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CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge

Foreshore

Executive summary

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

This designers risk assessment has been produced to assess the hazards of swamping, capsizing,
grounding and collision created by the physical impact of the Fleet CSO discharge flows to
vessels on the Thames at the Blackfriars Foreshore site (BLABF)

It has been undertaken for the permanent phase when the existing CSO is diverted into the new
CSO that is situated further into the river Thames in the new BLABF structure.

This designers risk assessment has assessed the risk to all types of vessels that passage past the
location and the impact to the vessels in Arches 2, 3 and 4, concluding that there are only
impacts in Arches 2 and 3.

A most probable worst-case scenario of a 1in 15-year event at MLWS with an instantaneous
peak discharge modelled +/- 50 minutes from slack water has been analysed to assess the
impacts to vessels in the bridge Arches.

All discharges should be considered as the most probable worst case where it is not possible to
establish the magnitude of the discharge at the time of discharge. Consideration should be made
to the magnitude of the discharge rate and the minimum period of 2 minutes and 30 seconds
from the start of the discharge to a significant rate of discharge.

The Fleet CSO discharge also creates a cyclonic state around low water slack periods causing a
variation of effects to passing vessels, the addition of this effect combined with the vertical
component of the CSO discharge increases the risk to all vessels, with the greatest risk to un-
powered vessels.

With the tunnel in permanent operation the discharges are likely to occur approximately 4 to 5
times per year reducing from the current predictions of 20 times per year when the tunnel is not
in operation.

It has been concluded that the impact of the discharge occurs for 60 minutes, starting 15
minutes before MLWS and concluding 45 minutes after, this period of impact should be applied
for all low tides.

The HR Wallingford simulations have demonstrated that there is some impact at high water
neap slacks, this period should be considered for all high-water slack states of tide and all states
of tide within 30m of the CSO outfall.

The assessment has concluded that the discharges cannot be predicted within 30m of the CSO
outfall and all vessels should avoid that close proximity to the discharge at any state of the tide.

It is assumed that the same effects from the CSO discharges would be present when a Thames
barrier closure is in operation and the river is in a permanent state of slack water.

Due to the limitations of the HRW modelling of the discharges, a more conservative approach to
assessing the most probable worst case tidal windows could be to make an allowance for the
variabilities potentially caused by environmental and climatic conditions, the tidal windows are
listed below:

(a) Tidal windows across low water to be considered LW Slack +/- 60 minutes

(b) Tidal windows across high water to be considered HW slack +/- 15 minutes
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Foreshore

1.13 It has been concluded that the overall residual risk is low for powered vessels and moderate for
non-powered vessels when warning signs and lights are used to warn vessel operators during a
CSO discharge event at low water subject to confirmation in the NRA, detailed design and
operational plan.

1.14 Tugs towing or pushing should be considered the worst effected powered vessels where the desk
study undertaken showed that all powered vessels were impacted in a very similar fashion based
on categorised drift angles (with the exception of a lesser effect on uber boats) but the
simulation showed that the effect was greater on tugs and tows and tugs pushing through
Blackfriars Road bridge Arches 2 and 3.

1.15 It was also noted from the simulations that low powered and less manoeuvrable vessels were
also greater effected from the discharge when navigating through Arch 2 of Blackfriars Road
bridge.

1.16 The main works contractor FLO will need to undertake a navigational risk assessment to consider

the residual risks and confirm the mitigations, in consultation with the Port of London Authority,
required to be in place for the phase that is covered by this DRA.

1.17 The main works contractor FLO will need to consider the detailed design and the NRA to develop
an operational plan, in consultation with the PLA, outlining how they will manage a CSO
discharge event with the use of a warning system in line with Tideway's “Technical Memorandum
on CSO warning performance specification and strategy”.

1.18 The main works contractors FLO will revisit their navigational risk assessment and detailed
design if the agreed mitigations are not sufficiently effective.

1.19 To analyse the risk in greater detail for the permanent DRA the following studies have been
undertaken:

a. Simulations of the discharge flows on vessels to assess the actual impact caused by the
discharges.

b. Closed circuit television (CCTV) recordings of actual vessel traffic from September 2023 to
December 2023, transiting the site and analysed to determine numbers of different vessel
types, when in the tide cycle they were transiting and direction of travel.

1.20 The permanent case has been risk assessed incorporating the findings of the ship simulations
and will be subject to a navigational risk assessment by the Main Works Contractor to determine,
in agreement with the Port of London Authority, any permanent mitigations that may be
required. The Technical Memorandum on CSO warning performance specification and strategy
should be considered to confirm the mitigations.
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Acronyms and abbreviations

Abbreviation  Abbreviation Description

ALARP As Low As is Reasonably Practicable
BLABF Blackfriars Bridge Foreshore

cctv Closed Circuit Television

(DM Construction Design and Management Regulations 2015
CFD Computational Fluid Dynamics

(SO Combined Sewer Overflow

DRA Designers Risk Assessment

EDM Discharge Monitor

GPS Global Positioning System

LAT Lowest Astronomical Tide

LRT Lowest Recorded Tide

LTT London Tideway Tunnel

MHWN Mean High Water Neaps

MHWS Mean High Water Springs

MLWN Mean Low Water Neaps

MLWS Mean Low Water Springs

NRA Navigational Risk Assessment

PLA Port of London Authority

SCADA Supervisory Control and Data Acquisition
TWUL Thames Water Utilities Limited

UWWTD Urban Waste Water Treatment Directive
VTS Vessel Traffic Service
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2.

2.1

211

2.15

2.1.6

Introduction

Introduction

As part of the Thames Tideway Tunnel project a new foreshore structure to intercept the Fleet
Main combined sewer overflow and Low-Level Sewer No1 and connect them to the main tunnel
has been constructed at Blackfriars Bridge Foreshore (BLABF).

At the BLABF site the new combined sewer overflow (CSO) outfall will be relocated from its
original location, within Arch 1 of Blackfriars Road bridge, to discharge from the new permanent
structure.

Jacobs as the designer for the reference design has the duty under the CDM regulations to
eliminate risks as far as reasonably practicable, where the risks cannot be eliminated the risks
need to be reduced as far as reasonably practicable and information provided on residual risk.

Under the CDM regulations the Principal Designer "Jacobs” has a responsibility to plan, manage,
monitor and coordinate the health and safety in the pre-construction phase of the project.

During the development of the design a designer's risk assessment was undertaken to identify
risks through design whilst also identifying any residual risks that would need to be considered.

As part of Designers Risk Assessment Blackfriars Bridge Foreshore PCL1X/TA the impact of the
CSO outfall was considered under risk reference CDM-BLABF-023, as presented below in Table
2-1.

Table 2-1 Extract from Designers Risk Assessment Blackfriars Bridge Foreshore PCL1X/TA

g Design B E
Effect 2 2 & meast?res measures to 2 2 ® Residual risk How is it
" Title / .. Potential summary = 3 e reduce risk = 3 g < (if communicated
H=KUEE description Eha== Acvity hazards inc person % -§ E i t.o 2 and/or % % § 3 significant, and / or
at risk. n & 7 eliminate design vl gl X etc.) documented?
2 hazards . a0
L assumptlons I3
Possible
mitigation
Smaller could include
Fleet storm vessels awarning Smaller
relief carries a could_ be sign._ Exapt vessels
large capsized = Unable to solution will coulq be
CDM- Normal by sudden - depend on E capsized by No further
BLABF- CSO. . Operation operation of cat(;:t;lment area large flows 3 2 % ﬁllmlngte outcome of 3 2 -g sudden large communication
023 warning sign river traffic and tlows rise from the % azar navigation % flows from required
su_ddenly a_nd cso further. risk the CSO
qu.'cfkl?ll dunnlg putting assessment putting
rainfafl events public at carried out as public at risk
risk part of
detailed
design
2.1.7 CDM-BLABF-23 recognises that there is a risk to vessels in the river from a discharge and
identifies that the use of a warning sign as a mitigation is likely to be required but relies on the
outcome of the Navigational Risk Assessment to provide the final mitigations.
2.1.8 To ensure that all the relevant risks and mitigations are covered through a Designers Risk
Assessment this document will be an addendum which will consider all current information to
support a detailed risk assessment of the FLEET CSO discharges impacting the vessels on the
river.
2.19 This designer's risk assessment (DRA) considers:-

(a) The permanent case with the new foreshore structure in place and the flows able to be
intercepted and diverted to the main tunnel.
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2.1.10

2.1.11

2.1.12

2.1.13

(b) When the tunnel is out of operation for maintenance and inspection works.

The DRA makes the assessment based on the information that has been produced by the
contractor - document 4410-FLOJV-BLABF-520-VZ-RG-100001 CSO Discharge Modelling for
permanent works Blackfriars Bridge Foreshore, by Jacobs - the interim DRA 665397CH-BLABF-
DRA-Interim-REV.01 and the updated rainfall information produced by Tideway.

The DRA should be read in conjunction with HR Wallingford document 4410-FLOJV-BLABF-
520-VZ-RG-100001 CSO Discharge Modelling for permanent works Blackfriars Bridge
Foreshore. Within the HR Wallingford report the discharges are modelled with a mean absolute
error of 6% for neaps and 7% for springs when compared to the peak flow.

HR Wallingford document 4410-FLOJV-BLABF-520-VZ-RG-100001 CSO Discharge Modelling
for permanent works Blackfriars Bridge Foreshore only considers a steady state where the
variability of environmental and climatic conditions such as, but not limited to, wind, rain and
surge are not considered due to the infinite, possible scenarios.

In addition, it considers additional information:-

(a) LL1658-R-01 Navigational Risk Assessment Review Port of London Authority, which was
undertaken by Rendel Limited with Waves Group,

(b) The latest discharge modelling data and vessel impact modelling undertaken by Jacobs
(and HR Wallingford Physical Model).

(c) The outputs of the HR Wallingford Ship Simulation centre; and

(d) The CCTV river traffic survey report produced by Nash Maritime.
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CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge Foreshore

2.2 Report Structure

2.2.1 The Structure of this report is as follows:
a. Section 3 — Outline methodology
b. Section 4 — Site discharge activity
C. Section 5 — Impact on vessels on the river
d. Section 6 — Risk assessment
e. Section 7 — Mitigations
f. Section 8 — Summary and Conclusions

g. Section 9 — References
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2.3 The site and CSO discharge location

2.3.1 The BLABF site is located within the City of London, on the northern bank of the Thames, to the
west of Blackfriars Road Bridge. The site extends into Arch 1 of the bridge to enable the
interception of the Fleet Main CSO, whilst also allowing the construction of structures to
intercept the northern Low-Level No.1. Both flows are transferred to the main tunnel, although
only the Fleet Main will have a CSO in the new structure. There is no connection between the
Low-Level No. 1 and the river at Blackfriars.

2.3.2 Prior to the construction of the site the Fleet Main CSO outfall was located within Arch 1 of
Blackfriars Road Bridge and would discharge from the river wall into the bridge pier. Figure 2-1
presents the image of the Blackfriars Bridge Foreshore site, prior to the site being constructed.
Arch 1 is indicated. Figure 2-2 presents the image of the Fleet Main CSO outfall within Arch 1.

Figure 2-1 Blackfriars Bridge Foreshore site before Tideway.

Figure 2-2 Fleet Main CSO outfall under Blackfriars Bridge
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2.3.3
indicated.

Figure 2-3 presents an extract of the demolition drawings with the historical outfall point

Figure 2-3 Extract of DCO-PP-17X-BLABF-190008 showing the Fleet Main CSO discharge point.
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The new foreshore structure projects into the river and moves the Main Fleet CSO outfall

approximately 160m upstream and 25m further into the river. Figure 2-4 presents the
permanent works arrangement with the new outfall location.

Figure 2-4 Permanent works arrangement.
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It should be noted that the cross-sectional area of the new Fleet Main CSO is 1.4 times larger
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3.

