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TM Consulting and Nelutha Consulting
BOEGOEBAAI PORT FEL 2 PHASE 2
Quay Structure Trade-off Study

FEL 2

1. INTRODUCTION

1.1 Background

PRDW has been appointed by TM Consulting and Nelutha Consulting to perform Phase 2 of the pre-feasibility
study for the development of a new port in Boegoebaai on the west coast of South Africa. The Boegoebaai
study site, illustrated in Figure 1-1, is located 20 km south of Alexander Bay and 60 km north of Port Nolloth.
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Figure 1-1: Boegoebaai site location
Previous stages of the project performed by PRDW include a concept study (PRDW, 2013), comprising a port
development framework and marine works concept study, and Phase 1 of the pre-feasibility study (PRDW,
2015). Phase 2 of the pre-feasibility study aims to build on the results from Phase 1 to bring the study to a
full pre-feasibility level (FEL 2) of costing accuracy (-20% to +30%).

1.2 Purpose of document

This document presents the trade-off study of the access and the berth structures for the Phase 1
development of the proposed port of Boegoebaai. The main objective of the study is to logically determine
and document the selection of the most appropriate structural solution.

1.3 Methodology

Preliminary functional requirements and available site information was considered to inform numerous
concept designs of the quay structure. These options were assessed qualitatively against one another to
identify a few preferred options for a more detailed assessment. These preferred options were assessed in a
multi criteria analysis which included the outcomes of a high-level capital cost estimate and implementation
schedule
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2. KEY FUNCTIONAL REQUIREMENTS

2.1 General

The Phase 1 development will consist of 2 berths, one dry bulk berth and one multipurpose berth. The
development of the Phase 1 berths shall consider the geometrical requirements for access to future berths
along the breakwater (access either via the Phase 1 structures or separately via an independent access
structure).

Two-way vehicle access shall be provided along the length of the access and the berth structure.

2.2 Design life

The design life of the primary marine structures is 50 years. Structures shall be capable of performing their
intended function over the working life with provision for planned maintenance, but without major repairs
being required.

2.3 Design vessels

The design dry bulk vessel for the Phase 1 port development is a 200 000 DWT Capesize vessel based on an
assessment of the most likely vessel distribution for the forecast throughput volumes and commodities. A
30 000 DWT multipurpose vessel has been included as a design vessel for the multipurpose terminal.

The design vessel parameters for the Phase 1 are presented in Table 2-1.

Table 2-1: Phase 1 design vessel parameters

Parameters Capesize Panamax Mul\tli:stir;ose
Terminal Dry Bulk Dry Bulk Multipurpose
Deadweight 200000 t 76500t 30000t
Displacement m3 *88 098 m3 41 000 m3
Length overall (LOA) 315m 225 188 m
Length Between Perpendiculars (Lpp) 300 m 218 179 m
Beam 48.5m 32.2 27.7m
Laden Draft 19m 14.2 113 m

*Inferred Parameters

2.4 Materials handling

The ship loader for the dry bulk berth will be a linear, luffing, slewing type ship loader. A crane rail gauge of
16 m has been assumed to accommodate the ship loader. A single conveyor will be required from the dry
bulk stockpiles to the berth in Phase 1.

Operations on the multi-purpose quay will be undertaken using mobile harbour cranes or the vessels own
gear. The multi-purpose quay must also be designed to accommodate similar ship loaders as the dry bulk
berth for future handling of dry bulk products.

TM Consulting and Nelutha Consulting ‘ Quay Structure Trade-off Study Page 2 of 15
BOEGOEBAAI PORT FEL 2 PHASE 2 ‘ $2023-TN-ST-001 Quay Trade-off RO.docx Printed Document Uncontrolled



-~
———

3. SITE INFORMATION

3.1 Introduction

This section of the report summarises the site information considered critical for the design of the marine

structures. Detailed site conditions are presented in the Site Information report (PRDW, 2018).

3.2 Water levels

The published tidal levels for Port Nolloth (60 km south of Boegoebaai) are shown in Table 3-1. The levels are

referenced to Chart Datum (CD), defined as 0.925 m below land levelling datum (LLD).

Table 3-1: Tidal characteristics for Port Nolloth (SANHO, 2018)

Description Level (m CD)
Highest Astronomical Tide (HAT) 2.25
Mean High Water Springs (MHWS) 1.91
Mean High Water Neaps (MHWN) 1.40
Mean Level (ML) 1.09
Mean Low Water Neaps (MLWN) 0.78
Mean Low Water Springs (MLWS) 0.28
Lowest Astronomical Tide (LAT) 0.00

3.3 Waves

In Phase 1 of the pre-feasibility study the wave climate was based on wave refraction of the NOAA/NCEP
WAVEWATCH 1l CFSR Reanalysis Hindcast Dataset point, located approximately 220 km offshore. The wave
rose plot for Point 2, located at the head of the proposed breakwater, is presented in Figure 3-1. The rose is

constructed from 31 years of modelled data.
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Figure 3-1: Wave rose plots for Point 2 (located at the head of the proposed breakwater)

3.4 Bathymetry

A bathymetric survey was undertaken by Tritan Survey (Pty) Ltd as part of this study phase. The area surveyed

was approximately 9.5 km x 8.5 km, with a minimum surveyed depth of -1.03 m CD and a maximum

of -48.98 m CD (Tritan, 2018).
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Across the area of the proposed Phase 1 port development, the bathymetry dips steeply from the shoreline

to a depth of approximately -25 m CD at the deepest end of the second berth.

3.5 Geotechnical conditions

Landside geotechnical site investigations were performed by SRK Consulting during April 2018 and May 2018.
The investigations and interpretation are detailed in SRK’s Geotechnical Investigation report (SRK Consulting,
2018)

The report notes that “the onshore site is characterised by a succession of hard rock quartzite and
interbedded soft rock quartz schist / schist — there is no logical reason to assume that this succession (which
is linked to the original depositional environment of the sedimentary rocks prior to being metamorphosed)
does not repeat offshore” The UCS measured in quartzite samples varies considerably (from 9.2 MPa to
297.8 MPa) which may present challenges for any structural solutions which require drilling into the quartzite.

