kb &,  Ame, AT, b0
A7 59 1.2 L% (A5 053 045 000 5,00 163.B4
, ouidoe om0 oo, 260, L 0 0 .00 915 257.%9
£SECND 2620.000
3302 WARNING: CONVEYANCE CHANEE DUTSIDE OF ACCEPTABLE RANGE
3495 QVERBANK AREA ASSUNED NON-EFFECTIVE, ELLEA= 8.80 ELREAs 8.80
xtet BRIDGE AT LOWER TROUT RIVER POND #é4s
2620.00 2.6 7.7 .00 .00  8.01 .25 .06 .15 9.80
112, 0. M, 0, 0. 5l 0. 373, 318, 9,80
----- A7 00 2.2 .00 000  .045 .00  .000  S.10 224.4b
000317 18, 20, - 2. 2 0 0 .00 2,07 250.5
B SPECIAL BRIDGE .
5B XK SKIR  COFR  RDLEN  BNC BP BAREA S5 ELCHY  ELCHD
. . 1.50 200,00  20.00 00 .10 00 530 5.30
— ¥SECND 2623.000
6070,L0M FLOW BY NORMAL BRIDGE
E6PRS= .000 EGLMC=  8.16% ELLC=  8.800 PCMSE=  7.762 ELTRD=  9.800
3370 NORNAL BRIDSE, MRD= O MIN ELTRD=  9.80 MAX ELLC=  8.80
3495 OVERBANK AREA ASSUNED NON-EFFECTIVE, ELLEA= 9.80 ELREA= 9.80
2623.00 2.48 7B .00 .00 B2 .@ .01 .00 9.80
112, 0. 12, 0. 0. 52, 0. 375, 318, 9.80
47 .00 BT 00 000 .045 000 .000  S.10 220.41
004150 a. . 3, 2 ¢ 0 .00 2617 250.58
3/ 9/90  15:49:24 PAGE
B SECNO  DEPTH  CWSEL  CRINS  WSELK  EB Hy HL OLOSS  BANK ELEV
0 QLOB OCH  OROB  ALOB  ACH  AROB VDL TWA  LEFT/RIGHT
TINE VOB VCH  VAOB N UNCH  XNR WTK  ELAIN  SSTA
SLOPE  XLOBL  XLCW  XLOBR  ITRIAL IDC  ICONT  CORAR  TOPWID  ENDST

$SECNO 2640.000

10



3302 WARNING: CONVEYANCE CHAMGE QUTSIDE OF ACCEPTABLE RANGE
2640,00 2.62 .02 00 00 8,13 A1 03
112, 0, 108. 4, 0, 72. b, 377,
.48 00 {31 .81 . 000 045 L0335 000
002011 14, 17, 19. 2 0 0 00
31 9% 15:49:24
Tl CANADA-NEWFOUNDLAND FLOOD DAMAGE REDUCTION PROGRAN
12 20 YEAR FLODD
T3 TRBUT RIVER
J1 ICHECK  IN@ NINY IDIR STRT METRIC  HVINS
0 3 0 1
J2 NPROF 1PLDY PRFVS 1SECY 1SECH FN ALLDE
15 -1
3/ 9/99 15:49:24
SECND  DEPTH  CWSEL  CRIWS  WSELK  E6 HY HL
] aLoB aCH BROB ALOB ACH AROB VoL
TIME VL OB VCH VROD INL INCH INR WTN
SLOPE  XLOBL  XLCH fLOBR  ITRIAL IDC 1CONT  CORAR
#PROF 2
IHLER = 1. THEREFORE FRICTION LOGS (HL) IS CALCULATED AS A FUNCTION OF
PROFILE TYPE, WHICH CAN VARY FROM REACH TO REACM. SEE DOCUMENTATION FOR
DETRILS.
0
CCHY= 500 CEHv= 800
#SECND 43.000
w444 CROSS-SECTIONS LOOK UPSTREAM #:s
45,00 5.9 .44 .00 .44 1.b6 Q2 00
118, 0. 117. 0. 0, i77. 3. 0.
.00 00 4b 09 008 050 085 000
. 000202 0. 0. 0. 9 ] 0 00
#SECND 135.000
3302 WARNING: CONVEYANCE CHANGE DUTSIDE OF ACCEPTABLE RANGE
135,00 §,47 1.67 .00 00 172 .09 03
118. 0. 117, 0. 1. 120, 0. 14,
03 07 .98 .08 095 050 085 000
0 .000539 96. 90, 90. ¢ 0 ¢ .00
#SECNG 300.000
3302 WARMING: CONVEYANCE CHANGE DUTSIDE OF ACCEPTABLE RANGE
300,00 4,07 1.77 00 00 1,78 .01 .05
118, 1. 115, 0. 12, 243, 3. 45.
- g2 .0B Ky .08 095 050 085 000
000204 190, 155, 115, g ] 0 00
#SECNQ 550,000
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
350.00 3.8% 1.8 00 .00 1.90 03 .10
{18, 1. 9. 2%, 13, 1085, 95, 102.
.21 .08 .88 .28 095 .050 .085 000
- 0 . 000578 253, 250. 133, 1 0 ] .00
3/ 9/90 1549124