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.15

Outline Methodology

To analyse the impact of a CSO discharges from the site to the river, identify the risks to vessels
on the river, identify the impacted vessels, propose mitigations and present the residual risks the
following has been undertaken:

Confirm site discharge activity by:

i)  Reviewing historical rain and discharge data

ii) Reviewing resilience to climate change

iii) Analyse tidal windows to confirm worst case

iv) Review and analyse the impact of discharges on the river from 4410-FLOJV-BLABF-520-
VZ-RG-100001 CSO Discharge Modelling.

Review impact of worst-case discharge on vessels on the river by:
i) Defining areas of the river for navigation
ii) Confirming vessels that use the river in this area
iii) Confirming predicted drift angle of vessels caused by a Fleet Main CSO discharge
iv) Summarise impacted vessels on the river
Risk assessment
i) Hazards
ii) Receptors, incorporating the CCTV survey data reports
iii) Severity of harm
iv) Likelihood of harm
ERIC approach to review mitigation
i) Eliminate
ii) Reduce
iii) Inform
iv) Control

Summary

665397CH-BLABF-DRA-permanent Rev. 4
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4.

41

411

41.4

415

417

419

Site discharge activity

Consideration of rainfall events

CSO discharges were produced for a range of return period storms using an InfoWorks network
model of the upstream sewer catchment.

Synthetic storms were generated by the software based on the Flood Estimation Handbook
(FEH).

The critical storm duration for the system (i.e., that which produces the highest flows at the
outfall) was found to be 120 minutes.

Normally, when generating synthetic storm events, rainfall intensities are reduced as the
footprint of a storm increases. However, in this instance, the storm event was applied over the
entire catchment without applying an areal reduction factor.

With an approximate catchment area of 550km?, the corresponding reduction factor for the
Tideway catchment would have been 0.76 - the rainfall intensities are therefore overestimated
by approximately 32%.

In addition, the model assumes that all rainfall landing on a catchment freely enters the sewer
system. In practise, for higher rainfall intensities, this cannot happen as the gullies and upstream
collection pipework act as a restriction, resulting in flooding and ponding on the surface. For this
reason, the modelled 100-year storm flows are considered theoretical and unlikely to ever be
realised. It is the upstream sewer system that limits the peak CSO discharge rate, not the size of
the CSO opening itself.

The InfoWorks model of the existing sewer network, without the London Tideway Tunnel, was
run with free discharge as a worst-case scenario (i.e. low tide) and the flow rates included in the
project’ s works information (WI 7706). These WI flows are shown in Table 4-1. The peak flow
from the Fleet Main CSO was found to be approximately 46m?3/s for a 15-year storm.

Periodic updates are made to the model depending on the results of surveys/inspections.
Discharge rates using the updated model are also given in Table 4-1. Peak flows are slightly
less, but broadly similar.

At higher tides the CSO becomes submerged and there is a corresponding decrease in discharge
rates, also included in Table 4-1.

Table 4-1 Comparison of Instantaneous peak discharge rates from WI 7706 and the updated model

Source Typical | LT 2- LT5- | LT10- | LT15- | LT30- | LT50- | LT 100-
Year year year | year year year year year
Storm | storm | storm | storm | storm | storm | storm | storm

Latest DA | Instantaneous Peak Low - 243 328 40.1 4441 50.3 552 615

Model water (m3/Sec)

Latest DA | Rolling Hourly Average - 19.2 29.8 371 412 470 51.3 56.6

Model Low water (m3/Sec)

Latest DA | Instantaneous Peak High - 14.7 26.4 331 371 440 471 50.1

Model water (m3/Sec)

WI 7706 Instantaneous Peak Flow 226 243 335 415 46.0 51.0 - -

665397CH-BLABF-DRA-permanent Rev. 4 7




CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge Foreshore

4.1.10

4.1.11

4.1.12

4113

4114

It should be noted that occasionally TWUL can make minor diversions to the sewer network
upstream to facilitate maintenance access. However, these are generally local in nature and
don't have a significant impact on CSO discharges.

The developed nature of the upstream catchment means it is not possible to make substantial
changes to the network connectivity that could significantly affect peak CSO discharges.
Ultimately there is a fixed amount of rainfall falling on a fixed area, served by a sewer system of
fixed and limited capacity.

Only when the works are complete will there be planned works that significantly impact CSO
discharges. Every 10 years it is planned to close the tunnel for inspections - under these
conditions all flow is diverted to the CSO. Whilst the exact duration of the closure is yet to be
finalised, it is expected to be of the order of two weeks.

61m3/s is the notional peak flow from the Fleet Main CSO, which occurs during a 100-year
storm event. However, given the conservative nature of the rainfall generation, the theoretical
nature of the network modelling, the limited scope to significantly alter the upstream sewer
network and the range of possible tide levels, 46m3/s is considered a more realistic ‘real world’
maximum CSO discharge rate.

Figure 4-1 shows the discharge hydrograph for the 15-year storm at low tide, using the latest
Design authority model. The hydrograph represents the ‘Tunnel not in operation’ scenario. In
this instance the storm started at 07:00 - it took approximately 60 minutes for the CSO to start
discharging and approximately another 35 minutes for the peak discharge (approximately
46m3/s) to be realised.

Figure 4-1 CSO Discharge Hydrograph for the 15-year storm, tunnel not in operation closed
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4.1.15

Figure 4-2 shows the 15-year discharge hydrograph representing the ‘Tunnel Operational’
scenario. The onset of the CSO discharge is delayed by approximately 10 minutes and the
hydrograph shows a ‘double peak’. This is because, at Blackfriars, flow to the tunnel is limited to
approximately 30m?3/s (to facilitate de-aeration). The first peak is due to the difference between
this and the design flow of 46m3/s. The second peak is seen when the tunnel reaches capacity
and is closed. Peak flow to the river is approximately 31.5m3/s. The Hydrograph shows that
during the initial discharge a rate of 5m?3/sec occurs within approximately 2 minutes and 30
seconds of the commencement of the discharge. Where 5m3/sec could cause a significant
impact to passing vessels.

Figure 4-2 CSO Discharge Hydrograph for the 15-year storm, tunnel operational
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At the design phase of the project, 40 years of recorded rainfall data was available, spanning
1970-2010. Following inspection of this data set it was determined that the most
representative (typical) year was October 1979 to September 1980. A further review of the data
up to 2020 has confirmed that this remains the case.

Table 4-2 summarises the peak CSO discharges at BLABF during the typical year (1979/80).

Table 4-2 Peak CSO discharges during typical year (1979/80)

Start of Spill Spill Duration (mins) Peak Flow (m3/s) Spill Volume (m3) ‘
09/10/1979 06:50 265 23.5 83,437
25/10/1979 14:05 370 13.2 66,774
26/11/1979 15:15 185 3.6 14,502
27/12/1979 02:05 682 4.5 76,156
03/01/1980 22:30 181 7.6 19,791
03/02/1980 15:25 96 0.6 1,177
06/03/1980 09:55 173 3.2 14,958
17/03/1980 07:45 317 5.7 40,590
31/03/1980 10:35 59 0.2 81
10/06/1980 14:45 58 0.2 76
13/06/1980 02:05 193 6.9 25,272
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17/06/1980 17:40 74 0.3 349
22/06/1980 10:35 156 2.2 6,340
Start of Spill Spill Duration (mins) Peak Flow (m3/s) Spill Volume (m3) ‘
24/06/1980 09:55 147 3.1 8,319
30/06/1980 19:50 221 3.1 19,812
07/07/1980 14:05 166 4.3 14,125
25/07/1980 23:50 247 17.7 106,999
12/08/1980 21:40 147 4.2 11,721
14/08/1980 19:11 193 5.6 28,375
21/09/1980 11:40 63 0.2 145
4.1.18 Figure 4-3 below shows the simulated peak flows from the Fleet Main CSO outfall using the full

set of actual rainfall data for 1970-2020.

Figure 4-3 Simulated peak flows from Fleet Main CSO outfall using actual weather data from 1970-2020
against the WI 7706 return periods.
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4.1.19 From analysis of Figure 4-3 Simulated peak flows from Fleet Main CSO outfall using actual
weather data from 1970-2020 against the WI 7706 return periods. It can be seen that there
were only 18 modelled events that exceeded the typical year discharge threshold and only 5 of
those that exceeded the 1:5-year discharge threshold whilst there were no exceedances of the
1:15 discharge threshold.

4.2 Discharge frequency and magnitude

4.2.1 The BLABF structure will be in intercepting both the Low Level 1 and the Fleet Main CSO who's
flows will be diverted to the main tunnel, however there will be periods when the tunnel will be
taken out of operation for inspection and maintenance. During these periods the tunnel will be
isolated, and the intercepted flows will discharge through the new CSO. Whilst these works will
be planned to be undertaken during periods of low flow there may be storms and therefore the
magnitude of these discharges and the potential frequency needs to be understood.

Magnitude
422 The 2020 flows are presented in Figure 4-4 which also includes two storms from July 2021
which were noted for their intensity.

Figure 4-4 Modelled Fleet Main CSO discharge peak rates with actual rain data for 2020, including storms
from July 2021
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423

4.2.4

425

4.2.6

4.2.7

From the information presented in Figure 4-4 the average instantaneous peak discharge rate
during 2020 was 3.8m3/s with a maximum instantaneous peak of 26.85m3/s. During the 2021
summer storm the modelled Fleet Main CSO discharge rate was 30.05m?3/s.

Frequency

In 2019 3 event duration monitors (EDM) were installed in the Fleet CSO to enable TWUL to
deliver against the regulatory requirement to report CSO discharges capturing the number of
discharges and their duration. The records from the Fleet EDMs started being reported from
2020 and since installation the 3 EDM have recorded between 39 and 125 discharges per year.
It should be noted from the 3 EDMs located in the Fleet CSO, the EDM that is located at the CSO
discharge has been given a long-term yearly average of 20 discharges by TWUL in their
reporting to the Environment Agency.

Climate change

During the development of the scheme and in support of the application for Development
Consent, Tideway produced document 7.23 Resilience to Change. This document was developed
to assess whether the scheme would continue to meet the Urban Waste Water Treatment
Directive UWWTD) requirements in the future whilst taking into consideration climate change
and population increase.

The baseline data for the frequency and volume of CSO discharges was developed from the
1979/80 typical year of 588mm of rainfall depth which when modelled indicated a discharge of
circa 39 million m3 of sewage into the Thames.

Table 6.3 from document 7.23 presents the typical year CSO spill volumes and event count
comparisons for the current climate and medium emission modelled scenarios from the UKCPQ9
government data on climate change. Table 4-3 below is the extract from that table for the
modelled CSO discharges from Fleet Main at BLABF.

Table 4-3 Extract of table 6.3 from document 7.23 - typical year CSO spill volumes and event count
comparisons for the current climate and medium emission modelled scenarios

Typical Year - 2020 Typical year - 2080 population | Typical year - 2080 population Typical year - 2080 population
population and current and medium emission scenario, | and medium emission scenario, | and medium emission scenario,
climate 10 percentile 50 percentile 90 percentile
LTTID EAt ESO
ategory | Name | 1otal 5pill Total spill Total Spill Total Spill
No. of . No. of . No. of . No. of .
Volume Spills Duration | Volume Spills Duration Volume Spills Duration Volume Spills Duration
(m?) PIES l(hrs) (m?) p (Hrs) (m?) P (Hrs) (m?) P (Hrs)
Fleet
CS27X Cat1 Main 37,000 4 14 61,800 2 1 89,000 3 15 130,800 | 5 25
4.2.8 Table 4-3 demonstrates that the predicted CSO discharge frequency at BLABF is not expected to
increase significantly.
4.2.9 The UK government updated the climate scenarios and presented them as UKCP18. Tideway

reviewed the information to confirm that the scheme would still meet its UWWTD requirements
in the future. The review confirmed there had not been significant change in the outcomes and
the resilience of the scheme as described in document 7.23 still held true.
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4210 Table 4-4 summarises the peak rainfall climate change allowances in England up to 2125,
extracted from the DEFRA website.

