207

GOSFORD CITY COUNCIL

MIDDLE CREEK, PEARL BEACH
FLOOD STUDY

Final Report
DECEMBER 2003



GOSFORD CITY COUNCIL

Middle Creek, Pearl Beach
| Flood Study

Final Report
DECEMBER 2003

; Document Amendment and Approval Record

Issue Description of Amendment Prepared by [date] Verified by [date] Approved by [date]
— 1 Draft BGP (11/11/98) MST (11/11/98) MST (11/11/98)
2 Final Draft BGP (18/11/99) MST (18/01/99) MST (18/01/99)
3 Final BGP (15/04/99) MST (15/04/99) MST (15/04/99)
4 Revisions to Final BGP (12/08/99) MST (12/08/99) MST (12/08/99)
5 Public Exhibition Draft BGP (26/11/99) MST (26/1 1/9?) MST (26/11/99)
6 Final Report RHB (03/12/03) M ﬁcj i2f o3 . PLENV A I Y)

Note: This document is preliminary unless it is approved by a principal of Patterson Britton & Partners.
Document Reference: rp3144.01thb-j1031202-middle creek final
Time and Date Printed: 5:21 PM 2 December, 2003

i level 2 PO Box 515 telephone: (02) 9957 1619
104 Mount Street North Sydney 2059 facsimile:  (02) 9957 1291 ®
North Sydney 2060 Australia reception @patbrit.com.au Patterson Brltton
ABN 89 003 220 228
_ & Partners Pty Ltd
' Newcastle Office PO Box 668 telephone: (02) 4928 7777
8 Telford Street Newcastle 2300 facsimile:  (02) 4926 2111 . .
Newcastle East 2300 Australia mail@newcastle.patbrit.com.au consulting engineers



TABLE OF CONTENTS

Page No.

1 SUMMARY

-—

2 INTRODUCTION
2.1 STUDY AREA
2.2 BACKGROUND
2.3 DATA
2.4 ELEMENTS OF STUDY

3 HYDROLOGIC MODELLING
3.1 RAFTS HYDROLOGIC MODEL
3.2 MODEL SET-UP
3.3 CALIBRATION
3.4 DESIGN STORM SIMULATION RESULTS

4 HYDRAULIC MODELLING
4.1 REVIEW OF EXISTING HEC-RAS MODEL
4.2 MODEL CALIBRATION
4.3 MODEL SCENARIOS
4.4 COASTAL EFFECTS
4.5 DESIGN STORM RESULTS
4.6 POTENTIALLY FLOOD AFFECTED PROPERTIES
4.7 SENSITIVITY TESTING
4.8 EFFECT OF EXTREME FLOOD

© 00 00 N N N N OO oo oo W W oLwow

a A
&~ b

5 REFERENCES

-
(3]

Patterson Britton & Partners page i

rp3144.01rhb-jl031202-middle creek final



TABLE OF CONTENTS

Page No.

FIGURES
FIGURE 1 - CATCHMENT PLAN AND RAFTS MODEL NETWORK
FIGURE 2 - PLAN OF HEC-RAS HYDRAULIC MODEL CROSS SECTIONS

FIGURE 3 - 1% AEP EVENT, PEAK WATER LEVELS AND VELOCITIES FOR
SCENARIO 2: PROPOSED CULVERT WORKS ONLY, WITHOUT CHANNEL WORKS

FIGURE 4 - LONGITUDINAL SECTION SHOWING 20%, 5%, 1% AEP AND EXTREME
FLOOD PROFILES FOR SCENARIO 2: PROPOSED CULVERT WORKS ONLY,
WITHOUT CHANNEL WORKS

FIGURE 5 - 1% AEP EVENT, PEAK WATER LEVELS AND VELOCITIES FOR
SCENARIO 3: ULTIMATE FLOOD MITIGATION WORKS, INCLUDING CULVERT AND
CHANNEL UPGRADE

FIGURE 6 - LONGITUDINAL SECTION SHOWING 20%, 5%, 1% AEP AND EXTREME

FLOOD PROFILES FOR SCENARIO 3: ULTIMATE FLOOD MITIGATION WORKS,
INCLUDING CULVERT AND CHANNEL UPGRADE

APPENDICES
APPENDIX A — RAFTS MODEL INPUT PARAMETERS

APPENDIX B — RAFTS DISCHARGE HYDROGRAPHS
APPENDIX C — HEC-RAS HYDRAULIC MODEL RESULTS LISTING
APPENDIX D — RESULTS OF SENSITIVITY TESTING

Patterson Britton & Partners page ii

rp3144.01rhb-jl031202-middle creek final



LIST OF TABLES

Table 3.1 Comparison of Peak Flow Results between RAFTS and Rational Method

Table 4.1 Estimated peak water surface levels for 20%, 5%, 1% AEP and extreme
events for Scenario 1

Table 4.2 Estimated peak water surface levels for 20%, 5%, 1% AEP and extreme
events for Scenario 2

Table 4.3 Estimated peak water surface levels for 20%, 5%, 1% AEP and extreme
events for Scenario 3

Table 4.4 Comparison of Estimated 1% AEP Peak Flood with building floor levels for

Scenario 2

Table 4.5 Comparison of Estimated 1% AEP Peak Flood with building floor levels for
Scenario 3

Patterson Britton & Partners page iii

rp3144.01rhb-jl031202-middle creek final



1 SUMMARY

Gosford City Council commissioned Patterson Britton & Partners to undertake an investigation
into the flooding of the Middle Creek catchment at Pearl Beach.

The ‘Floodplain Development Manual’ (Ref.) outlines the steps involved in the floodplain
management process (refer below). No detailed flood study has been undertaken for the Middle
Creek catchment. Therefore, the first step that needs to be carried out in this process is the Flood
Study, which will include detailed flood modelling for the purposes of carrying out the Floodplain
Management Study and Plan.
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The floodplain management plan for the study area will then address the existing, future, and
residual flood and environmental problems, in accordance with the NSW Government’s Flood
Policy as detailed in NSW Government’s Floodplain Development Manual.

Specifically, the objectives of this flood study were to:

e define flood behaviour along Middle Creek for the 20%, 5%, 1% AEP and an extreme event
using hydrologic and hydraulic models; and

e present the flood behaviour for Middle Creek in a clear and concise manner, including flood
flows, velocities and levels for the above events.

Patterson Britton & Partners page 1
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Middle Creek, Pearl Beach - Flood Study Summary

The approach adopted for this flood study was:

e collect and collate background information;
e assemble and calibrate hydrological model of catchment;
e review and modify existing hydraulic model, refine and calibrate as necessary; and

e define design flood flows, levels, velocities and extents for three scenarios, these being:

1. Existing conditions;
Flood Mitigation Works — Proposed culvert extension upstream of Diamond Road; and
3. Ultimate Flood Mitigation Works — Proposed culvert extension upstream of Diamond

Road, and channel widening works between chainage 270.0 and 405.0.

The findings of the flood study were that the proposed culverts works currently under construction
upstream of Diamond Road would effectively alleviate inundation of existing properties along
Middle Creek between Chainage 0.0 and 270.0 up to and including a 1% AEP flood event.

Also it was found that the proposed channel works, combined with the culvert works will
effectively ensure flood free conditions for all existing properties along Middle Creek at Pearl
Beach.

As no detailed coastal analysis has been undertaken, Council has advised that a flood level of RL
4.0 m AHD be adopted for locations between the beach, up to a point where the flood level is
4.0 m AHD from catchment flows. Council’s advice regarding coastal effects has been based on
the recent analysis of the nearby Green Point Creek outlet. These investigations indicated that a
flood level of RL 4.05 m was appropriate for the hindrance to flood flows caused by the beach
berm and dune at this and other similar creek outlets to Pearl Beach.

During an extreme event (twice the 1% AEP flow), it is estimated that for the ultimate flood
mitigation works scenario, up to 9 sheds and garages and 1 residence would be inundated.

Estimated flood flows, levels, velocities and extents for the various events are presented in this
report.

Patterson Britton & Partners page 2
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2 INTRODUCTION

2.1 STUDY AREA

The study area for this investigation is the Middle Creek channel between the western end of
Emerald Street, and the outlet into Broken Bay near Pearl Parade, Pearl Beach. Middle Creek
flows between the properties fronting Pearl Beach Drive and Emerald Avenue. The study area is
shown in Figure 1.

2.2 BACKGROUND

Recent investigations of Middle Creek have been undertaken for Council by various consultants.
These include a flood investigation dated April 1989 by Giammarco Civil & Structural
Engineering Pty Ltd, and hydrological and hydraulic modelling prepared by Boyden & Partners as
part of their recent design works for the creek. These more recent investigations provided the base
hydraulic model for the study, although it has been modified to suit existing conditions.

2.3 DATA

The following background data was used to undertake this study:

Topographic Maps

e Broken Bay 2782-4-A (1:2000) Orthophotomap - Central Mapping Authority, Dept of Lands,
1974;

e Broken Bay 2782-1-C (1:2000) Orthophotomap - Central Mapping Authority, Dept of Lands,
1974

Design Drawings

e Drainage Improvement Works, Middle Creek Catchment, Pearl Beach — File No. 920.14.18,
Dwg No.s 14/38/00 to 14/38/15 inclusive — Boyden & Partners Pty Ltd for Gosford City
Council, May 1998

Hydraulic Models

e HEC-RAS model: 98047.prj, Boyden & Partners Pty Ltd for Gosford City Council, May 1998

Local Zoning Plan

e Zoning Plan for Pearl Beach, Gosford City Council, 1998.

Patterson Britton & Partners page 3
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Middle Creek, Pearl Beach - Flood Study Intfroduction

2.4

ELEMENTS OF STUDY

The elements of this study include:

review of existing data, including the previous investigations listed above in terms of the
suitability of the survey data for hydraulic modelling, and a comprehensive review of the
hydrological and hydraulic modelling;

Hydrologic Modelling, establishment of RAFTS rainfall/runoff model of the Middle Creek
catchment including the study area to estimate flows under existing catchment conditions for
the 1%, 5% and 20% AEP events as well as an extreme flood event;

Hydraulic Modelling, utilisation of the HEC-RAS hydraulic model from the previous
investigations undertaken by Boyden & Partners, with modifications to identify flood
behaviour for existing and post flood mitigation works scenarios (3 Scenarios in total) and
flood levels for the design events listed above; and

Produce a bound report describing the methodology and results of the flood study, in
accordance with the NSW Government Floodplain Development Manual and the headings
outlined in the brief.

Patterson Britton & Partners page 4
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3 HYDROLOGIC MODELLING

3.1 RAFTS HYDROLOGIC MODEL

RAFTS is a non-linear rainfall/runoff program developed by WP software, in Canberra. RAFTS
can be used to estimate peak flows for catchments, using actual storm events, or design rainfall
data derived from AR&R, 1987 (Ref").

