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Executive summary

Background

In 2015/2016, a Design Review of Scrivener Dam (SMEC, 2016) identified that the stilling basin has several
possible structural deficiencies, particularly relating to insufficient stability against uplift forces generated during
spill events. The need to address these potential deficiencies was further supported by pre-existing concerns
regarding the lack of waterstops in the stilling basin contraction joints, limited slab reinforcing and anchor lengths,
the unknown condition of the anchors, and observations made of air-bubbling from the joints. A physical hydraulic
model study was subsequently developed to further explore and quantify the potential hydraulic forces acting on
the stilling basin over a range of discharges (WRL, 2021).

GHD was engaged in August 2021 to undertake an options assessment and concept design of upgrade works to
the stilling basin to address the possible deficiencies. The options assessment (this report) included the following
work:

— Review background documents on the project and develop an appropriate design criteria for the upgrade
works;

— ldentify a broad range of options to address the possible deficiencies in the stilling basin, and facilitate an
options identification workshop to agree on the selection of three preferred options to further develop;

— Further refine the three preferred options, prepare preliminary cost estimates for them, review their
advantages and disadvantages, and undertake a multi-criteria assessment of the options to identify the
preferred option to take through to concept design.

— Facilitate an options selection workshop to agree on the preferred option to take through to concept design.

Design Criteria and Hydraulic Review

In the early phases of the project, design criteria were developed for the upgrade works. These criteria were
largely based on dam engineering guidelines and reference documents, and information provided in the SMEC
(2016) Design Review and the more recent physical hydraulic model study (WRL, 2021). As part of this process, a
high-level review was undertaken of the hydraulic performance of the stilling basin, and the following key items
were concluded:

—  The proposed design flood was taken as the 1 in 100,000 AEP event, which is appropriate for a High C
consequence category dam. This event equates approximately to a discharge of 8,200 m3/s. Beyond this
event, it is understood that the stability of the dam becomes marginal.

— The tailwater levels adopted in the analysis have been based on the SKM (2010) analysis, however the
sensitivity analysis undertaken on tailwater levels in physical hydraulic model study runs was taken into
account when developing loads for the stilling basin.

—  The high-level review of the hydraulic performance of the dissipator suggested that the existing stilling basin
is providing a relatively effective dissipation of energy, and does not require modification in the upgrade
works. However, previous analysis indicates that there would be an improvement in flow conditions with
changes to the gate operating rules (namely opening the outer gates earlier in the opening sequence).

— Areview of the proposed hydraulic loads to be adopted in the stilling basin upgrade were undertaken. It was
proposed that uplift beneath the slab be taken as a linear regression from headwater to tailwater level. It was
proposed that pressures above the slab be taken as the mean less two times the standard deviation of the
pressure transients measured in the physical model study. In cases where there are no waterstops in the
contraction joints, increased uplift pressures were applied beneath the slab, equal to full reservoir head.

Option Identification

During the Options identification phase, nine key options were identified. High-level concepts for these options
were developed, and an assessment was carried out to determine the ability for each option to meet the design
criteria, and the pros and cons of each option. These options were presented during an options identification
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workshop, during which time, engineering judgment and experience was used to determine the three preferred
options to take through to the option refinement phase. The list of broad options, and a summary of the reasons
for selecting the three preferred options is provided in the following table.

1
2

3a

3b

3c

0 0N

Do Nothing

Overlay slab with no anchors

Anchored overlay slab (minimum slab
thickness)

Anchored overlay slab (maximum slab
thickness)

Anchored overlay slab (monolithic tie
between existing and new slab)

Retrofit Anchors into existing slab

Lengthen stilling basin

Tailwater control weir
Change gate operating rules
Deepening side bays of stilling basin

Partial demolition of slab and reconstruct
with anchored slab to original geometry

Eliminated — unlikely to meet performance requirements

Not preferred — slab likely to be very thick and may adversely
impact the hydraulic performance of the basin.

Preferred — Option offers a potentially robust solution, and
meets design criteria. Moving forward, instead of considering
three subset options, develop option to select an appropriate
balance of slab thickness, anchors and connection between old
and new slab.

Preferred — May not necessarily provide the robustness of other
options, but likely to be a cheap solution so take forward to
further development to challenge other options.

Eliminated — unlikely to meet performance requirements unless
done in combination with another option.

Eliminated — as per Option 5
Eliminated — as per Option 5
Eliminated — as per Option 5

Preferred — Likely to meet performance requirements and
provides a solution which maintains the current geometry.

Option Development and Preliminary Cost Estimates

The following three options were subsequently refined during the option development phase:

Option 3 — Installation of a new, anchored overlay slab, resulting in the new stilling basin invert being slightly
higher than the existing arrangement (refer to Figure 1);

Option 4 — Retrofitting anchors into the existing slab to provide sufficient additional resistance (refer to
Figure 2).
Option 9 — Partial demolition of the existing slab and reconstructing a new anchored slab to the original

geometry. This option is similar to Option 3, but maintains the same invert levels and geometry as the
existing stilling basin.

For each of the three options, basic calculations were undertaken to size the key components of the works. As
part of this work, the scope of works, advantages and disadvantages for each option were further refined.
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Item Description Quantity
No.

TOTAL CONTRACTOR'S ESTIMATE
Total Direct Cost

Option 3
$

Option 4 Option 9

Contractor's Supervision and Site Overhead 35%
Minor miscellaneous items not measured 25%
Contractor's Estimate (excl contingency)

Contingency allowance (including allowance 40%
for floods during construction)

Indicative Contractor's Estimate (excl. GST)
OTHER INDIRECT COSTS
Indirect Costs (excl contingency)
Contingency allowance 40%

Indicative Other Indirect Costs (excl. GST)
- Total Indicative Cost Estimate (exc.

&
3

Multi-criteria Assessment

After developing the three options, a multi-criteria assessment (MCA) was used as a tool for identifying the
preferred option to take through to the concept design. The work was presented during a second workshop, the
‘Preferred Option Workshop’, which included working through the MCA process with the participants. The MCA
process used a number of different processes to assess the options, and included a sensitivity analysis which was
undertaken following the workshop. Furthermore, an open discussion was held during the workshop to capture
the participants’ thoughts on which option was likely to be the preferred solution to upgrading the spillway. A
summary of the MCA outcomes is presented in the following table.

7 6

A - Cost 7

B - Technical Merits 15 12 15
C - Construction 13 12 8
D- Cperston and s s ;
E - Other Aspects 14 16 10
Total Score 53 50 43

The MCA process identified that the preferred option was Option 3, and this choice was supported by the
participants in the workshop. As such, it was recommended that Option 3 be progressed to concept design.