SRK (2018) present the following recommendations with regards to structure design:

= Because of the likely variability on the founding materials (alternating very competent quartzites and
weak schists), piled foundations will be more challenging to design and implement (construct) — this
may require an approach of having two pile designs (one for quartzite and one for schists) and
implementing the appropriate design once the geotechnical profile is known at individual piling
positions.

= Gravity foundations will carry a lower risk considering the probable variability in the geotechnical
profile — the main idea being that loads are more effectively spread with gravity foundations. Risks
that remain are linked to possible differential settlement should the caissons need to be founded on
two different material types (i.e. schist and quarzite), or if adjacent caissons are founded on different
material types.

In summary, the offshore geotechnical profile remains an area of uncertainty. Both offshore piled and
gravity foundations carry risks with associated costs and design/construction complexities.
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4. OPTIONS IDENTIFICATION

The options identified for the access and the berth structures can be categorised as either continuous quay

wall structures, which will be integrated with the breakwater, or as jetty-type structures which are detached

from the breakwater. These options are presented in the following section.

4.1

Continuous quay wall structures

The continuous quall wall structure options are summarised in Table 4-1.

Table 4-1: Structural options — continuous quay wall structures

Type Cross-Section Description
(A1) | Blockwork Continuous quay wall
quay wall constructed from plain
concrete or reinforced
#R concrete blockwork
Pl

(A2) | Caisson Continuous quay wall

quay wall constructed from precast
caisson units.
= T
(A3) | Counterfort Continuous quay wall
quay wall /’Ai N constructed from precast
//i—44~~r counterfort units.
N .
7 D
— v = s |
" \\ \,.,L.

(A4) | Steel sheet 3 Continuous quay wall
pile cellular S constructed from steel
quay wall < = T cellular cells with bearing

- —tx J piles provided for the
7 ; crane rail beams. Cells
C ko] bear on top of the rock
s and are not embedded.
(A5) | Embedded AN Continuous quay wall
quay wall /\l‘ ~—-_ | constructed from an
= — I'| embedded steel combi
?t—“k T e wall with bearing piles
- - provided for the crane
. 7 o

rail beams.
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4.2

Jetty-type structures

The jetty-type structure options are summarised in Table 4-2.

Table 4-2: Structural options — jetty-type structures

Type

Cross-Section

Description

(1)

Piled
substructure

-

s

-] j

= *

- - ".'--.--‘t\."..‘
7N

e ein

e

Steel tubular casings
anchored into bedrock
and filled with
reinforced concrete.
Superstructure could be
constructed from
structural steel and/or
reinforced concrete.

(B2)

Caisson pier
substructure

Discrete piers at 30 or
40 metre centres with a
reinforced concrete
deck spanning between
piers. Each pier
constructed from a
single caisson founded
on a stone bed.

(B3)

Precast ring
pier
substructure

Discrete piers at 30 or
40 metre centres with a
reinforced concrete
deck spanning between
piers. Each pier
constructed from a stack
of reinforced concrete
rings founded on a stone
bed.

(B4)

Steel sheet
pile cellular
pier
substructure

Discrete piers at 30 or
40 metre centres with a
reinforced concrete
deck spanning in-
between the piers. Each
pier constructed from a
steel cellular cells
founded on top of the
seabed rock.

(B5)

Embedded
wall pier
substructure

Discrete piers at 30 or
40 metre centres with a
reinforced concrete
deck spanning between
piers. Each pier is
constructed using steel
combi wall elements.
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4.3 Initial options assessment

4.3.1 Introduction

An initial qualitative options assessment was carried out on all the identified possible structures with the aim

of eliminating options which are practically or fatally flawed, and to identifying preferred options which

should be investigated in more detail as part of this trade-off study.

4.3.2 Assessment criteria

The options were assessed qualitatively against the following criteria:

Temporary works and construction equipment

The extent of temporary works required to facilitate the structural solution such as precast yards,
storage areas, temporary load-out quays and launching areas or syncrolifts. The significant items of
construction plant and equipment, such as jack-up barges, floating dry-docks, floating cranes,
construction cranes and travelling bogeys for hand-over-hand construction.

Implementation schedule

The relative construction duration for each option, considering the rate of construction and the reliance
on the construction of the breakwater to provide protected water for construction.

Maintenance requirements

Relative extent of the preventative maintenance requirements for each option.

Geotechnical conditions/risk

Design or construction risks associated with variable geotechnical conditions i.e. how adaptable is the
structure should geotechnical conditions differ from those assumed during the design phase.
Constructability

Considerations around the practical aspects of construction and the extent to which the construction
relies on commonly available infrastructure, plant and equipment, conventional and well-developed
construction methodologies, local skills etc.

For all criteria the options were assessed qualitatively, relative to the other options being considered,

according to the scoring guideline outlined in  Table 4-3.

Table 4-3: Initial option assessment — scoring guideline

Rating

Favourable

Neutral

Unfavourable

Fatal/Practical Flaw

4.3.3 Results

The summary results of the initial options assessment for the continuous quay wall and the jetty-type

structures are presented in Table 4-4. The detailed assessment comments are provided in Annexure A.
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Table 4-4: Initial options assessment summary of results (preferred options are bordered in green)

Initial Options Assessment

Temporary Works
& Construction
Equipment

Type Implementation | Maintenance Geotechnical

Schedule Requirements | Conditions/Risk oS EE Bl

A: Continuous Quay Wall

(A1)

(A2)
(A3)

‘Blockworkquay ‘ Favourable ‘ Unfavourable ‘ Favourable ‘ Neutral ‘ Unfavourable

‘Caissonquay ‘ Unfavourable ‘ Unfavourable ‘ Favourable ‘ Neutral Favourable

Counterfort quay Unfavourable Unfavourable Favourable Neutral ’ Unfavourable

(A4)