To undertake the hydrologic modelling, a RAFTS rainfall/runoff model was established for the
Middle Creek catchment. This model was used to estimate flows under existing catchment
condition for the 1%, 5% and 20% AEP events as well as an extreme flood event. All hydrologic
analyses were undertaken in accordance with “Australian Rainfall and Runoff — A Guide to Flood
Estimation”, (Volumes I and II, IEAust, 1987).

RAFTS was chosen for this investigation because it has the following attributes:

e it can account for spatial and temporal variation in storm rainfall across a catchment;

e it can accommodate variations in catchment characteristics;

it can be used to estimate discharge hydrographs at any location within the catchment; and

it has been widely used across NSW.

3.2 MODEL SET-UP

The catchment was divided into a number of subcatchments based on the topography, land use,
road and the existing drainage system layout. Estimates of existing peak design flows were
derived for input into the hydraulic model.

Each subcatchment has parameters defined including area, weighted average catchment slope, the
percentage of impervious area, and lag time to the next downstream sub-catchment. A summary
of adopted subcatchment parameters is enclosed in Appendix A.

A total of 13 subcatchments were identified for the RAFTS model, with a total catchment area of
approximately 60 ha. The catchment breakdown is shown on Figure 1, including the RAFTS
model network layout.

3.3 CALIBRATION

As no stream gauge exists in the catchment, there was no possibility of a true storm calibration,
however comparison was made with the rational formula calculations for “small to medium sized
rural catchments”, as outlined in ARR 1987 (Ref.). The results of this comparison are shown
below in Table 3.1.

Patterson Britton & Partners page 5
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Middle Creek, Pearl Beach - Flood Study Hydrologic Modelling

Table 3.1 : Comparison of Peak Flow Results between RAFTS and Rational Method

Average Peak discharge estimated Peak discharge estimated using
Recurrence using Rational Method RAFTS model
Interval (m3/s) (m3/s)
(AEP)
20% 9.0 12.2
5% 14.7 16.1
1% 24.0 20.2
extreme N/A * 41.2
(2 x 1% AEP)

Note: ¥ : The rational method is only intended to be used up to and including the 100 year ARI event.

As can be seen from the results tabulated above, the RAFTS results are slightly higher than those
derived using the rational formula for events more frequent than the 1% AEP event, however, the
rational method overestimates the peak 1% AEP peak flow, compared to the RAFTS model. This
effect could be caused by storage effects in the RAFTS model, which tend to reduce the
differences in peak flow estimates for different recurrence interval storm events.

The rational method calculations gave results that were comparable to the RAFTS model results.
The RAFTS model results were adopted because the methodology is more comprehensive than the
rational method, taking into account subcatchment slope, roughness, impervious percentage and
lag times.

3.4 DESIGN STORM SIMULATION RESULTS

The RAFTS model, once “calibrated” was used to simulate runoff generated using design storm

rainfall intensities and temporal patterns for the study area. Storm rainfall data was generated by
applying the principals of rainfall intensity estimation and design temporal distributions outlined
in AR&R (Ref.).

A range of storm durations were considered and modelled to establish the critical storm duration
for the catchment. The critical storm duration corresponds to the maximum peak discharge
generated by the hydrologic model for the most downstream node within the catchment.

A critical duration of 2 hours was determined for the catchment.

Using a critical duration of 2 hours and the corresponding rainfall intensities and design temporal
patterns, peak discharges and discharge hydrographs were generated for the range of flood
frequencies.

Peak catchment discharges at the outlet to the catchment as determined using the hydrologic
model are listed in Tables 3.1 above. Discharge hydrographs for the downstream end of the
catchment are shown in Appendix B.

Patterson Britton & Partners page 6
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4 HYDRAULIC MODELLING

41 REVIEW OF EXISTING HEC-RAS MODEL

HEC-RAS is a steady-state backwater program developed by US Army Corp of Engineers
Hydrological Engineering Centre (HEC). HEC-RAS can be used to estimate peak flood levels in
open channels, taking into account the effects of bridges, culverts and other hydraulic controls.
(Ref. - HEC-RAS User Manual)

The existing HEC-RAS model set up by Boyden and Partners Pty Ltd for their drainage
improvement works was reviewed for technical correctness, and application for the purposes of a
flood study. The modelling was found to be comprehensive, including the inclusion of culvert
works associated with the proposed improvements just upstream of the existing Diamond Road
culverts.

A plan of the model cross sections is shown in Figure 2.

Some minor modifications were made to the extent of a number of the model cross sections, to
allow the modelling of the extreme (2x 1% AEP) event. This involved examining the design plan
contours, or simply extrapolating cross section grades up to the extreme flood level, where
additional contour information was not available on the plans.

4.2 MODEL CALIBRATION

The hydraulic model was tested by comparing predicted flood levels with the flood levels
determined in the previous investigation. The changes to the cross sections for the purposes of
modelling the extreme event, outlined above, had a very minor effect on the design 1% AEP flood
levels derived by Boyden & Partners.

4.3 MODEL SCENARIOS

The hydraulic model was run for a number of scenarios, based on the proposed flood mitigation
works proposed by Gosford City Council. Three scenarios were identified, as follows:

1. Existing conditions;
Flood Mitigation Works — Proposed culvert extension upstream of Diamond Road; and
3. Ultimate Flood Mitigation Works — Proposed culvert extension upstream of Diamond

Road, and channel widening works between chainage 270.0 and 405.0.

Case 2 above was examined at Council’s request because the culvert works upstream of Diamond
Road were in the process of being constructed, when the modelling for this study was finalised.

Patterson Britton & Partners page 7
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Middle Creek, Pearl Beach - Flood Study Hydraulic Modelling

4.4 COASTAL EFFECTS

The beach berm and dune at creek outlets hinder flood flows until the crest is overtopped and a
channel is eroded across the beach by flood flows. No detailed coastal analysis has been
undertaken of the dune and berm levels at the outlet of Middle Creek, but recent experience at
Green Point Creek, which discharges across the southern end of Pearl Beach, has been taken into
account in determining these coastal effects.

Council has drawn on a recent flooding investigation for Green Point Creek, where a flood level
of RL 4.05 m was adopted, due to coastal effects. Also, Council recently recorded a flood level of
approximately RL 4.0 m AHD near the culvert under Coral Crescent for Pearl Beach Lagoon.

In light of this information Council has requested that a flood level of RL 4.0 m AHD be adopted
in the creek for areas from the outlet up to a point where the predicted flood level in the creek is
RL 4.0 m AHD from the catchment flows alone.

This coastal backwater effect is incorporated into the reported design storm results in Section 4.5,
and the flood profiles and extents shown in the Figures.

4.5 DESIGN STORM RESULTS

The estimated peak flood level results for the above three scenarios are presented in
Tables 4.1 to 4.3. It should be noted that these results include an allowance for a downstream
level water surface profile at RL 4.0 m AHD, as nominated by Council (Refer Section 4.4).

Longitudinal section profiles of these flood levels are provided for Scenarios 2 and 3 in
Figures 4 and 6 respectively. Flood extents, contours and velocity vectors are shown for the 1%
AEP event in Figures 3 and 5.

Peak flood levels and velocities for all scenarios and storm events are shown in the hydraulic
model results listing in Appendix C.

The results of the modelling indicate that the proposed culvert works upstream of Diamond Road
will reduce the estimated flood levels between chainage 220.0 and 370.0. The most significant
reduction in estimated flood level occurs just upstream of the proposed culverts, where flood
levels for the 1% AEP event are reduced by up to one metre.

The modelling also shows that a further reduction in estimated flood levels is achieved by the
proposed channel improvement works. Estimated flood levels for the 1% AEP event are reduced
between chainage 280.0 and 420.0, again by as much as one metre from the flood levels predicted
for the existing conditions scenario.

Patterson Britton & Partners page 8
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Middle Creek, Pearl Beach - Flood Study Hydraulic Modelling

4.6 POTENTIALLY FLOOD AFFECTED PROPERTIES

Table 4.4 lists various locations along Middle Creek where the estimated 1% AEP water surface
level, plus 500 mm freeboard for Scenario 2 comes close to or exceeds surveyed building floor
levels.

The results indicate that the proposed culvert works will effectively ensure flood free conditions
for existing properties along Middle Creek between chainages 0.0 and 270.0 at Pearl Beach.
However, immediately upstream of the proposed culvert works, the flood profile will rise quite
steeply to around chainage 315.0, where the profile settles back into a typical normal flow.

This steeper profile is believed to be caused by a gradually varied profile transitioning from the
slower, deeper flow of the existing channel, down through the more hydraulically efficient culvert
extension at Diamond Road.

Table 4.5 compares the same floor levels to the estimated 1% AEP water surface levels (plus 500
mm freeboard) for Scenario 3.

These results indicate that the proposed channel and culvert works will effectively ensure flood
free conditions for all existing properties along Middle Creek at Pearl Beach.

The flood profile upstream of the extended Diamond Road culverts continues upstream at a lower
level, as a result of the channel improvement works proposed under this scenario. However, once
the channel transitions back to the existing cross section at chainage 405.0, the profile rises quit
steeply, back to the level in the original channel.

Adequate development controls by Council should ensure that future development along the creek
is also flood free up to and including the 1% AEP event.
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Middle Creek, Pearl Beach - Flood Study

Hydraulic Modelling

Table 4.1: Estimated peak water surface levels for 20%, 5%, 1% AEP and extreme events

for Scenario 1 (Existing conditions)

Middle Estimated Peak Water Surface Levels
Creek
Chainage 20% AEP 5% AEP 1% AEP Extreme Event
(m) (2x 1% AEP)
0 4.00 4.00 4.00 4.00
15 4.00 4.00 4.00 4.00
30 4.00 4.00 4.00 4.00
45 4.00 4.00 4.00 4.00
60 4.00 4.00 4.00 4.00
75 4.00 4.00 4.00 4.00
90 4.00 4.00 4.00 4.00
105 4.00 4.00 4.00 4.00
120 4.00 4.00 4.00 4.04
135 4.00 4.00 4.00 4.77
150 4.00 4.00 4.07 4.85
207 4.15 4.39 4.61 5.38
221 4.27 4.56 4.96 6.26
222 4.25 4.54 4.96 6.15
240 4.73 4.97 5.36 6.36
255 5.58 5.83 6.10 6.52
270 5.87 6.11 6.36 6.79
284 6.01 6.25 6.50 6.95
285 6.02 6.25 6.51 6.96
300 6.09 6.31 6.57 7.04
315 6.19 6.41 6.67 7.17
330 6.24 6.47 6.72 7.24
345 6.44 6.67 6.93 7.46
359 6.53 6.71 6.95 7.49
360 6.54 6.73 6.97 7.50
375 6.67 6.83 7.10 7.59
390 7.08 7.34 7.49 7.79
399 7.20 7.45 7.60 7.92
400 7.17 7.42 7.54 7.74
405 7.25 7.48 7.63 8.01
420 7.37 7.55 7.71 8.25
435 7.78 7.97 8.21 8.59
450 7.87 8.06 8.29 8.72
465 7.89 8.07 8.30 8.71
480 7.92 8.10 8.33 8.78
495 8.04 8.22 8.43 8.85
510 8.10 8.27 8.46 8.92
525 8.29 8.46 8.68 9.13
540 8.51 8.69 8.87 9.28
555 8.55 8.72 891 9.31
570 8.60 8.75 8.91 9.29
585 8.74 8.90 9.10 9.56
600 8.85 9.02 9.21 9.62
615 9.05 9.19 9.37 9.80
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Middle Creek, Pearl Beach - Flood Study