Table 4-4 Peak rainfall climate change allowances up to 2125

Storm Return Period

30 year | 100 year
Central Range o o
(50th %ile) 20% 25%
Upper Range o o
(95th %ile) 35% 40%
4.2.11 These allowances are of the same order of magnitude as the overestimation of the synthetic

rainfall intensities explained in paragraph 4.1.5 (32%). It can therefore be considered that
climate change has been adequately allowed for.

4.2.12 Notwithstanding the above, any future increase in rainfall intensities will not have a significant
impact on the peak Fleet Main CSO discharge rates for the reasons set out in paragraph 4.1.6.
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4.3

4.3.1

432

4.3.3

4.3.4

Tidal Considerations

This section is to consider the HR Wallingford report 4410-FLOJV-BLABF-520-VZ-RG-100001-
CSO discharge modelling for permanent works at Blackfriars Bridge Foreshore to confirm the
worst-case scenario and the impact of a CSO discharge across the tidal range.

The1:15-year return HR Wallingford plumes will be used to assess the zone of impact of the
lateral flow on the river with its associated tidal window and is the most probable worst-case
return period event that could occur without warning during a maintenance period.

The HR Wallingford document was commissioned to provide 2-d depth averaged velocity
discharge plumes using the instantaneous peak velocities for a typical year (1:1) and 1:15 -year
events at the following tide states shown in Table 4-5. Depth average velocity is the average
velocity at any location within the stream and typically occurs at 60% of the depth, measured
from the top

The report states that in considering the results it should be remembered that the model is 2D
depth-averaged and hence will not model the detail of 3D aspects of the jet, especially within
the distance taken for the expanding jet to mix fully with the receiving waters. Therefore, care
should be taken in assessing the results close to the discharge point. Beyond 20 to 30 m of the
discharge point the jet would be expected to be mixed with the receiving waters and the general
modelled flow patterns are reliable. It has therefore been concluded that any effects within that
zone are unpredictable and therefore the impacts within that zone cannot be established and
will be considered as worst case.

Table 4-5 HR Wallingford modelling tidal discharge cases

435

Tidal condition Tidal States
Spring tide Low water slack | Mid-ebb flow Mid-flood flow | High water slack
Neap tide Low water slack | Mid-ebb flow Mid-flood flow | High water slack

The height of the new CSO outfall, relative to the riverbed and the river level is presented in
Figure 4-5. The figure also identifies the distance to the relevant bridge arches.

Figure 4-5 River section showing the new CSO outfall position relative to the river bed and piers of
Blackfriars Road Bridge.

106

104

\

| |

»1
|

CSO discharge
rob Arch 2 Arch 3 | Arch 4 Arch 5
> |
98 | [ o
=) |
£ 96 /
% —
) e N —— -
z 94 ————
Distance from CSO discharge (m)
92
S50 o 50 100 150 200 25C
section at CSO discharge Section at Blackfriars Road Bridge
MLWS MLWN
MHWN MHWS

665397CH-BLABF-DRA-permanent Rev. 4 14



CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge Foreshore

4.4 Zone of Fleet Main CSO discharge impact

441 Figure 4-6 presents the 1:15-year return period event at spring low water which indicates
a CSO discharge velocity of approximately 2.6m/s from the outfall. The lateral flow
maintains this velocity perpendicular to the channel for approximately 40m before it
starts decreasing to 1.8m/s by the time it gets to mid channel. From that point the lateral
flow starts to veer eastwards towards Arch 4 whilst decreasing further, to 0.6m/s as it
enters the Arch, although the flow is now running west to east. The remainder of the flow
velocity dissipates through the Arches becoming negligible as it clears Blackfriars Rail
bridge. It is also noted that there is potentially some cyclonic effect creating a south-north
current of 0.6m/s as it enters arch 3 and continues to rotate the flow east to west in front
of Arch 2 and the new foreshore structure.

Figure 4-6 1:15-year return period depth average currents at spring low water slacks
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4.4.2 During the low water period the vessels moving upstream will be able to pass through
Arches 2 without being impacted by the lateral flow. As they exit the arch the vessels will
see the Fleet Main CSO discharging into the river and will receive a flow of approximately
2-2.5m/s on the beam as they pass the Fleet Main CSO. Once the vessel has passed
through the lateral flow, approximately 20m wide, the vessel can continue its passage
unaffected. A vessel moving upstream through Arch 3 may be slightly impacted from the
south to north current before receiving the current on the bow. As it continues to progress
upstream it will start to receive a lateral flow of approximately 1.8-2m/s on the beam.

443 During the low water period vessels moving downstream will be impacted by the lateral
flow prior to navigating through Arches 3 and 4. As they pass the Fleet CSO outfall they
will receive a flow of 1.2 — 1.8m/s on the beam. A vessel seeking to navigate through Arch
3 will pass through approximately 30m of lateral flow before being able to continue its
passage with the potential to of being affected by the south north current is it enters the
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arch. A vessel seeking to navigate through Arch 4 will join the flow as it veers eastward
and will be pushed through the Arch moving clear of the flow downstream of the bridge.

444 Figure 4-7 shows the depth average currents at 10 minutes before spring low water slacks
for a 1:15-year event. A vessel passing upstream through Arch 3 during this period will
receive the lateral flow on the bow whereas a vessel passing downstream through Arch 3
will receive the discharge on the stern. Vessels passing through Arch 4 will be unaffected.
A vessel transiting upstream through Arch 2 may be affected from a small south to north
current before being pushed by the current upstream towards the discharge, at this point
the vessel would pass through the lateral flow, of approximately 2.6m/s before continuing
upstream.

Figure 4-7 1:15-year return period depth averaged currents at 10 minutes before Spring low water slack
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4.4.5 Figure 4-8 shows the depth average currents at 40 minutes after spring low water slacks

for a 1:15-year event. Vessels transiting upstream through Arch 2 will be unaffected until
it reaches the area of the Fleet Main CSO outfall, the vessels will then receive the lateral
flow of approximately 2m/s on the beam.

4.4.6 Vessels passing upstream through Arch 3 will be unaffected until passing the western end
of the new structure where a slight increase in current (0.2m/s) on the rear quarter,
however this is primarily in alignment with the main river flow.

447 Vessels transiting downstream will receive the slight increase in flow (0.2m/s) on the port
bow as it approaches the western end of the new structure which decreases to the main
river flow as it passes the western end of the structure and can continue downstream
unimpeded through either Arches 3 or 4.
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Figure 4-8 1:15-year return period depth averaged currents at 40 minutes after Spring low water slack

et S S A

- —— ——

L L A R

- e ————— - -

-

oaan =

— v
- x T— .
avxe 227400 010 500 2T a3 2710
448 After further analysis of the HR Wallingford reports for the period up to 50 minutes after spring

low water it has been determined that vessels could be impacted by the lateral discharge from
10 minutes before low water to 40 minutes after spring low water. Outside of this period vessels
in the centre or just north of centre of the channel will predominantly receiving flows on the
bow, and not be affecting the vessels course. It is therefore considered that the tidal window
during which mitigations would need to be in place would be from 10 minutes before low water
to 40 minutes after low water. Furthermore, when considering the impacts during the neap tide
there is no change to the impacting period due to the additional depth of water dissipating the
lateral flow.

449 The HR Wallingford analysis of the scenarios includes 5 minutes either side of the time stamp
e.g. 10 minutes before low water is defined as the period 15 to 5 minutes before low water.
Therefore, the overall tidal window will be 60 minutes, from 15 minutes before low water to 45
minutes after low water.

4.4.10 The 60 minutes is the period where the lateral flows could impact the navigational channel in
the area of the outfall. Outside of this 60-minute period the main river flow is dominant, and the
main navigation channel is unaffected.

4.4.11 Having determined the zone of impact in the 1:15-year probable worst case the zone of impact
using the typical year discharge plumes will be assessed.

4412 Figure 4-9 shows the CSO discharge from a typical year at spring low water slacks. The lateral
flow discharges at 1.4 m/s which is retained across the scour apron area. The velocity starts to
reduce as it leaves the apron and is diminished by the time it reaches mid channel.
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Figure 4-9 Typical year discharge at spring low water slacks

A|_CHLE Y

180550 = . E— | g . r:-n—) oA
B B —aa 0
| ; = s 3mis
| = L = Y : — - 5 o mm— = =
531300 531400 531500 531600 531700 531800 531900
4.413 Figure 4-10 shows the typical return period discharge at 20 minutes after spring low water. The

lateral flow is discharging at the 1.4m/s but is quickly turned due to the dominance of the river
flow and a minimal velocity difference with main flow downstream of the outfall.

Figure 4-10 Typical year discharge 20 minutes before spring low water
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4414 Figure 4-11 shows the typical year discharge 20 minutes after low water. The lateral flow is
discharging 1.4m/s but its direction changes rapidly due to the dominance of the main river flow
and minimal velocity difference with the main flow.

Figure 4-11 Typical year discharge 20 minutes after low water
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4.4.15 Following the completion of the DRA further analysis was undertaken into the potential impact

of the 1:15 return period CSO discharge could have at neap high water slacks. 3d CFD modelling
was undertaken by Jacobs to support the ship simulation work. This provides a better level of
definition and identified an increased level of activity at the surface.

Figure 4-12 Jacobs CFD model of 1:15 year return period discharge at neap high water slacks.
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4416 It should be noted that this is a highly conservative assessment of a 1:15 year discharge at
46m3/s, which would be reduced to 31.5m?3/s with the main tunnel in operation. There is further
conservatism in the CFD model as it assumes the water is in a steady state during a 1:15 year
storm event.
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5. Impact on vessels on the river

5.1 Assessment of the discharges

5.1.1 The 1:15 year event discharge plumes and sections are taken from document 4410-FLOJV-
BLABF-520-VZ-RG-100001- CSO Discharge Modelling for permanent works Blackfriars Bridge
Foreshore.

5.1.2 As stated in 4.3.1 the assessment for the impact on vessels on the river will be carried out using a

1:15 return period BLABF CSO discharge of 46 m3/s at low water springs which produces the
discharge plume that is most likely to impact vessels.

5.1.3 The assessment will consider the impact on vessels on the river navigating upstream through the

bridge arches following their standard course past the CSO outfall and navigating downstream

using a standard course before navigating through the arches.

Figure 5-1 Diagram showing Fairway and Inshore Zones, (P58, The Tideway Code, PLA, 2019)
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5.2 Outline which vessels have been assessed for and why.

5.2.1 Table 5-1 presents the vessels, and their characteristics, that have been chosen to represent the
different types of vessels on the river that could be affected by a CSO discharge at Blackfriars
Foreshore

Table 5-1 Vessels and their characteristics that could be affected by a BLABF CSO Discharge

Vessel Vessel Type Min Speed Max Speed Power Manoeuvrability | VHF
Classification (knots)(SOG) | (knots)(SOG)

1 Uber Boat 6 25 High High Yes

2 RIB/Emergency 3 12 (40+ High High Yes
services Emergency only)

3 Sightseeing/Pax 3 12 Medium | Medium Yes

4 Commercial Restaurant/Pax 3 10 Medium | Medium Yes

5 Powered Vessels | Tug vessel engaged 3 6 High Low Yes
in pushing

6 Tug vessel engaged 3 6 High Low Yes
in towing

7 Workboats 3 6 Low Medium Yes

8 Recreational Narrow Boat/cabin 3 4 Low Low No

Powered Vessels | cruisers
9 Un-Powered Dinghy 1 3 V. Low Low No
10 Vessels Kayak/Rowers/SUP 1 2 V.Low | Low No
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53

5.3.1

53.2

533

53.4

Figure 5-2 Extract of PLA chart 317 with normal courses through Blackfriars Bridge.

Impacts of discharge on the different classes of vessel.

This section sets out the vessels that could be impacted by the CSO discharge, where the vessels
are in relationship to the discharge and the corresponding drift angle that impact the vessels
from the magnitude of the discharge flow.

Section 4.4 of 665397CH-BLABF-DRA-Permanent-Rev.04 established the zone of BLABF CSO
discharge impact and displays the sections and plan of the zone in figures 4-9 to 4.17.