.06
319,

46,27

3L}

0LOSS
THA
ELMIN
TOPWID

4,30
53.14

-3.00
49.85

.02
22,
-2.30
174.09

02
88,
-2.00
233.902

CHNIN

8.30
7,00

187.24

233.9

PAGE

HSEL
.64

Fe

ITRAEE

PAGE

BANK ELEV
LEFT/RIGHT

SSTA
ENRST

1.89
90

118.00

171.14

1.50
1.50

13.47

63.32

1.30
1.30

120,33

294.564

1.70
1.00

152.73

395.78

FAGE

11

12

13



SECNO  DEPTH  CWSEL  [RINS  WSELK  EG HY HL QL0OSS  DANK ELEV
4 aLop 4cH 9RrOD ALOD ACH AROR VoL Tua  LEFT/RIGHT
TINE yLOB VCH VROB INL INCH INR HTN ELMIN 55TA
5LoPt  ILOBL  XLCH ILOBR  ITRIAL IDC ICONT  CORAR  TGPWID ENDST
+SECNG 575.000
3265 DIVIDED FLOW
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
##d+ BRIDGE IN TROUT RIVER #¥ae
§75.00 3.38 1.88 00 00 1.9 .07 03 .03 3,60
118, 0. 103. 12, 1. 83, 38, 105, 7. .60
.22 08 1.87 .32 095 050 083 000 -1,50 16T
AOHAT0 a2, a3, 13, 0 ¢ 0 00 (32,68 310.88
SPECIAL BRIDGE
58 XK TXOR CoFd ROLEN BWC Bup BAREA 5§ ELCHY ELCHD
t.20 1,30 1,50 00 31.00 1,30 105.00 1,00 -.30 -.30
#SECND §79.100
3247 DIVIDED FLEW
CLASS A LOW FLOW
3420 BRIDGE W.5.= 1.87 BRIDGE VELOCITY= 1,71 CALCULATED CHANNEL AREA= a9,
EGPRS EGLNC H3 GWEIR dL0w BAREA TRA:HEERID ELLE ELTRD WEIRLN
.00 1.9 01 g, 118, 103, 103, 2.9 3.40 IR
.10 3.3 1,89 .00 .00 1.96 .07 .01 .00 3.80
118, 0. 105, 13, 1. 84. 3. 104. 72, 3.40
.22 07 1.25 J2 093 1050 083 000 -1.30  114.74
o 001517 4. 4, &, - 0 4 0 .00 135.80 310.96
#5ECND 595.000
3302 NARNING: CONVEYANCE CHANGE OUYSIDE OF ACCEPTABLE RANGE
395.00 2.98 1.98 00 .00 2.00 .02 01 .02 1.50
118, 4, 4, 19. 38, 124, 87, 110, 7. 1.00
.03 .09 s T3 .22 095 059 .085 000 -1.00 26,44
. 000392 &3. 20. 23, a 9 0 .00 270.83  297.27
3/ 9/90 15149124 PAGE
SECNO  DEPTH  CMSEL  CRIWS  WSELK  EG W HL OLOSS  BANK ELEV
g eLOB acH QROR ALOB ACH ARDD ViL THA  LEFT/RIGHT
TINE VLGB VCH YROB INL INCH INR WIN ELMIN S5TA
SLOPE  ILGBL  XLEH ILOBR  ITRIAL IDC ICONT  CORAR  TDPWID ENDST
$SECNO 810.000
3302 WARNING: CONVEYANCE CHANGE DUTSIDE OF ACCEPTABLE RANGE
810.00 2.1d 2.83 0 0 2.34 .09 .29 .05 1.80
118. 5. 113, 0. 12, 3. 0. 148, 6. 1.80
.28 .32 1.33 .18 055 .05¢ .090 .000 .10 156.89
A J002282 190. 215. 230. 2 ¢ 9 00 10485 263.TM
tSECHD 1035.000 -
1033.90 2.40 2,80 »00 00 2.94 BL) .3b .04 2.30
118, 19, 107, 0. 20, a2, 9. 168, 141, 2.50
.32 . oE 1.72 49 040 2043 473 000 40 112,24
002754 223, des. é2i. . ¢ ] 00 227.01

0
+SECND 1290000

114.77

14



3265 DIVIDED FLOW

1290 00 1.7% 3.74 00 ,00 3. 35 A

13, 102. 0. 19, 1.

37 .81 1.32 .27 2048 Ohﬁ 073

o 004209 233. 233, 233, 4 0

#SECNO 1400.000

£444 CONFLUENCE OF FEEDER BROOK t#a#

1409,00 [.41 4.2¢ 00 40 4,28 07

118, 3. 114, 9. 3. 99, i,

.39 .98 1,16 a1 040 043 075

003331 110, 110, 119, 2 ¢ ¢

0
#5ECND 1485.000

3302 WARNING: CONVEYANCE CHANGE DUTSIDE OF ACCEPTABLE RANGE

148500 LA 4.7% .00 00 5.08 0
9, i 90, 0. 1, 37, 0.
40 A6 2,45 .01 005 .45 085
013602 100, 83. 85. 2 0 9
3/ 9/90 15:49:26
SECNG  DEPTH  [WSEL  CRINS  WSELK  ES§ HY
g oLoB  oCH BROB  ALOB  ACH ARDB

TINE  WLOP  VCH YROB  INML INH AR

SLOPE  XLOBL  XLCH  MLOBR  ITRIAL IBC TCONT
- $SECND 1435.000

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
1635.00 .40 5.70 .00 A0 5.78 .07
9. s, Bl. 4, 10, b4, 9.
L bb A0 1,37 AT 085 45,085
) 002488 110, 150,  15A. 2 ¢ 0

1690 NH CARD USED
$SECND 1700.000
1530 NANNINGS N VALUES FOR CHANNEL cunpusnsn

1700,00 2.4 5.91 D0 5.93 02
91, 5, B4, o. 14, 129, 0.
- b .39 .bb 00 L045 L0800
004 bé} 75. 65. 43, 2 0 0

]
$SECND 1805.000

3302 WARMING: CONVEYANCE CHANGE OUTSEDE OF ACCEPTABLE RANGE

1805.00 2.38 5.98 00 00 3.99 .02

91, . 8t, T el. 129, 28,

- .52 23 .62 .18 045 045 . 0%0
.000328 116, 103, 120, 2 0 0

9

#SECND 2083.000

3302 WARMING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE

2085.00 1.86 b.26 A0 00 6.3% .08

91, 2. 89. . 3. 48, 9.

.08 .80 1,30 .18 030 043 095

- N 001805 240, 280, 280, i ] ¢

£3ECND 2300.000

2300.00 2.3% b.7% 00 00 b.88 b

9, 7. 84, 7. 9. 1.

.41 9k 1.48 28 045 065 A00

002907 210, 2135, 215, 2 0 ]