Steel sheet pile

Unfavourable Unfavourable Unfavourable Neutral Unfavourable
cellular quay wall

(A5)

Embedded quay Neutral Unfavourable Unfavourable Unfavourable

(B1)
(B2)
(B3)

B: Jetty-type Structure

Neutral

‘Piledstructure ‘ Neutral ‘ Neutral ‘ Favourable ’ Unfavourable

Favourable

‘Caissonpier ‘ Unfavourable ‘ Unfavourable ‘ Favourable ‘ Neutral

Precast ring pier Unfavourable Unfavourable Favourable Neutral Neutral

(B4)

Steel sheet pile

. Unfavourable Unfavourable Unfavourable Neutral Unfavourable
cellular pier

(B5)

Embedded wall

pler Neutral Unfavourable Unfavourable Unfavourable

4.4

Preferred Options

Based on the initial options assessment, the caisson quay was considered to be the preferred continuous
quay wall structure as it scores favourably on 2 of the 5 criteria. While both the blockwork quay and
counterfort quay have similar maintenance, requirements compared to the caisson quay, their
constructability is an issue. The construction of the caisson is deemed to be conventional once protected
water is provided by the breakwater. However, the blockwork quay and counterfort quay are eliminated
primarily because conventional construction techniques require prohibitively large cranes for placement of
units and significant founding stone bed on the seabed. Furthermore, even though the blockwork quay scores
favourably for Temporary Works & Construction Equipment criterion, it scores unfavourably on the
Constructability criterion which is more critical. All other continuous quay wall options score unfavourable on
3 criteria and were therefore not selected. The embedded quay structure is fatally flawed due to the quay
wall height being beyond practical limit for this type of solution. While, the steel sheet pile cellular solution
is difficult to construct and has high maintenance requirements.

Regarding the jetty-type structure options, the piled structure and caisson structure were identified as the
prefered optons because they are robust, durable and fairly common. The caisson pier structure was selected
because it scores favourable on 2 criteria. The piled structure was selected because it scores favourable on 1
criterion and neutral on 3 criteria. The piled structure is typically a cost effective solution that many local
contractors can build. However, the expected geotechnical conditions increase the risks associated with this
option. Hence, the caisson pier was also selected as an alterntive because its structural form lends itself to
lower bearing pressures which helps mitigate the risks associated with the expected variable geotechnical
conditions.

All other Jetty-type structure options score less favourably and were therefore not selected. The embedded
wall pier is fatally flawed due to the required wall height being beyond the practical limit for this type of
solution. While, the steel sheet pile cellular solution is difficult to construct and has high maintenance
requirements. The precast ring pier provides a more durable alternative to the steel sheet pile cellular pier
however it is a novel untested design.
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5. CONCEPT DEVELOPMENT

5.1 Caisson quay wall

The concept for the caisson quay wall is illustrated in Figure 5-1.

Figure 5-1: Cross-section of the caisson quay wall at the berth

The continuous quay wall would be constructed from precast concrete caisson units. Reclamation is required
between the caisson wall and the breakwater to create the required working space.

5.2 Caisson pier structure

The concept for the caisson pier structure is illustrated in Figure 5-2 below.

PANEAAS FALY LADEN 3 L7

Figure 5-2: Cross-sections of the caisson pier jetty at the berth and at the access way

The caisson pier jetty consists of discrete piers at 30 or 40 metre centres with a prestressed and reinforced
concrete deck spanning between piers. Each pier is constructed from a single caisson founded on a stone bed.
The access way will consist of smaller caisson units with a concrete deck spanning between piers to
accommodate two-way traffic to the berths.
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5.3 Piled jetty structure

The concept for the piled jetty structure is illustrated in Figure 5-3 below.

STEEL TUBULAX PRLES

Figure 5-3: Cross-sections of the piled jetty at the berth and access way

The deck on pile structure consists of steel tubular casings anchored into bedrock, with either rock sockets or
steel dowels, and filled with reinforced concrete. The piles are tied together by a reinforced concrete

superstructure. As for the caisson pier structure, the access way will accommodate two-way traffic to the
berths.
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6. MULTI-CRITERIA ASSESSMENT

A Multi-criteria Assessment (MCA) was completed to select a single preferred option for the required access
way and berth structure for the port of Boegoebaai. The criteria, the associated criteria weightings and the

scoring approach for the MCA are presented in the following sections.

The MCA scoring was debated and analysed in several workshops. A presentation summarising the content

of these discussions is included in Annexure B.

6.1 Assessment criteria

The criteria considered in the MCA are described briefly in Table 6-1 below.

Table 6-1: Multi-criteria assessment criteria

Main Criteria

Sub-criteria

Inherent Safety

Safety of personnel during construction (extent of dive work, working
over water, etc.)

Structural Redundancy
(localisation and repair-ability of damage i.e. is damage localised or
does it place the complete facility at risk)

Geotechnical Conditions/Risk

Risk associated with ground conditions

(design or construction risks associated with variable geotechnical
conditions i.e. how adaptable is the structure should geotechnical
conditions differ from those assumed during the design phase)

Implementation Schedule

Concept-level schedule estimate for the berth structures
(including time to establish all temporary facilities required to
facilitate construction of the structure)

Value and Cost

Concept-level capital cost estimate

6.2 Criteria weighting

Table 6-2: Multi-criteria assessment — base case weightings
Criteria Weighting
Inherent Safety 5%
Geotechnical Conditions/Risk 20%
Implementation Schedule 20%
Value and Cost 55%
Total 100%

A sensitivity analysis was also completed to assess the sensitivity of the MCA to the criteria weightings. The
criteria weightings for the various scenarios considered in the sensitivity analysis are presented in Table 6-3

below.
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Table 6-3: Multi-criteria assessment — sensitivity analysis weightings