To confirm the impacts of a discharge on vessels Figure 5-2, an extract of chart 317, has been
produced to identify the normal course of a vessel undertaking passages upstream through
Arches 2 and 3, and downstream through Arches 3 and 4.

For the purposes of identifying where the impacts occur and the magnitude of those Figure 5-2
is used in conjunction with Figure 5-4.
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Figure 5-2 presents the course for the expected safe draft clearance of vessels at periods of low
water based on chart datum. It is accepted that there is additional navigable water during low
water neaps and springs for a period +/-1hours but it is highly unlikely that this would materially
affect the passage planning of an experienced mariner, where they would plan to chart datum.

From Figure 5-2 it can be determined that all powered vessels with a draft including under keel
clearance = 2m would need to use Arch 3 maintain a safe course upstream or downstream. All
other vessels may use either Arch 2 or Arch 4, when transiting upstream or downstream,
respectively.

For vessels transiting through in Arch 2 the CSO discharge impact could be 2.6m/s when using
the normal running position. For vessels transiting through Arch 3 in normal running position

the CSO discharge impact could be 1.6m/s.
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5.3.8 Table 5 2 has determined that all vessels navigating past the BLABF CSO discharge at Low Water
slack through Arch 2 and Arch 3 will be impacted, unpowered vessels are impacted more
significantly.

5.3.9 Figure 5-3 presents the 1:15-year return period event at spring low water which indicates a CSO
discharge velocity of approximately 2.6m/s from the outfall. The lateral flow maintains this
velocity perpendicular to the channel for approximately 40m before it starts decreasing to
1.8m/s by the time it gets to mid channel. From that point the lateral flow starts to veer
eastwards towards Arch 4 whilst decreasing further, to 0.6m/s as it enters the Arch, although the
flow is now running west to east. The remainder of the flow velocity dissipates through the
Arches becoming negligible as it clears Blackfriars Rail bridge. It is also noted that there is
potentially some cyclonic effect creating a south-north current of 0.6m/s as it enters arch 3 and
continues to rotate the flow east to west in front of Arch 2 and the new foreshore structure.

Figure 5-3 1:15-year return period depth average currents at spring low water slacks
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5.3.10 The governing parameters for the choice of Arch to navigate, and therefore the continued

passage after the bridge, is the draft of a vessel which in turn determines the minimum depth of
water that the vessel needs to safety operate without grounding. This parameter is therefore
listed in Table 5-4.

5.3.11 Although it is probable that reporting vessels will operate in Arch 3 there is a possibility that
vessels could transit through or require access to Arch 2. Therefore, all vessel types that have the
draft to enable transiting Arch 2 will also be assessed.

5.3.12 The drift angle will be determined in relation to the vessels lowest operating speed when passing
the Fleet Main CSO on its normal course from and to the relevant Arch transit as lowest speed
will incur the highest magnitude impact. The impact data is presented in Table 5-2.
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5.3.13

The drift angles of the vessels are a function of the vessel speed while impacted by the CSO
discharge current speed without any course correction, this will be taken as the worst-case
scenario. The results are presented below in Figure 5-4 noting that drift angles are related to the
speed of vessel and not category of vessel.

Figure 5-4 Drift angle - Current CSO vs vessel speed
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This approach allows a direct evaluation of the CSO discharge as a potential hazard to the
vessels passing the area.

Modelled flow velocities from CSO outfall discharge during a 1:15-year event, shown in Figure 5-
3.

Table 5-2 presents the assessed impact of a 1:15-year CSO discharge on the different vessel
types, using the drift angle curves when the vessels are operating through the nominated Arches.

The estimated speed over ground for vessels passing the CSO, as stated in the Table 5-2, is
recorded as an estimate of the slowest probable speed whilst still maintaining steerage.
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Table 5-2 Approximated drift angle in Arch location when passing the CSO, during a 1:15-year BLABF Main

CSO discharge at MLWS.
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Uber Boat (i.e., Hunt Class) 6 knots 1.2 1.7 40° 27°
RIB/Emergency Services 3 knots 0.5 1.0 63° 470
Sightseeing/Pax 3 knots 1.5 2.0 63° 47°
Restaurant/Pax (i.e., Symphony) 3 knots 1.8 2.3 63° 47°
Tug vessel pushing 3 knots 3 3.5 N/A 470
Tug vessel towing 3 knots 3 3.5 N/A 47°
Workboats 3 knots 0.5 1.0 63° 470
Narrowboats/Motor cruisers 3 knots 1.0 1.5 63° 470
Dinghy 1 knot 0.8 1.3 79° 73°
Kayak/Rower/SUP 1 knot 0.2 0.7 79° 73°

5.3.18 Table 5-3 presents the assessed impact of a typical year CSO discharge on the different vessel

types, using the drift angle curves when the vessels are operating through the nominated Arches

Table 5-3 Approximated drift angle in Arch location when passing the CSO, during a Typical year BLABF

Main CSO discharge at MLWS
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Uber Boat (i.e., Hunt Class) 6 knots 1.2 1.7 27° 180
RIB/Emergency Services 3 knots 0.5 1.0 450 32°
Sightseeing/Pax 3 knots 1.5 2.0 45° 320
Restaurant/Pax (i.e., Symphony) 3 knots 1.8 2.3 450 320
Tug vessel pushing 3 knots 3 3.5 N/A 320
Tug vessel towing 3 knots 3 3.5 N/A 320
Workboats 3 knots 0.5 1.0 450 32°
Narrowboats/Motor cruisers 3 knots 1.0 1.5 450 32°
Dinghy 1 knot 0.8 1.3 720 62°
Kayak/Rower/SUP 1 knot 0.2 0.7 72° 62°
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5.4 Summary of impacted vessels and outcomes.

5.4.1 The summary of the 1:15-year Fleet Main CSO discharge impacts on the different vessel types
spring at low water is presented in table 5-3 below.

Table 5-4 Impact of 1:15-year CSO discharge on vessels at Low water.

Vessel Type Transit Impact on vessel
Arch 2 or
Arch 3 Normal Running Position Minimum achievable distance from
CSO at MLWN
Uber Boat Arch 2 High impact. High impact.
Course and/or speed adjustment required. Course and/or speed adjustment
required.
Arch 3 Minor/Moderate impact. Minor/Moderate impact.
Course and/or speed adjustment required. Course and/or speed adjustment
RIB/Emergency services Arch 2 High impact. High impact.
Course and/or speed adjustment required. Course and/or speed adjustment
required.
Arch 3 Moderate/High impact. Moderate impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Sightseeing/Pax Arch 2 High impact. High impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Arch 3 Moderate/High impact. Moderate impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Restaurant/Pax Arch 2 High impact. High impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Arch 3 Moderate/High impact. Moderate impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Tug vessel engaged in Arch 2 N/A N/A
pushing/Towing
Arch 3 Moderate/High impact. Moderate/High Impact.
Course and/or speed adjustment required. Course andy/or speed adjustment
Towing barge to be affected . required.
Towing barge to be affected
Workboats Arch 2 High impact High impact
Course and/or speed adjustment required. Course and/or speed adjustment
Arch 3 Moderate/High impact. Moderate impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Narrow boat/Motor Arch 2 High impact High impact
cruisers Course and/or speed adjustment required. Course and/or speed adjustment
Arch 3 Moderate/High impact. Moderate impact.
Course and/or speed adjustment required. Course and/or speed adjustment
Dinghy/Kayak/SUP/Rower Arch 2 High impact High impact
Unable to maintain course and/or speed, Unable to maintain course and/or speed,
Risk of collision with other vessels due to Risk of collision with other vessels due to
inability to maintain course. inability to maintain course.
Risk of swamping or capsizing if too close. Risk of swamping or capsizing.
Arch 3 High impact High impact
Unable to maintain course and/or speed, Unable to maintain course and/or speed,
Risk of collision with other vessels due to Risk of collision with other vessels due to
inability to maintain course. inability to maintain course.
5.4.2 The desk top assessment of a 1:15 year return period event indicates: -

e Thereis minimal impact for vessels that will be using Arch 4 unless there is a deviation from
using Arch 3.

e There is moderate/high impact on vessels using Arch 3 except for the Uber boats which
receive a minor/moderate impact and high impact on Dinghy/Kayak/SUP/Rowers.
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e Thereis a high impact on all vessels using Arch 2.

e Thereis generally a reduction in the impact on vessels during mean low water neaps due to
the increase in water depth and reduced impact of the lateral flow, with the exception of the
Dinghy/Kayak/SUP/Rowers.

5.4.3 Section 5 and the summary of impacted vessels and outcomes in Table 5-4 provides a summary
of the desk top study but does not consider or record any differences that may have been
evidenced in the simulations. Table 6-1 in the next section serves to substantiate any of the
findings from Table 5-4 and record any differences that were seen during the simulations. Table
6-1 therefore takes precedence over Table 5-4.
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6. Ship simulation comparison

6.1.1 As part of the works to identify the impact of a CSO discharge on the safe navigation of vessels
passing the area Tideway engaged HR Wallingford to undertake a real time navigation
simulation to assist in the assessment of this impacts.

6.1.2 The outputs of the simulations would be used to corroborate the desktop analysis undertaken in
sections 4.3 and 4.4 if the permanent DRA which identified the periods and zones of impact, and
section 5 which used predicted drift angles as a function of the lateral flow velocities and the
vessel velocities to determine the level of impact on passing vessels or indicate if additional
considerations needed to be made.

6.1.3 The HR Wallingford ship simulation centre did not have a suitable model that would represent
Class V vessels. It was proposed, and agreed by the mariners at both simulation sessions, that the
impact of the CSO and the response of Narrowboats, Tug Pushing and clippers would be
representative of the response of a range of Class V vessels.

6.1.4 The simulations for Blackfriars Bridge Foreshore were undertaken at the HR Wallingford Ship
Simulation Centre during the 8™, 9™ and 10™ of November 2023 with representatives from HR
Wallingford, Tideway, Waves, the Port of London Authority and several river operators and the
5t March 2024 with Tideway, Waves and the Port of London Authority.

6.1.5 The full table of simulations undertaken for BLABF on the 8t 9t and 10t of November 2023
are presented Figure 6-1 in which include the comments on the run, which were agreed by the
attendees following each simulation.