The concept development phase of the project is described in Volume B — Scrivener Dam Dissipator
Strengthening Concept Design Report (GHD, 2021b).
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1. Introduction

1.1 Purpose of this report

The National Capital Authority (NCA) is embarking on a significant project to upgrade the stability of the stilling
basin at Scrivener Dam, which is a culmination of several years of work. This work identified and, to a large extent
through a recent physical hydraulic model study, quantified concerns regarding the potential for large differential
uplift pressures to develop in the stilling basin. Under certain hydraulic conditions, these uplift pressures may lead
to instability of the stilling basin slabs. Combined with pre-existing concerns regarding the lack of waterstops in
the stilling basin contraction joints, limited slab reinforcing and anchor lengths, the unknown condition of the
anchors, and observations made of air-bubbling from the joints, the need to address stability concerns is a
prominent focus in the NCA’s dam safety program.

The NCA engaged GHD in August 2021 to undertake an options assessment and develop a concept design for
the proposed upgrade works. The key purpose of this consultancy is to identify the preferred upgrade option, and
develop the concept to an extent where the following is achieved:

— The broad details of the preferred concept for upgrading the stilling basin are defined, with sufficient detail to
prepare a Class 4 cost estimate and with the solution meeting the proposed design criteria, and being
compliant with industry guidelines.

—  The broad details of the associated flood management and constructability aspects required to construct the
upgrade works are defined.

— ACClass 4 Cost estimate (in accordance with AACE guidelines), which will ultimately be used by NCA to
submit an application for funding of future stages of the project.

— Details of future works required to develop the design are identified.

Ultimately, the developed preferred option, and associated costings, will used by the NCA as supporting
documentation for full remedial project funding applications.

1.2  Scope of this report

The scope of GHD’s consultancy services has been separated into a number of activities. These activities are
summarised in Figure 3.

Figure 3 Proposed Design Process Flow
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The activities are also summarised as follows:

— Activity 1 — Project award

— Activity 2 — Project start-up

— Activity 3 — Document review

— Activity 4 — Review of Design Criteria and Multi-criteria analysis template
—  Activity 5 — Identification of options

— Activity 6 — Option Identification Workshop

— Activity 7 — Development of three preferred options

— Activity 8 — Option presentation and selection of preferred option workshop
— Activity 9 — Development of Concept Design

— Activity 10 — Collaboration with Construction specialist

— Activity 11 — Concept Design Presentation

— Activity 12 — Finalisation of the Concept Design Report.

This report presents the outcomes of Activity 1 to 8. A separate Concept Design Report will cover Activities 9 to
12.

1.3 Limitations

This report: has been prepared by GHD for National Capital Authority and may only be used and relied on by
National Capital Authority for the purpose agreed between GHD and National Capital Authority as set out in
section 1.1 of this report.

GHD otherwise disclaims responsibility to any person other than National Capital Authority arising in connection
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed
in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered and
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this
report to account for events or changes occurring subsequent to the date that the report was prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD
described in this report (refer section 1.4 of this report). GHD disclaims liability arising from any of the assumptions
being incorrect.

Any reports, drawings, memaos, or other deliverables produced by GHD shall be produced in a traditional and
generally accepted format. Accessible reports, drawings, memos, or other deliverables can be provided by GHD
at an additional cost if necessary.

The opinions, conclusions and any recommendations in this report are based on information obtained from, and
testing undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be
different from the site conditions found at the specific sample points.

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as the
location of buildings, services and vegetation. As a result, not all relevant site features and conditions may have
been identified in this report.

Site conditions (including the presence of hazardous substances and/or site contamination) may change after the
date of this Report. GHD does not accept responsibility arising from, or in connection with, any change to the site
conditions. GHD is also not responsible for updating this report if the site conditions change.

If the GHD document containing the disclaimer is to be included in another document, the entirety of GHD’s report
must be used (including the disclaimers contained herein), as opposed to reproductions or inclusions solely of
sections of GHD’s report.
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GHD has prepared the preliminary cost estimates set out in section 6.6 of this report (“Preliminary Cost
Estimates”) using information reasonably available to the GHD employee(s) who prepared this report; and based
on assumptions and judgments made by GHD, as discussed in section 6.6.

The cost estimate has been prepared for the purpose of comparing the options and ranking for the multi-criteria
assessment, and must not be used for any other purpose. It is noted that costings prepared in the future Concept
Design stage of the project will be used for funding applications.

The cost estimate is a preliminary estimate only. Actual prices, costs and other variables may be different to those
used to prepare the cost estimate and may change. Unless as otherwise specified in this report, no detailed
guotation has been obtained for actions identified. GHD does not represent, warrant or guarantee that the
[works/project] can or will be undertaken at a cost which is the same or less than the cost estimate.

Where estimates of potential costs are provided with an indicated level of confidence, notwithstanding the
conservatism of the level of confidence selected as the planning level, there remains a chance that the cost will be
greater than the planning estimate, and any funding would not be adequate. The confidence level considered to be
most appropriate for planning purposes will vary depending on the conservatism of the user and the nature of the
project. The user should therefore select appropriate confidence levels to suit their particular risk profile.

GHD has prepared this report on the basis of information provided by National Capital Authority and others who
provided information to GHD (including Government authorities), which GHD has not independently verified or
checked beyond the agreed scope of work. GHD does not accept liability in connection with such unverified
information, including errors and omissions in the report which were caused by errors or omissions in that
information.

1.4  Assumptions

A number of assumptions have been made during the development of upgrade options for the stilling basin at
Scrivener Dam. These assumptions include:

— The dimensions used in the development of options has been based on existing drawings and survey data. It
is assumed that this information is suitable for the development of options.

—  The design loads proposed for the stilling basin are based on the assumption that the dam is a High C
consequence category. It is noted that this consequence category has recently been reduced from a High B,
based on work recently undertaken by SMEC (2021).

—  The hydraulic loads used in the development of options have been based on data provided in the Physical
model study report. It is understood that the physical hydraulic model was suitably calibrated and data has
been adequately reviewed.

—  The tailwater rating used in this option assessment has been based on that which was developed by SKM
(2011) and used in the physical hydraulic model study report (WRL, 2021).

—  The development of options has been based on the existing gate operating rules. It is noted that alternate
gate operating rules may be adopted in the future.

— Itis understood that debris loading (trees, logs etc. being flushed through the spillway) on the structure is not
a significant issue at the site.

— Itis assumed that the upgrade works will be constructed without full draining the storage (or with minimal
drawdown).

—  Specific assumptions relating to the development of cost estimates are described in Section 6.6.

