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Executive Summary

The University of Tasmania (UTAS) propose a pedestrian bridge over the North Esk River upstream of Tamar Street
to connect its Inveresk Campus and proposed Willis Street Campus. Flooding is a critical consideration for the City of
Launceston and its people in general, with significant infrastructure such as levees in place to protect people and
property.

This report identifies the design flood conditions which are used to calculate hydraulic loads as per the requirements
of Australian Standard AS5100 Bridge Design set. Critical depth, velocity and scour depths are presented to assist

structural designers.

Council provided pitt&sherry with its hydraulic model of the rivers to test the hydraulic impacts of the bridge. The
model was developed by consulting engineers BMT using the software TUFLOW.

The report demonstrates:

Flood velocities necessary for bridge design have been determined by hydraulic modelling

e The anticipated afflux created by the bridge under the future 2050 1% Annual Exceedance Probability AEP flood
is a maximum of 10-20mm at the bridge at the critical water level. This has been calculated to satisfy Council that
the proposed bridge will not adversely impact on flood levels and conveyance.

e Scour at central pier

e Scour at other piers

e Potential need for scour protection under the bridge at the southern bank.

In pitt&sherry’s view there are no adverse hydraulic impacts that would render the design unacceptable from a
flooding perspective.
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1. Introduction

The University of Tasmania (UTAS) proposes to construct a pedestrian bridge over the North Esk River upstream of
Tamar Street to connect its Inveresk Campus and proposed Willis Street Campus near the North Esk Rowing Club. The
proposed alignment will link the proposed UTAS buildings in the Inveresk precinct with the city on the southern side of
the North Esk (Figure 1). The bridge design proposed includes two piers that support the main span with multiple minor
piers supporting a pedestrian ramp on the southern bank. The northern abutment is proposed to be located inside the
levee protection zone.

Riverine flooding is important to the local community with significant historical flood events affecting the city. Both sides
of the river are protected by flood levees.

The City of Launceston City (ColL) requires an assessment of afflux and scour potential caused by the bridge under the
future 1% AEP (100-year ARI) design event based on the 2050 sea level rise assumption.

519

Figure 1 Proposed pedestrian bridge alignment (purple).

1.1 Purpose

The purposes of this report is to advise:

e the hydraulic loading conditions for the structural design

+ the anticipated afflux due to the bridge and show demonstrate the impacts

+ whether the configuration of the proposed bridge has the potential to adversely affect the levees at the northern and

southern ends and connections to the levee
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* whether the new bridge will create adverse hydraulic conditions that would lead to scour.

These matters are examined through the report and discussed in Section 6.

1.2 Flood conditions

BMT have previously conducted a flood study for the CoL*. The study and its findings have formed the basis for the
hydrologic and hydraulic assessment of the proposed UTAS pedestrian bridge. The existing and expected design flood
levels under climate change conditions determined by BMT are depicted in Table 1.

Table 1: Climate change assessment

AEP Current climate 2050 2090
20% 2.3 2.79 3.34
10% 2.7 3.07 3.69
5% 3.1 3.56 4.14
2% 3.9 4.37 5.07
1% 4.6 5.04 5.46
1in 200 5.2 5.58 5.92

The current climate 1% AEP flood level is 4.6m AHD at Black Bridge and the levee crest is about RL5.0m AHD near the
bridge.

The BMT flood study produced results for various AEP flood events based on a joint probability analysis (JPA) of the
estuarine (River Tamar tide) and tributaries (North and South Esk Rivers) conditions. The JPA results can provide a peak
water level surface but due to the nature of the analysis it is practical to present the flood hazard and peak velocities as a

map derived from a single scenario. The results presented in this report are those derived from a single scenario that
best represented the peak flood levels across the study extent.

2. Design Requirements

From a hydraulic flood perspective, the proposed design generally needs to meet the following requirements:
e The bridge design must conform to the requirements of Australian Standard 5100- Bridge Design Set2; and
e Requirements of the CoL and the Launceston Flood Authority (LFA).

The hydraulic design criteria assessed in this study were determined from both AS5100 and discussion with Council and
are:

e Ultimate Limit State (ULS) assessment for the 1:2,000 Annual Exceedance Probable (AEP) event (with 2050 sea
level) (AS 5100)

e  Serviceability Limit State assessment for the future 1% AEP event (with 2050 sea level) (AS5100/LCC)

e Flood afflux assessment for the future 1% AEP event (with 2050 sea level) (LCC)

1 https://www.launceston.tas.gov.au/News-Media/Council-releases-updated-flood-modelling-report
2 https://infostore.saiglobal.com/en-au/Standards/AS-5100-Set-2007-121352 SAIG AS AS 254644/
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« Identify the potential for scour at key structural elements and underneath the bridge abutment adjacent to the City—
levee.