Figure 6-1 Extract of simulated cases for BLABF

Run Cs0 Ship ManoeuyTe Bridge arch Tidal condition ‘Comments
D
o BLABF 28m tug Cwtbound at & knots Mo 3 Lows water slack Initial run. Approach centre of anch, track disrupted by flow, bow to starboard. Master reacted by use of rudder and increasing power. As the vessel
recovers heading the master reduces power and comects with rudder as required.
(1] BLABF  28m tug pulling 50m unladen Cwtbound at 3 knots Mo 3 Lows water slack The barge overran the 28m tug when the 28m tug changed course due to the outfiow. 28m tug lost control.
barge
03 BLABF  28m tug pulling 50m unladen Cwtbound at & knots Mo 3 Lows water slack The barge overran the 28m tug when the 28m tug changed course due to the outfiow. 28m tug lost control.
barge
04 BLABF 28m tug pushing 50m Cwtbound at & knots Mo 3 Lows water slack Power and rudder used o comect the track of the barge. Significant changes in direction.
unladen bamge:
05 BLABF 28m tug pushing 50m Cwtbound at & knots Mo 3 & minutes after low Barpe tow lines were insufficiently tensioned which reduced the manoeuvrabiity of the vessel in this scenario.
unladen bamge water slack
1} BLABF 28m tug pushing 50m Cwtbound at 3 knots Mo 3 & minutes after low Noted that 3 knots is slow fior pushing resulting in low directional stability. Track was quickly recovered but the result was. marginal.
unladen bamge: water slack
a7 BLABF  28m tug pulling 50m unladen Cwtbound at & knots Mo 3 @ minutes afterlow  Significant comection required by the master in an atternpt to regain control. It was possible to comect but the manoewre was considered high risk.
bamge water slack
o3 BLABF  28m tug pulling 50m unladen Cwtbound at & knots Mo 3 20 minutes before Minimal effect during this run, the manoewre was low risk.
bamge low water slack
o9 EBLABF Thames Clipper Inbound at 3 knots and cutbound at 3 knots Inbound Mo. 2 Low water slack Multiple passes through no.2 arch and a pass outbound through no.3 arch. Control can be regained with some variabdity in the width of the river used to do
‘Outbound No. 0.
3 Low to moderate risk as the recovery required mulitiple changes to helm orders in a short space of time.
10 BLABF Thames Clipper Inbound at & knots No 2 6 minutes after low Mamnageable with minimal additional control input required to maintain the desired track.
water slack
1 BLABF 21m Namowboat Inbound at 4 knots Mo.2 Lows water slack Significant response of the vessel in the discharpe. However, this did not pose a significant risk in the inbound direction when there is no conflicting traffic.
Dwuee to procdmity to the outfall the high cross flows were confined to a namow area.
12 BLABF 21m Namowboat Inbound at 4 knots MNo.2 @ minutes afterlow  Vessel set bodily into channel by fiow this was due to the increased distance to the outfall. Otherwise a similar response to the previous nun
water slack
13 BLABF 21m Namowboat Inbound at 4 knots Mo.2 & minutes before low  After bridges there is imited impact from the eddy that needed some comection for.
water slack Closer to the outflow the impact was more significant, the barge gains a rate of tum and is set away from the outflow.
14 BLABF 28m tug pushing 50m 28m tug outbound at 3 knots and kayak inbound MNo.2 Lows water slack Kayak was released and drifted into the channel past the 50m line from the outflow. The 28m tug reacted in a similar manner previous nun in the same
unkaden bange and kayak at 1 knot «condition. The 28m tug was not under full control.
15 BLABF 2Bm tug pushing 50m 28m tug outbound at 3 knots and kayak inbound Mo 3 G minutes afterlow  The kayak wasn't seen untl it was close to the port quarter of the 28m tug and no avoiding action was taking.
untaden barge and kayak at 1 knot water slack
18 BLABF 28m tug pushing 50m 28m tug outbound at 3 knots and kayak inbound Tug No. 3 20 minutes before The kayak was seen at half way along side of barge. The 28m tug was able to manoeuwre safely through the arch no. 3.
unkaden bange and kayak at 1 knot Kayak None low water slack
17 BLABF Clipper and kayak Clipper inbound at & knots and kayak inbound at ~ Clipper No. 3 Lows water slack The Kayak was allowed to drift into river. The ciipper had the option to take awoiding action but this was not necessary in this scenery.
1 kot Kayak None
13 BLABF  Clipper and 28m tug pushing  Clipper inbound at 6 knots and 28m tug outbound ~ Clipper No. 2 Low water slack Manageable with moderate impact. The Clipper took action o prevent any potential confiict with the approaching fug.
50m unladen barge at 3 knot Tua No. 3
6.1.6 The full table of simulations undertaken on the 5th of March 2024 focused on the transit of tugs

past the CSO outfall at neap high water slacks, in different configurations, past the CSO outfall as
the HR Wallingford model suggested minimal CSO impact at high water, however Jacobs
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6.1.7

undertook additional CFD modelling which determined that there was the potential for an
impact. The Jacobs CFD velocities were then used by HR Wallingford to simulate a CSO
discharge at high water neaps.

The record and comments on the runs, which were agreed by the attendee’s following the
simulation, are provided in Figure 6-2.

Figure 6-2 Simulated cases for BLABF on 5t of March 2024

arch condition

Manoeuvre ‘ Bridge ‘ Tidal Comments

0 BLABF 28 m tug pulling Qutbound at 6 knots Arch 3 Mean HW Trial run to test new flow model - no comments
50 m unladen neap slack
barge Centre line
30 BLABF 28 m tug pulling Inbound 6 knots 3 Slackhigh  Vessel deflected by the discharge and was nearly overrun by the barge. Vessel was able to regain
50 munladen water neaps(  control
barge derived from
Jacobs CFD)
31 BLABF 28 m tug pulling Outbound 6 knots 3 Slackhigh  Vessel deflected by the discharge and was nearly overrun by the barge. Vessel was able to regain
50 m unladen water neaps  control
barge (derived from
Jacobs CFD)
32 BLABF 28 m tug pushing Outbound 6 knots 3 Slack high Vessel deflected by the discharge but under control throughout
50 m unladen water neaps
barge (derived from
Jacobs CFD)
33 BLABF 28 m tug pushing Outbound 6 knots 4 Slack high Transit not affected by the discharge
50 m unladen water neaps
barge (derived from
Jacobs CFD)
34 BLABF 28 m tug pushing Inbound 6 knots 3 Slack high Transit not affected by the discharge
50 m unladen water neaps
barge (derived from
Jacobs CFD)
35 BLABF Narrowboat Outbound 4 Slack high Transit not affected by the discharge
water neaps
(derived from
Jacobs CFD)
36 BLABF Narrowboat Inbound 2 Slack high Transit not affected by the discharge
water neaps
(derived from
Jacobs CFD)
37 BLABF Clipper Outbound 3 Slack high Transit not affected by the discharge
water neaps
(derived from
Jacobs CFD)
38 BLABF Narrowboat Outbound 4 Slack high Vessel deflected slightly by the discharge but in full control throughout
water neaps
(derived from
Jacobs CFD)

6.1.8 During the simulations the vessels were operated by a master who established the course and
speed of the vessel to align with the case. Once the simulation started the master made the
necessary corrections to allow the vessel to maintain course and then feedback to the group.

6.1.9 The track of each simulated run was recorded so that it could be reviewed. Figure 6-3 shows

tracks 02 and 03 which were undertaken at low water slacks. Track 02 is of a tug towing a barge
outbound at 3 knots passing 60m from the outfall towards Arch 3 whilst Track 03 is of a tug
towing a barge outbound at 6 knots passing 60m from the outfall towards Arch 3. On both
occasions once the barge was impacted by the CSO discharge the barge overran the tug and the
tug lost control.

Figure 6-3 Record of runs 02 and 03
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6.1.10

Figure 6-4 shows tracks 07 and 08 which were undertaken at 6 minutes after low water slack and
20 minutes before low water slack respectively. Track 07 is of a tug towing a barge outbound at
6 knots passing 60m from the outfall towards Arch 3, the tug needed significant corrections to
its course to make it through the Arch, but this was achieved and the course was restored. Track
08 is of a tug towing a barge outbound at 6 knots passing 60m from the outfall towards Arch 3,
the tug needed minor corrections to its course.

Figure 6-4 Record of runs 07 and 08

6.1.11

T W ] —

Figure 6-5 shows Tracks for runs 30 and 31 which were undertaken at high water slacks with the
discharge flows derived from the Jacobs CFD model. Track 31 is of a tug towing a barge inbound
at 6 knots passing 75m from the outfall from Arch 3, the tug needed corrections but was
ultimately able to regain its course. Track 31 is of a tug towing a barge outbound at 6 knots
passing 75m from the outfall towards Arch 3, the tug needed minor corrections to its course.

Figure 6-5 Record of runs 30 and 31

6.1.12

Figure 6-6 shows tracks for runs 09 and 10. Track 09 is of a Thames Clipper was undertaken at
low water slacks transiting upstream through Arch 3, downstream through Arch 2 and upstream
through Arch 2 at 8 knots. There were several corrections required during the passes but the
courses were regained. Track 10 is of the Thames Clipper transiting upstream through Arch 2 at
6 minutes after low water slacks. There was minimal corrective adjustments required by the
master during the passage.
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Figure 6-6 Record of runs 09 and 10

6.1.13 Figure 6-7 Shows a track of a Thames Clipper transiting downstream through Arch 3 at high
water slacks using the discharges form the Jacobs CFD model. The transit of the clipper was
unaffected by the CSO discharge.

Figure 6-7 Record of run 37

6.1.14 Figure 6-8 shows tracks for runs 11,12 and 13. Run 11 is a narrowboat transiting inbound at 4
knots through Arch 2 at low water slacks. Run 12 is a narrowboat transiting inbound at 4 knots
through Arch 2 at 6 minutes after low water slacks. The vessel had a similar response to the
vessel from run 11but appeared more pronounced as it started further from the CSO. Run 13 is a
narrowboat transiting inbound at 4 knots through Arch 2 at 6 minutes before low water slacks.
The vessel responded similarly to run 11 with a similar deviation from course, however the
course was corrected without much difficulty.

Figure 6-8 Record of runs 11, 12 and 13
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6.1.15

Figure 6-9 shows tracks for runs 35, 36 and 38 are of narrowboats transiting past the CSO at
high water slacks. Run 35 is of a narrowboat transiting downstream through Arch 4, the passage
of the vessel was unaffected by the discharge. Run 36 is of a narrowboat transiting upstream

through Arch 2, the passage of the vessel was unaffected by the discharge. Run 38 is of a

narrowboat transiting upstream using Arch 3. There was a minor deviation of the vessel but the

course was corrected without a problem.

Figure 6-9 Record of Runs 35, 36 and 38
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Following the completion of the ship simulations past the BLABF CSO outfall the impacts on the
vessels was considered against the desk top assessment presented in Table 5.3. The summary of
these changes are presented in Table 6-1. This table also highlights the impact of the discharge
at high water slacks as the desk top assessment did not consider this case.

Another key feature from the simulations was about the tidal window during which the CSO
discharge impacted vessels. From the desktop study it was determined that the tidal window was
from 15 minutes before low water slacks to 45 minutes after, whereas the runs undertaken in the
simulator at 6 minutes before and after low water slacks produced a significant reduction in that
CSO impact on vessels, further reinforcing the conservative nature of this assessment. The key
changes are related to reductions in impacts on vessels transiting through Arch 2, with the
exception of an increase in the impact on a tug towing downstream through Arch 3.

Table 6-1 Record of changes of impact on vessels

Vessel Type Transit Impact on vessel
Arch 2 or
Arch 3 Normal Running Position Minimum achievable distance from CSO at High water Neaps
MLWS
Uber Boat Arch 2 Moderate impact Moderate impact Minimal impact
Course and/or speed adjustment Course and/or speed adjustment
Arch 3 No change No change Minimal impact
RIB(Emergency Arch 2 No change No change* Minimal impact
services
Arch 3 No change* No change* Minimal impact
Sightseeing/Pax Arch 2 No change* No change* Minimal impact
Arch 3 No change* No change* Minimal impact
Restaurant/Pax Arch 2 No change* No change* Minimal impact
Arch 3 No change* No change* Minimal impact
Tug vessel Arch 2 N/A N/A N/A
engaged in
pushing/Towing Arch 3 High Impact Moderate impact
Course and/or speed adjustment Course and/or speed
) No change . ;
required. adjustment required

Tow severely impacted
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Vessel Type Transit Arch 2 Impact on vessel
or Arch 3 . — — . . .
Normal Running Position Minimum achievable distance from CSO at High water Neaps
MLWS
Workboats Arch 2 No change* No change* Minimal impact
Arch 3 No change* No change* Minimal impact
Narrow Arch 2 Mod/High impact Mod/High impact Minimal impact
boat/Motor Course and/or speed adjustment Course and/or speed adjustment required.
cruisers Arch 3 No change* No change* Minimal impact
Dinghy/Kayak/SUP Arch 2 No change * Minimal impact
/Rower No change*
Arch 3 No change* No change* High impact
* = No additional modelling undertaken.
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7.

7.1

7.1.1

7.1.2

7.1.3

71.4

7.2

7.2.1

Risk Assessment

Risk Assessment

The Risk Assessment is undertaken using the Jacobs design hazard elimination and risk
reduction register and can be found in Appendix A.

The following sections of this document present the risk associated with the hazard linked to a
Fleet Main CSO discharge impacting on vessels operating on the Thames.

The Risk Assessment has been undertaken to eliminate or reduce risk to vessels on the Thames
and provide mitigations for the risk so far as reasonably practicable by assessing the design and
operation risks for the permanent state of the Fleet Main CSO discharge.