37 9/9¢ 15:49:24

SECND  DEPTH  CNSEL  CRINS WSELK  EG L\

HL

.89
189,
000

00

41
200,

000

00

37
204,
000

00

VoL
CORAR

HL

.42
el5.
000

J0

.13
2eg.
000

S0

.06
239.
000

0

+ 30
274,
000

A0

49
EBS.

".00

.08 3.50
171, 3.40
2.00 139.89

125,37  284.82

.02 .7
186. 3,70
2.80 23t1.09

136,79 367.88

19 4.50
194, 5,50
3.30  452.81

52,764 515.58
PREE
OLOSS  BANK ELEV
THA  LEFT/RIGHT
ELHIN S6TA
TOPWID ENDST

11 4.90
204, 5,79
4,10 433.12

90.52 G25.64

03 3.40
2z, 6.89
3.50  310.42

162,83  473.45

09 5.00
230, 4,19
3.40 285.08

155,97  441.05

03 M
g8, 3.70
§.50  43.13

55.07  100.22

.04 5.00
268. 3.80
4,40  B3.27

51,92 127.19
PAGE
OLOSS  BANK ELEV

16



g L2 2eH ERCB £L0B ALK ARC0R Y0L THA  LEFT/RIBHT
TIME YLGB YK Y08 INL INCH INR 57N ELMIN 3578
SLOPE  XLOBL  JYLCH ILOBR  ITRIAL IDL ICONT  CORAR  TOPWID ENDST
$5ECND 2500, 000
2400.00 2,34 7.54 00 00 7.60 .06 .49 L[ 6.70
91, l. 70. 29, 1. 80, 39, 0. cB7, 819
.49 .33 1,18 1bb 043 053 043 000 5.00 164,41
o 001936 190, 300. 260. 1 ] 0 00 91,55 255.%
#SECNG 2620.000
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 8.80 ELREA= 8.80
#¥ad BRIDGE AT LOWER TROUT RIVER POND es#+
2520.00 2.47 1.57 .08 00 1.7 .20 A4 A1 9.80
91, . 1. 0. 9. 4b. 0, 3l 289. 9.89
.69 0 1.7 00 000 043 . 008 000 5,10 224,80
003769 18. 20, 4. { 9 ] 00 23,36 B90.17
SPECIAL BRIDGE
5B 1K XKOR COFR ROLEN BRC pwp BAREA LH] ELCHY ELCHD
.00 1.30 1,50 200.00 20,00 09 74.10 A0 . 3,30
#5ECNO 2623.009
6070,L08 FLOW BY NORMAL BRIDGE
EBPRS= 00 EGLHC= 7.93% ELLC= 8.80¢ PCWSE= 7.573 ELTRD= 9.80¢
3370 MORMARL BRIDGE, NRD= O WIN ELTRD= 9.80 MAX ELLC= 8.80
309% OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 9.80 ELREAR= 9.80
2623.00 2.49 7.99 00 00 7.78 A8 01 00 9.80
91. 0. 1. 0. 0. 47, 0. 3l 289, .89
.69 A0 1.93 Q0 000 043 000 000 5.10 23479
.003709 . 3. . 2 0 & 00 25,39 e50.48
+5ECND 2540.000 :
2640.00 2.57 .7 00 00 7.87 .10 05 03 8.50
71. J. 89. 2, 0. 62, 2, 12, 289, 7.00
70 .00 1,43 A9 000 .045 038 000 3.20  188.40
- 0 00207 14, 17, 19, 2 ¢ 0 09 43,02 B34
3 990 15:49:24 PRBE
THIS RUN EXECUTED 3/ 9/90  15:49:34

FHEP PR RS H R R R R E L R LR
- HEC2 RELEASE DATED SEPT &8

FEEFFHERR R R AR F AR R R R RN TR R R E R R R R LR H R R R S

NOTE- ASTERISX (#) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

TROUT RIVER
SUMMARY PRINTOUT

SECNG W

43.000
45.000

135.900
£ 135,000

& 300.000

-~

SEL

1.92
1.64

1.9%
1.87

2,07

¢

143.50
117.50

143.50
117.50

143.50

AREA

195.85
180.87

137.5%
121.67

332.35

ELMIN

-4.30
-4.30

-1.00
-3.00

-2.30

ELTRD

00
.00

00
.00

.00

VEH

T3
&b

1.09

46

10#KS

2. 40
2.02

6.0%
5.39

1.85

TOPWID

64.02
33.14

60.53
49.83

180.74



300,000 1,77 U5 279.38 -2.30 0 o 2.04 174,09

# 530.000 2.15 143,50  297.08 -2.00 0 86 4.5 257.13
t  350.000 t.86 173 B13.41 -2.08 .00 .28 3.98  833.0¢
B 073000 2.16 143,50  146.17 -1.530 A0 1.27 14,82 177.98
+  §73.000 1.88  117.50  128.13% -1.50 00 1.27 16,70 132.88
379.100 2.17 143,50  168.54 -1.50 3.60 1.26 14,4 179,98
379,100 1,89 17,50 124,47 -1.50 1.60 1,25 16,17 135.80
£ 595.000 2.85 14,30 3267 -1.00 00 15 .31 276.97
¥ 995.000 1.98 117,50  252.01 -1.00 00 N 3.92  270.83
£ 310,000 2.49 143,50  12b.42 19 .90 1,33 19.90  1356.03
£ §10.000 2.23 117.%0 98.01 .10 00 1.33 ég.B2  106.85
1035, 000 2.99  163.56  105.48 .40 D0 1.77 23.61 143,83
1033.000 2.80 117,50 82.24 .40 .00 1.72 27.5¢ 116,77
1290,000 .86 143,30 102.12 2.00 00 1.59 §0.48  138.64
1290.000 3.7% 117.9 86.80 2.00 .00 i.52 §2.0%  125.33
1409000 4,32 183,30 119.2¢ 2.90 .00 1.85 32.96 141,37
1400.000 4,21 117,50 104,34 2.80 00 .16 33.31 13679

3/ /% 15:49:24 PAGE 18
SECND CHSEL g AREA ELNIN ELTRD VCH 108X§  TOPWID
+ 1485.000 4.8  t12.00 43.83 3.0 00 2,89 143,15 57.94
+  1485.000 4.74 91.00 38.35 .30 00 2,43 136.02 3.7
+ 1633.000 3.87  112.00 97.53 4.10 00 1,34 23.71 ?5.74
+  15353.000 5.7 91.00 g2.54 5.10 00 1.27 24.88 99.52
1709.060 4,08  118.00  171.2h 3.50 00 .69 15.186  179.32
1704.000 5.91 91.00  143.95 1.56 .00 .bb je.61  162.83
# 1805.000 6.14 112,00 204,68 3.60 .00 .68 .52  168.89
+ 1505.000 5.98 91.00  177.89 3.60 .00 .62 .28 153597
& 2083.000 6,43 112,00 B2.24 4.40 00 1.42 18,63 38.82
£ 2085.000 .24 91.00 72.05 b.40 00 1.30 18.05 35,07
2300.000 6.93 112,00 63.70 5.4¢ D0 1,83 29.84 52.59
2300.000 5£.7% 91.00 57.85 §.40 .00 1.68 29.07 41,92
2600.000 7.7 112,00  108.06 3.00 00 .82 18.04 94.13
2600.000 7.94 91.00 90.93 3.00 .00 1.18 19.36 91.53
# 2620.000 176 11R.00 S1.00 d.10 00 2.20 43.17 26.07
2520.000 1.57 91.00 46.40 3.10 .00 1.9 37.460 23.3
2623.000 7.7 112.00 .70 5.10 9.80 .17 41,30 25.17
2623.000 7.39 91.00 46.61 5.10 9.80 1.93 37.09 25.39
+ 2640.000 g.02  112.00 75.01 5.20 .00 1.51 20.11 46.27
2540.000 " 9.0 64.83 3.20 .00 1.43 20.76 43.02

3/ 9/%0 15:49:24 PaGE 19

SUMMRRY OF ERRORS AND SPECIAL NOTES
NARNING SECNQ=  135.000 PROFILE=
WARNING SECND=  1353.000 PROFILE=

WARNING SECNO=  300.000 PROFILE=
WARNING SECNO=  300.000 PROFILE=

WARNING SECNQ=  3550.000 PROFILE=
WARNING SECNO=  550.000 PROFILE=

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE AANGE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANSE

L2t Load na ==

[ T



KARNING SECNO=
WARNING SECNQ=

HARNING SEENQ=
WARNING SECNO=

WARNING SECNQ=
WARNING SECNQ=

HARNING SECNO=
WARNING SELNO-=

WARNING SECNO=
WARNING SELNQ=

WARNING SECNO=
WARNING SECNO=

HARNING SECNO=
WARNING SECNO=

WARNING SECNOD=
WARNING SECNO=

375,000
375,000

593,000
393.000

910.000
910.900

14835.000
1485.000

1635.000
1635.000

1805.000
18045, 000

2083.000
2085, 000

2520, 000
2440, 000

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

N b=t L ny = [t Rl (2" Rl n e

L -

CONVEYANCE CHANGE QUTSIDE ACCEPTABLE RAMBE
COMVEYANCE CHANGE OUTSIDE ACCEPTABLE RANBE

CONVEYANCE CHANBE OUTSIDE ACCEPTABLE RAMBE
{ONVEYANCE CHANGE OQUTSIDE ACCEPTABLE RANGE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
{ONVEYANCE CHANGE DUTSIDE ACCEPTABLE RANGE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE DUTSIDE ACCEPTABLE RAMBE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVETYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

CONVEYANCE CHANGE CUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE

CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
CONVEYANCE CHANGE OUTSIDE ARCCEPTABLE RANGE

CONVEYANCE CHANBE DUTSIDE ACCEFTABLE RANGE
CONVEYANCE CHANGE QUTSIDE ACCEPTABLE RANGE



APPENDIX D.3
FEEDER BROOK



ORI R R R s s ks g h e e g0 0844t

1
!
!