—  The options have been developed on the assumption that there are no significant environmental, heritage of
approvals requirements for the project.

1.5 Reference Documents

A suite of reference documents have been provided to inform the development of upgrade options. These
documents are summarised in Section 8.
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2. Background

2.1 Scrivener Dam Design and Structure

2.1.1 Overview of the Dam

Scrivener Dam is located in the ACT, and retains one of the most famous storages in Australia, Lake Burley
Griffin. The dam was originally proposed purely for aesthetic purposes and forms an integral part of the Canberra
landscape, but it also serves the community for recreational purposes including non-motorised water sports. The
dam is managed, operated and maintained by the National Capital Authority (NCA).

The dam is located on the Molonglo River, on Lady Denman Drive, Canberra. The reservoir has a capacity of
33,000 ML at FSL (EL 555.93 m) and a catchment area of around 1,870 km?2.

The majority of the dam is formed by a concrete gravity structure, however the left and right sides of the concrete
dam are flanked by earthfill embankments. The concrete gravity portion of the structure incorporates a gated
mass gravity spillway structure. The lake level is controlled by five large spillway gates (fish-belly flap gates) which
fold down onto the concrete dam as the gates are opened. Flows from the spillway discharge into a USBR Type
1l stilling basin which has an invert at varying levels. The dam also features three low level outlets, which form an
important part of managing the lake levels to the very tightly controlled +/-100 mm. A photo of the dam is provided
in Figure 4.

Figure 4 Photo of Scrivener Dam from left abutment
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The principal features of the storage are summarised in Table 1.

Table 1 Key Features of the Dam

N L L

Reservoir

Dam

Spillway

Outlet Works

Instrumentation

Catchment Area
Full Supply Level
Capacity at FSL
Type

Crest Elevation
Height

Length (total)
Concrete cut off walls
Non-overflow section

Flap gated spillway section

Type of Spillway
Discharge Capacity

Type of Gates
Number gates

Height gates

Width gates

Sluice Valves Number
Capacity

Gate dimensions
Piezometers

Fissure meters

Reservoir level gauge

1870 km?

555.93 mAHD

33,000 ML

Concrete gravity

560.80 mAHD (top non-overflow road level)
33m

319m

84m

69 m

165 m (Including piers, 152.4 clear spillway width)

Concrete gravity structure with gated spillway

8,200 m?/s (at level where spillway bridge restricts flow
to orifice conditions)

Fish Belly Flap Gates

5 No.

5 m (approximate depth of water retained)
30.5m

3

55.8 m®/s combined when reservoir at FSL
1.2m x12m

9 No.

12 No.

1 No. Installed at site office

A suite of key drawings of the dam are provided in Appendix A, and a selection of photos is provided in

Appendix B.

2.1.2 Concrete Overflow Section

The spillway section of the dam comprises 5 No. 30.5 m long spillway bays, with 3.05 m wide piers separating
each bay (total length 165 m), as shown in Figure 5. The spillway is controlled by “fish belly” gates, which

maintain the Full Supply Level (FSL) at EL 555.93 m AHD. The spillway bays are labelled 1 to 5 from right to left.
The concrete section of the dam consists of a series of monoliths, separated by contraction joints. The length of

the monolith blocks differ from the length of the spillway bays, and therefore the contraction joints do not align with
the centre of the spillway bays or piers. The monolith blocks which make up the spillway section are referred to as
Block 3 to Block 11, while Blocks 2 and 12 are partially in the spillway section and partially in the non-overflow

portion of the dam.

GHD | National Capital Authority | 12555445 | Scrivener Dam
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During construction of the dam, it became apparent that the central section of the spillway (hamely Blocks 3, 4, 5
and 6) were founded on two significant intersecting faults. The first fault strikes across the river and dips
downstream, and the second fault strikes roughly upstream-downstream and steeply dips towards the left bank.

|

DETAIL

‘ ..-‘ 1qly
JJlbnsns

w

ECTION C=C

Figure 7 Deepening of foundation at fault

The highly weathered and fractured rock between these faults was excavated and replaced with concrete. Due to
the significant increase in depth of the foundation, post-tensioned anchors were installed through Blocks 4 to 6 to
provide an increase in stability. These blocks are approximately 25m high while the remainder of the monolith
blocks are generally 15 m high.

A rudimentary drainage curtain exists beneath the concrete section of the dam, as shown in Figure 8. The
drainage system comprises a network of pipes set in the dam concrete and 75 mm diameter holes drilled into the
foundation at the heel and toe of the dam. There are three drain holes per block near the upstream heel of the
dam, and located at approximately 6.1 m spacing and 10.7m deep, inclined downstream at 23 degrees to vertical.
The exception is Block 5, 6 and 6A which only have two drains per block. These drain holes are connected by
header pipes and drained into the spillway basin. The toe drains were drilled vertically through the spillway chute
blocks at approximately 6.10 m centres (every second chute block) to 4.57 m deep. In most cases these drains are
not accessible to monitor seepage or to allow the embedded drainage pipes to be inspected and cleaned.
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Figure 8 Details of Foundation drainage curtain under spillway blocks excluding deepened section under blocks 4 to 6

2.1.3 Spillway Gates

The five ‘fish belly’ spillway control gates are 30.48 m wide and 6.06 m chord length, and retain a depth of around
5m of water when fully closed. Seals are incorporated along the base and sides of the gates. Each gate is
supported on four hydraulic jacks which are mounted on pivoting trunnions in jack pits, located below the crest of
the concrete dam. Each gate pivots on hinges which attach the base of the spillway gates to the crest of the
spillway. A major upgrade program on the gate hinges was undertaken around 2012 to 2014.

The hydraulic jack pump units, which operate the spillway gates, are located in the gallery of the dam. These units
can be operated locally from within the gallery or from a control unit located in the entry adit to the gallery. The
gates can also be operated from the Dam Office, but cannot be operated from any locations off-site.

2.1.4  Stilling Basin

Discharge from the spillway passes into a Type Il USBR energy dissipator basin which discharges into the
Molonglo River. The basin is 24.4 m long and 164.6 m wide, and incorporates chute blocks, baffle piers (blocks)
and a downstream end sill.

The floor level of the stilling basin varies, as shown in the elevation in Figure 9. Bay 1 and 5 have an invert level of
EL 540.08 mAHD, while the central, deepest, bays have a stilling basin invert level of EL 537.03 mAHD. Bay 4
has a sloping invert, varying from the level of Bay 3 to Bay 5.
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Figure 9 Elevation of stilling basin
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The central bays are separated from the outer bays with divider walls which extend most of the length of the stilling
basin. These walls have a top level of EL 543.13 m AHD which is 6.1 m above the lowest floor level of the basin.
The training walls of the stilling basin extend well beyond the end sill, and have a top level of EL 548.3 mAHD
which is approximately the 1 in 100 AEP tailwater level.