Weighting Bias

> x c -
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3 = o O o9 <

o < Q = £ (7] ]

w Q - = K= @

- o T o 9 3

2 0 & a ¥ =

= O o £ W

S o £ >

Inherent Safety 25% 40% 20% 20% 20%
Geotechnical Conditions/Risk 25% 20% 40% 20% 20%
Implementation Schedule 25% 20% 20% 40% 20%
Value and Cost 25% 20% 20% 20% 40%
TOTAL 100% 100% 100% 100% 100%

6.3 Scoring

For all criteria, other than implementation schedule and value and cost, the options were assigned qualitative
scores, relevant to the other options being considered, according to the scoring guideline outlined in

Table 6-4.
Table 6-4: Multi-criteria assessment — scoring guideline
Score Comment
10 Good
5 Average
1 Bad
6.4 Results

6.4.1 Base case weighting

The assigned scores for each criterion and the MCA outcome for the base weighting are presented in

Table 6-5 below.
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Table 6-5: MCA base-case scenario

0 oegoeb Phase Be e A
Multi Criteria Analysis for Selection of Preferred Option
TOTAL Option 1: Continuous Caisson | Option 2: Caisson Jetty-type Option 3: Piled Jetty-type
Quay Wall Structure Structure
Ref. Criteria Weighting
1 |Inherent Safety 5%
2 |Geotechnical Conditions/Risk 20%
3 |Impl 1tation Schedul 20%
4 [Value and Cost 55%
Total 100%
1 |Inherent Safety 100%
1.1 |Safety of personnel during construction (extent 50%
of dive work, working over water, etc.) Caissons are constructed in the dry and therefore less risk in working over water, however,
significant dive work will be required to prepare stone bed. Both piled structure and caisson jetty-
type structure require over-water work (pile driving, placing of bridge beams), with the piled
option potentially being constructed in more exposed conditions. Therefore all options score the
same as there is no significant safety differentiator.
12 [Structural Redundancy so% Lo e T 5
(localisation and repairability of damage i.e. is Caissons are more redundant and can remain functional should damage occur to one of the
damage localised or does it place the complete cells. Piled structures are more difficult to repair and may require that operations at the facility be
 facility at risk) halted until such time that the pile is repaired, particularly if a pile supporting the crane rail
beam is damaged). Options 1 and 2 therefore score higher than Option 3.
Geotechnical Conditions/Risk 100% 5
2.1 [Risk associated with ground conditions 100% 5
(design or construction risks associated with Drilling rocket sockets for the piled jetty-type structure may be challenging given the very hard
variable geotechnical conditions i.e. how quartzite. The Schist layers also pose a risk as they much weaker and variable in quality.
adaptable is the structure should geotechnical Variation in offshore geotechnical conditions may therefore require drilling ahead of
conditions differ from those assumed during the construction to mitigate some risks with a variation in design of the pile socket to suite position-
design phase) specific conditions. The risk for caissons is if the material is found to be unsuitable for bearing
load, for example if a weak clay layer is found. In this case a late change to the design would be
difficult and expensive. However, based on the results of landside investigations, clay layers are
considered unlikely and the caisson options therefore score higher.
Implementation Schedule 100% 6.4 7.5
3.1 |Construction duration 100% 6.4 7.5
Concept-level schedule estimate (months): 33 28 21
Value and Cost 100% 3.7 71
4.1 [Capital cost 100% 3.7 7.1
Concept-level capital cost estimate: R 2700000000 |R 1400000000 |R 1000 000 000
The base-case scenario indicates that Options 1 and 2 score higher for inherent safety and geotechnical risk
while Option 3 scores higher for implementation schedule and value and capital cost. The importance of the
implementation schedule and the value and cost criteria, and their selected weightings lead to the piled jetty
structure gaining the highest score in the MCA due to its clear lead in those two areas.
6.4.2 Sensitivity analysis on the weightings

The sensitivity analysis on the criteria weightings is provided in Table 6-6.
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Table 6-6:MCA Sensitivity Analysis
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Base Case 58% 79% 89%
Equal 75% 87% 81%
Inherent Safety 80% 89% 80%
Geotechnical Conditions/Risk 80% 89% 75%
Implementation Schedule 73% 84% 85%
Value and Cost 68% 83% 85%

The sensitivity analysis indicates that Option 1 scores consistently poorly across all weighting biases and is

therefore not preferred.

Option 2 scores favourably for the equal, inherent safety and geotechnical risk biases while Option 3 scores

favourably for the base case, implementation schedule and value and cost biases.

7. Preferred option

Based on the results on the MCA and the sensitivity analysis, Option 3 has been selected as the preferred

option for the following reasons:

=  The magnitude of the difference in the capital cost between Option 2 and 3 is significant and Option 3

is therefore preferable to minimise the Phase 1 port development capital cost; and

= The criteria for which Option 3 scores poorly, namely inherent safety and geotechnical risk, do not
justify the capex premium associated with Option 2 and can be mitigated with good engineering design

of Option 3.
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ANNEXURE A | INITIAL OPTIONS ASSESSMENT



Client

" 4

ELUTHA

Rating

Neutral

| Favourable

Fatal/Practical Flaw

£ prpw

(_‘:_IONS“LT?!.:_G Consulting

Document Title Responsi Intials
Initial Options Compiled DIC
Document Number |checked YH
52023-TN-ST-001 |Approved PES