!
s

WATER SURFACE PROFILES
VERSION OF SEPTEMBER 1988

RUN DATE 37190 TIME

£END (OF BANNER

3 7190 13 3:13

13 313
SRERIXERNRTIEERISELRNSERNEIRReRaRssssRsssrssastnsne

H H
1 H
H 4
1RE80 44
i X
i 1
S 1

R IR iR R e Rtyeinssitatticitessisiitetids
HEC2 RELEASE DATED SEPT BB

FEERMALRERAIRRURITRER LIRSS ERRLIILLASILERIISIIINY

Ti
12
13

J1

42

J3

Jé

TROUT RIVER 100 YEAR
BRIDGE AND CULVERTS COMPLETELY BLOCKED
FEEDER BROOK
ICHECK  IN@ NINV IDIR STRT
0 2 0 -1
NPROF IPLOT PRFVS XSECV XSECH
1 -1
VARIABLE CODES FOR SUMMARY PRINTOUT
38 1 43 25 42
THLER ICoPY SUBDIV  GTRTDS RMILE
H
7 4 3l 20
(40 033 2033 0.3
7150 17 179 209
3.3 80 3,0 84
3.9 160 3.0 167
8,1 174 6.0 179
L3 204 8.0 209
1230 13 158 152
10
7.8 0 6.0 23
3.0 129 4.0 132
6.6 154 6.3 18
72?3 14 183 168
7.3 0 6.0 27
8.3 120 7.0 132
3.0 165.7 3l 167
1.3 1.5

PR R Y

oo xxxx
X 1 X
X 1
xxx X m
X 1
X X X
XXORE XXXy
B7262B51
BETRIC  HVINS B
1
FN ALLDC B4
4 L1
15 10
0.3
4.9 118
3.3 170
] 184
63 85
J.4 30
4.0 139
4.0 175
15 15
3.4 30
7.5 144
7.0 168
0.1

X

$
X

XX
1

£
1

X
1

X
X

WSEL

4.3

CHNIN

26

140
in
170

6.4
142
187
3.4

162.9
178.1

P s s
t U.S. ARMY CZRPS CF ZNGINREES

T THE HYDROLOGIC ENGINEERING CENTER

¥ 609 SECOND STREET. 3UITE D

¥ DAVIS, CALIFORNIA 95414

§ (916) 756-1104
PERRINIRLESARARLRIRSRRLLENITILIRINLLLY

PABE |
THIS RUN EXECUTED 3/ 7/90  13: 3:13

Fa
ITRACE
3 4

3.7 158

8.1 175

3.4 200

3.0 102

8.3 144

7.1 192

7.6

b.1 114

7.0 163

6.9 5.9

B T



11 7255

12 1 1.0
13 10

B7 -12 0 7.3

87 73 3.3

311190 13: 3:13

8T 132 7.0

8T 163 1.4 5.0
wooonmn 18 142 169
iR 8.0 0 1.5 3
SR 5.0 gy 4,6 52
SR 8.5 112 5.0 136
&R 4.5 161 5.0 144
N 043 .045 043

i 75 20 129 148
X3 10

&R 8.0 50 1.5 86
3R 4.9 88 5.5 90
SR 6.7 112 8.5 125
§R 4.9 138 5.0 143
o735 20 91 109
13 10

a8 8.5 50 7.5 54
68 5.5 49 6.5 i
68 1.5 B4 8.0 9
&R 7.0 109 7.0 122
XL 7400 13 78 90
X3 10

BR 8.5 50 6.0 50
&R 8.0 72 6.5 78
&R 7.5 100 8.0 120
X1 7450 11 16 99
&R 9.0 50 8.0 59
BR 9.5 76 8.5 84
6R 9.5 132

X 7500 13 76 100
8 10 50 8.5 59
&R 9.8 s 7.5 82
B8R 9.0 107 9.0 116
1o 8530 i 73 99
oR 10 50 9.5 58
BR 7.5 19 7.2 8t
&R 10 129

37 1790 13 3:13

SECND  DEPTH  CWSEL  CRINS  WSELK  £5
a GLOB acH 9R0B ALDB AC
TINE VLOB VECH VREB INL N
SLOPE  XLOBL  XLCH ILOBR  ITRIAL ID

1PROF 1

IHLED = [, THEREFORE FRICTION L0SS (HL) IS LALCUL
PROFILE TYPE, WHICH CAN VARY FROM REACK TO REACH.

DETAILS.
0

CCHY= 300 CEHV= 300
$SECNOD 7150.000

3263 DIVIDED FLOW
3720 CRITICAL DEPTH ASSUMED
7130.00 3 4,35

4,33 4.80

4, 11, 30, 0. B,

00 1.35 2,38 00 D40
011314 0, 0. 0. 0

! 6
3.4
27 6.0
114 6.1
134 7.5
148 7.5
15 15
6.3 13
4.6 7
6.0 2
1.3 169
30 48
6.0 70
6.0 74
6.3 129
3.3 148
30 40
3.3 7
7.0 79
9.9 74
7.3 130
43 45
5.3 &l
5.8 80
8.5 142
30 30
7.3 60
6.4 9
50 5¢
7.4 63
6.8 g8
1¢ 121
3 3
8.4 63
7.2 90

HY HL
H ARDB vaL
CH INR NTN
C ICONT  CORAR

ATED AS A FUNCTION OF
SEE DOCUMENTATION FOR

4.38 .23 .00
13, 0, 0,
033 . 000 . 000
18 9 00

5.4
30
120
162.9
3.4 178.1
13
6.0 30
3.0 78
3.0 150
43
6.7
9.3 B8O
6.3 103
6.0 130
7.3 152
40
1.6
5.2 60
7.3 82
3.9 103
1.3 143
43
8.0
3.3 69
3.9 g8
30
4.8 65
1.3 9%
50
8.5 79
6.8 9%
36
9.0 10
9.0 99