The stilling basin slab is 900 mm thick, and is anchored to the foundation via 28 mm bars on a 2.1m grid extending
a minimum of 1.5m into rock, as shown in Figure 10. The slab is reinforced with one top layer of 12 mm bars at
300 mm spacing both ways. Upstream-downstream oriented contraction joints are located at variable spacing
ranging from 13.8 to 19.8 m, and there are two cross-valley contraction joints, one located at the toe of the dam,
and the other about 1.7m downstream of the central baffle blocks. None of the contraction joints in the floor slab
incorporate waterstops.

ok S [ e = IF=
\ P

Figure 10 Reinforcement and anchor arrangement for stilling basin

A subsurface drainage system was constructed beneath the slab, comprising a series of open-jointed pipes
encased in no-fines concrete, as shown in Figure 11. Some of these drains are located directly under the
transverse contraction joints. The stilling basin also has a 150 mm valved scour pipe through the downstream sill,
although according to drawings the discharge tailpipe is raised about 1.6 m above the basin floor and hence could
not fully drain the basin.
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Figure 11 Cross-section of stilling basin showing sub-surface drainage
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2.1.5 Outlet

The three sluice outlets are located in the piers between Spillway Bays 1&2, 2&3 and 3&4. The outlets are 1200 x
1200 mm square section conduits (sluices) through the dam, controlled by hydraulically actuated sluice gates
located within the body of the dam, as shown in Figure 12. Each sluice upstream intake is protected by trashracks
and there is provision for the placement of a bulkhead gate (stoplog) to isolate the sluices. The total combined
discharge of the three sluices is around 55.8 m3/s with a full storage.

Bulhend gale wek

Figure 12 Typical section through outlet

Except for the sluice gates, the outlet conduits are unlined through the concrete. The conduits discharge into the
central dissipator basin past a single energy dissipating baffle pier at the downstream end of each outlet. The
square conduit is bell mouthed on the top at the upstream intake.

2.2 Previously identified perceived deficiencies

A number of potential deficiencies of the stilling basin have been identified in previous studies and investigations.
These potential deficiencies include:

—  The potential for high velocity flow to enter the open contraction joints and pressurise the underside of the
stilling basin slabs; and

—  The potential inadequate resistance of the stilling basin slab to buoyancy (net uplift forces), as a result of
inadequate anchoring and weight of the slab arrangement, which is further exacerbated by the likely ongoing
corrosion of the anchors.

During one of the routine dam safety inspections of the dam in 2015, it was observed that ‘bubbling’ was occurring
from some of the joints in the stilling basin slab on the upper left side of the basin. Further observations were
made of this bubbling over several years, however the exact cause and mechanism for this bubbling has never
been fully understood. It is postulated to be related to water penetrating through the lower slab joints during
operation of the sluices (and during larger spill events) which pressurises air in the sub-surface drains which
subsequently releases in the higher sections of the slab floor. The observations of this bubbling highlight the fact
that there are no waterstops in the contraction joints and there is a high potential for the underside of the slab to
become pressurised during operation of the spillway.
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In 2016, a Dam Safety Review (DSR) was undertaken on the dam and associated structures. One of the key
deficiencies identified in the DSR was the lack of robustness in the design of the stilling basin. In particular, there
was concern regarding the potential for uplift of these slabs due to potentially deficient and corroded anchors and
lack of resistance to uplift, the lack of waterstops, and the ongoing observations of the bubbling. Due to the
complex hydraulic behaviour of the stilling basin, it was necessary to develop a more comprehensive
understanding of the hydraulic characteristics of the spillway using a physical hydraulic model. This study has now
been completed, and has highlighted the possibility of certain flows to cause upward forces which may exceed the
ability of the dissipator to withstand.

The key focus of the proposed upgrade options is to address these potential deficiencies in a manner that is
appropriate for the site conditions and nature of the structure, and which will ensure the dissipator has a design life
of 100 years. The recent model study (WRL, 2021) has been used as a key reference document in guiding the
upgrade design.
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3. Stilling Basin Upgrade Design Criteria

A set of high-level design criteria for the upgrade works on the stilling basin at Scrivener Dam have been
developed. The process for developing the design criteria is summarised as follows:

—  The design criteria were initially prepared by SMEC for the NCA, a copy of which was included in the Project
Brief.

— Inthe early stages of the project, GHD reviewed the proposed design criteria, tabulated the criteria, and made
suggestions on modifications to the criteria. A summary of the comments made by GHD are captured in the
project ‘Comments and Response Register’ provided in Appendix C.

—  The proposed modifications were subsequently discussed and agreed with NCA and its expert reviewers who
were Gamini Adikari from SMEC and Graeme Bell (independent consultant). In later stages of the project,
Mark Sinclair (SRG) was also used as an expert reviewer for the constructability and costing aspects of the
project, but was not involved in reviewing the Design Criteria.

In order to develop basic dimensions for the upgrade options, it was necessary to further develop the hydraulic
loading design criteria which required a detailed review of the hydraulic performance of the stilling basin. Aspects
relating to the hydraulic performance of the stilling basin are discussed in detail in Section 4.

It is also emphasised that the following design criteria only provide basic details appropriate to an ‘Option-level’
stage of design. As the project progresses, the design criteria will need to be further reviewed and updated as
necessary. The current agreed design criteria are summarised in Table 2.

Table 2 Design criteria table
Category Sub-category Design Criteria
Relevant ANCOLD (2000) Guidelines on Acceptable Flood Capacity (2000 and Draft)
g;’d‘zs a;d Guidelines on Concrete Gravity Dams (2013)
andards Guidelines on Dam Safety Management (2003)
USACE EM-1110-2-1602 — Hydraulic Design of Spillways
EM-1110-2-2100 — Stability Analysis of Concrete Structures
EM 1110-2-2104 - Strength Design of Reinforced Concrete Hydraulic Structures
USBR EM25 - Hydraulic Design of Stilling Basins
Australian AS3600 — Concrete Structures
Standards AS1170 — Loading
AS5100 - Bridge Design Code
Hydraulic Energy The energy dissipation characteristics of the stilling basin need to achieve equal or
Design Dissipation / better hydraulic performance (and exit velocities) than the existing basin,
Criteria Hydraulic The stilling basin must display equivalent hydraulic performance to the existing
Performance structure. This may be demonstrated with empirical designs based on USBR.