The residual design / operational risks identified in this will be used to inform an NRA. The NRA

will be produced by navigational experts for consideration by the PLA and any further
mitigations established if required.

Hazards

The Risk Assessment considers the impact of the flows from the Fleet Main CSO discharge to
Vessels on the river with consideration to the change in drift angle incurred by contact with the
flow. The hazards associated with the impact are:

i) Swamping

i) Capsizing

iii) Grounding

iv) Collision between unpowered vessels and powered vessels

v) Contact between bridge pier and powered vessel.
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7.3 Receptors

7.3.1

CCTV surveys of the river were undertaken at BLABF from the 224 September 2023 to the 315t

December 2023, but data has been processed from the period 22" September 2023 to 10t of
November 2023 giving a 7 week data set and the analysis of the data is presented in document
“Tideway Central BLABF Traffic Survey Report 14102” .

7.3.2

The analysis was carried out to determine the class of vessel and which area of the river the

vessel was operating from nearshore, authorised channel and farshore, as indicated in Figure 7-1

Figure 7-1 Nearshore, Authorised Channel and Farshore sections of the River Thames at BLABF
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7.3.3
information.

Table 7-1 presents the data received from the CCTV surveys, which were also correlated with AIS

Table 7-1 Number of recorded vessels transiting nearshore, through the Authorised Channel and farshore

PLA Vessel Class Nearshore Authorised Channel | Farshore Total
Uber Boat 0 5,553 144 5,697
RIB/Emergency Services 9 2,210 458 2,677
Class 5 Passenger 0 4,797 296 5,093
Tug 0 229 35 264
Tug (Pushing) 61 162 3 226
Tug (Towing) 1 185 50 236
Workboat 268 675 58 1,001
Recreational Cruiser 0 181 23 204
Narrowboat 0 35 0 35
Kayak 0 30 29 59
Rowing Boat 0 10 7 17
Coach / Safety Boat 2 6 0 8
Total 341 14,073 1,103 15,517
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7.3.4

7.3.5

7.3.6

7.3.7

738

739

7.3.10

7.3.11

For the impacts of a discharge from the BLABF CSO outfall and the area that needs to be
considered are vessels transiting in the authorised channel past the outfall. Over the analysed
period there were 14,073 vessel transits past the outfall within authorised channel. The data for
the nearshore movements is not being considered at it is likely that these movements would be
associated with the site construction activity.

From the analysis of the impacts of the discharges on vessels and the ship simulation tracks the
summary tables indicate that the vessels which are most impacted are tugs towing at Low water
slacks and the kayaks. There were 185 recorded passages of tugs transiting past the site whilst
towing, however within the key period of concern is within the window of 15 minutes before low
water to 45 minutes after low water there were just 5 passages identified as taking place
between 1 and 2 hours after low tide, but none within the impact window. In addition, there are
28 transits by tugs towing at around high water (+ 15 minutes) could receive the impact as
presented in 6.1.10.

Other vessels which could be significantly impacted by a CSO discharge are the non-powered
vessels such as Kayakers. The record of the kayakers transiting the site indicate that there were
no passages undertaken over the low water period. The data over the period indicates that the
kayaks passed the site in two distinct periods, transiting upstream in the authorised channel at
between 2 and 4 hours after low water and transiting downstream in the farshore zone at
between 5 and 3 hours before low water.

Tables 5.4 serve to list the vessels that are subject to the impact of the Fleet Main CSO discharge
flow. Table 6-1 presents the update of impacts on vessels following the work undertaken using
the ship simulations.

Figure 5-2 provides the normal operating passage through the Blackfriars Arches whilst
considering draft.

It has been determined that only vessels undertaking the passage through Arch 2 and Arch 3
during a 1:15 year return period discharge during the low water tidal window will be impacted by
the Fleet Main CSO with the non-powered vessels being most affected.

Vessels that cannot navigate through Arch 2 due to the vessel draft, are assessed undertaking
the passages though Arch 3 only.

Traditional class V vessels are assessed separately, due to the increased limitations of
manoeuvrability and power, for a potential collision with a bridge pier when transiting
downstream.
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1.4

7.4.1

7.4.2

7.5

7.5.1

7.5.2

753

7.5.4

Severity of Harm

Jacobs rate the hazard on worst potential severity:

i) 1: Nil or slight injury / illness, property damage or environmental issue.
ii) 2: Minorinjury / illness, property damage or environmental issue.

iii) 3: Moderate injury or illness, property damage or environmental issue.
iv) 4: Major injury or illness, property damage or environmental issue.

v) 5: Fatal or long-term disabling injury or illness. Significant property damage or
environmental issue.

vi) 10. Multiple fatalities and catastrophic event

The hazard identified above has potential to cause harm to the vessel users:
i) Swamping leading to a major injury or drowning.

ii) Capsizing leading to a major injury or drowning.

iii) Grounding leading to major Injury or illness due to exposure to sewage.
iv) Contact between a bridge pier and a vessel moving downstream.

v) Collision with another vessel due to a CSO discharge event forcing non-powered vessel to
drift from previous course leading to major injury or drowning.

vi) Collision between third party vessels caused by one of the vessels changing course to avoid

collision with a non-powered vessel.

Likelihood of Harm

Jacobs risk assessment rates the likelihood of harm with the following probabilities:

1: Highly Unlikely
2: Unlikely

3: Possible

4: Likely

5: Highly Likely

The assessment has been undertaken by analysing the 1:15 year return data presented in
document 410-FLOJV-BLABF-520-VZ-RG-100001- CSO Discharge Modelling for permanent

works Blackfriars Bridge Foreshore as this is the most realistically probable event, to present the

discharge characteristics.

It has been established from the desk top study that the peak flow velocity plumes, presented in

the 2-d HR Wallingford report, will impact vessels operating on the Thames for a period of 60
minutes from 15 minutes before low water slack to 45 minutes after

There was an additional tidal window identified at neap high water slacks which also has an
impact on vessels, principally tugs towing past the site.
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7.5.5 The likelihood coincidence of the instantaneous peak flow and the minimal period of still water,
or indeed a period of dominant flow from the Fleet Main CSO discharge, are low for the worst-
case scenario.

7.5.6 There is minimal likelihood of harm due to the bridge Arches themselves, but they do create the
corridor for the passage further upstream or downstream past the Fleet Main CSO outfall.

7.5.7 Current annual frequency of discharge has been established as an average of 62.25 with a
maximum record of 125 discharges which could impact river users. This is forecast to be
reduced to between 3 and 5 discharges in a typical year once the tunnel is operational.
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8.

8.1.1

8.2

8.2.1

8.3

8.3.1

8.3.2

833

8.4

8.4.1

8.4.2

8.4.3

8.4.4

8.5
8.5.1

8.5.2

Mitigation
The ERIC approach will be adopted to review mitigation for this DRA.
e ERIC stands for Eliminate, Reduce, Inform and Control.

e Thisis a four -level hierarchy that outlines the steps it should take to mitigate risk.

Eliminate

The Fleet Main CSO outfall is needed to allow sewers to discharge when they reach capacity and
prevent the risk of flooding upstream in the catchment area. To eliminate the flows entirely
would require the closing of the CSO outfall and would flood the upstream catchment area
during storm events and is therefore not feasible.

Reduce

The number of discharges will be reduced by bringing the main tideway tunnel into operation.
This will reduce the number of discharges from the average of 62.25 per typical year down to 4
discharges anticipated in a typical year.

To reduce the risk of impact to vessels transiting the site a warning system could be adopted for
the permanent works in line with the proof of concept which is being developed in consultation
with the PLA and main works contractors.

To reduce the discharge rate from the new Fleet Main CSO outfall consideration was made for
the retention of the current temporary discharge point within Arch 1. However, this has been
discounted due to the temporary nature of the design and there being no secondary isolation
available for these gates which could undermine the operation of the main tunnel and create
unacceptable risks to personnel that may need to work within the culverts.

Inform

During the development in the interim phase warning lights have been developed and designed
by the MWC and offered for to the PLA for acceptance. Any warning lights installed as part of the
agreed interim arrangements to be adopted for the permanent case.

Promulgation of the operational plan to river users.

Itis likely that the PLA will need to provide a new notice to mariners identifying new CSO
operation and mitigations.

Tideway or TWUL will notify the PLA when tunnel maintenance is to planned, it is likely that the

PLA will issue a notice to mariners during periods of LTT maintenance to identify that there
could be an increase in the frequency and severity of a CSO discharge.

Control

All agreed CSO signage and warning lights to be installed and adopted.

Operation plan for the warning system to include warning trigger points, which will need to be
considered and agreed with the PLA.
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9.

9.1

9.1.1

9.1.3

9.1.5

9.1.7

Summary

Summary

Jacobs as Designer for the reference design have a duty to eliminate and reduce risks so far as
reasonably practicable (SFARP) and to identify residual risks. Jacobs have undertaken this risk
assessment to assess the magnitude of this risk for each vessel type and to consider whether
mitigation measures can be adopted that can reduce the risks to an acceptable low level.

The risk assessment has looked at the most reasonable conservative case of a 1:15 year return
period storm event without the flows being intercepted.

Overall, the residual risk has been determined as low due to: -
(a) Limited impact of CSO discharges on powered vessels.

(b) Limited number of transits past the CSO by tugs towing during the period of most
impact, low water slacks.

(c) The introduction of an effective warning system to advise powered vessels that the CSO
is discharging and to proceed with caution or follow any additional advice generated by
the NRA and promulgated by the PLA.

(d) The introduction of an effective warning system to advise non-powered vessels that the
CSO0 is discharging and to proceed with caution or follow any additional advice generated
by the NRA and promulgated by the PLA.

Powered Vessels

In the case of powered vessels during low water periods, the risk is low as all powered vessels,
with the exception of tugs towing, can pass the CSO outfall discharge safely, accepting that they
will need to adjust course and speed to maintain control. It is recognised that Tugs are highly
unlikely to be towing past the site during periods of low water.

In the case of powered vessels during high water slack periods the risk is very low, assuming the
use of an effective warning system and that the vessel operator is following any advice
concluded in the NRA and promulgated by the PLA.

Unpowered Vessels

In the case of manually operated or unpowered vessels transiting the CSO outfall discharge
upstream during periods of low water the risk is moderate, assuming the use of an effective
warning system and that the vessel operator is following any advice concluded in the NRA and
promulgated by the PLA.

Navigational Risk Assessment

A Navigational Risk Assessment (NRA) is to be undertaken by navigational specialists with expert
knowledge of waterway traffic and the conditions in the Blackfriars area.
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9.1.8

9.1.10

9.1.11

9.1.12

This designers risk assessment will be considered by the MWC in addition to the navigation risk

assessment as part of the iterative process to develop the detailed design and Operational Plan.
The navigational risk specialists will need to consider both the DRA and the Operational Plan to
produce the Navigational Risk Assessment.

The MWC should consider the following in the development of the detailed design and the
operational plan,

e Therecommendations of the NRA,

e the optimal “on” time for the live warning signal(s), taking account of the discharge
hydrograph and the actions to be taken by powered vessels and unpowered vessels or a
member of the public on the foreshore nearby,

e the locations, lux, visibility, and particulars of the warning signs,

e the optimal “off" time for the warning signal,

¢ the manner of promulgation of information and communication with the river community,
including what is required of Tideway, the PLA and the river users,

The NRA will consider the residual risks from the DRA, the detailed design and the Operational
Plan to determine the most appropriate mitigation in consultation with the PLA and other river
users. In particular the NRA should consider:-

e The MWC's operational plan to assess whether there is any change to the hazards and risk
levels through the introduction of the mitigations

e the necessary responses of powered vessels to a discharge through the different Arches (e.g.,
adjust course as required, proceed with caution and look out for unpowered vessels affected
by a discharge) and the time needed to action the responses.

e the necessary responses of unpowered vessels to a discharge through the different Arches
and the time needed to action the responses,

e the assessment of any increased risk to normal river operations arising from the
implementation of mitigations.

In the development of the NRA and operational plan, the timings of the mitigation
implementation should also be considered and detailed for agreement with the PLA.