0LOSS  BANK ELEV
TWA  LEFT/RIGHT
ELMIN §5TA

TOPWID ENDST

.00 5.00
0, 6.00
3.40  138.20

43,20 203.43

o~ wn g
ol -

PAGE

Bl
104
133

83
11
134
1569

&2

105
146

LY
30

72
130

73
100

73
122

PAGE

2

3



it
1SECND 7230.000

7495 GVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= b.60 ELREA= 7.10
7230.00 1.02 3.02 00 .00 3.43 A 74 .09 6,50
41, 0. 4. 0. 0, 13, 0. 1, 2. 7.10
- 01 .00 2,82 .00 .000 035 000 -000 4,00 172,15
] 011996 83, 85, 63, 2 0 0 00 16,50 188.44
$5SECNC 7250.000
3265 DIVIDED FLOW
3685 20 TRIALS ATTEMPTED WSEL,CWSEL
3493 PROBABLE MINIAUN SPECIFIL ENERGY
3720 CRITICAL DEPTH ASSUNED
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 3,40 ELREA= 7.40
7250.00 92 3.92 5.92 .00 6.07 W13 .23 04 7.00
4. 3. 4, 0. 23, 2, 0, 1, 3. 7,00
.01 1.40 2,32 00 040 ,035 000 000 3,00 29.97
016530 13, 13, 15. 20 10 9 00 75,47 167,83
37190 13: 3:13 PASE
SECNO  DEPTH  CWSEL  CRINS  WSELK €5 HY HL 0LOSS  BANK ELEV
] 2L.08 BCH arOB ALOB ACH ARCB VDL THR  LEFT/RIGHT
TIME VLOB VCH VROB XNL INCH XNR NTN ELMIN SSTA
SLOPE  XLOBL  XLCH ALOBR  ITRIAL IDC ICONT  CORAR  TOPNID ENDST
) SPECIAL BRIDGE
58 XK XKOR CoFg RDLEN BWC BWP BARER 55 ELCHY ELCHD
.00 1.50 1,50 .00 Jd0 D0 .01 L0 6.90 6.90
1SECKD 7255.000
5070,L0W FLOW BY NORMAL BRIDGE
EGPRS= 138188833 EGLWC= 7.969 ELLC= 7.000 PCWSE= 5,922 ELTRD= 5.400
3265 DIVIDED FLOW
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
3370 NORMAL BRIDGE, NRD= 12 MIN ELTRID= 3.40 MRX ELLC- 7.00
. 44677 BRIDEE DECK DEFINITION ERROR AT STATIONS 165.7¢  187.00
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 9.40 ELREA= 71.60
7255.00 1.08 6,08 .00 00 b.14 06 it] .02 T.00
A, 39, 3. 0, 3b. 2, 0. 2. 3. 7.00
o 01 1.06 .59 00 040 035 000 000 3.00 25,55
005144 b b b, 3 0 0 -2 70.45 167,52
$5ECND 7272.000
- 3265 DIVIDED FLOW
3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
. 1272,00 1.74 b.14 00 .00 6.17 03 02 01 6.00
L, 17, 24, 9. 28. 24. 0, 2. 3. 7,30
.02 .99 .83 .00 040 035 000 .000 4.40 40,09
.000738 13, 13, 15. 2 0 0 00 103,25 166.28
37 7790 13: 3:13 PAGE




SECND  DEPTH  CWSEL  CRIWS  WSELK  £B

g aL08 acH 9ROB ALOB ACH
TIHE VLOB YCH YROB INL XNCH
SLOPE  XLOBL  XLCH ILDBR  ITRIAL IDC

TSECNC 7315.000

HyY HL
AROB VoL
INR WIiN

ICONT  CORAR

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RAMGE

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

7315,00 136 6,26 .00 .00 6.52
4. 0. 40. 1, Q. 18,
.02 .00 2,25 1,12 .000 043
. 010809 30. 43, 48. 0 0

0
$SECND 7355.000

3495 DVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

7353.00 1,20 6,70 .00 .00 T.01
4, 0, 4, 0, 0. 17,
03 00 2.47 .00 000 043
012683 3. 40, 40, 2 0

0
$5ECND 740,000

3495 DVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA=

7400.00 1.4 1.21 .00 00 1.32
. 0. 8. L. 0, 135,

.03 .00 2,36 L. +000 043
010142 45. 45, 43, 2 0

0
$SECND 7450.000

3265 DIVIDED FLOM

5.70 ELREA=
.23
1,
045
0

7.60 ELRER=
3l
0.
.00¢
0

8.00 ELREA=
.32
2.
045
¢

3302 WARNING: CONVEYANCE CHANGE CUTSIDE OF ACCEPTABLE RANGE

7450.00 1.41 1.81 .00 .00 7,52
4, 10. 3, L, 8, 19,
.04 1.16 1.4l L 043 043
.005105 30, 50, 30, 2 0

3 1/%0 13: 3:13 i

SECND  DEPTH  CWSEL  CRINS  MSELK  EB
! GLOB acH ROB ALOB ACH
TIME yLDB VCH VROD XKL INCH

SLOPE  XLOBL  XLCH ILOBR  ITRIAL 1DC
tSECND 7500.000
3265 DIVIDED FLOW
7500, 00 1.31 .11 .00 .00 8.3t
41, 3, 3, 0. 3. 19,
035 1,03 2,02 .02 045 043
008775 50. 30, 30. 2 0

$SECND 8330.000
3265 DIVIDED FLOW
8330.00 1,20 8.4¢0 00 00 B.66
LH 0. ¢

. 41, . 0. 18,

+ 05 .00 2,26 .00 006 045

012499 30, 30, 30, 2 0
37 7/90 13: 3:13

12
1.
043
0

HY HL

W23
4,
000
.00

A7
4,
000
.00

)|
3,
.000
.00

4
b,
000
.00

ARDB VoL
ICONT  CORAR

000
0

39
8.
000
00

OLOSS  BANK ELEV
TR LEFT/RIGHT
ELMIN 557A
TOPNID ENDST
3.50
Al 6,30
1, 3.30
4,90 129.48
20,04 149.52
7.00
03 6,00
7. 7,00
5.30  91.00
16,82 107.82
4,30
00 6,50
8. .50
5.80  78.00
19,03 97.03
06 9.50
10, 7,50
6.4 58.77
41.90 108.38
PREE
OLOSS  BANK ELEV
THR  LEFT/RIGHT
ELMIN 85TA
TOPWID ENDST
.04 9,80
12, 8,00
5,80 60,41
27.50 100,78
.03 .00
12, ?.00
7,20 65,00
20.60 95,00