Hydraulic Modelling

Table 4.2: Estimated peak water surface levels for 20%, 5%, 1% AEP and extreme events
for Scenario 2 (Culvert works without channel works)

Middle Estimated Peak Water Surface Levels
Creek
Chainage 20% AEP 5% AEP 1% AEP Extreme Event
(m) (2x 1% AEP)
0 4.00 4.00 4.00 4.00
15 4.00 4.00 4.00 4.00
30 4.00 4.00 4.00 4.00
45 4.00 4.00 4.00 4.00
60 4.00 4.00 4.00 4.00
75 4.00 4.00 4.00 4.00
90 4.00 4.00 4.00 4.00
105 4.00 4.00 4.00 4.00
120 4.00 4.00 4.00 4.04
135 4.00 4.00 4.00 4.77
150 4.00 4.00 4.07 4.85
207 4.15 4.39 4.61 5.38
221 4.27 4.56 4.96 6.28
222 4.25 4.54 4.96 6.26
270 4.39 4.71 5.36 6.44
284 5.27 5.45 5.68 6.30
285 5.46 5.66 5.90 6.49
300 5.80 5.99 6.23 6.82
315 6.01 6.21 6.47 7.05
330 6.11 6.31 6.56 7.14
345 6.37 6.60 6.86 7.41
359 6.49 6.68 6.89 7.45
360 6.51 6.71 6.91 7.46
375 6.65 6.82 7.09 7.56
390 7.07 7.34 7.49 7.79
399 7.20 7.45 7.60 7.92
400 7.17 7.41 7.54 7.75
405 7.25 7.48 7.63 8.01
420 7.37 7.55 7.71 8.25
435 7.78 7.97 8.21 8.59
450 7.87 8.06 8.29 8.72
465 7.89 8.07 8.30 8.71
480 7.92 8.10 8.33 8.78
495 8.04 8.22 8.43 8.85
510 8.10 8.27 8.46 8.92
525 8.29 8.46 8.68 9.13
540 8.51 8.69 8.87 9.28
555 8.55 8.72 8.91 9.31
570 8.60 8.75 8.91 9.29
585 8.74 8.90 9.10 9.56
600 8.85 9.02 9.21 9.62
615 9.05 9.19 9.37 9.80
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Middle Creek, Pearl Beach - Flood Study

Hydraulic Modelling

Table 4.3: Estimated peak water surface levels for 20%, 5%, 1% AEP and extreme events
for Scenario 3 (Ultimate case: Culvert and channel works)

Middle Estimated Peak Water Surface Levels
Creek
Chainage 20% AEP 5% AEP 1% AEP Extreme Event
(m) (2x 1% AEP)
0 4.00 4.00 4.00 4.00
15 4.00 4.00 4.00 4.00
30 4.00 4.00 4.00 4.00
45 4.00 4.00 4.00 4.00
60 4.00 4.00 4.00 4.00
75 4.00 4.00 4.00 4.00
90 4.00 4.00 4.00 4.00
105 4.00 4.00 4.00 4.01
120 3.31 3.49 3.67 4.04
135 3.52 3.74 3.96 4.77
150 3.62 3.85 4.08 4.85
207 4.15 4.39 4.61 5.38
221 4.27 4.56 4.98 6.18
222 4.25 4.54 4.96 6.15
270 4.39 4.71 5.36 6.31
284 4.49 4.81 543 6.36
285 4.49 4.66 5.27 6.18
300 4.95 5.16 5.49 6.34
315 5.12 5.33 5.65 6.48
330 5.25 5.47 5.78 6.59
345 5.38 5.62 5.94 6.77
359 5.50 5.75 6.08 6.96
360 5.43 5.60 5.87 6.82
375 5.89 6.10 6.36 7.12
390 6.05 6.27 6.55 7.32
399 5.27 5.39 5.55 7.42
400 5.86 6.00 6.17 6.69
405 6.87 7.07 7.58 8.32
420 7.40 7.60 7.74 8.42
435 7.81 7.99 8.21 8.64
450 7.90 8.08 8.29 8.76
465 7.92 8.10 8.31 8.76
480 7.96 8.14 8.36 8.84
495 8.07 8.25 8.45 8.91
510 8.15 8.32 8.54 9.02
525 8.31 8.48 8.72 9.19
540 8.59 8.73 8.90 9.32
555 8.61 8.75 8.93 9.35
570 8.64 8.77 8.94 9.34
585 8.78 8.95 9.15 9.61
600 8.90 9.11 9.32 9.71
615 9.07 9.24 9.44 9.83
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Middle Creek, Pearl Beach - Flood Study Hydraulic Modelling

Table 4.4: Comparison of Estimated 1% AEP Peak Flood with building floor levels for

Scenario 2
Approximate | Estimated Peak Water Surveyed Building Floor Level
Middle Surface Level for adjacent to creek
Creek 1% AEP + 500 mm (m, AHD)
Chainage freeboard for Scenario 2
(m) (m, AHD)
230 5.66 No. 36 Diamond Rd - Carport FL* RL 5.63
265 5.90 No. 36 Diamond Rd - Shed FL RL 5.74
375 7.60 No. 14 Emerald Rd - Shed FL RL 6.87 and
«“ “ No. 14 Emerald Rd - Cottage FL RL 6.75

490 8.90 No. 28 Emerald Rd — Shed FL RL 9.02

Note: ¥ : FL refers to surveyed Floor Level

Table 4.5: Comparison of Estimated 1% AEP Peak Flood with building floor levels for

Scenario 3
Approximate | Estimated Peak Water Surveyed Building Floor Level
Middle Surface Level for adjacent to creek
Creek 1% AEP + 500 mm (m, AHD)
Chainage freeboard for Scenario 3
(m) (m, AHD)
230 5.50 No. 36 Diamond Rd - Carport FL* RL 5.63
265 5.80 No. 36 Diamond Rd - Shed FL RL 5.74
375 6.86 No. 14 Emerald Rd - Shed FL RL 6.87 and
« «“ No. 14 Emerald Rd - Cottage FL RL 6.75

490 8.90 No. 28 Emerald Rd — Shed FL RL 9.02

Note: ¥ : FL refers to surveyed Floor Level

Patterson Britton & Partners page 13
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Middle Creek, Pearl Beach - Flood Study Hydraulic Modelling

4.7 SENSITIVITY TESTING

Parameters having a significant influence on the model predictions for flood levels were varied in
order to test the sensitivity of the results to the likelihood of inundation of habitable floor levels.
The parameter values tested were:-

e flow — 1.2 times the adopted 1% AEP discharge estimates; and

b €C_ 9

e Manning’s “n” channel and overbank roughness — raised by 0.02, ie. 0.055 increased to 0.075.

The sensitivity testing runs were undertaken using the Scenario 3, model (Ultimate Flood
Mitigation Works), the result sof which are are presented in Appendix D.

The increase in flow by 20% resulted in an increase in predicted 1% AEP flood level by up to
500mm. The increase in Manning’s “n” roughness by 0.02 (with original peak flow rates) had a
similar effect, with predicted 1% AEP flood levels being raised by up to 500mm higher than the
adopted 1% AEP flood levels.

The sensitivity testing suggests that there is adequate freeboard to habitable floor levels to account
for reasonable inaccuracies in the modelling.

4.8 EFFECT OF EXTREME FLOOD

An extreme flood (flow twice the estimated 1% AEP peak flow rate) for the ultimate flood
mitigation works scenario would cause inundation of up to 9 sheds and garages and 1 residence
along the creek.

Patterson Britton & Partners page 14
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APPENDIX A - RAFTS MODEL INPUT PARAMETERS
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Run started at: 26th August 1998 17:27:07

BEBE R R R R R A A R R R B R S B B B P RSB B BB R R
3144 Middle Creek Flood Study-GCC~Existing Conditions Model

Results for period from O0: .0 1/ 1/1990
to 6: .0 1/ 1/1990
BEE SRR R R R R R A S S S L B R A S S R S S S S B BB B LR BB R4

ROUTING INCREMENT (MINS) = .60

STORM DURATION (MINS) = 120.

RETURN PERIOD (YRS) = 100.

BX = .5000

TOTAL OF FIRST SUB-AREAS (HA) = 56.04

TOTAL OF SECOND SUB-AREAS (HA) = 3.51

TOTAL OF ALL SUB-AREAS (HA) = 59.55

SUMMARY OF CATCHMENT AND RAINFALL DATA
Link Catch. Area Slope % Impervious Pern B Link
Label #1 #2 #1 2 #1 #2 #1 #2 #1 #2 No.
(hectares) (%) (%)
7.0 9.540 .000 18.00 .0000 5.000 .0000 .060 .00 .0154 .0000 1.000
6.0 8.930 .000 18.00 .0000 5.000 .0000 .060 .00 .0149 .0000 1.001
5.1 2.9%00 .000 29.00 .0000 5.000 .0000 .060 .00 .0066 .0000 2.000
5.0 8.300 .000 23.00 .0000 5.000 .0000 .060 .00 .0127 .0000 1.002
4.11 3.680 .000 20.00 .0000 5.000 .0000 .060 .00 .0089 .0000 3.000
4.12 2.500 .000 30.00 .0000 5.000 .0000 .060 .00 .0060 .0000 4.000
4.1 1.760 .000 23.00 .0000 5.000 .0000 .060 .00 .0057 .0000 3.001
4.0 3.040 .000 15.30 .0000 5.000 .0000 .060 .00 .0092 .0000 1.003
3.0 5.330 .00100 20.00 20.00 5.000 100.0 .035 .015 .0071 0.000 1.004
2.1 2.060 .00100 6.000 6.000 5.000 100.0 .035 .015 .0079 0.000 5.000
2.2 4.800 1.720 10.00 10.00 5.000 100.0 .035 .015 .0095 .0003 6.000
2.0 2.060 1.370 1.200 1.200 5.000 100.0 .025 .015 .0139 .0008 1.005
1.0 1.140 .4200 1.500 1.500 5.000 100.0 .025 .015 .0091 .0004 1.006
Outlet 00100 .000 1.000 .0000 5.000 .0000 .025 .00 .0003 .0000 1.007
Link Average Init. Loss Cont. Loss Excess Rain Peak Time Link
Label Intensity #1 #2 #1 #2 #1 #2 Inflow to Lag
{mm/h) ( mm ) (mm/h) ( mm ) (m~3/s) Peak (mins)