OPTION

CCROSS-SECTION

DESCRIPTION

PRELIMINARY OPTIONS ASSESSMENT

" Temporary Works & Construction
Equipment

Implementation Schedule

A: Continuous Quay Wall

(A1) |Blockwork quay Continuous quay plain h Uimited the sutable for |G
wall concrete o reinforced concrete blockwork nd placing. need yinadvanceof the |l time & y of the
J lconcrete blocks. quay construction to create a calm structure. foundation preparation. There s arisk of |units willrequire large equipment. The crane
ol . This would structure | reach required if placing from the
have a significant impact on the overall span two p Iy
- [project construction duration. the unit, require a larger number of units to
be manufactured and placed. May require
significant stone bed to build up to a practical
founding level.
(A2) |caisson quay wall . Continuous quay wall constructed from precast [Significant temporary f would | Limited the suitable for |G
caisson units. required for the casting and launching of the [ need to be significantly in advance of the  |ife time of founding some s provided
issons. A dedi ing dry quay i foundation preparation. There isarisk of | by breakwater and temporary works are in
slipway way or synchrolift would be required |environment for placing units. This would differential settlement should the structure [ place. Protected conditions required during
< for launching the cais ignificant impact on the overall span two different founding conditions. | construction.
v iredita project
Imethodology is adopted.
(A3) |Counterfort quay Continuous quay precast Limited the suitable for |G
wall counterfort units. q casting, ion, and [ need i yinadvance of the |ife time of gravity quay the size of the
Ilacing of dedicated load- | quay foundation preparation. There isarisk of  [units will equire large equipment. Protected
- lout facility quired to transfer the placing This would structure i i
g yard to the the overall span two different founding conditions.
‘ water side. i i
required to transport and place the precast
lcounterfort units.
(A4) |Steel sheet pile Continuous quay pile guide frame = suitable for Requires a d protected
cellular quay wall pile cells with crane rail ||would be req o need i y in advance of the q which bear on top of the | conditions during construction. Required
F beams. Cells bear on top of the rock and not the cells. quay anodes). bedrock. Some risk of differential settiement[wall height s on the practical imit for this
=T T embedded. q driving of should the structure span two different type of wall. Additional pies would be
piling crane, and transport barges to convey | This would have a significant impact on the founding conditions. needed to carry the crane rai beams.
imaterials. overall project construction duration.

(AS) |Embedded quay Continuous quay wall constructed from an [Construction eq include one o into bedrock. This will | Piling from breakwater will be challenging

wall embedded steel sheet pie wall with bearing piles  [|or more jack-up barges, rock drillng need to be significantly in advance of the | require ol require i due to reach. Construction s likely to require:
provided for the crane rail beams. lequipment, a hammers, pile [quay anodes). which would require specialised drillng 2 piling barge with sufficient temporary
R driving of equipment. support for drillng into rock. Protected
This would have a significant impact on the softer i i
overall project construction duration. more variable schists, which may require
B . additonal work at specifc pilelocations
Required wall height is beyond the practical
imit for this type of wall.
B: Jetty-type Structure
(B1) |Piled substructure g Steel tbular casings placed on the seabed and [The piled structure could be advanced using | Suited to being constructed in an exposed | Limited Can be advanced using either hand-over-
S anchored into the rock. Reinforced concrete pile cast [|a hand-over-hand construction method environment and deep water, eliminating the life time gven y Tension pies |h from a jack-up barge
A, B into casing for the full height. Superstructure could  [ladvancing seawards from the coastline. This | reliance on the breakwater to provide filled piles) may be problematic i founded in schists. | Drlling rock sockets in exposed conditions
= | be constructed will construction plant n the [ sheltered calm waters. Overall construction Variation may d additional
n T~ 4k reinforced concrete form of a dedicated travelling bogey to carry ~|duration is therefore significantly reduced by may require a drilling investigation ahead of | temporary works may therefore be required
in parallel with construction to mitigate some risks. to stabilie piles.
However risks associated with unknown

If the jetty were to be constructed from [ geotechnical conditions, and drillng sockets
marine plant atleast two jack-up barges in unprotected waters, may negate some of
[would be required, one for the piing crane | the schedule benefits.
Jand one for superstructure assembly.

(82) |Caisson pier Discrete piers at 30 or witha ud | timited the sutablefor |G

substructure h reinforced concrete deck spanning in-between the [Irequired for faunching of the inadvance of the |lffe time of e is provid
. [ piers. Each pier issons. A ing dry dock, pier construction to create a calm foundation preparation. There isarisk of | by breakwater and temporary works are in
rr1 founded on a stone bed. ipway way or sy be required |envi placing units. This would differential settiement should the structure [ place. Protected conditions required during
RIS for faunching the the overall span two different founding conditions. construction.
Imethodology is adopted. There would, however, be significantly less
caissons required for this structure than the
continuous quay option.
(B3) |Precast ring pier Discrete piers at 30 or 40 metre centres with a Significant temporary works and g ud | Limited suitable for | Construction can be advanced from a jack-up
substructure reinforced d the need advance of the pier |ife time of with some the size of the concrete rings
3 piers. Each pier constructed from a stack of casting, d placing foundation preparation. Thereisarisk of  |will require specia fting equipment.
reinforced concrete rings founded on a stone bed.  [Irings. A dedicated load y placing hould the structure d
required for barges for the overall project span two different No this type of
placing construction duration. structure which introduces the additional risk
of unknowns'.

(B4) |Steel sheet pile . Discrete piers at 30 or witha pile guide frame f uld | Regular suitable for Requires a and protected
cellular pier (L reinforced concrete deck spanning in-between the [[would be required to form the template for [ need to be significantly in advance of the | required for the steel sheets (replacement of |driving sheet piles which bear on top of the |conditions during construction. Required,
substructure o g ] piers. Each pier constructed from a steel sheet pile  [the cells. y i i ion anodes). bedrock. Some risk of differentialsettlement | wall helght is on the practical imit for this

B circular cellfounded on top of the seabed rock. At least two required for driving of should the structure span two different type of wall. Support piles will be required to
© 1} for. This would ignificant i the founding condtions. carry the vertical loads of crane rail beams.
- ¥ i Bridge beams will need to span between the
piles which esentially makes this a combi
tubular pile and circular cellstructure.