PAGE



Tl TROUT RIVER

12 20 VEAR
13 BI6 FEEDER BROOK
Il ICHECK NG NINV IDIR  STRT  METRIC  HVINS @ WSEL @
0 3 0 -1 1 3.64
J2 NPROF  IPLOT  PRFVS  XSECY  ISECH N ALLDC 1N CHNIN ITRACE
15 -1
379 13 33 PAGE B
SECNO  DEPTH  CWSEL  CRINS  WSELK B HY HL OLOSS  BANK ELEV
g GLOB  GCH  OROR  ALDB  ACH  AROB  VOL  TWA . LEFT/RIGHT
TIE  VLOB  VCH  VAOB AL INCW XN WIN  ELMIN  SSTA
SLOPE  XLOBL  KiCH  XLOBR  ITRIAL  IDC ICONT  CORAR  TOPWID  ENDST
APROF 2
THLEQ = 1. THEREFORE FRICTION LOSS (HL) 1S CALCULATED AS & FUNCTION OF
PROFILE TYPE, WHICH CAN VARY FRON REACH 10 REACH. SEE DOCUMENTATION FOR
. .
CCHV= 300 CEHV=  .500
£5ECND 7150, 000
3265 DIVIDED FLOW
3720 CRITICAL DEPTH ASSUNED
7150,00 B3 823 A b A 23 .00 00 6,00
3, 7. 2, 0. 5, i1, 0, 0. 0. 5,00
00 120 2.3 00 080 035 .000  .000 3.0 142.08
----- UL 0. 0. . 0 2 0 00 37.48 203.02
$SECND 7230.000
3495 OVERBANK AREA ASSUNED NON-EFFECTIVE, ELLEA= b.60 ELREA= 7.10
7230.00 92 LR .00 00 522 .30 72 O 6,50
3, 0, 3, 0, 0, 13, 0. 1, 7, 7.10
01 00 242 00 000 .035  .000  .000  4.00 172.44
.010008 85, 85. 85. 1 0 0 .00 16.03 188,47
tSECND 7250.000
325 DIVIDED FLON
— 3485 20 TRIALS ATTENPTED WSEL,CNSEL
3493 PROBABLE MININUM SPECIFIE ENERSY
3720 CRITICAL DEPTH ASSUNED
3495 OVERBANK AREA ASSUNED NON-EFFECTIVE, ELLEA= 5,40 ELREA= 7.60
7250.00 86 5.8 5.8 00 5.9 13 .25 00 7,00
. 7. ‘. 0, 18. 2. 0, 1, 2, 7.00
o1 149 2.2 00 080 L035 L0000 .000 5.0 32.49
- 016820 is. i5. is. 20 10 0 00 68.56  167.40
39 13 303 PASE 9
— SECNO  DEPTH CWSEL  CRINS  WSELK €8 HY HL 0LOSS  BANK ELEV
g OLOB  OCH  QROB  ALOB  ACH  ARDB  VOL  TNA  LEFT/RIGHT
TIE VOB VCM  VROB  INL  XINCH  INR WIN  ELMIN  SSTA
SLOPE  XLOBL  XLCH  XLDBR  ITRIAL  1DC ICONT  CORAR  TOPNID  ENDST

SPECIAL BRIDGE



58 XK XKOR COFO RILEN BWE awpP BAREA 5% ELCHY ELCHD
00 1.50 1,30 .00 10 00 01 .00 .90 £.90

15ECND 7253.000

6070,L0W FLOW BY NORMAL BRIDSE

EGPRS= 733947.200 EBLMC= 7.887 ELLE= 7.000 PCWSE= 5.857 ELTRD= 3.400
3265 DIVIDED FLOM

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE
3370 NORMAL BRIDGE, NRD= 12 MIN ELTRD= 3.40 MAX ELLC= 7.00

4677 BRIDGE DECK DEFINITION ERROR AT STATIONS 165,70 167.00

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 3.40 ELREA= 7.50
7255.00 1.00 5,00 .00 Q0 .06 03 05 02 7,00
3. 28 3 0. 29 2 L. 3. 1.00

, : . . 0,
.01 97 1.51 D0 040 033 000 000 3.00 25,93
. 005065 b, 5. b, 3 0 0 -22  83.96  167.48

1SECND 7272.000
3265 DIVIDED FLOM

3302 NARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE

7272,00 .66 6.06 .00 .00 .08 .02 02 01 6,00

3. 1. 19, 0. 22, 26, 0, 2, 4. 7.30

.02 L 71 .00 040 033 .000 000 4.40  45.79

000362 13. 15, 13 2 0 0 00 92,17 14b.12
37/ 13: 3:43 PAGE

SECNO  DEPTH  CNSEL  CRINS  MSELK  EB HY HL OLOSS  BANK ELEV
a BLOB 8CH BROB ALOB ACH AROB YoL THA  LEFT/RIGHT
TINE yLOB VCH YROB INL INCH INR NN ELMIN S5TA

SLOPE  JLOBL  XLCH YILOBR  ITRIAL  IDC ICONT  CORAR  TOPWID ENDST

I5ECND 7315.¢000
3302 WARNING: CONVEYANCE CHANSE DUTSIDE OF ACCEPTABLE RANGE

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 6.70 ELREA= 3.50
73435.00 1.28 6.16 00 00 6.34 .18 .18 .08 6,30
31, 0, 3. 0. 0. 16, 9. 3, b, 3,50
.02 .00 1.88 .92 .000 . 043 045 000 1.9 129,46
.008515 30. 43. 48. 1 0 0 D0 19,47 14934

$SECNO 7355,000

3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 7.60 ELREA= 7,00
7355.00 1.04 5,54 .00 .80 6,79 225 A .03 6.00
1. 0, 31, 9, 0. 14, 0, 4. 7 7.00
03 00 2.20 0 1000 045 000 000 5,50  51.00
0 .012053 50, 40, 40. 2 0 0 00 16,20 107.20
TSECND 7400.000
3495 OVERBANK AREA ASSUMED NON-EFFECTIVE, ELLEA= 8,00 ELRER= 4.5
7400.00 1.23 7.03 .00 .00 7.30 .21 .30 01 6,50
31, 0. 30. 1, 9. 13, i, 4, 8. 6,50
.03 .00 2,32 92 .000 045 043 . 000 5.80  78.00
010277 45, 43, 435, | 0 0 00 17.24 0 95,24

10



15ECND 74350.000
3265 DIVIDED FLOW

7430,00 1.22 1.62 .00
31, 4. 23, 0.
.04 1.06 L6l 26
006456 30, 50. 50.
31 1190 13 3:43
SECNO  DEPTH  CWSEL  CRIWS
/] GLOB BCH GROB
TIME VLOB vCH VROB
SLOPE  XLOBL  XLCH XLOBR
$5ECND 7500.000
3263 DIVIDED FLOW
7500.00 .17 7.97 00
31, 1, 30, 0.
] .87 1.82 , 00
008453 3¢, 30, 30.
¥SECND 8530.000
8530.00 1.05 8,23 00
" . 3, 0,
.06 .00 2,05 00
011886 30, 30. 30,
3/ 7/90 13: 3113

NSELK
ALDB

INL
ITR

1AL

.00
2,

045

.00
0

,000

2

7.74
045
0

E§
ACH
INCH
1D

B.1
16
04

.4
13
04

AL ERRy it e ha Ry e sanesidncydsithessiitteii]
HEC2 RELEASE DATED SEPT 88

ARt ERRet bR e iR eRiqtiiaationatitssdtiasiiffsosil

3

5

b
5
0

12

045
9

Hy
AROB

ANR

TCONT

40

000
.00

HL
YL

CORAR

Q0

04 9.50
9, 7.50
6,40 59,35
34.13  102.49
PAGE
OLOSS  BANK ELEYV
TWA  LEFT/RISHT
ELHIN 55TA
TOPWID ENDST
.02 .80
19, 8.00
6.80  40.92
20,81 99,89
.03 7.00
11, 9.00
7.20  76.00
19.25  95.2§
PAGE
THIS RUN EXECUTED 3/ 7/%0  13: 3:18

NOTE- ASTERISK () AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSABE IN SUMMARY OF ERRORS LIST

FEEDER BRODK
SUMNARY PRINTOUT

- o

- o - e e

SECND

7130.000
7150.000

7230,000
7230.000

7250,000
7250.000

7255.000
7253.000

7272.000
7272.000

7313.000
7315.000

7353.000
7355.000

7800.000

CWstL

4,33
4,23

3.02
4.52

5.92
3.86

5,08
5.00

5,14
5.06

b.26
b.1b

.70
.54

7.21

g

41.00
31.00

41.00
31.00

41.00
31,00

41.00
31,00

41,00
3100

41.00
31.00

41.00
31.00

41.00

AREA

20,84
16,14

14,53
12.81

24.73
20.00

37.64
31.04

56.90
48.94

18,32
16,70

16.63
14,06

7.4

ELMIN

3.40
3.40

4,00
4.00

3.00
3.00

3.00
5.00

4.40
4.40

4.9
4.90

3.30
5,30

3.80

ELLC

.