Future design will consider numerical and physical modelling.
Hydraulic Load on | The adopted concept must be able to withstand the imposed loading in accordance
the Stilling Basin with relevant guidelines such as USBR and USACE including:

— Transient uplift loading: SMEC Pty Ltd undertook a model study to which resulted
in prototype transient loading of the existing stilling basin structure.

— Pressurisation through Contraction joints: Potential for positive pressure leakage
directly into the foundation drainage system and into the jointed foundation

— Static uplift

— Impact pressure
Design Flood The adopted concept must demonstrate its resilience to all flood levels up to and
Events including the design flood for a “High C” consequence category dam. In accordance

with the fallback requirements for Acceptable Flood Capacity (AFC) (ANCOLD, 2000),
it is proposed that the AFC should be between 1 in 100,000 to PMP-DF (PMPF).
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Category Sub-category Design Criteria

Structural/
Stability
Design
Criteria

Construction

Operation
and
Maintenance

Other

Regulatory

Hydraulic Loading

Structural
Adequacy

Vibration

Waterstops

Dam Stability

Constructability

CAPEX Estimate

Operational
Aspects

Maintenance
Aspects

Design Life

Dam Safety
Latent conditions
Fishway

ACT Dam Safety
Regulations

With this classification the proposed usual, unusual and extreme load cases are
proposed to be:

— Usual loading: 1:50 AEP flood (1500 cumecs outflow)
— Unusual loading: 1:2,000 AEP flood (4,300 cumecs outflow)
— Extreme loading: 1:100,000 AEP flood (8,200 cumecs outflow)

As per Hydraulic design criteria

The stilling basin must meet acceptance criteria for strength and stability in accordance
with USACE and Australian Standards.

The analysis must consider the potential for vibration as the structure responds to the
imposed dynamic loading (noted in the SMEC Modelling Report p36).

The waterstop configuration must be considered and addressed to prevent high
pressures jets from pressurising through the joints and creating high uplift pressures
beneath the slabs.

Alterations to the stilling basin may result in changes to the stability of the dam due to
changes in uplift forces. The stability of the dam must be assessed, and any
strengthening requirements must be included in the concept design.

Mitigation of alterations to the main dam should be sought as a priority.

The stability of the main dam must be considered and must comply with the ANCOLD
guidelines.

The adopted concept must be “buildable”, preferable without the need to drain or
drawdown the level of the reservoir.

The adopted concept must be able to be constructed without compromising safety, the
dam or reservoir — even if flood events occur during the construction phase.

An AACE Class 4 Cost Estimate (15% Design) is to be produced for the Concept
Design Report.

The upgrade option must minimise the need for ongoing operational intervention on
the selected option.

The upgrade option must minimise the need for ongoing maintenance. Consideration
should be given in the design of the need to inspect critical components of the works.

100 years

Options must not impede the safety of the dam.

Relevant latent conditions of the dam must be considered and addressed.
No specific design criteria is required for fish passage

ACT Dam Safety Regulations are to be met in the design of the upgrade works.
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4. Review of Hydraulic Performance

4.1 General

A high-level review has been undertaken of the hydraulic performance of the stilling basin. The review has focused
on two distinct aspects, namely:

—  The overall hydraulic performance and ability to dissipate energy (refer to Section 4.5)
The likely hydraulic loadings applied to the stilling basin during the range of events (refer to Section 4.6)

In addition to these items, this section provides details on:

Previous assessments undertaken on the hydraulic performance of the dam
— Summary of the proposed design floods for the stilling basin
—  Summary of the tailwater levels used in the assessment.

It is noted that the discussions provided in this section should be read in conjunction with SMEC (2021) and
WRL(2021).

4.2 Previous Assessments of Hydraulic Performance

The hydraulic performance of the stilling basin has been studied a number of times, including:

—  Original physical model studies which included

e 1:72 scale model of the full reservoir and dam, used to investigate the stilling basin. This model was
developed by the Commonwealth Department of Works.

e 1:24 scale model of the sluices, used to investigate the outlets. This model was developed by the
Commonwealth Department of Works.

e 1:32 scale flume model study undertaken by the gate manufacturer. This model was developed for the
gate manufacturer by the Technical University of Karlsruhe.

Less sophisticated instruments were used in these studies limiting the ability to understand pressure
transients, and therefore the SMEC (2021) and WRL (2021) work has been used in the current review.

—  Sunwater (2009) - A 1:40 scale physical hydraulic flume model study was undertaken by Sunwater in 2009, of
one gate bay. Similar to the original model study, the recent model study is considered to be considerably
more advanced than the Sunwater study, and therefore the current review is largely based on the recent
model study.

— SMEC (2016) - As part of the Design Review of Scrivener Dam undertaken by SMEC in 2016, a review of the
performance of the stilling basin was undertaken. This review included assessing the performance of the
crest hydraulics and the stilling basin, and was largely based on empirical formula, reviews of earlier model
studies and reviewing video and photographic footage of the stilling basin during recent floods.

— Most recently, the physical hydraulic model study undertaken by WRL and reported on in WRL (2021) and
further reported on in SMEC (2021).

Key findings, specifically from the 2016 and 2021 studies, are documented in the following sections.
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4.3 Design Floods

In 2021, SMEC undertook a review of the catchment hydrology to update the flood frequency curve for the
storage. A summary of the flood frequency outputs from this analysis is provided in Figure 13.

Figure 13 Flood Frequency Data (Extract from SMEC, 2021)

The original stilling basin was designed for a peak discharge of 5,660 m%/s (SMEC, 2016). Previous assessments
indicate that the spillway will enter orifice flow when the upstream reservoir level is at approximately EL559.9 m
AHD (due to the constriction created by the spillway bridge).

The dam is now classified as a High C Consequence Category dam, in accordance with ANCOLD guidelines. The
fallback requirements for Acceptable Flood Capacity (AFC) (ANCOLD, 2000) for a High C dam is between 1 in
10,000 to PMPDF or the 1 in 100,000 AEP flood (whichever is less). In the case of Scrivener Dam, the PMPDF is
1in 540,000 AEP, therefore the upper limit of the fallback criteria is taken to be the 1 in 100,000 AEP. This upper
limit is also consistent with the ANCOLD (draft, 2016) guidelines which recommend an upper limit of 1 in 100,000
AEP for High C dams. The outflow of the 1 in 100,000 AEP is around 8,200 m3/s, with a corresponding reservoir
level around EL559.15 m AHD.