7.0 56.075 10.00 .0000 1.500 .0000 99.272 .000 5.253 36.00 5.500
6.0 56.075 10.00 .0000 1.500 .0000 99.272 .000 9.185 40.20 4.000
5.1 56.075 10.00 .0000 1.500 .0000 99.272 .000 1.781 34.80 5.500
5.0 56.075 10.00 .0000 1.500 .0000 99.272 .000 12.745 40.20 6.000
4,11 56.075 10.00 .0000 1.500 .0000 99.272 .000 2.186 35.40 3.500
4.12 56.075 10.00 .0000 1.500 .0000 99.272 .000 1.541 34.80 3.500
4.1 56.075 10.00 .0000 1.500 .0000 98.272 .000 4.520 38.40 6.000
4.0 56.075 10.00 .0000 1.500 .0000 9%.272 .000 17.840 45.00 6.000
3.0 56.075 10.00 .0000 1.500 .0000 99.272 111.96 18.488 51.00 18.00
2.1 56.075 10.00 .0000 1.500 .0000 99.272 111.96 1.215 35.40 3.000
2.2 56.075 10.00 .0000 1.500 .0000 99.272 111.96 3.882 34.80 3.000
2.0 56.075 10.00 .0000 1.500 .0000 99.272 111.96 20.040 69.00 8.000
1.0 56.075 10.00 .0000 1.500 .0000 99.272 111.96 20.206 76.80 1.000
Qutlet 56.075 10.00 .0000 1.500 .0000 99.272 .000 20.206 78.00 .0000

Run completed at: 26th August 1998 17:27:40
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APPENDIX C - HEC-RAS HYDRAULIC MODEL
RESULTS LISTING
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rp3144.01rhb-jl031202-middle creek final



HEC-RAS Plan: Existing River: WATERCOURSE Reach:

35
WATE

ATERCH

A
AMAT
WATERCOUR
ATERCOURSH
W, iy ch‘

/ SR E (1 St
wf} RCC &

ﬂ%) ‘m«.«c i Ao

)

WATERCOURSE
O ) : o ‘ 5
11.20 7.25 8.05 9.09 0.004467 $.11 15.77 27.80 0.32
14.80 7.25 9.19 9.24 0.004269 1.14 20.02 29.78 0.32
20.10 7.25 9.37 9.41 0.004213 1.20 25.45 3213 0.32
37.60 7.25 9.80 9.85 0.004035 1.32 40.06 36.91 0.32
11.20 7.03 8.85 8.98 0.011569 1.73 8.81 18.76 0.50
14.80 7.03 9.02 9.14 0.010307 173 12.27 20.69 0.48
20.10 7.03 9.21 9.32 0.009595 1.77 16.17 20.91 0.47
37.60 7.03 9.62 8.76 0.010272 2.04 25.04 24.68 Q.49
11.20 7.04 8.74 8.84 0.007030 1.48 10.34 20.58 0.40
14.80 7.04 8.80 9.00 0.006922 1.68 14.41 28.95 0.41
20.10 7.04 8.10 9.20 0.006330 1.64 211 39.02 0.40
37.60 7.04 2.56 963 0.004368 1.69 41,12 43.85 0.34
11.20 6.91 8.60 8.71 0.010450 1.60 8.67 13.37 0.50
14.80 6.91 8,75 8.87 0.011033 1.74 10.82 15.19 0.52
20.10 6.91 8.91 9.06 0.012099 1.93 13.53 17.22 0.55
37.60 6.91 9.29 251 0.014885 239 20.85 21.83 0.63
11.20 6.70 8.55 8.59 0.004029 0.94 14.32 29.69 0.32
14.80 6.70 8.72 8.76 0.003430 0.96 19.62 3.2 0.30
20.10 6.70 8.91 8.95 0.003123 1.00 2581 33.63 0.29
37.60 6.70 9.31 9.37 0.003258 i.21 39.61 34.25 0.31
11.20 6.74 8.51 8.54 0.003265 0.97 18.98 30.24 0.28
14.80 6.74 8.69 8.71 0.002825 0.99 24.62 34.01 0.26
20.10 6.74 8.87 8.90 0.002739 1.05 31.33 38.01 0.26
37.60 6.74 9.28 0.32 0.002890 1.26 48.38 44.14 028
11.20 6.53 8.29 8.44 0.010373 1.82 8.00 15.19 0.51
14.80 6.53 8.46 8.62 0.010072 1.95 11.00 19.97 0.51
20.10 6.53 8.68 8.82 0.008312 1.94 17.21 33.08 048
37.60 6.53 9.13 8.25 0.006310 1.99 33.75 40.06 043
11.20 6.48 8.10 8.27 0.012241 1.89 7.39 12.73 0.55
14.80 6.48 8.27 8.45 0.012310 206 971 16.23 0.56
20.10 6.48 8.46 8.66 0.011955 222 1341 21.25 0.57
37.60 6.48 8.92 9.12 0.010334 245 26.74 32.57 0.55
11.20 6.28 8.04 8.13 0.005662 1.33 10.60 18.29 0.39
14.80 6.28 8.22 8.31 0.005257 1.41 14,07 20.28 0.38
20.10 6.28 8.43 8.52 0.005106 1.52 18.47 22.55 0.39
37.60 6.28 8.85 8.99 0.005974 193 29.40 20.72 043
11.20 6.04 7.92 8.03 0.007399 1.54 9.15 15.80 042
14.80 6.04 8.10 8.21 0.007114 1.64 12.91 23.56 042
20.10 6.04 833 8.44 0.006072 1.66 18.89 27.79 040
37.60 6.04 8.78 8.89 0.005940 191 3270 34.62 041
11.20 5.66 7.89 7.94 0.003081 1.03 13.15 17.91 0.28
14.80 566 8.07 8.13 0.003244 1.12 16.51 19.14 0.30
20.10 566 8.30 8.36 0.003382 1.22 20.98 20.66 0.31
37.60 5.66 8.71 8.81 0.004703 1.62 30.02 23.79 037
11.20 5.69 7.87 7.89 0.002228 0.92 20.93 35.48 0.24
14.80 -5.69 8.06 8.08 0.001945 093 2817 41,01 0.23
20.10 569 8.29 8.31 0.001749 0.96 39.07 51.66 0.22
37.60 5.69 8.72 8.75 0.001693 1.08 63.02 59.11 0.22
11.20 5.66 7.78 7.84 0.005735 1.29 12.47 17.33 0.35
14.80 5.66 7.97 8.03 0.005339 1.3 16.83 18.61 0.34
20.10 5.66 8.21 8.27 0.005109 1.35 20.41 20.14 0.34
37.60 5.66 8.59 8.69 0.007113 1.74 28.74 22.71 Q.41
11.20 5.65 7.37 7.65 0.033464 2.5 536 7.96 0.73
14.80 5.65 7.55 7.85 0.031988 2.64 698 9.34 0.71
20.10 5.65 7.7 8.07 0.037382 3.00 8.51 10.48 Q.77;
37.60 5.65 8.25 8.49 0.029714 2.40 18.55 25.75 0.78"
11.20 5.35 7.25 7.37 0.008387 171 9.15 13.86 0.45—;
14.80 5.35 7.48 7.59 0.007229 1.75 12.65 16.95 0.43!
20‘10] 5.35 7.63 1.77 0.008724 2.03 15.28 18.95 0.48



Bned g TR
14.80 5.35 7.42 755  0.008708 1.87 11.63
20.10 5.35 7.54 7.72| 0011336 224 13.60
37.60 5.35 7.74 8.3 0.022090 337 17.61
11.20 5.07 7.20 7.30|  0.007256 1.51 9.76 14.31 0.39'
14.80 507 745 7.53]  0.005458 146 16.44 3147 0.35
20.10 5.07 7.60 768 0.005831 159 2113 3269 037
37.60 5.07 7.92 8.03] 0007188 1.96 32.30 36.05 0.42
11.20 5.07 7.08 7.21|  0.010725 1.74 8.14 12.75 047
14.80 5.07 7.34 7.46|  0.008242 1.72 13.23 30.09 0.43
20.10 507 749 761] 0.008741 1.87 17.60 3158 0.45
37.60 507 7.79 785 0.010752 2.30 2757 34.67 0.51
11.20 442 6.67 694 0.022312 2.34 5,02 4.80 0.62
14.80 442 6.83 6.56 7.47|  0.024639 264 7.04 20.99 067
20.10 4.42 7.10 7.30] 0.015740 2.34 1459 32.01 0.55
37.60 4.42 7.59 7.71]  0.008757 204 3044 32.49 042
11.20 4.49 6.54 6.67] 0.011919 162 6.91 6.42 0.50
14.80 4.49 6.73 6.88| 0.012203 1.75 0.72 20.61 051
20.10 4.49 6.97 7.10[ 0.010144 1.74 15.61 30.67 0.48
37.60 4.49 7.50 759 0.005854 1.65 33.14 331 0.38
11.20 449 6.53 6.66| 0.012369 164 6.82 6.38 0.51
14.80 4.49 6.71 6.87| 0.012962 179 9.37 20.02 053
20.10 4.49 6.95 7.08[  0.010638 177 16.19 29.86 0.49
37.60 449 7.49 7.59] 0.005953 166 3294 3370 0.39
11.20 4.32 6.44 649 0.004637 1.2 1374 23.29 033
14.80 4.32 6.67 6.71| 0.003437 1.16 19.34 25.06 0.29
20.10 432 6.93 6.97] 0.002869 117 2612 27.15 0.27
37.60 432 7.46 7.51] 0.002852 1.38 41.70 3163 0.29
11.20 4.28 6.24 6.37] 0.008552 157 744 8.84 431
14.80 4.28 647 6.61| 0.008307 1.72 9.86 1290 0.44
20.10 4.28 6.72 6.88] 0.007933 1.86 13.80 17.74 0.44
37.60 4.28 7.24 7.43]  0.008048 2.21 25.53 27.73 0.46
11.20 4.05 6.19 6.26] 0.004911 1.26 9.37 10.40 035
14.80 4.05 6.41 6.51| 0.004768 1.38 1214 13.84 0.35
20.10 4.05 6.67 6.78] 0.004738 1.52 16.24 17.83 0.36
37.60 4.05 747 7.32]  0.005723 195 26.88 2575 0.41
11.20 395 6.09 6.18] 0.005578 1.38 8.78 8.73 037
14.80 3.95 6.31 6.43] 0.005572 152 11.36 1341 0.38]
20.10 3.95 6.57 6.70| 0.005566 168 15.44 18.18 0.39
37.60 3.95 7.04 7.23]  0.007079 2.19 26.60 3309 0.45
11.20 4.00 6.02 6.10| 0.004858 1.27 9.44 11.36 0.35
14.80 4.00 6.25 6.34] 0.004669 1.38 12.46 14.70 0.35
20.10 4.00 6.51 6.61] 0.004561 1.51 16.81 18.85 0.36
37.60 ~4.00 6.96 741  0.005711 1.96 27.49 28.13 0.4
120 4.00 6.01 6.10 0.005028 1.28 9.38 11.28 036,
14.80 4.00 6.25 6.34] 0.004725 1.38 12.39 14.63 0.35
20.10 4.00 6.50 661 0.004611 1.51 16.72 1878 0.36
37.60 4.00 6.95 741  0.005786 196 27.32 28.03 042
11.20 3.88 6.87 601 0.008826 165 7.78 9.93 042
14.80 3.88 6.11 6.25| 0.008447 177 10.63 1428 042
20.10 3.88 6.36 651 0008153 1.90 14.86 18.98 0.42
37.60 3.88 6.79 701] 0010893 2.48 2634 38.97 0.50
11.20 373 558 5.80] 0.015883 213 586 773 0.571
14.80 373 5.83 6.07| 0.014075 224 8.29 .77 0.55:
20.10 3.73 6.10 633 0.012838 2.36 12.03 16.60 054
37.60 3.73 652 6.83| 0.015469 2.95 2229 3592 0.62
i e
11.20 3.10 4.73 4.73 5.29 0.064224 3.32 3.37 3.01 1.00
14.80 3.10 4.97 497 5.62] 0.065376 3.58 4.14 322 0
20.10 3.10 536 5.36 6.01] 0.057099 3.58 5.66 475 " oes