1.
7.

00
00

00
00

00
00

00
00

00
00

.00
.00

00
00

.00

ELTRD

00
.00

00
00

.00
.00

3.40
3.40

00
.00

00
200

00
00
00

VCH

2.36
2.29

2.82
2.82

2,32
.24

1.59
1.51

85
Tl
2,23
1.68

2.47
2.20

2.5

103K5  TOPWID

113.14 41.2]
128.72 37.48

119.9 16,50
100.04 16.03

166.30 75.47
168,20 58.56

3146 90.43
50.65 B83.96
7.38  103.25
3.62 92.17
108,09 20.04

83.13 19.67

126,83 16.82
120.33 16.20

101.42 1%.03

1
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7400, 000

740,000
7430. 000

7300.000
7500.000

8530.000
853¢.000

31 7/90

SUMMARY OF ERRORS AND SPECIAL NOTES

CAUTION SECNG=
CAUTION SECND=

CAUTION SECKND=
CAUTION SECND=
CAUTION SECND=
CAUTION SECND=
CAUTION SECNO=
CAUTION SECND=

CAUTION SECND=
WARNING SECND=
CAUTION SECNO=
WARNING SECND=

WARNING SECNO=
WARNING SECNG=

WARNING SECND=
WARNING SECNO=

WARNING SECNO=

-~

o~ 00 r
o

LASS Ik [ e

oo oo ~J X ~4
) Y —

13 113

7150.000
7130, 000

7250, 000
7230, 000
7230,000
7250, 000
7250.000
7230.000

7253, 000
7253.000
72935, 000
7255, 000

7272000
7272.000

7315.000
7315000

7450.000

PROFILE=
PROFILE=

PROFILE=
PROFILE=
PROFILE=
PROFILE=
PROFILE=
PROFILE=

PROFILE=
PROFILE=
PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=
PROFILE=

PROFILE=

Ry 1,80 vy 00 Y
28,82 b.40 00 .00 L.éd
21,37 8,40 00 .00 L6l
21,59 4.80 .00 .00 2.02
17.89 5.80 .00 00 L.B2
18.12 7.20 .00 A0 2.26
15.13 7.20 .00 00 2,03
L CRITICAL DEPTH ASSUMED

2 CRITICAL DEPTH ASSUMED

L CRITICAL DEPTH ASSUMED

| PROBABLE MINIMUN SPECIFIC ENERGY

1 20 TRIALS ATTEMPTED 7O BALANCE WSEL

2 CRITICAL DEPTH ASSUMED

2 PROBABLE MINIMUM SPECIFIC ENERGY

2 20 TRIALS ATTEMPTED TO BALANCE WSEL

1 BRIDSE DECK DEFINITION ERROR

| CONVEYANCE CHANGE DUTSIDE ACCEPTABLE RANGE
2 BRIDGE DECK DEFINITION ERROR

2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANSE
1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
2 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE
1 CONVEYANCE CHANGE OLTSIDE ACCEPTABLE RANGE
2 CONVEYANCE CHANGE DUTSIDE ACCEPTABLE RANGE
1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANSE

31,09
44,56

87.7%
84,33

124,99
118,84

41,70
H.13

27,39
24.8!

20.60
19.23

PAGE
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APPENDIX D.4
EMMANUEL'S BROOK



TEERRI BRI S IaaaRaRR IR R aNEr I RN resssssrasessy
4 WATER SURFACE PROFILES

: VERSION CF SEPTEMBER 1988
1

1 RUN DATE 3/ 3/%0 TIME  14:33:50
TEERIEERR IR SR NS RRR IS LRRURILLNNISILLISLIILNLY

. e B e e

L NN X
XXX XX
R X
Teet I a (O
T X
XXy T
X X o
(XD OF BANNER
5/ 3/90 14:33:50
BEILEERISERANRTEREREETRAIERISIRENRSINERINIANRILIL
HEC2 RELEASE DATED SEPT 88
BINLLIRTAREA ST ENRRRERARTEERRARIANIIAIRANIANLIINS
o TROUT RIUER NEKFOUNDLAND
7 100 YEAR EVENT HAY/90
T3 EMMANUEL® s CREEK BENAN
J1 ICHECK  INg NINV IR STRT  METRIC  HVINS
0 2 0 1
J2 NPROF  IPLOT  PRFVS  XSECY  XSECH  FN ALLDE
i -1
I3 VARIABLE CODES FOR SUMMARY PRINTOUT
18 1 3 25 42 2%
J6 IHLED  ICOPY  SUBDIV  STATDS  RMILE
!
ar 1 2.2
N .080 ,050 045 0.5 0.8
X1 000 7 53 70
&R 1 0 0.1 30 0.1 53
8RO -0.4 85 1.1 70
X 57 11 45 53 57 57
X3 10
8R 3 0 7 8 1.8 25
B 0.b 50 0.8 52.8 2,75 53
B 37 138
N 050 050 045
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TIDES (Starting Water Levels)

1. INTRODUCTION/BACKGROUND INFORMATION

The water levels in the Gulf of St. Lawrence vary with the periodic
tides and storm surges. The magnitudes of the latter depend on the
friction between water and the atmosphere during storms and fluctua-
tions in barometric pressure.

2. DESIGN TIDE CONDITIONS

The annual maximum water level (tide and surge) along the west coast
of Newfoundland and in the Strait of Belle Isle generally occurs in
the four month winter period of November through February from a
combination of high tides and large storms.

For example, for the three locations in the Gulf of St. Lawrence
closest to Trout River where historical water level data are avail-
able, the following historical maximum statistics have been extract-

ed:
Harrington Harb. West St. Modeste Lark Harbour

Water Max. Water Max. Water Max.

Level Tide Level Tide Level Tide
Month (m) (m) (m) (m) (m) (m)
November 2.63 2.20 2.12  1.49 2.48 2.07
December 2.80 2.20 2.21 1.52 2.66 2.10
January 2.90 2.10 2.10 1.42 2.79 2.01
February 2.51 2.10 2.09 1.40 2.57 1.98

The water level is the maximum recorded in the period of record in
the particular month. The maximum tide is the maximum for a partic-
ular month in 1989.
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The above table gives the maximum water levels (tide plus surge) and
the maximum tide level.

Previous investigations have determined that a temporal interdepend-
ency exists between maximum instantaneous water levels at Harrington
Harbour and those that occur along the west coast of Newfoundland in
the vicinity of Trout River (Martec Limited, 1988).