ANCOLD (2013) provides guidance for flood design cases to be adopted for concrete gravity dams. While this
criteria is largely irrelevant for the stilling basin (typically stilling basins are not designed for usual and unusual
events), the following load cases are consistent with the Gravity Dam guidelines:

— Usual loading: 1:50 AEP flood (1500 m?/s outflow)

—  Unusual loading: 1:2,000 AEP flood (4,300 m®/s outflow)

—  Extreme loading: 1:100,000 AEP flood (8,200 m3/s outflow)

The key item to note is that the proposed design event (8,200 m%/s) is considerably larger than the original design
flood, but slightly less than the events reviewed as part of the recent physical model study, which assessed

discharges up to 9500 m3/s. The reservoir level for the 8,200 m®/s flood, at EL559.15, is also less than the
assessed level of 559.9, at which orifice flow commences.

It is also noted that previous assessments of the concrete dam indicate that the stability of the dam does not meet
acceptance criteria for the 1 in 100,000 AEP event.
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4.4 Tailwater Levels

In 2011, SKM undertook a hydrology and dambreak assessment of Scrivener Dam. As part of this study, the
tailwater rating curve was presented, as detailed in Table 3. As part of the physical model study, sensitivity
analysis was undertaken on the impacts of the tailwater levels, and various runs were undertaken with the
tailwater level 1m, 2m, and 4m lower than the values shown in Table 3.

Table 3 Tailwater Rating Curve
11 538.9
10.0 539.3
20.8 539.6
46.0 540.1
52.8 540.2
124.3 541.2
215.8 542.1
372.3 543.0
532.7 543.9
714.2 5447
892.9 5454
1148.9 546.3
1449.6 547.1
1899.9 548.1
2736.7 549.7
3228.6 550.6
3726.9 5561.3
4974.6 563.1
5530.5 563.8
6380.8 555.0
7355.1 556.0
76754 556.5
8281.7 556.9
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4.5 High-level Review of Hydraulic Performance

45.1 General

The overall hydraulic performance of a stilling basin will be reliant on several factors. These include:

—  Energy Dissipation - The energy dissipating performance of the stilling basin needs to be sufficiently effective
to ensure that discharges leaving the concrete-lined basin have low enough velocities (and stream power) to
minimize the potential for downstream erosion, especially erosion near the downstream end of the stilling
basin that might lead to an undermining of the basin floor. The acceptability of the energy dissipation
characteristics, to an extent, will depend on the likely erodibility of the material in the river channel
downstream of the stilling basin versus the exit velocities.

—  Containment of the Flow — The concrete-lined stilling basin structure needs to have high enough training walls
to be able to adequately contain the highly turbulent, high velocity discharges from the spillway so that the toe
of the dam either side of the stilling basin is not threatened, for example, by undermining for flows up to the
peak design discharge.

— Potential for undesirable recirculating flows — Many stilling basins will experience some form of recirculation
flows in which flows exiting the concrete basin return back towards the spillway in a circular motion. These
flow patterns have the potential to cause damage by bringing loose gravel/stones back into the basin, or by
circulating towards the unprotected toe of the adjacent embankment dam. For example, if the training walls at
either side of the stilling basin are not adequately ‘tied into’ the banks of the river at the downstream end,
recirculation flows have the potential to erode material behind the training wall, back towards the dam toe.
Furthermore, recirculation flows leaving the basin have the potential to mobilise loose rock downstream of the
concrete-lining and carry material back into the basin. Any debris carried back into the concrete-lined stilling
basin has the potential to damage the concrete lining (e.g. ball-milling), especially at the bigger floods.

The performance of the Scrivener Dam stilling basin with regard to these factors is discussed in the following sub-
sections.

4.5.2 Energy Dissipation

45.21 USBR Empirical Assessment

The Scrivener stilling basin is based on a typical USBR Type Il arrangement comprising chute blocks, baffle
blocks and an end sill. SMEC (2016) undertook a review of the arrangement of the Scrivener stilling basin against
USBR design recommendations with particular emphasis on determining whether the existing stilling basin meets
design recommendations, for a full range of discharges. The key findings were:

—  The expected velocities at Scrivener Dam (inflow velocities in the order of 15 to 17 m/s) are at the upper limit
of those recommended for a USBR Type Il basin (e.g. 15 to 18 m/s), and the specific (unit) discharge (up to
56 m3/s/m for a discharge of 8500 m?/s) is well above the recommended limit of 20 m3/s/m (200 ft?/s).

—  The Froude number at the design flood (around 3.0) is lower than recommended for a USBR Type Il basin
(i.e. 4.0). This may result in a weak and unstable formation of a hydraulic jump, and lead to excessive
turbulence and wave action beyond the concrete-lined stilling basin.

—  The tailwater depth was reviewed to determine whether adequate ‘sequent depth’ in the tailwater exists to
form the hydraulic jump. The analysis found that the central bays (with the deeper stilling basin invert) need
to be operated preferentially to ensure adequate tailwater depth downstream of the storage. If the current
gate operating rules are used, Bay 4 will not be operated until the discharge exceeds 320 m?/s, and the outer
bays (1 and 5) will not operate until the discharge exceeds 900 m%/s. It is noted that SMEC (2021) proposed
an alteration to the gate operating rules (discussed later — refer to Section 4.5.4), which would see Bays 1 and
5 operate when discharges exceed 390 mé/s. For both the existing and proposed gate operating rules, there
should be adequate available tailwater depth to form the hydraulic jump. The only exception to this situation
would occur if one (or more) of the central gates is unable to be operated due to maintenance or gate failure,
in which case the outer gates may need to be operated at smaller discharges. A summary of the review of
tailwater/sequent depth is provided in Figure 14 (extract from SMEC, 2016).
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Figure 14 Hydraulic parameters at stilling basin for flood discharges within standard gate operating regime, extract from
SMEC, 2016

4522 Exit velocities

As part of the recent model study (WRL, 2021), exit velocity measurements were taken immediately downstream
of the concrete-lined stilling basin to provide an indication of the likely energy dissipating performance of the stilling
basin under a range of discharge, tailwater and gate operating conditions. The location of the velocity
measurement points is shown in Figure 15.

Figure 15 Location of Velocity measurements (WRL, 2021)
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Table 4 provides a summary of the velocity measurements for various discharges using the ‘best estimate’ of
tailwater levels and the current gate operating rules. The results indicate the following key aspects:

—  The exit velocities for discharges up to 5000 m?¥/s are typically around 1 to 2 m/s, and in all but four
occurrences are less than 3.5 m/s.

—  The four cases where exit velocities are greater than 3.5 m/s for discharges 5000 m3/s or less, all occur in the
parts of the stilling basin with higher inverts (i.e. Bay 1, 4 and 5) (refer to Test B03-Bay4/5, B04-Bay4/5, BO6-
Bay1 and B06-Bay5). In the case of Test B02, Bay 5 is not yet operating, and as such the peak velocity of
5.03 m/s between Bay4/5 and the 2.49 m/s in Bay 5 is a result of recirculation flow

— Velocities are highest for the extreme events, with velocities greater than 6 m/s for discharges of 7,500 and
9,000 m?/s.