HEC-RAS Plan; Existing River: WATERCOURSE Reach: WATERCOURSE (Continued)

]

: 20.10 2.94 5.03 5.18] 0.007570 1.70 11.83 6.77 0.41

SO ~ 37.60 264 6.36 6.44]  0.002765 145 38.81 5195 027

o] o 11.20 2.60 425 362 4.38]  0.006945 158 7.10 6.08 0.42

» T14.80 280 454 378 4.69] 0.007196 173 8.65 612 0.42

=01 26,10 2.80 496 4.00 514] 0.007254 189 10.65 6.17 0.42

' 37.60 2.80 6.26 462 6.42| 0.004047 1.78 2047 6.30 0.31

RS 11.20 2.79 427 3.55 437 0.002026 140 7.68 678 0.37

ool : : 14,80 2.79 456 3.70 468 0002793 156 0.57 6.82 0.37

ATERCOUE 20.10 279 498 391 513 0002537 170 11.83 6.87 037

TERCOURSE L 7o 37.60 2.78 6.28 440 641 0.002051 158 23.62 7.00 027
SOLRSE : Culvert

TERCODRSE B 12.20 270 415 351 4.28] 0003724 156 762 7.06 041

‘RCOURSE 16.10 370 439 3.67 455 0.003002 177 9.10 7.3 043

TERCOUR. 20.20 2.70 461 383 481] 0.004084 1.96 10.20 7.20 0.45

TERE 4120 270 538 451 570] 0.005479 285 14.45 743 0.56

S 12.20 177 362 3.84] 0.013059 2.08 5.87 546 0.64

SERCOUE 16.10 177 3.85 490  0.013079 223 7.23 6.04 0.65

TEhCo 20.20 177 4.07 435  0.012600 234 .64 6.59 0.65

ol , 4120 177 2.85 §26|  0.012286 284 14.98 13.05 067

t6 12.20 141 352 3.66] 0007535 169 7.24 547 0.47

HCOURSE) 16.10 141 374 392]  0.008556 1.89 8562 5.99 0.51

TERCOUR i< 20.20 141 3.96 4.47| 0009131 2.04 .66 6.50 053

WATERCE : 41.20 141 477 5.06| 0.008627 2.48 19.13 2334 055

Y 12.20 156 331 351 0.010618 107 8.21 5.06 057

e 16.10 156 3.49 375 0012791 2.26 742 5.36 0.63
REC : 20.20 156 367 358] 0.014164 249 .12 567 066
; E e 41.20 156 404 404 484] 0029171 398 10.48 6.84 0.7
12.20 749 313 328 0007503 168 7.2 6.15 649

: = 76.10 149 322 344]  0.010657 2.05 784 634 058

Al 20.20 49 333 362  0.013289 236 8.55 657 0.66

5 41.20 149 398 447 0016191 340 13.54 177 0.75

12.20 0.94 310 3.18] 0.003383 127 .61 5.90 0.32

; 16.10 0.94 3.47 3.30]  0.005263 161 10.02 598 0.40

L 0.20 0.94 325 3.44]  0.007251 182 10.53 .09 047

a 4120 094 372 418]  0.015120 304 13.61 7.87 068

TERCOURS 1 12.20 105 3.10 334 0001513 0.1 13.43 8.72 023

WATERCOVRSE: o 6.10 105 3.6 323 0002331 1.15 14.04 8385 029

NRTERCD Gty : 20.20 1.08 3.25 335 0.003162 136 1481 .02 034

s " : , 41.20 1.05 3.78 3.99|  0.005538 204 2159 2157 0.46

12.20 144 3.02 3.05| 0.003669 1.20 10.25 10.06 0.37

16.10 44 3.04 3.36]  0.006080 156 10.41 10.08 0.48

30.20 144 3.06 3.24| 0.008963 162 10.63 10.26 0.59

41.20 144 328 322 3.80|  0.020410 322 1312 1247 0.5

TERCOURSE : 12.20 141 303 3.05] 0.000613 0.68 21.21 19.96 0.16
AFEREOU . ; 16.10 111 3.06 3.09] 0.001003 0.88 2174 20.24 0.21

v e D -

ATERCOURSE ; " 20.20 (KK 3.09 314 0.001454 107 2245 20,62 0.25
‘VA‘“,’L SURSED 3 41.20 111 3.43 355 0.002870 1.69 30.26 2731 037
VATERCOURSE U 12.20 142 3.00 3.04] 0.001449 0.84 14.60 27 0.23
VATERCOURSE i 16.10 112 300 3.06] 0.002522 1.0 14.60 1127 0.31
WATERCOURSE WiBo s 20.20 12 3.00 30| 0.003968 1.38 14.61 .27 0.39
NATERCOURSE i) : 4120 112 300 3.41|  0.016568 2.82 1458 .27 0.79

12.20 115 3.00 302| 0.000555 0.58 70.94 1393 0.15

, , 16.10 115 3.00 303| 0.000956 677 20,94 1303 020
EROL e iy 20.20 716 3.00 35| 0.001621 0.96 20,94 13.93 0.25
WATERCOURSE L 87 - 420 115 3.00 320[ 0.006324 197 2094 1303 0.51
EOlRGE NS : 12.20 114 3.00 173 301 0.000413 0.41 29.75 28.88 0.13]
e e 16.10 114 3.00 183 301 0.000719 0.54 2075 26.88 047"



HEC-RAS Pilan: Culv, No US River: WATERCOURSE Reach: WATERCOURSE

2

Sl IR
11.20 7.25 9.05 9.09] 0.004467 .11 15.77 27.80 0.32
14.80 7.25 9.19 9.24|  0.004269 114 20.02 2578 0.32
20.10 7.25 937 941 0004213 1.20 35.45 3213 0.32
37.60 7.25 9.80 9.85]  0.004035 132 40,06 36.91 0.32
11.20 7.03 885 898| 0.011569 173 881 18.76 0.50
14.80 7.03 9.02 9.14] 0010307 1.73 12.27 2069 0.48
20.10 7.03 9.21 9.32] 0.008595 1.77 1617 2097 047
37.60 703 9.62 9.76]  0.010272 204 75.04 24.68 0.49
11.20 704 874 8.84] 0.007030 1.48 10.34 20.58 0.40
14.80 7.04 8.90 9.00|  0.006922 1.58 1441 28.95 0.41
20.10 7.04 9.10 9.20[ 0.006330 1.64 PXRE] 39,02 0.40
37.60 7.04 9.56 963 0.004368 1.59 4112 43385 034
11.20 691 860 8.71] 0010450 160 867 1337 0.50
14.80 6.91 875 887 0.011033 174 10.82 1519 0.52
2010 6.91 8.01 905] 0.012099 163 13.53 7.2 0.55
37.60 6.91 9.20 851| 0.014885 2.39 20.95 2183 0.63
11.20 6.70 8.55 859 0.004028 0.94 14.32 2060 0.32
14.80 6.70 8.72 876 0.003430 0.96 10.62 B2 0.30
20.10 6.70 8.61 855 0.003123 1.00 25.81 3363 0.20
37.60 6.70 9.31 9.37[ 0.003258 1.21 39.61 34.35 0.31
11.20 6.74 8.51 854 0.003265 0.97 18.98 30.24 0.28
14.80 6.74 8.69 8.71] 0.002828 0.99 2462 3401 0.26
20.10 6.74 8.a7 890 0.002739 1.05 31.33 38.01 026
37.60 6.74 5.98 9.332]  0.002850 1.26 48.38 4414 0.28
11.20 6.53 8.2 844] 0.010373 1.82 8.00 15.19 6.51
14.80 6.53 8.46 862] 0010072 1.95 11.00 1997 0.51
2010 653 8.68 882 0008312 194 1721 33.08 0.48
37.60 .53 9.13 925 0.006310 199 33.75 4006 0.43
11.20 648 8.10 8.27| 0.012241 1.89 7.39 12.73 055
14.80 648 8.27 845 0.012310 206 9.71 16.23 0.56
20,10 6.48 846 866] 0.011955 222 13.41 2125 0.57
37.60 6.48 8.02 912] 0.010334 245 2574 3257 055
1120 6.28 804 8.13| 0.005662 133 10.60 1829 0.35
14.80 628 822 8.31] 0.005257 141 14.07 2028 0.38
20.10 6.28 843 852|  0.005106 152 18.47 2255 0.39
37.60 6.28 8.85 899 0.005974 193 29.40 2972 0.43
11.20 6.04 7.92 803 0.007398 154 9.15 15.00 0.42
14.80 6.04 810 821 0.007114 1.64 1291 2356 0.42
20.10 6.04 833 844 0006072 1.66 18.89 27.79 0.40
3760 6.04 878 839 0.005940 191 32.70 3462 0.41
11.20 5.66 7.89 794 0.003081 1.03 1315 17.91 028
14.80 5.66 8.07 83| 0.003244 142 16.51 19.14 0.30
20.10 5.66 8.30 8.36| 0.003382 122 20.98 20.66 0.31
37.60 566 3.7 881 0.004703 162 3002 2379 0.37
11.20 5.60 787 7.89] 0.002228 0.92 20.93 3548 0.24
14.80 5.69 .06 808| 0.001945 093 2817 41,09 023
20.10 569 8.20 831 0001749 0.96 39.07 5166 022
37.60 569 872 875 0.001693 1.06 63.02 59.11 0.22
11.20 5.66 778 784 0.005734 1.29 1247 17.33 035
14.80 566 7.97 803  0.005336 131 15.93 18.61 0.34
20.10 566 8.21 8.27| 0.005109 1356 2041 20.1a 0.34
37.60 5.66 8.59 869] 0.007113 1.74 28.74 2271 041
11.20 565 7.37 765 0.033529 252 5.35 7.96 0.73
14.80 565 755 785 0.032137 265 6.97 9.33 072]
20.10 565 771 807| 0037382 3.00 351 1048 0.77
37.60 565 825 849 0029715 2.40 18.55 2575 078