The updated NRA with its proposed mitigations will be reviewed by the MWC to confirm that the
design risks have been mitigated insofar as is reasonably practicable for the permanent works.

665397CH-BLABF-DRA-permanent Rev. 4 40



CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge Foreshore

9.2

9.2.1

9.2.2

Key Information

The most credible worst case CSO discharge is for a 1:15 year return period storm without the
tunnel in operation with a discharge of 46m?3/s. The frequency of discharges once the tunnel in
in operation is expected to between 4 and 5 per year when the tunnel is in operation. When the
tunnel is to be taken out of operation additional information will need to be made available to
stakeholders outlining the potential for increased frequency of discharges.

The assessment considers the river in three zones as defined in figure 7-1, and the critical
discharge occurring at low water springs and acknowledges there is some impact at slack high
water. The discharges are considered to impact within the following tidal windows represented
below in Table 9-1.

Table 9-1 Times of impact

9.23

9.2.4

9.25

9.2.6

9.2.7

9.28

Main Fairway — Low Water* Main Fairway — Slack High Water
Start End Start End
LW -15 minutes LW +45 minutes HW -15 minutes HW +15 minutes

Table 9-1 does not provide any information on the nearshore zone because the edge of the new
BLABF structure is the northern line of the navigable channel.

It should be noted it is not possible to predict the discharges within 30m of the CSO outfall at
any state of the tide and in this instance that zone is in the fairway.

For any periods of slack water, such as a Thames Barrier closure, the same considerations should
be given to low or high slack water period.

This document provides information on the timing and intensity of the discharges and the
hydrographs are presented in Figures 4.1 and 4.2. The proof of concept document (LONDON
TIDEWAY TUNNELS PROOF OF CONCEPT - CSO DISCHARGE WARNING DRAFT 27/02/24)
provides further detailed discharge hydrographs that should be utilised in the development of
suitable warning times in the development of the detailed design undertaken by the MWC.

Any unmitigated risks arising from the detail design development, such as insufficient warning
time, should be identified in the MWCs design documentation and potential mitigation measures
identified for consideration by the PLA.

A warning system, such as lights and signs, has been established as a mitigation measure
suitable to reduce the risk to vessels. During the development of the NRA and the operational
plan the MWC should assess the suitability of the mitigation measures and substantiate their
proposals within the detailed design documentation.
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023-M Poweded Vessel navigating upstream thiowgh |CS0 discharnge - The foreshore site is fixed|2. CS0 Wanng m""‘“‘ ‘3": T"“"'“";
undemany - Low anch 2 and procesding o the | ewen i 4 a light 3. Reduction \ . . m-c-\.m:;. any other pestinsn
tucke wicinity of a G50 discharge in rumbser of
discharges by
intercepting flows.
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CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge

Foreshore

vacobs

DESIGN HAZARD ELIMINATION AND RISK REDUCTION REGISTER

Latest Meeting Date Probability Worst Potential Severity (WPS) of impact Risk Rating
1: Nil or slight injury / lliness, property
¢ Construction damage or environmental issue. HSEID rigk rasulting from e
Mal - 1: Highly Unlikely design is unacceptably high
M maln/C 2: Minor injury / iliness, property damage or Revise design to reduce y
’ T T environmental issue. HSEID risk resulting from v
Workplace design \ h 13 "
3: Possible 3: Moderate injury or illness, property e . Medaum approp:::z;;nd;uoe .
damage or environmental issue. T SUNPEIR 68 Giis Siating 4 and management oversightin w0 | 2
dotermine which risks are significant. It is a —iee o
Project Name: 4: Likely L i subjective assessment and not an absolute or o '
4: Major injury or iliness, property damage precise determination B HSEID risk resutting from o -
Project Number 5: Highly Likely or environmental issue. M Jmmgn is permitted. : - ’
e SEVERITY
5: Fatal or long term disabling injury or
lliness. Significant property damage or
Client environmental issue,
10. Multiple fatalities and catastrophic event
0 U b
L 2 d 0 U g
0 ~ 0 e 0 0 R Uesig 0 + I d B ~ .

; . U plio re - R 2 0 d " - s Frob - - i D ptio . L e E
CDM-BLABF- ommercial Permanent | Commercial powered vessel |Contact with bridge  |Public: Injury Cwil/ Strucaml Unable to elimnate Hazard|1. CSO Signage Public: Injury Nowcs 1o Mamness,  Por
023-0 Powered Vessel navigating downstream for |abutment due to a |Property damage - The foreshore site is fixed|2. CSO Warning Property damage ";:":: D G"'::";' 7""“:

underway - Low Arch 3 passing through the |CSO discharge (bridge pler), 3 light 3. Reduction 2 S (bridge pler), Famdioreion oo
e CSO discharge event |Disruption in number of Disruption
discharges by
intercepting flows.
CDM-BLABF-  [Non-powered Permanent [Kayak/Rower/ Dinghy/SUP | Swamping due to _ |Pubkc. liness due Caal/ Strucaal |Unable to elimnate Hazard]1. CSO Signage Public: Biness due tojNotce 1o Marners, M
023-P jcraft underway - navigating upstream through |CSO discharge to exposure to - The foreshore site is fixed|2. CSO Waming axposure to sewage mx MG"::;‘ T‘"‘“":'lj
All other states of Arch 2 and proceeding to the |event sewage or 5 light 3. Reduction 1 5 or Drowning paroleiR B L —
ke vicinity of a CSO cischarge Drowning in number of
I_ discharges by
COM-BLABF-  |[Non-powered Permanent |Kayak/Rower/Dinghy/SUP  [Capsizing due 10 a |Public: liiness due Caal/ Strucaral |Unable 1o eliminate Hazard]1. CSO Signage Pubiic. Biness due foNole 1 Wamers, Porl]
023-Q craft underway - navigating upstream through |CSO discharge to exposure 10 - The loreshore site is fixed|2. CSO Warning exposure 10 sewage m::‘ G“:m T"”"“’:
All other states of Arch 2 and proceeding to the|event sewage or - light 3. Reduction 1 4 or Drowning s T e
vicinity of a CSO discharge |Drowning in number of
Iwe discharges by
CDM-BLABF- on-powered and |Permanent |Kayak/Rower/Dinghy/SUP  |Colisiondue toa  |Public: Major injury Cwil/ Strucasal |Unable to eliminate Hazard|1. CSO Signage Public: Major injury [Ross 1© tamers,  Pon
023-R Rec. powered and recreational powered  |CSO discharge and of drowning - The foreshore site is fixed|2. CSO Warning and or drowning  [réomason mc'x“ MJ
vessel underway - vessel navigating through  |event forcing non- light 3. Reduction Socamanss y
All other states of Arch 2 and proceeding to the|powered craft to drift g in number of ; .
hde vicinity of a CSO discharge |from previous discharges by
course intercepting flows.
CDM-BLABF- [Non-powered and |[Permanent |Kayak/Rower/Dinghy/'SUP  |Colision due toa  |Public: Major injury Cill/ Strocaral |Unable to eliminate Hazard|1. CSO Signage Public: Major injury [N 16 Mames, Pon
023-S |Rec. powered navigating upstream through |CSO discharge and or drowning - The foreshore site is fixed|2. CSO Warning and or drowning m 3 ““::“ MJ
vessel underway - Arch 2, recreational powered |event forcing non- light 3. Reduction " o B
All other states of vessel navigating upstream  |powered craft to drift % in number of X &
ude through Arch 3 and from previous " discharges by 2
proceeding to the vicinity of  |course Intercepling fiows.
a CSO discharge
CDM-BLABF-  [Non-powered and |Permanent |Kayak/Rower/Dinghy/SUP  |Colision duetoa  |Public: Major injury Cwvil / Strucaeal |Unable to eliminate Hazard|1. CSO Signage Public: Major injury [Notice 1o Marness,  Pod
023-T ICommercial navigating upstream through |CSO discharge and or drowning - The foreshore site is fixed|2. CSO Warning and o drowning m 0";:“ T""‘"’!‘
ipowered vessel Arch 2 and Commercial event forcing non- light 3. Reduction documents o s
junderway - All powered vessel navigating |powered craft to drift & in number of . P
jother states of upstream through Arch 3 from previous ’ discharges by
ke and proceeding 1o the course intercepting fows.
vicinity of a CSO discharge

665397CH-BLABF-DRA-permanent Rev. 4



CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge

Foreshore

vacobs

DESIGN HAZARD ELIMINATION AND RISK REDUCTION REGISTER

Latest Meeting Date

Phase

Project Mama:

Project Numbar

Construction
Pl At ad nC haaan

Usa a8 &
Workplace

Formal Réview
Description

Phasa

Activity

Probakility

1: Highiby Unlibsly

T Undilaly

a: Highily Likedy

Worst Potential Severity (WPS) of Impact

1:

2: Minor injury / iliness, property damage or

il or slight injury / iliness, property
damage or environmanial issue.

environmental isswe.

3: Moderate injury or lliness, property

4: Major injury of illness, property damage

damage or environmental issue.

or environmental issue.

5: Fatal or long term disabling injury or
illness. Significant property damage or

10. Muitiple fatalities and catastrophic avent

environmeantal issue.

NOTE: The purpose of Risk Rating Is to
determine which risks are significant. It is a
tub joctive attesomaent and not an absolute or
precisa determination

adiim

Risk Rating

HSEID risk resuling from
BN i unaecepably high.
Revise design 0 reduce

HEEID risk resuling from
design i pammitted with

Bppropnate design conlroks
and managament ewerkight in

HEEID ritk resulting from
dasign s parmitied

GO E=r@f=r

BEVERITY

5

Potential Hazard

L

Person|s) Most at

9 10
Initial
Risk

Rating Discipline

11

Design Measures 1o
Eliminate Hazards

12
Dasign

Measures to
Reduce Risk

Residual

Prob

15

Residual
Risk
Rating

Regidual
WPS

16

Residual Risk
Description

17

Inciuded on Drawing
MNo(s) or other doc. (give
raf.)