— Velocities are typically higher for Bays 1, 4 and 5 than corresponding velocities in Bays 2 and 3 for the same
events. In other words, the high invert level of the stilling basin has an adverse impact on the resulting exit
velocities (as to be expected).

— In the case of the extreme events with discharges of 7,500 m%/s or greater, the peak exit velocities
downstream of Bay 2 are surprisingly similar in magnitude to those downstream of Bay 5. It is unclear why
Bay 2 starts to experience such high exit velocities, which in the case of Test B08 are double those
experienced downstream of Bay 3.

Table 4 Velocity Measurements for Flows with ‘best estimate’ tailwater levels and current gate operating rules

Test
Conditions Gate Setting % Flow Velocity m/s (prototype)

Bay Bay Bay Bay Bay
Test Bay 1 1/2 2/3 | Bay3 3/4 Bay 4 4/5 Bay 5

BO1 100 100 0.97 | 1.94 2.41 1.76 1.93

BO2 | 1600 | 47 | 47 | 47 47 | 100 | 1.61 072 | 161 | 1.06 | 1.84 2.25 28 5.03 2.49
BO3 | 1900 | 47 | 47 | 47 47 | 100 | 1.34 129 | 203 | 168 | 1.56 1.54 3.3 3.01 2.22
B04 | 2000 | 47 | 47 | 47 47 47 2.26 1.3 165 | 0.86 | 1.64 1.58 2.87 4.18 2.05
BOS | 3000 | 33 | 33 33 33 33 2.61 046 | 1.01 | 0.33 | 0.55 1.49 2.7 3.37 2.85
BO6 | 5000 | O 0 0 0 0 3.84 093 | 221 | 1.28 | 2.11 1.45 3.23 2.25 4.23
BO7 | 7500 | O 0 0 0 0 4.61 1.07 | 5.83 | 4.02 | 4.94 5.03 | 4.96 5.05 6.91
BO8 | 9500 | O 0 0 0 0 4.24 148 | 6.91 | 3.57 | 3.67 2.06 3.69 | 4.87 6.77

1) Represents percentage closed

In addition to the standard suite of tests undertaken for the existing conditions, a suite of sensitivity tests was
undertaken with the tailwater level at 1m, 2m, and 4m lower than the estimated tailwater level, assuming the
existing gate operating rules. The results of these tests are provided in Table 5. The key findings are:

—  While the reduction in tailwater would be expected to result in less effective dissipation, and potentially
inadequate formation of a hydraulic jump, this effect is not reflected in the velocity results. In fact, in some
cases the highest tailwater level results in the highest velocities (e.g. refer to 7500 m?/s cases).

—  The highest velocity observed throughout the tests occurred for the 9500 m?/s discharge, with an exit velocity
of 8.34 m/s being measured downstream of Bay 5 with a tailwater level 2 m lower than the current estimated
tailwater level. This peak velocity was most likely influenced by the geometry of the rock outcrop downstream
of Bay 5.
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Table 5 Velocity Measurements for Flows with different tailwater levels and current gate operating rules

LT L el e e
Test TW 1/2 2/3 3/4 4/5

BO3 1900 47 47 47 47 0| 1.34| 129 | 203 | 168 | 1.56 3.01 | 222
B09 1900 | -1 47 47 47 47 47 | 158 | 052 | 242 | 158 | 245 | 284 | 399 | 505 | 246
B10 1900 | -1 100 47 47 47 1 100 | 283 | 165 | 219 | 093 | 212 | 213 | 3.21 | - -
B13 1900 | -2 100 47 47 47 47 | 013 | 043 | 227 | 1.73 | 2.81 3.21 503 | 518 | 2.02
B14 1900 | -2 337 | 243 | 273 | 164 | 258 | 261 | 3.18 | 1.59 | -

m

n
\l
S
\l
S
\‘
n
\l
—
o
o

BO6 5000 | E
B17 5000 | -2
B18 5000 | -4
BO7 7500 | E
B11 7500 | -2
B15 7500 | 4

0| 3.84| 093 221 | 128 | 211 | 145 323 | 225 | 4.23
0| 3.35| 0.86 | 2.06 | 1.82 19| 1.46 43 | 446 | 437
0| 417 | 159 | 275 | 3.16 | 276 | 213 | 469 | 6.16 | 3.42
0| 461 | 107 | 583 | 4.02 | 494 | 503 496 | 5.05| 6.91
0| 3.88| 0.78 | 464 | 3.72 | 399 | 3.39 | 369 | 464 | 6.43
0
0
0
0

446 | 143 3.7 | 3.58 | 3.77 32| 506 | 488 | 5.39
424 | 148 | 691 | 3.57 | 3.67 | 206 | 3.69 | 487 | 6.77
504 | 184 | 643 | 478 | 629 | 589 | 558 | 7.25 | 8.34
439 | 123 | 589 | 429 | 5.57 47 | 4.59 5.7 6.6

BO8 9500 | E
B12 9500 | -2
B16 9500 | -4

oOo|jo|jlojo|o|]lojo|Oo|O
OoO|j|o|Oojo|o|]ojo|o|oO
O|o|OoOfjo|o|lojo|o|oO
O|o|OoOjo|o|]lojo|o|O

1) Represents percentage closed

Additional runs were also undertaken to assess the influence that the gate operating rules may have on the peak
velocities observed in Bays 1 and 5. The results show that a substantial reduction in exit velocities can be
achieved by opening the outer gates earlier in the operating rules, for discharges up to the point where all gates
are fully open, as shown in Table 6. Opening the outer gates earlier in the sequence reduces the high velocities in
the recirculating flows at the outer bays. In particular, the following is noted:

— Tests D03, B02 and D11 range in discharges from 1,450 to 1,700 m3/s. Gate operating rules used for the
1,450 m¥/s (Test D03) and 1,700 m3/s (Test D11) runs used proposed rules with outer gates opened earlier in
the operating rules. Conversely, the middle discharge of 1,600 m%/s (Test B02) adopted the existing
operating rules. The velocity results for these tests show that the peak velocities observed in Bay 1 of 1.61
m/s , Bay 4/5 of 5.03 m/s and Bay 5 of 2.49 m/s for the existing rules (Test B02), all reduce in Tests D03 and
D11, when the gates in Bay 1 and 5 are opened earlier in the operating rules.