1
11.20 5.35 725 7.37|  0.008425 1.72 9.14 13.64 0.45!
14.80 5.35 7.48 759 0.007283 176 12.60 16.92 0.43]




HEG-RAS Plan: Culv, No US River: WATERCOURSE Reach: WATERCOURSE (Continued)

: 8
of : 14.80 5.35 741 7.55]  0.008798 1.88 11.57 16.08 0.47
~ ‘ 20.10 535 754 7.72] 0011336 224 13.60 17.70 0.54
37.60 5.35 7.75 813 0.022058 337 17.62 2057 077
SURSEN || 11.20 507 7.20 7.30| 0.007302 152 0.74 14.29 0.40
14.80 507 745 753 0.005529 1.46 16.34 314 035
20.10 507 7.60 768 0.005831 1.59 2113 32,69 037
37.60 5.07 7.2 803] 0.007182 1.96 32.31 36.05 042
o0 : 11.20 507 7.07 721]  0.010853 175 8.09 1276 048
14.80 5.07 734 7.46] 0.008492 174 13.01 30.01 0.43
20.10 507 7.49 761 0.008741 1.87 17.60 31.55 045
37.60 507 7.79 7.95]  0.010730 230 27.60 367 0.51
11.20 4.42 6.65 6.93] 0.023326 2.37 494 475 064
14.80 442 6.82 6.56 747 0025643 2,68 6.79 19.91 0.68
; a7 20.10 442 7.09 730 0.016586 239 14.22 32.00 0.56
AJERCONRE 7t 37.60 442 7.56 769 0.009546 211 29,53 3246 044
IR : 11.20 4.49 6.51 665/ 0.012037 1.67 6.71 6.33 0.52
JEaGOURS 14.80 4.49 6.71 6.87| 0013257 1.80 9.22 19.77 053
WATERCOURS 20.10 449 6.91 707| 0.012367 1.87 14.05 27.62 052
W ATEBCOURSE 3760 4.49 7.46 7.56| 0.006564 1.72 31.79 3362 041
ROC : ' 11.20 449 6.49 664| 0013487 1.70 6.60 6.28 053
ele : 14.80 4.49 6.68 6.85] 0014411 1.86 8.69 18.81 0.55
ROGURGES 14 20.10 449 6.89 706 0.013239 191 1355 26.58 0.54
2COUR {350 : 37.60 4.49 7.45 7.56| 0.006693 1.73 3157 3360 041
=50 ; 11.20 432 6.37 6.44] 0006137 1.35 12.19 2278 0.38
co 14.80 432 6.60 665 0.004381 127 17.60 2453 0.33
SOUE Vi 20.10 432 6.86 691 0003513 126 24.20 26.55 0.30
TeReOUR 7 37.60 432 741 747| 0003124 143 40.32 31.26 0.30
SOUE : 1120 428 6.17 627] 0012335 1.76 8.41 667 0.51
COURSE ! 14.80 4.28 6.31 6.50| 0.012521 197 8.07 9.88 053
SOUBSE. 20.10 428 6.56 6.78] 0012057 215 1114 1462 053
SR g ; 37.60 4.28 7.14 7.37| 0.010082 241 2291 2583 0.51
11.20 4.05 601 6.12] 0.008045 1.46 774 7.94 0.43
14.80 4.05 6.21 6.35|  0.007932 1.62 9.69 10.81 0.44
20.10 405 6.47 6.63[ 0.007637 1.78 12.96 14.72 0.45
37.60 405 7.05 7.24| 0007242 212 24.02 2359 0.46
ATERCOURSELD : 11.20 385 5.80 596] 0012323 177 6.41 6.80 0.53
VATERCOURSE o : 14.80 3.95 5.99 6.19] 0012557 1.88 7.89 871 0.55
: 20.10 395 6.23 6.47| 0.012640 222 10.26 11.83 0.56
RS0l : ‘ 37.60 3.95 682 70] 001217 258 20.47 2342 0.56
ATERCOL| 11.20 4.00 546 571| 0025510 2.20 5.09 581 0.75
TERCOL i 14.80 4.00 5.66 594] 0025123 2.35 6.31 6.44 0.76
ATERCOUR! £ 20.10 4.00 5.80 6.23] 0.022473 254 8.18 963 0.74
; 37.60 460 6.49 €.37| 0.016685 286 16.46 1855 0.68
4 e 11.20 4.00 537 527 666] 0.047815 278 402 519 1.01
ATERCOLIR T : 14.80 4.00 545 5.45 5.89] 0.046247 2.85 502 577 1.01
S GUE , 20.10 4.00 568 5.68 6.18]  0.043982 313 6.43 6.50 1.00
y ey 37.60 4.00 6.30 6.30 684 0.026439 3.35 13.25 1553 0.84
FERCOURSE ; 11.20 3.05 4.39 384 450| 0.005720 147 764 7.79 0.43
TEREOE 14.80 3.05 471 3.99 483] 0.004888 151 9.83 822 0.41
JATERrOURS 5 20.10 3.05 536 419 545 0.002976 1.37 14,63 9.08 032
COURSEL : 37.60 305 6.4 4.74 6.53] 0.001808 135 27.91 10.00 0.26
Culvert g
- 11.20 2.80 425 3862 438 0.006945 158 7.10 6.08 0.42
= 14.80 2.80 454 378 465 0007198 1.73 8.55 6.12 0.42
At B 20.10 2.80 4.96 4.00 514 0.007254 1.89 10.65 6.17 042,
COURSE 077 5 . 37.60 2.80 6.26 462 6.42| 0.004047 1.78 2147 6.30 0.31:
WATERCOURSERES 2 11.20 2.79 4.27 3.55 437| 0.002928 1.40 7.98 6.78 TToar
e e e e e fe T ——— =S ~ R T TeRl 0007793 165 0.67 6821 " T o7




HEC-RAS Plan: Culv, No US River: WATERCOURSE Reach: WATERCOURSE (Continued)

5 SECN;
Culvert » :
12.20 270 4.15 3.51 4.28 0.003724 1.86 7.82 7.06 0.41
16.10 270 4.39 3.67 4,55 0.003902 1.77 9.10 7.1.3 043
20.20 2.70 4.61 3.83 4.81 0.004084 1.96 10.29 7.20 0.45
41,20 270 5.38 4.51 5.79 0.005479 2.85 14.45 7.43 0.56
12.20 1.77 3.62 3.84 0.013059 2.08 5.87 5.46 0.64
16.10 1.77 385 4.10 0.013079 223 7.23 6.04 0.65
20.20 1.77 4.07 4.35 0.012809 234 8.64 6.59 0.65
41.20 1.77 4.85 5.26 0.012286 2.84 14.98 13.05 0.67
12.20 1.41 3.52 3.66 0.007535 1.69 7.24 547 047
16.10 141 374 3.92 0.008556 1.89 8.52 5.99 0.51
20.20 1.41 3.86 4147 0.009131 2,04 9.88 6.50 0.53
41.20 141 4.77 5.08 0.008927 248 19,13 23.34 0.55
12.20 1.56 3.31 3.51 0.010618 1.97 6.21 5.06 0.57
16.10 1.56 3.49 3.75 0.012791 226 7.12 5.36 0.63
20.20 1.56 3.67 398 0.014164 249 8.12 5.67 0.66
41.20 1.56 4.04 4.04 4.84 0.029171 3.98 10.48 6.84 097
12.20 1.49 313 3.28 0.007503 1.68 727 6.15 0.49
16.10 149 3.22 344 0.010657 2,05 7.84 6.34 0.59
20.20 1.49 333 3.62 0.013289 2.36 8.55 6.57 0.66
41.20 1.49 398 4.47 0.016191 3.10 13.54 11.77 0.75
12.20 0.94 3.10 3.18 0.003383 1.27 9.61 5.80 0.32
16.10 0.94 3.17 3.30 0.005263 1.61 10.02 5.98 0.40
20.20 0.94 3.26 344 0.007251 1.92 10.53 6.09 047
41,20 0.94 arn2 4.19 0.015120 3.04 13.61 7.87 0.68
12.20 1.0 3.10 3.14 0.001513 0.91 1343 8.72 0.23
16.10 1.05 3.16 3.23 0.002331 1.15 14.04 8.85 0.29
20.20 1.05 3.25 3.35 0.003162 1.36 14.81 9.02 0.34
41.20 1.0 3.78 3.99 0.005538 2.04 21.59 21.57 0.46
12.20 144 3.02 3.09 0.003669 1.20 10.25 10.06 0.37
16.10 144 3.04 3.16 0.006080 1.56 10.41 10.08 0.48
20.20 144 3.06 3.24 0.008993 1.92 10.63 10.26 0.59
41.20 1.44 3.28 322 3.80 0.020410 3.2 13.12 1217 0.91
12.20 1.11 3.03 3.05 0.000613 0.68 21.21 19.96 0.16
16.10 1.1 3.06 3.09 0.001003 0.88 21.74 20.24 0.21
20.20 111 3.09 3.14 0.001454 1.07 2245 20.62 0.25
41.20 1.1 3.43 3.55 0.002870 1.69 30.26 2731 037
12.20 112 3.00 3.04 0.001449 0.84 14.60 11.27 0.23
16.10 112 3.00 3.06 0.002522 1.10 14.60 11.27 0.31
20.20 112 3.00 3.10 0.003968 1.38 14.61 11.27 0.39
41.20 1.12 3.00 341 0.016568 282 14.58 1.27 0.79
12.20 1.15 3.00 3.02 0.000555 0.58 20.94 13.93 0.15
16.10 1.15 3.00 3.03 0.000966 0.77 20.84 13.93 0.20
20.20 1.15 3.00 3.05 0.001521 0.96 20.94 13.93 0.25
41.20 116 3.00 3.20 0.006324 1.97 20.94 13.93 0.51
12.20 1.14 3.00 1.73 3.01 0.000413 0.41 29.75 28.88 0.13
16.10 114 3.00 1.83 3.01 0.000719 0.54 29.75 28.88 017
20.20 1.4 3.00 1.92 3.02 0.001132 0.68 29.75 28.88 0.21
41.20 114 3.00 233 3.10 0.004709 1.38 29.75 28.88 0.44
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. e o