For example, on 27 January 1971, the maximum instantaneous water
level at Harrington Harbour was 2.90 m; at Lark Harbour it was 2.78
m. On 21 November 1976, the largest November instantaneous water
levels occurred at both locations. At Harrington Harbour the level
was 2.63 m; at Lark Harbour it was 2.48 m.

Thus the magnitudes of the large tides are effectively the same
along the coast and it can be assumed the storm surge magnitudes are
effectively the same outside and to seaward of narrowing bays and
inlets where the primary storm surge results from the large fetch
across the Gulf of St. Lawrence which corresponds to the prevailing
westerly winds. Therefore, the Lark Harbour water level data
accurately represents the tide water levels at the mouth of Trout
River and was used to determine water levels in Trout River Bay.

ESTIMATION OF GEODETIC DATUM

The geodetic datum at most locations in Canada is set at the mean
sea level. For a tidal region this would be the mean tide level.
The chart datum is an arbitrary level selected so that most tides
never fall below that level or according to the exptanation given in
the preambie of the 1989 Canadian Tide and Current Tables, it is by
international agreement, a plane below which the tide will seldom
fall. The Canadian Hydrographic Service has adopted the plane of
Towest normal tides as Chart Datum.
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At Parson's Pond the chart datum is 2.83 m and at Cox's Cove/Lark

Harbour it is 2.55 m. The respective geodetic levels (mean tide)
are 0.94 and 1.52 metres.

The difference between the two levels at Parson's Pond is 1.89 m and
at Cox's Cove/Lark Harbour it is 1.03 m. By using linear interpola-
tion with distance along the northwest Newfoundland coast, the diff-

erence between the two levels at the entrance into Trout River is
1.07 metres.

Martec Limited gives these levels and associated frequency statis-

tics in its report on Flood Risk Mapping for Cox's Cove (see Table
A.10).

The Cox's Cove values were, therefore, adjusted taking into account
the estimated variation in maximum tide levels along the coast. The
resulting geodetic 20 and 100 year tidal elevations were estimated
to be approximately 1.64 and 1.92 m respectively.
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APPENDIX F
ICE JAM ANALYSIS

INTRODUCTION

No records on ice jams, or related discharge or water level condi-
tions, were found for the Trout River or for the Feeder Stream.
However, anecdotal information indicated that ice generally melts in
place on the Lower Pond and hence does not move into the study area
or cause ice jams which could aggravate flooding problems.

On the other hand, blockage of the bridge at crossing Feeder Brook
has previously caused flooding of the highway. It is not clear
whether this was due to ice jams or accumulation of snow due to road
plowing, etc. at this location. Flow relief culverts were subse-
quently built as discussed in Section 2.0. For the present study,
an analysis was undertaken in an attempt to characterize potential
ice jam characteristics at this location.

METHODOLOGY

The following calculations were undertaken in an attempt to assess
the potential for ice jams on the Feeder Stream:

- discharge and meteorological records were examined for nearby
watersheds

- thermal calculations were undertaken to predict river freeze-up
dates; the corresponding flow on that date was assumed to repre-
sent the breakup discharge

- thermal calculations were undertaken to estimate the date of pot-
ential ice disappearance compared to the estimated breakup date

- a joint probability analysis of open water discharge and ice jam
discharge conditions was attempted

- hydraulic characteristics of the river channel for Feeder Brook
Just upstream of the Feeder Brook Bridge were determined to
assess the potential for ice jams at this location.
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ICE BREAKUP FLOWS

Fer floodline elevation determinations, one needs to know which
annual flows occurred under ice conditions and which occurred during
ice-free conditions. These were determined by using the Deer Lake
mean daily air temperature reading (average of two readings a day),
and determining the intervals in each year when the streams would be
ice covered. It is assumed that the air temperatures along the
Trout River will be the same as those observed at Deer Lake. It is
also assumed that an ice cover will form when an accumulation of
-40°C degree days has occurred and thickness of the ice cover on any
day can be calculated from the following:

t = 0.0342 a; ¥ DD - 0.0342 ay x DD

where aj and aj empirically represent the various physical and
thermal properties of the ice.

a; = the coefficient that is applicable during the
ice accumulation period and was taken to be 0.45
to represent an average river with snow

az = the coefficient that is applicable during the
ice melting period and was taken to be 0.80 to
represent a windy lake with no snow

t = ice thickness in metres.

The dates of ice freeze-up and ice melt for each winter were compar-
ed with the date of annual maximum flow for the Upper Humber River.
The common period of record of both annual maximum flows and air
temperatures is 1933 to 1986.

It was generaily found that the maximum flow occurred when the
stream was ice-free. Therefore, the occurrence of flooding associa-
ted with ice jams would occur with flows of a lower magnitude than
the design flows for open water conditions.
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RESULTS

A reasonable joint probability analysis was not found to be
possibie. This was Tikely due to the underlying assumptions and
errors in data transfer. For example, the use of Deer Lake
temperature data may not be valid. Also, the use of discharge data
transferred from the Upper Humber River to the Feeder Stream lTeads
to some error due to the large difference in size of drainage area.

However, the analysis indicated that the maximum flow in the spring
generally occurs when the Feeder Stream is ice-free. The analysis
also indicated that ice jams on the Feeder Stream would generally
not be associated with peak discharge rates in excess of 10-20 m3/s.

The hydraulic analysis indicated the following velocities and Froude
numbers for the indicated discharge rates:

Q md/s v Fr
1.17 0.86

1.70 1.00

10 2.14 1.01
15 2.42 1.01
20 2.12 1.00

* Location : Feeder Brook upstream of the bridge.

The hydraulic analysis, therefore, confirms a potential for ice jams
on the Feeder Stream for all discharge rates up to at least 20 m3/s.
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FLOOD LEVELS ASSOCIATED WITH ICE JAMS

Measurements of ice jam characteristics on the Feeder Brook are not
availabte. However, ice jams are known to have occurred upstream of
the bridge. A flow relief channel (4 culverts) was previously con-
structed for the reach from the highway bridge up to the vicinity of
the pump house. The hydraulic analysis confirms the potential for
ice jams in the reach.

Therefore, for the purposes of this analysis, ice jam flooding con-
ditions were computed assuming complete blockage (i.e. over 90%
blockage) of this reach associated with various ice jam related peak
flow conditions, 2, 5, 10, 15 and 20 m3/s. The flood levels for the
2 m3/s flow did not exceed the road elevation while levels for all
other ice jam conditions exceeded the road elevation (see Table
4.2).

This analysis indicated that ice jam flood conditions are generally
expected to be more severe compared to flood conditions related to
open water. This was confirmed by observation of ice jam flooding
which occurred in January of 1990.

ICE JAM OF JANUARY 1990

A severe ice jam occurred upstream of the Feeder Bridge on Feeder
Brook in January of 1990. The four flood relief culverts were
almost completely blocked and the channel was blocked upstream of
the bridge opening. A photo inventory of the ice and flood condi-
tions is given in the Field Report. The flooding was made worse by
snowbanks along the road. Flood relief was provided by excavation
of the snowbanks and part of the road deck above the culverts.