(85) |Embedded wall Discrete piers at 30 or 40 metre centres with a [Construction equipment would include at the uld | Regular 10 toe into bedrock. This will | Construction will require a piing barge with
pier substructure s reinforced concrete deck spanning in-between the (least two jack-up barges, rock drillng need to be significantly in advance of the | required for ol require p y hard rock P 8

. piers. Each rectangular pier constructed from acell  [lequipment, a piling crane and hammers, pile [g ! anodes). which would require specialised driling rock. Protected conditions required during
P formed by an embedded sheet pile wall. lguide frames and transport barges. environment for driving of the sheet piles. equipment. construction

This would have a significant impact on the
overall project construction duration.

Potentially some challenges with the softer
more variable schists, which may require
additional work at specific pile locations

Required wall height is beyond the practical
limit for this type of wall.
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ANNEXURE B | PRESENTATION: STRUCTURE TECHNICAL REVIEW
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Boegoebaai Port - FEL 2 Phase 2
Jetty Structure Technical Review

*  General arrangement

*  Site conditions

*  Functional requirements
*  Trade-off study

*  Structural analysis
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Jetty Structure Technical Review
Site Overview
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Jetty Structure Technical Review
Site Conditions

Survey Extents:

| Detailed mapping:
.| Borehole: °

| Trial pits (No. 25): [___]
= T v

* Site Investigations - Completed
* Marine — Hydrological Survey

£ 4

* Bathymetry

* Geophysical

* Sediment samples

* Land — Geotechnical Investigations
* Quarry investigation
* Rock face mapping
* Boreholes
* Geotechnical model
e Site visit

* Site Investigations — Planned
* Vibrocores
* Jet probes
* Dive inspections

F»
o
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Jetty Structure Technical Review
Site Conditions Strike and Dip of Bed

Patential lineaments

Legend

= = =+ Uncertain lineament
N CQusrizite
Geotechnical Conditions W Siste. Py Schint
e Qverlain by thin layer of sand and gravel (1m-2m)
e  Alternating bands of:
— Quartzite (200 Mpa) — Competent

— Slate/schist (13 Mpa) - Incompetent

Boegoeserglivorth "’}‘

Competent Quartzite
Softer Schists
Soils and Gravels



Jetty

SRK Geotechnical Investigation Report:

Structure Technical Review

Site Conditions

quartz schist

. Piled foundations

May require two pile designs

It will reduce risk to not rely on tension piles — Schist material more reliable in
compression as they are generally confined — however should extensive/thick
distributions of schist occur as were mapped onshore, reliance on compression
piles will again become a risk as the confining effects will abate

Plan for extensive investigational drilling ahead of quay construction

*  Gravity foundations

SRK’s professional opinion that gravity foundations will carry a lower risk — loads
spread

Differential settlement remains a risk

Additional risk = late design change if extensive distributions of clay (weathered
schist) are found. Although it is probable that clay would have been eroded out

by the sea.

. Conclusion

———
]

Both offshore piled and gravity foundations carry risks with associated costs and
design/construction complexities. The choice of founding solution needs to be
evaluated holistically within the project context before a specific founding type is
selected.

ions: / schist ol
Likely variability in founding materials : -

INCLINE BOREHOLE IBH1




Boegoebaai Port Pre-Feasibility Study
FEL2 Phase 2B

Hydrographic survey
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Boegoebaai Port Pre-Feasibility Study
FEL2 Phase 2B

Sediment samples
Fine sand

Very fine sand

LEGEND

Fine sand

®

@® Very fine sand

® Mud l
@ Hard bed (no sample) ‘
® Shells




Jetty Structure Technical Review
Site Conditions
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Jetty Structure Technical Review
Functional Requirements

Design Service Life
. Marine structure — 50 years

Design Vessels
*  Capesize 200 000 dwt — Dry bulk Jetty
*  Panamax 76 500dwt — MPT Jetty

Structure Layout

*  Width - 26m

*  Equipment: Shiploader, Conveyor, Cargo,
*  4lanes of traffic

*  Suitable turning circles for trucks.

<

7
@

00 200
A L A |

SCALEBAR.
NOTE:

ALL LEVELS IN METRES TO MEAN SEA LEVEL (m Msl)
BATHYMETRY FROM THITAN SURVEY JUNE 2018
‘CO-ORDINATE SYSTEM Lai7 WESE4
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Jetty Structure Technical Review

Trade off Study Continuous quay wall Jetty type

Piled substructure /_/\

- Piled i Caisson pier
Caisson quay wall o’

Initial Options Assessment

Continuous quay wall Blockwork quay wall

- Caisson wall

Jetty type

- Caisson pier

substructure

Conventional construction techniques
require prohibitively large cranes for

placement of units and significant X
founding stone bed on the seabed. \ A e M aier

Counterfort quay wall / —r— .
- a8 substructure
Height x

Steel sheet pile cellular Steel sheet pile
uay wall cellular pier
A d substructure
m ¥
Construction & maintenance X
Embedded wall

pier substructure

Embedded quay wall /_/‘h\ :




Jetty Structure Technical Review
Trade off Study

MCA
*  Criteria & Weighting
Risk (20%)

design or construction risks associated with variable
geotechnical conditions

Schedule (20%)

including time to establish all temporary facilities required to
facilitate construction of the structure

Cost (55%)
Concept-level capital cost estimate
- (Safety 5%)

Piled Jetty

Caisson Jetty




Jetty Structure Technical Review

Trade off Study

Implementation schedule

Piled jetty (Or similar)
Site Est.
Breakwater
Quay
Cut (both jetty & brekwater access)

Trestle: assuming hand-over-construction.

Superstructure
Material handling

Caisson jetty - discrete
Site Est.

Breakwater
Quay
Cut ramp
Caisson yard cut & fill @ route breakwater
Construction yard setup - 6 months
Caisson Bed (non critical)
Casting and launch
Caisson placement
Caisson fill

Deck - 6 months after end of caisson placement

Material handling

<

Month Month Month Month
1]2]3]a]s]6e]7]s8]o]wo]aa]12]a]2]3]4a]s]6]7]8]o]1o]aa]12]a]2]3]a]ls]6]7]s8]o]wo]aa]12]a]2]3]4a]s]6]7]
Year 1 Year 2 Year 3 Year4
30 35

8 months +-400m protection

Opportunity to move
schedule forward

Critical Paths:
- breakwater construction: Trestle can only start once sufficient protected marine
environmenthas been created.