11.20 7.25 6.05 9.09 0.004467 k 1.1 15.77 27.80 0.32
14.80 7.25 0.18 8.24 0.004269 1.14 20.02 29.78 0.32
20.10 7.25 9.37 9.41 0.004213 1.20 25.45 32,13 0.32
37.60 7.25 9.80 9.85 0.004034 1.32 40.06 36.92 0.32
11,20 7.03 8.85 8.08 0.011569 1.73 8.81 18.76 0.50
14.80 7.03 8.02 9.14 0.010307 1.73 1227 20.69 0.48
20.10 7.03 .21 9.32 0.009595 1.77 16.17 2091 0.47
37.60 7.03 9.62 0.76 0.010267 2.04 25,05 24,68 0.49
11.20 7.04 8.74 8.84 0.007029 1.48 10.35 20.58 0.40
14.80 7.04 8.80 0.00 0.006922 1.58 14.41 28.95 0.41
20.10 7.04 9.10 9.20 0.006331 1.64 2111 39.02 0.40
37.60 7.04 9.56 0.63 0.004364 1.59 41.14 43.85 0.34
11.20 6,91 8.60 8.71 0.010448 1.60 8.67 13.37 0.50
14.80 6.91 8.75 8.87 0.011032 174 10.82 15.19 0.52
20.10 6.91 8.91 9.06 0.012101 1.93 13.52 17.22 0.55
37.60 6.91 8.29 9.51 0.014859 2.39 20.97 21.84 0.63
11.20 6.70 8.55 8.59 0.004027 0.94 14.32 29.70 0.32
14.80 6.70 8.72 8.76 0.003430 0.96 19.62 33.21 0.30
20.10 6.70 8N 8.95 0.003123 1.00 25.81 33.63 0.29
37.60 6.70 9,31 9.37 0.003253 1.24 39.63 34.25 0.31
11.20 6.74 8.51 8.54 0.003264 0.97 18.98 30.24 0.28
14.80 6.74 8.69 8.71 0.002825 0.99 24,62 34.01 0.26
20.10 6.74 8.87 8.90 0.002740 1.05 31.33 38.01 0.26
37.60 6.74 8.28 0.32 0.002884 1.25 48.42 44,14 0.28
11.20 6.53 8.29 8.44 0.010365 1.82 8.01 15.20 0.51
14.80 6.53 8.46 8.62 0.010070 1.95 11.00 19.98 0.51
20.10 6.53 8.68 8.82 0.008319 1.94 17.20 33.08 0.48
37.60 6.53 8.14 9.256 0.006286 1.98 33.80 40.08 0.43
11.20 6.48 8.11 8.27 0.012203 1.89 7.40 1275 0.55
14.80 6.48 8.27 8.45 0.012299 2.06 9.71 16.23 0.56
20.10 6.48 8.46 8.68 0.011991 2.22 13.39 21.23 0.57
37.60 6.48 8.92 9.12 0.010206 2.44 25.87 32.67 0.55
11.20 6.28 8.04 8.13 0.005634 133 10.63 18.30 0.39
14.80 6.28 8,22 8.31 0.005251 1.41 14.08 20.29 0.38
20.10 6.28 8.43 8.52 0.005123 1.52 18.45 22.55 0.39
37.60 6.28 8.86 8.99 0.005904 1.92 29.54 29.80 0,43
11.20 6.04 7.92 8.03 0.007347 1.53 9.18 16.02 0.42
14.80 6.04 8.10 8.22 0.007097 1.64 12.92 23.58 0.42
20.10 6.04 8.33 8.44 0.006106 1.67 18.84 27.76 0.40
37.60 6.04 8.78 8.80 0.005844 1.90 32.92 34.72 0.41
11.20 5.66 7.89 7.94 0.003059 1.03 13.19 17.93 0.28
14.80 5.66 8.07 8.13 0.003237 1.12 16.52 19.14 0.30
20.10 5.66 8.29 8.36 0.003398 1.22 20.94 20.65 0.31
37.60 5.66 8.71 8.82 0.004630 1.61 30.20 23.86 0.37
11.20 5.69 7.87 7.90 0.002204 0,92 21.03 35.56 0.24
14.80 5.69 8.06 8.08 0.001939 0.93 28.20 41,03 0.23
20.10 5.69 8.29 8.31 0.001762 0.96 38.96 51.63 022
37.60 5.69 8.73 8.75 0.001661 1.07 63.46 59.24 0.22
11.20 5.66 7.79 7.84 0.005657 1.28 12.54 17.36 0.35
14.80 5.66 7.98 8.03 0.005322 131 15.85 18.62 0.34
20.10 5.66 8.20 8.26 0.005145 1.36 20.36 20.12 0.34
37.60 5.66 8.60 8,70 0.006967 1.72 28.96 22.78 0.40
11.20 5.65 7.44 7.67 0.026086 2.29 5.98 8.52 0.65
14.80 5.65 7.58 7.86 0.029202 2.55 7.27 9.56 0.68
20.10 5.66 7.75 8.08 0.033424 2,88 8.93 10.77 0.73
37.60 5.65 8.31 8.51 0.024229 2.25 20.06 26.98 0.7
11.20 6.356 6.87 6.87 7.23 0.031685 273 4.88 8.68 0.83

14.80 5.35 7.07 7.07 7.42 0.027564 2.84 6.80 11.30 O.BOJ
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HEC-RAS Plan: Uit Culv US River: WATERCOURSE Reach: WATERCOURSE (Continued)

G

14.80

3N

5.26 5.86 6.31 (&K 0.126663 4.76 493 1.92
20.10 5.26 8.17 6.53 7.34 0.096496 4.79 4.19 522 1.71
37.60 5.26 6.84 7.42 791 0.043725 437 8.60 6.24 1.19
11.20 4.76 6.26 564 6.61 0.212374 5.15 2147 4.67 2.41
14.80 4.76 5.38 5.81 6.89 0.189554 5.45 272 4.82 232
20.10 4.76 6.56 6.03 7.16 0.154393 5.63 3.57 505 2,14
37.60 4.76 7.43 7.73 0.008799 244 15.43 7.56 0.54
11.20 [X4] 6.05 6.20 0.008241 1.70 6.57 5.79 0.51
14.80 4.71 6.27 6.45 0.008644 1.88 7.88 6.08 0.53
20.10 4.71 6.55 6.77 0.008139 2.09 9.62 6.45 0.55
37.60 4.1 7.33 7.65 0.009324 249 15.10 7.50 0.56
11.20 4.63 5.89 6.06 0.010130 1.83 6.11 5.68 0.56
14.80 4.63 6.10 6.31 0.010605 2.02 7.32 5.06 0.58
20.10 4.63 6.36 6.62 0.011215 225 8.94 6.31 0.60
37.60 4.63 7.14 7.50 0.010882 264 14.26 7.35 0.60
11.20 4.55 543 543 582| 0.033634 2.78 4.03 5.17 1.00
14.80 4.55 5.60 5.60 6.06 0.032853 3.01 4.92 5.40 1.00
20.10 4.55 5.86 5.82 6.36 0.029398 347 6.34 5.74 0.96
37.60 4.55 6.86 7.30 0.014572 294 12.81 7.08 0.70
11.20 4.05 5.50 562 0.006341 1.55 7.21 594 0.45
14.80 4.05 5.75 5.89 0.006529 1.70 8.71 6.26 0.46
20.10 4.05 6.07 6.25 0.006584 1.86 10.83 6.70 047
37.60 4.05 7.00 7.23 0.006192 2.14 17.57 7.03 046
A 11.20 3.97 5.38 553 0.007774 1.68 6.67 542 048
14.80 3.97 5.62 579 0.008253 1.86 7.96 5.65 0.50
20.10 3.97 5.93 6.14 0.008679 2.06 9.75 5.96 0.51
37.60 3.97 6.82 7.12|  0.008658 243 1548 6.85 0.52
11.20 3.89 6.25 540 0.008924 1.76 6.35 5.36 0.52
14.80 3.89 5.47 5.66 0.009516 1.96 7.56 558 0.54
20.10 3.89 576 6.00 0.010034 217 9.25 587 0.55
37.60 3.89 6.67 6.99 0.009473 251 14.97 6.78 0.54
11.20 3.80 5.12 5.27 0.008805 1.74 6.42 5.76 0.53
14.80 3.80 5.33 5.52 0.009189 1.92 71 6.05 0.54
2010 3.80 5.63 5.86 0.009334 210 9.55 6.44 0.55
37.60 3.80 6.57 6.85 0.007703 232 16.20 7.70 0.51
11.20 3.71 4.95 5.13 0.010770 1.87 5.98 5.65 0.58
e 14.80 3N 5.16 5.37 0.011219 2.06 7.18 5.93 0.60
- 20.10 37 5.44 5.70 0.011227 225 8.83 6.31 0.60
37.60 an 6.45 6.73 0.007992 235 15.98 7.66 0.52
11.20 3.61 4.49 4.49 4.88 0.033552 278 4.03 5.17 1.00
14.80 3.61 4.66 4.66 5.142| 0.032785 3.00 4.93 540 1.00
20.10 361 5.14 549 0.016976 261 7.70 6.04 0.74
37.60 3.61 6.32 6.61 0.008278 238 15.78 7.62 0.53
11.20 311 4.45 4.51 0.003235 1.14 0.82 8.68 0.34
14.80 3.1 4.76 4.83 0.002722 117 12,66 9.31 0.32
20.10 3.1 5.34 540 0.001767 1.10 18.33 10.45 0.26
37.60 31 6.47 6.55 0.001370 1.20 31.36 12.00 0.24
11.20 3.05 4.33 3.84 445 0.006664 1.54 7.25 a4l 0.47
i 14,80 3.05 4.66 3.99 4,78 0.005505 157 9.43 8.14 043
20.10 3.05 5.26 4.19 5.36 0.003476 1.45 13.83 8.94 0.35
t 37.60 3.05 6.43 4.74 6.52 0.001833 1.35 21.77 10.00 0.26
=
% fé Culvert
il
] 11.20 2.80 417 3.62 4.31 0.008276 1.68 6.68 6.07 0.46
ik 14.80 2.80 4.46 3.78 4.63 0.008223 1.82 8.15 6.11 0.45
20.10 2.80 4.87 4.00 5.07 0.008184 1.97 10.18 6.16 0.44
37.60 2.80 6.24 4.62 6.40 0.004121 1.79 21,02 6.30 0.311
I
11.20 279 4.18 3.55 4.30 0.003541 1.49 7.54 6.77 0.40]
A an 3 70 4 AR 270 4 62 0.003241 1.62 9.15 6.81 0.40]




HEC-RAS Plan: Uit Culv US River: WATERCOURSE Reach: WATERCOURSE (Continued)