The hydraulic calculations relating to bridge losses and anticipated scour were calculated in accordance with the
following document:

e Austroads Guide to Bridge Technology Part 8 — Hydraulic Design of Waterway Structures?

3. Proposed Structure

The proposed structure is shown in Appendix A and consists of the following features that impact flood hydraulics:

e two main piers; one located centrally in the tidal zone and one on the boundary of the tidal zone but within the flood
zone

e two abutments; one located outside of the levee on the southern side and one located within the levee on the
northern side,

« five smaller piers on the curved off ramp outside of the tidal zone but in the major flood zone,

« the minimum superstructure soffit level is proposed to be at 5.1m AHD, this coincides with the top elevation of the
existing flood levee at this location, which is also above the 1% AEP flood level,

e Three major spans are proposed varying from 25-50m, but likely to be approx. 35m long, depending on the final
design.

4. Methodology and Assumptions

The hydraulic TUFLOW model developed by BMT was loaned to pitt&sherry to include the new bridge structure in the
model and assess its hydraulic impacts.

4.1 Hydrologic conditions

The design flood levels produced by BMT included combinations of floods in the North Esk and South Esk Rivers and
storm surge conditions in the River Tamar. The 1% AEP design event at year 2050 included increases in flood flows
from increased rainfall intensities, sea level rise, high tide and storm surge conditions.

At the bridge site the North Esk River flood wave is assumed to arrive before the South Esk River flood wave. This
creates high velocity conditions flowing downstream. When the South Esk River flood wave arrives, it partially blocks the
North Esk River flood flow and floodwaters congest to a level greater than would be produced from a North Esk River
flood having a similar AEP to the South Esk River flood. Modelling indicates:

e peak velocities in the North Esk River (at the proposed bridge) are produced early in the flood due to the much
quicker catchment response time (30-hour lag included in model).

* peak water levels in the North Esk River (at the proposed bridge) are produced later in the flood due to “drowning” at
the confluence from the much greater South Esk River flows. The velocities at peak flood level however are much

lower than the peak velocities.

Hydrologic modelling was not undertaken in the assessment of the proposed bridge. The hydrologic event inputs chosen

3 https://austroads.com.au/publications/bridges/agbt08
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were based on assumptions that were assumed to produce conservative hydraulic results based on flood hydrographs-
supplied with the BMT model data sets.

4.2  Afflux assessment assumption

The design condition adopted that reflects the respective dominance of each river and their loading conditions are:
e A 2050 1% AEP flood in the North Esk River

e 2050 1% AEP flood in the South Esk River

* Mean high water level in 2050.

4.3  Structural Design Assessment Assumptions

AS5100.2.2017 requires a bridge to withstand the structural loads from rarer floods. The flood scenario run for the bridge
structural design was:

e The 1:2,000 AEP eventin both the South and North Esk Rivers,

+ with a mean high-water level as the tidal boundary.

The flood conditions represented in the results show a conservative peak water level.

The bridge modelling approach adopted was the same as the existing BMT model using TUFLOW's layered flow
constriction approach (see TUFLOW manual?). The loss coefficients and associated flow constriction values assumed at
the proposed bridge are based on the following assumptions:

e Six-metre wide three-metre-high debris blockage across each main pier.

e Complete blockage of the superstructure and the guard railing.

e Form loss coefficients and back-water head loss calculated according to the Austroads Guide to Bridge Technology
Part 8,

e  Scour potential was assessed with the USACE Hydrologic Engineering Centre’s HEC-RAS hydraulic model (version
5.0.7) and incorporated 1D cross sections only (including the bridge).

Scour depth estimations were made using HEC-RAS hydraulic modelling software using a 1D bridge®.

4 https://www.tuflow.com/Download/ TUFLOW/Releases/2016-03/AA/Doc/TUFLOW%20Manual.2016-03-
AA.pdf

5 https://www.hec.usace.army.mil/software/hec-ras/documentation/HEC-
RAS%205.0%20Reference%20Manual.pdf
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5. Hydraulic Modelling

The existing TUFLOW model is a combined one-dimensional and two-dimensional (1D-2D) model incorporating the
following major features:

e 10mx10m 2D cells,

e 1D bridge representations,

e Local terrain elevation adjustments to represent critical features (the levee and road embankments etc)
* blockage factors were not applied to hydraulic structures

e  The combined terrain model derived from LiDAR and bathymetry.