10 months +- 500m protection

Potential Delay

Potential Delay

16 months +- 800m protection

19 months +-950m protection

30 35

Critical Paths:
- breakwater protection: can only place caissons once sufficient protected marine environement
has been created.

A

L/

D
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Jetty Structure Technical Review
Trade off Study

Costing - Sensitivity Assessment

R1,550,000,000 Discrete Caisson Option
R1,500,000,000 Upper Bound
R1,450,000,000 Q

R1,400,000,000 ¢ Base Case

R1,350,000,000
R1,300,000,000
R1,250,000,000

R1,200,000,000 Deck on Pile Option
R1,150,000,000 4 Upper Bound
R1,100,000,000
R1,050,000,000
R1,000,000,000 ¥ Base Case
R950,000,000
R900,000,000
Deck on Pile Option Discrete Caisson Option
Base Case Assumptions: 50% of piles in rock and 50% of piles in weathered schist Base Case Assumption:
* 15% design development allowance * 15% design development allowance
* 2.5% static pile load test Upper Bound Assumptions: 2 caissons are founded on weak clay
* Average pile casing length 35m * 10% design development allowance
* Average socket length 8m * 2 caissons requiring soil improvement in the form of stone columns
Upper Bound Assumptions: 100% of piles founded in weathered schist * 1 month worth of standby costs

* 10% design development allowance

* 5% static pile load test

* Average pile casing length 45m GB

* Average socket length 10m CONSULTING

Transaction Advisory
Project Structuring and Funding
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Jetty Structure Technical Review
Indicative Pile Toe Details
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Jetty Structure Technical Review
Trade off Study

The base-case scenario

Risk

Options 2

- more difficult to adapt the caisson structure
and design to Geotech variances and
extreme cases of large areas of clay

Option 3

- able to adapt and implement an appropriate
design to conditions, engineer on site for
timely decisions.

Implementation Schedule

- Caisson placement sensitive to wave climate
= Large unknown factor in schedule.

- Piled jetty start as soon as contractor
comfortable with conditions, less sensitive
to wave climate and protected conditions.

<

Multi Criteria Analysis for Selection of Preferred Option

Option 1: Continuous Caisson | Option 2: Caisson Jetty-type | Option 3: Piled Jetty-type

2o Quay Wall Structure Structure
Ref. Criteria Weighting
1 [Inherent Safety 5%
2 |Geotechnical Conditions/ Risk 20%
3 |lmpl tation Schedul 20%
4 |Value and Cost 55%
Total 100%
1 |Inherent Safety 100% 75
11 [Safety of personne during construction (extent 50%
of dive work, working over water, etc.) Caissons are constructed in the dry and therefore iess nsk in working over water, however,
significant dive work will be required to prepare stone bed. Both piled structure and caisson jetty-
type structure require over-water work (pile driving, placing of bridge beams), with the piled
option potentally being constructed in more exposed conditions. Therefore all options score the
same as there is no significant safety differentiator.
1.2 |Stuctural Redundancy 50% 5
(localisation and repairabiiity of d geie.is Caissons are more redundant and can remain functional should damage occur to one of the
damage iocalised or does it place the compiete cells. Piled structures are more difficuit to repair and may require that operations at the facility be
facility at risk) haited until such time that the pile is repaired, particuiany if a pile supporting the crane rail
beam is damaged). Options 1 and 2 therefore score higher than Opton 3.
Geotedhnical Conditions/ Risk 100% 5
2.1 |Risk associated with ground conditions 100% 5
(design or construction risks associated with Driliing rocket sockets for the piled jetty-type structure may be challenging given the very hard
variabie geotechnical conditions i.e. how guarezite. The Schist layers also pose a risk as they much weakerand variabie in quality.
odaptable is the structure should geotechnical Variaton in offshore geotechnical conditons may therefore require dniling ahead of
conditions differ from those assumed during the construction to mitigate some risks with a variation in design of the pile socket t suite position-
design phase} specific conditions. The risk for caissons is if the material is found to be unsuitable for bearing
load, for example if a weak day kayer is found. In this case a late change to the design wouid be
difficuit and expensive. However, based on the results of landside investigations, day layers are
considered uniikely and the caisson options therefore score higher.
3 |Implementation Schedule 100% 6.4 1.5 _
3.1 |Constuction duration 100% 6.4 75
Concept-level schedule esti { hs) 33 28 21
Value and Cost 100% 3.7 71
41 |Capitalcost 100% 37 7!
Concept-kevel capital cost esimate: R 2700000000 |R 1400000000 |R
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Trade off Study
=4 §
g S '§ o g
s E 3
S TR A
Sensitivity Analysis -g S g =
- Option 1 scores consistently poorly across all weighting Inherent Safety 25% 40% 20% 20% 20%
biases Geotechnical Conditions/Risk 25% 20% 40% 20% 20%
Implementation Schedule 25% 20% 20% 40% 20%
- Option 2 scores favourably for the equal, inherent safety Value and Cost 25% 20% 20% 20% 40%
and geotechnical risk biases TOTAL 100% 100% 100% 100% 100%
- Option 3 scores favourably for the base case,
implementation schedule and value and cost biases. g
S
g 2e 5 s
Weighting Bias g 2 g
:1f |8
: |8 |8
Base Case 79%
Equal 81%
Inherent Safety 80%
Geotechnical Conditions/Risk 80%
c Implementation Schedule 84%
—_— Value and Cost 83%
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Conclusion
- Piled jetty has been selected as preferred

- The potentially lower geotechnical risk attributed to the
caisson jetty does not justify the CAPEX premium

- The piled jetty risk may be mitigated with appropriate
attention to design, on site supervision and geotechnical
investigations

- The caisson jetty also has potential geotechnical risks and
considerable schedule and placement risk.