S R %5y
U B 2

12.20 2,70 4.05 3.51 4.18 0.004802 1.68 7.24 7.02 046
16.10 2.70 430 3.67 448 0.004668 1.87 8.63 7.10 047
20.20 2.70 4.53 3.83 475  0.004678 205 9.88 7.18 0.48
41.20 270 532 4.51 6.76 0.005870 201 14.15 7.42 0.57
12.20 77 3.59 382 0.013850 2,13 5.74 5.40 0.66
16.10 1.77 3.82 4.09 0.013974 2.28 7.05 5.97 0.67
20.20 1.77 4.04 4.33 0.013741 240 8.41 6.50 0.67
41.20 1.77 4,84 §.25{  0.012440 285 14.90 12.90 0.68
12.20 1.41 348 3.63 0.008185 1.74 7.01 5.37 049
16.10 141 3.69 3.89 0.009361 1.96 8.23 5.88 0.53
20.20 1.41 3.91 4.14 0.010014 212 9.54 6.38 0.55
41.20 141 4.76 5.06 0.008943 248 10.04 22,02 0.56
12.20 1.56 322 345 0.012947 212 577 4.92 062
16.10 1.56 3.35 3.67| 0.016914 2,51 6.42 5.13 072
20.20 1.56 3.49 3.00 0.019787 282 747 5.37 0.78
41.20 1.56 4.1 4.04 485 0.025520 3.81 11.04 9.97 0.91
1220 149 3.13 3.28| 0.007496 1.68 7.28 6.15 049
16.10 149 3.23 344 0.010643 205 7.85 6.34 0.59
20.20 149 3.33 3.62| 0.013267 2.36 8.55 6.57 0.66
41.20 1.49 398 447| 0.016194 3.10 13.54 " 0.75
12.20 0.94 3.10 3.18 0.003380 127 9.62 5.90 D.SlZ
16.10 0.94 347 3.30 0.005258 1.61 10.03 5.98 0.40
2020 0.94 3.25 3.44 0.007240 1.92 10.54 6.09 047
41.20 0.94 3.72 4.19 0.015124 3.04 13.61 7.87 0.68
12.20 1.05 3.10 314 0.001512 0.91 13.44 8.72 0.23
16.10 1.05 3.17 323 0.002329 115 14.05 8.85 0.29
20.20 1.05 325 3.35 0.003157 1.36 14.82 9.02 0.34
41.20 1.05 3.78 3.89 0.005540 2.04 21.59 21.57 0.46
12.20 1.44 3.02| 3.08 0.003662 1.20 10.25 10.06 0.37
16.10 1.44 3.04 3.16 0.006062 1.56 10.42 10.09 0.48
20.20 144 3.06 3.24 0.008942 1.91 10.65 10.28 0.59
41.20 1.44 3.28 3.22 3.80 0.020223 3.21 13.16 12.20 0.90
12.20 111 3.03 3.05 0.000612 0.68 21.22 19.97 0.16
16.10 1.41 3.06 3.09 0.001001 0.88 21.76 20.26 0.1
20.20 1.1 3.10 3.14 0.001448 1.07 2249 20.64 0.25
41.20 11 3.44 3.55 0.002853 1.68 30.34 27.35 0.37
12.20 1.12 3.00 3.04 0.001447 0.84 14.60 11.27 0.23
16.10 112 3.00 3.06 0.002516 1.10 14.62 11.28 0.31
20.20 112 3.00 3.10 0.003950 1.38 14.63 11.28 0.39
41.20 112 3.01 341 0.016188 2.80 14.71 11.32 0.78
12.20 1.16 3.00 3.02 0.000554 0.58 20.84 13.93 0.15
16.10 1.15 3.00 3.03 0.000964 0.77 20.96 13.93 0.20
20.20 1.5 3.00 3.05 0.001514 0.96 20.97 13.93 0.25
41,20 1.15 3.01 3.21 0.006174 1.95 211 13.95 0.51
12.20 114 3.00 173 3.01 0.000413 0.41 29.75 28.88 0.13
16.10 1.14 3.00 1.83 3.01 0.000719 0.54 29.75 28.88 0.17
20,20 1.44 3.00 1.93 3.02 0.001132 0.68 29.75 28.88 0.21
41.20 1.14 3.00 233 3.10 0.004709 1.38 29.75 28.88 0.44




APPENDIX D — RESULTS OF SENSITIVITY TESTING

Patterson Britton & Partners

rp3144.01rhb-jl031202-middle creek final



HEC-RAS Plan: Sens, 1.2xQ River: WATERCOURSE Reach: WATERCOURSE
¥ i = . . - —
: & = \/ ¥ = ’G‘,‘;‘ﬂ"g
(1 s
24.12 7.25 9.55 9.5 0.003334 1.13 31.44 33.59 0.29!
— 2412 7.03 0.44 9.52|  0.006696 157 2353 30.67 638!
2412 7.04 9.27 831 0.002831 1.19 4154 73.33 0.37"
2412 6.91 8.05 8.20] 0.071832 189 15.93 18.84 T 0.55!
24.12 6.70 0.04 9.09] 0.002959 1.04 31.63 41.94 028!
— 24142 6.74 9.02 9.05] 0.002531 1.07 37.05 411 0.26
24.12 853 8.86 897 0.006175 1.70 2343 35.87 042
24.12 6.48 8.68 8.84] 0.008858 2.00 18.67 27.39 0.50
2412 6.28 857 8.67| 0.004935 1.58 21.79 24.13 0.38
_ 2412 6.04 8.48 8.58] 0.005500 1.67 23.22 30.11 0.39
2412 5.66 8.42 8.49] 0.003669 1.31 2354 2148 0.32
24,12 5.69 8.40 8.43| 0.001882 1.03 48.58 74.83 0.23
24.12 5.66 8.31 8.38 0.005672 1.46 2250 20.81 0.36
_ 24.12 5.65 8.00 8.19 0.033842 2,09 12.74 20.31 0.79
2412 5.35 7.83 7.40 796] 0007326 1.99 19.24 21,69 0.44
24.12 626 6.28 6.68 7.58] 0.095881 5.06 477 5.36 171
2412 476 5.66 6.18 741 0146782 5.66 432 520 2.10
_ 24.12 471 6.75 7.00 0.609207 2.20 10.66 6.72 0.55
2412 4.63 6.56 6.84| 0011193 2.36 10.20 657 0.61
2412 455 6.20 662 0019142 2.87 8.41 6.20 0.79
24.42 4,05 6.35 6.54| 0.006080 1.89 12.75 7.07 0.45
- 24.42 397 6.21 6.44| 0.007942 2.10 1151 6.25 0.49
24.12 3.89 6.08 6.32| 0.008619 2.16 1947 6.19 0.51
2412 3.80 5.98 6.19| 0.007342 2.03 1150 6.91 0.39}
24.12 371 5.87 6.08[ 0007594 205 175 6.88 0.50}
24.12 3.61 5.75 597 0.007789 2,07 11.64 6.86 051
- 24.12 311 587 692 0.601181 1.00 24.16 11.51 0.22
2412 3.05 581 4.33 589 0.002320 1.32 18.29 9.67 0.29
Culvent
24.12 2.80 5.38 4.16 656/ 0,006395 1.89 12.78 6.22 0.38
) 24.12 2.79 5.40 4.06 554 0.002044 17 14.69 693 034
Culvert
24.24 2.70 4.80 397 5.03| 0004268 2.14 11.33 726 047
24.24 177 427 457 0.612571 243 9.98 7.07 0.65
- 24.24 141 415 439 0.000299 247 1122 7.74 0.54
24.24 1.56 3.83 419 0.014953 2.67 041 642 0.69
A T ';:. . 2424 149 348 381]  0.014182 254 8.55 6.86 0.69
g %&W G % 24.24 0.94 338 361 0.008588 2.4 132 6.25 0.51
- b ﬁﬁ@%ﬁ 7 2424 105 3.36 3.48] 0.003819 1.54 15.79 8.22 0.37
IR : 2424 1.44 3.09 334 0.011831 2.23 10.95 10.53 0.68
35| 24.24 i 3.14 321 o0.001872 1.24 23.46 2118 0.29
24.24 112 3.00 3.14] 0.005671 1.65 14.65 11.29 0.46
— 2424 1.15 3.00 3.07] 0002173 1.15 20.99 13.93 0.30
24.24 1.14 3.00 2.01 3.03] 0.001630 0.81 29.75 28.88 0.26




20.10 0.004001 3 0.:
20.10 7.03 9.42 9.48] 0.008132 1.30 2311 30.41 0.33
20.10 7.04 9.27 9.30] 0.003358 0.95 4157 73.36 0.22
20.10 6.81 9.09 0.18] 0.012434 1.55 16.76 16.36 0.42
20.10 6.70 9.04 9.07| 0.003539 0.85 3161 4193 0.24
20.10 6.74 9.01 903 0.002915 0.86 36.58 40.87 0.21
20.10 6.53 8.88 8.94] 0.006866 143 2385 36.09 0.33
20.10 6.48 8.7% 8.81] 0.009617 1.65 19.49 28.36 0.39
20.10 6.28 8.59 8.66| 0.005493 1.27 2237 24.40 0.30
20.10 6.04 8.50 856 0.006126 1.33 2377 30.39 0.31;
20.10 5.66 8.42 847 0.004375 1.07 23.56 21.49 0.26:
20.10 5.69 8.39 8.40f 0.002281 0.85 47.24 73.34 019
30.10 5.66 8.29 8.34] 0.006723 1.18 2223 2073 0.29
20.10 5.65 7.98 8.12] 0.042684 1.74 12.39 19.93 0.66
20.10 535 7.62 727 7.76]  0.014%02 1.99 15.23 18.92 0.47
20.10 5.26 6.25 6.53 7.22| 0.144782 4.37 360 532 1,50
20.10 4.76 6.96 7.10] 0.009684 167 12.03 6.84 0.40
20.10 4.71 6.86 7.01] 0.610426 1.72 .71 6.87 0.42
20.10 463 6.67 6.84] 0.012627 1.84 10.92 6.72 0.46
20.10 455 6.39 661] 0017928 2.09 9.62 6.45 0.55
20.10 4.05 6.46 657| 0.007101 149 13.48 7.21 035
20.10 3.97 6.31 6.45| 0.009345 1.66 1234 6.35 0.38
20.10 3.89 6.15 631 0.010521 173 1162 6.26 041
20.10 3.80 6.01 6.15]  0.008523 166 1219 6.05 0.40
20.10 3.71 5.85 6.00| 0.010645 173 11.62 6.86 0.42
20.10 3.61 5.66 583] 0.012301 1.82 11.03 6.74 0.45
20.10 311 575 579| 0.001887 0.88 22.80 11.27 0.20
20.10 305 5.68 419 575 0.003698 1,16 17.27 9.51 6.26
Culvert
76.10 2.80 5.32 4.00 545 0.009251 1.61 12.49 6.22 0.33
20.10 2.79 5.33 301 544 0.003026 1.46 13.73 6.92 0.29
Culvert '
20.20 270 493 3.83 507| 0.004793 168 12.00 730 036
20.20 .77 439 456] 0013820 1.87 10.81 7.35 0.49;
20.20 1.41 4.21 437 0.011306 1.74 1172 8.33 "T043;
20.20 156 397 414 0.017335 211 9.64 659 0.53,
20.20 1.49 3.64 3.82| 0.014416 1.90 10.65 7.20 0.50
20.20 0.94 348 3.62] 0010167 1.69 1163 6.36 0.39
20.20 1.05 340 348 0.004860 1.25 16.18 9.30 0.30
20.20 144 3.19 334 0012079 1.70 12.09 1142 0.49
20.20 .11 318 3.22] 0.002357 1.00 24.20 2152 0.23
20.20 142 3.06 3.45] 0.006958 133 i5.24 1154 0.37
20.20 115 3.02 3.07| 0.002859 0.85 31.23 13.96 0.25
20.20 114 3.00 1.92 3.02] 0.002219 0.68 2075 26.88 0.21