- Rec. Powered Parmanent |Rec. Powered Vessel Swamping dua to  |Pubbc: Injury or il { Sracaal Linable 1o elimnate Hazard|1. CS0 Signage Pulblic: Injury or Motice v Marness,  Pon
023U essel undery - navigaling through Arch 2 |CS0 discharge illness due to - The loreshore site is lixed|2. CS0 Warmng ilingss due o :;E"“““ ade.  Tiewny
LAl other states of procesding o the vicinity of [ ewent BXpOSUNE 10 3 3 light 3. Reduction 1 3 3 JExpOsSune 0 SEwapE wm.n:-:::-, any aiher pemneniy
] a G50 dischange SEWADE in numiser of
| _ discharges by
CDb-BLABF- |Rec. Powered Parmanent |Rec. Powerad Vessal Caollision dua to & Pubilic: Major injury il ¢ Sinacaral Linable 1o elimnate Hazard|1. S50 Signage Public: Major imjury Mo @ Mamnew, Pon
023- Vassal and navigating through Arch 2 |CS50 discharge - Tha foreshore site is fised|2. C50 Warning E‘f""'“‘““‘.‘ G"‘:I‘I' T"’""‘“"I
C.ommaercial proceading to the vicinity of | event forcing light 3. Reduction Loy N My CRAr baviaen
Powered Vessel a C20 dischange Rec. Powerad vessel 4 4 in Pl of 1 4 4
undersay - All oy drift froem its discharges by
jother states of PrEvious COUrse intercepting flows.
]
II::DM-BLAEF- Powered Fermanent [Powered Emergency Grounding due 1o |Public. Injury Cral ] Sirucasal Linable 1o eliminate Hazard|1, G0 Signage [Public: Injury’ iliness [Hosce 1o Hamers, P
023-W Emergency Vessels responding 1o an G380 discharge ilness dus ta - The foreshare site is fixed|2. C30 Waming due 1o exposune 10 :'::;:"':1':' nr":"':_:m T'h"'"n’;I
[Vessels underway amargancy in ciose progmity | ewent BXpOSUNE o light 3. Reduction |=ewage i ! pamne
- Low tide of a CS0 discharge EEWEgEe 1 a in numiser of i k1 k|
discharges by
intercepting Mows.
COM-BLABF-  |Powered Parmanent |Powered Emengency Swamping dueio  |Publc: Injury Civil § Sirucasal Linabbe 1o eliminale Hazard|1. C30 Signage Public: Injury’ ilingss |Molice 1o Madness,  Pod
jo23-x |Emergency Vessels responding 1o an CS0 discharge ilness due to - The foreshore site is fioed|2. CS0 Warning de b0 exposune 1o ;L;"*;‘:' nr"i'--::m ;;‘::n];
Vessels underway smergency in close proomity| ewvent Bxposune o light 3. Reduction SEWAQE dccamnants ¥
- All other states of a CS0 discharge EEWEQEe 4 4 in numiser of i | a4
ot tide discharges by
inercepting Mows.
COM-BLABF-  |Traditonal Class |Permanent | Traditional Class 5 vessel Contact with bridge  |Public: Major injury Gl § Srucasal Linable 1o eliminale Hazard|1. T30 Signage |Public: Major injury  [Mobce o Mamneds,  Pod
Jo23-% 5 Vessels navigating downstream for  [abutment due ioa  [and or drowning - The foreshore site is fixed|2. CS0 Waming and ar drowning Ei? nrﬁﬁm Tum-.:nyi
underway - Low Arch 3 passing through the  |CS0 discharge i light 3. Reduction | vesndionchus thanal ot
Jtucher G50 discharge avent b in numiser of s 8
discharges by
intercepding flows.
COM -BLABF- Tradibonal Class |Permanent [ Tradiional Class 5 vessel  [Contact with bridge |Public: Major injury Chal { Smucaal Linable to elimnate Hazard|1. S50 Signage Public: Major injury  [Moice i Mamness,  Pon
023-Z 5 Viessals Inavigating downstream for  |abutment due toa  |and or drowning - The toreshore site is fied|2. CS0 Warning |and or drowning E'v‘:"’"‘““:‘ E‘“:’ T"""‘“";
undenaay - All Arch 3 passing through the  |CS0 discharge light 3. Reduction Lach S 1Y olar parien
jatier states of LS50 discharge Even| s B in ruamiser of ! s -
ke discharges by
intercepding flows.
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CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge

Foreshore

vacobs

DESIGN HAZARD ELIMINATION AND RISK REDUCTION REGISTER

Latest Meeting Date

Project Name

Project Number

Phase

Highly Uniikaly

Lo d

Undikelv

3: Possible

4. Uikaly

5: Highly Likely

Probabiiity

Worst Potential Severity (WPS) of impact
1: Nil or slight injury / iliness, property
damage or environmental issue.

2: Minor injury / iliness, property damage or
environmental issue.

3: Moderate injury or lliness, property
damage or environmental issuve.

4: Major injury or iliness, property damage
or environmental issue,

5: Fatal or long term disabling injury or
iliness. Significant property damage or
environmental issue.

10. Multiple fatalities and catastrophic event

NOTE: The purpose of Risk Rating Is to
determine which risks are significant. It is a
subjoctive assessment and not an absolute or
precise deter mination

Risk Rating

HSEID risk rasulting from
design is unacceptably high.
Revise design 1o reduce

HSEID risk resulting from
design = pormitted with
appropriate design controls
and managoment oversight in

HSEID risk resulting from

| design is parmitted

000X-rex-r

SEVERITY

nisk

» B ]

6 9 10 1" 12 13 14 15
: I"i"m A Design A . Residual
Risk ID. Fﬁg“mal ,Rc,v'c" Phase Activity Potential Hazard Pe!mn(’.ﬂ it Prob WPS R'.Sk Discipline Dc.s'gn _Me'“"ms et Measures t0 S S Risk
pscription Risk Rating Eliminate Hazards Prob WPS
Reduce Risk Rating
CDM -BLABF- [Non-powered Kayak/Rower/Dinghy/SUP  |Capsizing due 10 a  |Public: Major injury Cai/ Strucaral Unable 10 eliminate Hazard]1. CSO Signage
023-At craft underway - navigating upstream through |CSO discharge and/or drowning - The foreshore site is fixad|2. CSO Waming
Neap high Gde Arch 2 and proceeding to the jevent light 3. Reduction
vicinity of a CSO discharge ! 3 in number of ! s
discharges by
L | intercepting flows.
| L E——
IgDM -BLABF- E:mrod Permanent |Kayak/RowerDinghy/SUP | Contact with bridge | Pubbc: Major injury Coil/ Strucaxal |Unable to eliminate Hazard|1. CSO Signage
23-A2 underway - navigating downstream pler leading to andior drowning - The foreshore site is fixed|2. CSO Waming
eap hich tide approaching Arch 3 and capsize and light 3. Reduction
passing through the vicinity |entrapment 2 3 in number of ! »
of a CSO discharge discharges by
intercepting flows.
CDM -BLABF- on-powered and |Permanent |Kayak/Rower/Dinghy/SUP  |Collisiondue toa  |Public: Major injury Cot/ Strucaal |Unable to eliminate Hazard|1. CSO Signage
23-A3 Rec. powered and recreational powered CSO discharge and or drowning - The foreshore site is fixed|2. CSO Warning
sel underway - vessel navigating through event forcing non- 1 8 light 3. Reduction 4 s
eap high Tide Arch 2and proceeding 10 the |powered craft 1o drift in number of
vicinity of a CSO discharge |from previous ‘ discharges by
course '__, intercepting flows.
CDM -BLABF- on-powered and | Permanent [Kayak/Rower/Dinghy'SUP  |Collision due 1o a  |Public: Major injury [7 i Cail / Struchural JUnable 1o eliminate Hazard|1. CSO Signage
23-A4 Rec. powered navigating upstream through |CSO discharge and or drowning - The foreshore site is fixed|2. CSO Warning
| underway - Arch 2, recreational powered |event forcing non- light 3. Reduction
Neap hich Tide vessal navigating upstream |powered craft to drift 1 5 In number of 1 5
through Arch 3 and from previous discharges by
proceeding 10 the vicinity of  |course intercepting flows.,
a CSO discharge
Parmanent |Kayak/RowerDinghy/SUP  |Colision due 1o @ |Public. Major injury Covl/ Strucaral |Unable 1o elimnate Hazard]1. CSO Signage
navigating upstream through |CSO discharge and or drowning - The foreshore site is fixed|2. CSO Warning
Arch 2 and a commercial event forcing non- light 3. Reduction
powered vessel navigating |powered craft to drift 1 5 In number of 1 5
from previous discharges by
course intercepting flows.,
Permanent Colision due toa_ |Public: Major injury [ Cail/ Strucasal |Unable to eliminate Hazard| 1. CSO Signage I
CSO discharge ‘ - The foreshore site is fixed|2. CSO Warning
event forcing light 3. Reduction
Rec. Powered vessel 1 3 in number of 1 B
10 drift from s discharges by
previous course intercepting flows.

16

Residual Risk
Description

JPublsc: Major injury

[Notce 10

17

Included on Drawing
No(s) or other doc. (give
ref.)

Pont

i and or drowning

Infommadon  Guos,  Tidowsy
Code and any other pertinoni
documents

JPublic: Major injury [Nows 1 Mamers, Pon

{and or drowning

information Gude, Tidoway
Code and ANy OMer permnen
socuments

JPublic: Major injury
‘jand or drowning

Notice to Masners, Pon
information Gude, Tidoway
Code and Any omer permnani
documents

[Pubisc Major mjury
Jand or drowning

Notce 1o Mamners, Port)
Information  Gude,  Tideway|
Code anc any other pernant
cocuments

Pubﬁc Major injury TNosce 1o Mamers,  Por)

|and or drowning

information  Gude,  Tideway
Coda anc any otheér perinant
documents

[Public: Major injury [MNosce

jcocuments

o Mamers,  Porl
Information  Guide, Tideway
Code and any Other perinent
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CSO Discharge Designers Risk Assessment Permanent Case — Blackfriars Bridge

Foreshore

vacobs

DESIGN HAZARD ELIMINATION AND RISK REDUCTION REGISTER

Latest Mesting Db

Phaze
c Constiwttion
- Ml it ad /G lean
u Use ag a
Workplace
o Damolish
Project Mama: KAy
Propect Number: SSxiris]

Baralgatta Tunnel
Lirnitad

2

Formal Review

s Description

1: Highly Unlikely

2= Undikalv

52 Higghly Likely

Probability

Warst Petantial Severity (WPS) of Impact

1:  Nil or slight injury / lliness, property

damage or environmental issue.

2: Minor injury | illness, property damage of
environmental iEsue.

3 Moderate injury or illness, property

dI.I'I'HI‘DI' environmantal issue. NOTE: The purpose of Risk Rating is to

doterming which rigks are shgnificant. it iz a
sub eclive assassmant and not an absolule or

4: Major injury or illness, property damage procise determination

or environmantal issua.
5: Fatal or long term dizabling Injury or
liness. Significant property damage or
environmeantal issue.

10. Multiple fatalities and catastrophic event

Rish Rating

HEZEID risk naswlting hnom
dasign 5 unaccepiably high
Rewiss design o reduce

HEEID righk nisuiltineg hnom
dasign s parmitied wih
appropriate design control

and managament owarsighl in

EF0I=rmx=r

HEEID risk rasuiting from
disign i parmitied.

BEVERITY

Potential Hazard

Personis) Most at

Risk

9 10
initial
Risk

Rating

11

12
Design

Design Measures to

Fres Eliminate Hazards

WP3 Measures o

Reduce Risk

Discipling

LE] 14 15

Residual
Risk
Rating

16

Residual Risk
Description

Residual Residual
Prob WPS

17
Included on Drawing
Nois) or other doc. (give
et}

. jCommenrcial Commercial powared vessal | Contact with bndge | Public: Injury Cowal § Stracauml Unable to eliminate Hazard|1. CS0 Signage Pubdic: Injury Motco o Mamnees, o
023-AT Powered Vessel navigating downstream for  |abutment due ioa  |Property damage - The foreshore site is fized|2. CS0 Waming Froperty damage :‘r":‘““" GJ":- Ticeway
undarsay - Naap Arch 3 passing through the |CS50 discharge {bndge pier}, light 3. Reduction (bridge pier), .:-;L..-:; ANy OIMEr pedtinant
high tide CS0 discharga event Disruption 1 5 & in rumiser of 1 5 & Disruption
digcharges by
inmrl;u-ming Florwes,
COM -BLABF- Traditonal Class |Permanent | Traditional Class 5 wessel  |Contact with bridge |Public: Major injury Cral / Smacwsal Unable to eliminate Hazard|1. C50 Signage JFublic: Major injury  [Moics o Masners,  Fon
023-A8 5 WVessels nawvigating downstream for  |abutment due I0&  |and or drownang - The foreshore site s fieed|2. CS0 Warning ard or orowning ::':'*;:-“f'“ "-“ﬁ- T“:_:“'rl
undensy - Neap Arch 3 passing through the  |C30 discharge 3 R . light 3. Reduction § . . I=‘Mm”::n-r.'. any other pertinsn
high tide G50 discharge event h in muambser of
discharges by
inbercapding flows.
N8 <Rl ARF-  |Prwnsesd Parmanent |Powered Fmangrncy Contact with Pl bnjuryd Gl / Ginucausral L nahle in sliminate Hazard|1 G20 Signage Public: Injury) iliness [Noice i Mames,  Por
023-A0 Emergency Vessels responding to an structure/bridge liness due to - The foreshore site s fieed|2. CS0 Warning due to exposune io "'"'”"""'"’“f‘ Guce,  Tidmway
VEssels undenay emafgency in ciose proxmity|abutment due 108 |exposune 10 1 5 light 3. Reduction 1 5 [ sewage ﬂf,:.;; any olher pestinenl
- Meap high tide of a CE0 discharge C30 discharge SEwA i rambeer of
s e P
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