Piled Jetty

Caisson Jetty
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Piled Jetty Structure Initial Vertical Pile Layout

- Initial design vertical piles only, prevent use of raker piles due Eongltudinelly beams span10m

to geotechnical variability onto pile caps, for 3:’0m length
jetty. (38 sets of piles)

o 360m length of Dry Bulk Jetty

o Deck-on-Pile structure (RC piles, beams & deck)

o Pile spacing: 10m x 8m @ 1.4m diameter piles

o Fender and Bollard Spacing: 20m

Cross beams

o Decklevel +6m CD 0.8m (B) x 1.5m (H) RC beam
Centre of pile, =meD £
beam and slal; / *[L'
connection.

Longitudinal beams

* 1.2m (B) x2m (H) RC Beam
*x 1.6m (B) x 2.8m (H) RC Beam

umx-mﬂanwr/

rd

1.4m diameter RC Pile

Seabed -24m CD

Pile end -31m CD

SECTION THROUGH DRY BULK JETTY
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Pile Arrangement

*  Lateral Stability Governing Pile Design (UY)
- Focus on Berthing Load: Cases 502 and 505
- Limiting displacement 100mm

 Berthing load - accidental end of jetty
Y
T—'X i SMIE ------ * * A'Al
S S . ‘ SSSEESSEeneN N 2452 kN each
3"'14_: g * .A.A. * Ty

360m

2452 kN each



80090900 0 90 0 000 0 O 0 o ¢ 0 ¢ 0 o —b—o oo —o—0
et DIIIIIIIIII I I I T e = Vertical les @140, 2m0, 24m 0,25m 0
m

085800000 & 8 0 S 06 06 0 60 % 6 0 S ¢ 06 ¢ 0 0 S 9 © F 0 050°6°0°0 000 l24m ‘ + additional Vertical P“es’ 5m Spacing’ 2m ¢

B e e = = e - Crane rail beams only
R — B P — -~
60m 60m 60m

+ additional Vertical Piles, 5m spacing, 2m @

o ° o Dl il el el B . o Y D D5 0.8 0 8.0 50 o bed
60m 60m 60m
t@ .. O+ DD OO OO OO N @. . S € . S o E. o 5_ N S. . E. - @. 124:“ ===) + additional Raker Piles, 20m spacing, 1.4m @
8m o
..... >
20m

(CR R O N R O  CanC aa O RN O NG R S O N o N N C RN CICI09) le —_— * additional Raker Piles, 20m spacing & 10m spacing at end,

S R 14m0
oo o o o o oo »

20m 40m
: 13 .... S S O S N @‘ ‘ . @. . E. PP E. PR .3. [24m ===) + additional Raker Piles, 40m spacing, 1.4m @
m

> o - *

20m

* 360m *
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Pile Arrangement

Vertical Piles Only Case 502 (SLS) SR L)
[10m x 8m grid] uY (mm) UY (mm)
1.4m @ 289 457
2m @ 88 165
2.4m @ 54 113
2.5m@ 49 105
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Pile Arrangement

Vertical Piles Only Case 502 (SLS) Case 505 (SLS) Vertical Piles Only Case 502 Case 505
[10m x 8m grid] Uy (mm) UY (mm) - Increased Density Uy (mm) UY (mm)
1.4m @ 289 457 +2m @ Piles @ 5m centres, 60m either
67 145
mo 38 165 end — crane beams only
+2m @ Piles @ 5m centres 60m, either
2.4m 0 >4 113 end & middle — all longitudinal beams 2> 124
2.5m @ 49 105
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Pile Arrangement

Vertical Piles Only Case 5G2 Case 505
- Increased Density UY (mm) UY (mm)

+2m @ Piles @ 5m centres, 60m either ~ -
”

Vertical Piles Only Case 502 (SLS) SR L)
[10m x 8m grid] uY (mm) UY (mm)
1.4m @ 289 457
2m @ 88 165
2.4m @ 54 113
2.5m@ 49 105

S Q67 145
end — crane beams only . S o
+2m @ Piles @ 5m cenﬁres’Gﬁm, either 55 S S 124
end & middle — all lprrgitudinal beams So
~ ~
” ~
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Pile Arrangement
Vertical Piles Only Case 502 (SLS) SR L)
[10m x 8m grid] uY (mm) UY (mm)
1.4m @ 289 457
2mQ@ 88 165
2.4m @ 54 —
2.5m @ 49 105

Vertical Piles + Raker
Piles all 1.4m @

Raker Piles @20m

Case 502 (SLS)

UY (mm)

Case 505 (SLS)
UY (mm)

Vertical Piles Only
- Increased Density

+2m @ Piles @ 5m centres, 60m either ~ -
”

end — crane beams only

Case 5062

UY (mm)

+2m @ Piles @ 5m cenﬁres’Bﬁm, either
end & middle — all lprrgitudinal beams
~

spacing

spacing + 10m at end 14 =

Raker P|Ie§ @20m 14 24
spacing

Raker Piles @40m 18 31

ol F?( Reaction RZ Forcg = Reaction RZ
Compression Tension
6 690 kN 532 k.N 2990 kN 1 089 L
compression tension
o 8180kN e 4670 kN 2 Ju
compression tension
10 540 kN 10260 IfN 7 100 kN 3 079 kN
compression tension
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Inclusion of Raker Piles

+5m Centre line beams, slabs and piles

O O O .

Angle depends on allowable
. proximity to adjacent vertical
- Pinned piles as well as obtaining lateral
g/ SUpports stability required.
/-\
X B
Raker Pile |
.‘. 36m
8m

0.58m
10m

A
v
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Inclusion of Raker Piles More efficient than increasing density of

. . " . ////' vertical pile system to achieve results.
o Implementing raker piles = 19 additional piles

o Max axial tension top of Raker Pile decreases from when shifted from Position A to Position B (under crane beam).




* END