The following adjustments were made to the existing model based on the assumptions made in the Methodology and
Assumptions sections. These include:

e Additional: the proposed bridge as layered constriction element (including assumed blockage),
e Adjustment: input control files to include development case and produce only relevant results.
The TUFLOW model was used to determine peak flood levels and peak velocities for structural design.

Scour potential was assessed with the USACE Hydrologic Engineering Centre’s HEC-RAS hydraulic model (version
5.0.7) and incorporated 1D cross sections only (including the bridge).

The following input assumptions were made in the scour model:
e Scour assessment was assessed in steady state mode.

e 1:2000 AEP input flows were determined from the conditions most likely to produce scour. The conditions chosen

were the peak North Esk main channel velocity prior to the “drowning” of the confluence due to the South Esk Flows.
The main channel water depths at this time were lower (10m vs 14m) but the velocity was much greater through the

channel (4m/s vs 1.5m/s).

e The Dsp particle size used was 0.075mm representing a silty/clayey material found in bore hole logs on the edge of
the river.

e The solution method for pier scour was the Colorado State University (CSU) equation, which estimates scour depth
based on:

0 Water depth and velocity (derived from the TUFLOW model results)
o0 Pier shape and length (input based on concept design drawings)
0 Bed particle distribution (non-cohesive) (input from test bore logs)

o Stream flow angle (TUFLOW model and concept drawings)
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6. Results and Discussion

6.1 Flood Afflux and Hydraulic Conditions 1% AEP 2050

Table 2 and Figure 2 demonstrate the 1% AEP flood velocity in the main channel at various flood stages. Maximum
velocities occur at approximately 3.3m AHD flood level. This higher velocity will see greater afflux but as the peak water
level is below the crests of both levees, the afflux is benign.

Table 2 1% AEP 2050 Velocity at the centre of the main channel

Depth Averaged Velocity (DAV) Assumed Peak Velocity
Water Surface Level of Interest (m) 1% AEP 2050 (m/s) (1.4*DAV) (m/s)
3.30 35 4.9
5.04 (Peak Flood Level) 0.8 1.1

The hydrograph and velocities for this time series are presented in Figure 2.
4.0 6.0

5.0
4.0
3z £
£ o
=l >
= 30 9
o i
o b
g S
2.0
1.0
0.5
0.0 0.0
0 10 20 30 40 50 60 70 80 90 100

Duration (hours)
—e—Velocity - Centre of channel at proposed bridge(m/s) —e—\Water Level - Centre of channel at proposed bridge (m RL)

Figure 2 1% AEP Velocity Profile at the centre of the channel of the proposed bridge

At the peak water level (RL5.05m AHD) modelling demonstrates:

« there will be minor increases in peak water levels due to the addition of the proposed bridge estimated to be in the
order of 10-20mm

o depth averaged main channel velocities were estimated to be 0.8m/s at the peak water level in the design 2050 1%
AEP event

* overbank velocities (at river edge and on levee batter) were typically in the 0.2-0.6 m/s range at the peak water level.

The afflux anticipated at the peak flood level is due to the relatively low velocity at the flood peak at this location. This
lower velocity is due to the “drowning” of the North Esk River by the much larger flow moving through the South Esk
River into the River Tamar. Under the year 2050 hydrologic condition modelled, peak water levels overtop the Scottsdale
levee (northern levee) which reduces the impact (afflux) at the bridge, However, we understand the CoL will raise levees
to maintain the level of protection of the Launceston Flood Protection Scheme Under those conditions, the afflux will be
greater but as the peak water level will be lower than the levee crest, any afflux from the new pedestrian bridge will be
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The location of the ramp piers is in the overbank area where the velocities are typically much lower than the main
channel. The result is that most of the afflux in the 1% AEP event will be caused by the piers located in the main channel.

Scour was not assessed for this event as the peak velocity occurs in the structural design hydraulic condition.

6.2  Structural Design Hydraulic Conditions (1:2000 AEP) 2050

Table 2 and Figure 3 show 1:2,000 AEP velocities at various stages throughout the flood event. The peak flood velocity
is produced early in the flood at the peak of the North Esk flow prior to “drowning of the confluence”. Velocities in the
main channel then decrease as the water level rises for the 1:2,000 AEP event. In the 1:2,000 AEP event, the water
flows upstream in the opposing direction at the peak flood level (represented by negative values in Table 2).

Table 3 1:2,000 AEP 2050 Velocity (m/s) at the centre of the main channel.

Water Surface Level of Interest (m) OD%EEQ) ﬁ\é%re;%gg E/ni}g)c ity (DAV) és_i,?&?g l(Dme?SI; Velocity
4.2 (Peak Velocity) 4.2 5.9
5.1 (Bridge Lowest Soffit Level) 2.6 3.6
6.5 -0.2 -0.28
8.1 (Peak Flood Level) -1.6 -2.22
5.0 9.0

8.0

7.0

6.0

5.0

4.0

Velocity (m/s)
Water Level (m)

3.0

2.0

10

0.0

Duration (hours)

—e—Velocity - Centre of channel at proposed bridge(m/s) —ea—\Water Level - Centre of channel at proposed bridge (m RL)

Figure 3 0.05% AEP Velocity Profile at the centre of the channel of the proposed bridge

The structural forces on the bridge produced by debris will change during the flood event. Debris that might accumulate
on the pedestrian bridge originating in the North Esk River from upstream of St Leonards would have to pass the
Johnstone Street bridge, two railway bridges, a road bridge at Hoblers Bridge Road and nearby pipe bridge, a railway
bridge upstream of Henry Street, Henry Street road bridge and then Black Bridge. The total debris mass may never
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Also, as the water levels rise, the hydraulic forces on the bridge from the North Esk River will diminish and then reverse
as the South Esk River dominates bringing with it debris that has passed the pedestrian bridge and that originating in the
South Esk River or River Tamar.

6.3 Scour Depth Assessment 1:2000 AEP 2050

Scour was assessed for the 1:2000 AEP design condition. The resultant scour depth is assumed to occur and add to the

column length of the piers for structural analysis.

Results of the scour assessment are shown in Figure 4. These demonstrate an anticipated scour depth and the depths of
local scour shown in Table 4. These scour depths are most likely a conservative estimate of the total scour depth as the
model assumptions do not consider the plasticity and cohesive nature of the bed material. Geotechnical test logs show a
relatively high plasticity and cohesive material which will naturally act to resist shear forces. General scour was
insignificant compared to the local scour and results have not been presented.

Table 4 Scour Depths 0.05% AEP 2050

Location

‘ Northern Abutment/Pier ‘ Central Pier

Southern Pier & Ramp
Supports

Scour Depth

| 3.0m

Southern Pier &
Ramp Supports

| 2.90m

Eridge Scour RS = 205

Elevation (m)

Central Pier

| 2.45m

Northern Abutment/Pier

HGL at worst
scour condition

Existing Bed

Local Scour

-8
o

Figure 4 Scour Depth

20

40

Statinn ft

B0

80

Scour protection is recommended around the southern pier, the ramp supports, the northern abutment pier and under the
southern batter below the bridge where vegetation is unlikely to establish. At some ramp supports, the presence of an
existing concrete slab will likely reduce the scour, provided only cutting and subsequent resealing of the slab surface is

undertaken.

The additional loads imposed by the scour protection measures that might affect river bank stability should be considered

in the bridge design.
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Conclusions & Recommendations

Flood modelling results:

Hydraulic modelling and calculations have demonstrated that the design 2050 1% AEP afflux is 10-20mm at the
bridge and potentially lower owing to conservative assumptions of velocity and debris loading. Although this
level is marginally greater than the current levee crests, the CoL is expected to have raised levees within the
next 30 years to maintain the current level of flood protection.

Flood hydraulic conditions critical to structural design have been determined to inform the design process and
ensure the structural design is adequate to meet the AS5100 design requirements.

Scour depths around piers and abutments have been estimated to inform the structural design process.
Maximum scour will be developed as the North Esk River rises bringing debris and shortly after water levels at
the North Esk and South Esk Rivers commence rising. As the influence of the South Esk River begins to
dominate, it is expected the scour condition will stabilise. The scour calculation assumes granular and non-
cohesive material at the river bed and which assumption produces scour depths that are unlikely to occur in
practice.

Scour protection measures are proposed and will be placed at piers near the bridge abutments. Scour
protection for the Central Piers is not considered warranted as the piers have been designed to withstand the
additional column and lateral forces.

The following is recommended:

ref: LN18249h001 Hydraulic Rep 31P Rev00.docx/HB/cy

The loads that might be imposed by scour protection measures on the river banks and bed underneath the
bridge should be determined and the potential for slump failure assessed.

Updated or detailed design should ensure further pier design minimises flood afflux.
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