—  Similar results were observed at the 1,900 m%/s discharge (refer Tests B03 and D08), and around the 2,900-
3,000 m?/s discharge (refer Tests D10 and B05) where peak exit velocities downstream of Bay 1 and 5
considerably reduced with the proposed gate operating rules.

Table 6 Velocity Measurements for existing and proposed gate operating rules

Test Conditions Gate Setting % Flow Velocity m/s (prototype)

Gate Bay Bay Bay Bay Bay Bay Bay Bay Bay
Test | Sequence 1/2 2/3 3/4 4/5

Existing 100 0.97 094 | 241 | 1.76 | 1.93

D05 | Proposed 900 | 745 |63 (63|63 |745| 043 | 0.28 | 2.15 | 0.63 21| 141 ) 218 | - -
D06 | Proposed 1050 | 745 | 59 | 59 | 59 | 745 | 0.29 | 0.21 | 2.24 05| 222 | 162 1.93 | - -
D12 | Proposed 1150 | 74.5 [ 55| 55 | 55 | 74.5 02| 017 | 221 | 113 | 213 | 1.84 21| 1.77 | 0.07
D03 | Proposed 1450 | 74.5 | 47 | 47 | 47 (745 | 1.34 | 129 | 2.03 | 1.68 | 1.56 | 1.54 33| 3.01 | 222
B02 | Existing 1600 47 | 47 | 47 |47 | 100 | 161 | 0.72 | 1.61 | 1.06 | 1.84 | 2.25 28| 5.03 | 249
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The results of the scour tests are shown in heat maps in Figure 17 and Figure 18.

Figure 17 Heat map showing areas of scour (blue) and accretion (red) for 7,000 m®/s discharge — Test F02) — extract from WRL
(2021)
Figure 18 Heat map showing areas of scour (blue) and accretion (red) for 9,500 m®/s discharge — Test FO1) — extract from WRL
(2021)
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Cross-section scour profile plots were produced for the two runs from the lower invert level of the stilling basin.
The worst case scour profiles are shown in cross-sectional plots in Figure 19. Assuming the downstream material
has similar erodibility characteristics at scale to the gravel material, the tests suggest that a scour hole in the order
of 3-4 m depth below the lower end sill level may develop, suggesting a potential for undermining under high flood
levels.

Figure 19 Worst case scour profiles (cross-sections downstream of concrete-lined stilling basin) - extract from WRL (2021)

It is highlighted that the removable bed did not extend downstream of Bay 5 as there was less concern regarding
the erodibility of the rock downstream of Bay 5 compared to the lesser known/understood geological conditions
downstream of Bays 1 to 4. Nevertheless, given that high exit velocities were observed downstream of Bay 5
(refer to Test BO7 and BO8 in Table 4), it is possible that erosion would occur downstream of Bay 5. A better
understanding will be required of the actual erodibility of material downstream of the stilling basin in the prototype
to understand the applicability of the removable bed scour tests.

45.2.4 Conclusions of Energy Dissipating Performance
Key conclusions from the review of the data presented in Sections 4.5.2.1 to 4.5.2.3 include:

—  The review of performance using USBR empirical assessments suggests that the outer gates have
inadequate available tailwater downstream of the dam to ensure effective energy dissipation for discharges
less than 360 m®/s. The current and proposed gate operating rules require the central gates to be operated
preferentially up to this discharge, and therefore there should be adequate tailwater to form a hydraulic jump
under all conditions.

—  The proposed gate operating rules appear to result in a considerable improvement (reduction) in downstream
exit velocities, and in reducing the potential for recirculation flows. As such, these changes should be
considered for implementation.

— Discharges greater than 7,500 m3/s result in relatively high exit velocities. While these velocities may result in
downstream scouring, it is likely that these high velocities will be limited in duration, and also given their very
low frequency of occurrence, will therefore be acceptable. At this stage, it appears that the existing stilling
basin geometry is performing relatively well in terms of dissipating energy, but further review will be required
following a thorough geological assessment of the site.
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—  The scour profiles provide an indication of the possible depth of scour holes downstream of the basin. Itis
noted that the actual scour profiles will be influenced by many factors which are not easily captured in the
physical model, and therefore should be considered as indicative only. Once a thorough geological
assessment has been undertaken, the scour profiles should again be reviewed.

4.5.3 Containment of Flow (water surface profile)

It is common practice to install training walls either side of a stilling basin to contain discharges from the spillway,
however in some cases, full containment would require extremely high training walls. In the case of Scrivener
Dam, the training walls contain discharges for frequent events (up to around the 1 in 100 AEP), but extreme
discharges have an associated tailwater level higher than the training walls.

The existing training walls either side of the stilling basin have a top elevation of RL1800 ft, or EL 548.31 mAHD,
which is around 8.23 m higher than the stilling basin slab invert in Bay 1 and 5, as shown in Figure 20. When
comparing this level to the tailwater rating curve (refer previous tailwater rating curve detail in Table 3), the
tailwater will be higher than the top of the training walls when discharges exceed approximately 1,900 mé/s
(around the 1 in 100 AEP flood).

Figure 20 Cross-section of Stilling Basin showing height of training walls

In addition to the height of the training walls, the recent Physical Model study also highlighted the fact that under
some frequent discharges (as the gates are opened), the training walls do not contain the spread of flow, as
shown in Figure 21. Although the extent of impacting flow outside the training wall is relatively minor, it has the
potential to occur at discharges more frequent than the 1 in 100 AEP flood. The area immediately behind the
training walls appears to be protected on both sides of the stilling basin with a concrete slab (refer to Figure 22 and
Figure 23), however, beyond this area it appears to be relatively erodible (soil) material.
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Figure 21 Discharge impact training wall during 540 m?/s releases (extract from WRL, 2021)
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Figure 22 View of right training wall

Figure 23 View of left training wall

GHD | National Capital Authority | 12555445 | Scrivener Dam 26



National Capital Authority—Scrivener Dam Dissipator Strengthening project
Submission 1 - Attachment 2



National Capital Authority—Scrivener Dam Dissipator Strengthening project
Submission 1 - Attachment 2



National Capital Authority—Scrivener Dam Dissipator Strengthening project
Submission 1 - Attachment 2

4.6  Hydraulic Loadings on Slab
4.6.1 General

In addition to the hydraulic performance of the stilling basin, its structural performance also requires consideration
for the range of discharges up to the design event. The hydraulic loadings which are typically used as the basis
for structural design include:

—  Uplift beneath the stilling basin — Seepage beneath the dam will result in an increase in groundwater pressure
beneath the dam and stilling basin. The resulting uplift pressure beneath the stilling basin will need to be
included in the structural design loads.

— Pressure transients above the concrete floor — Turbulence in the stilling basin will create transient pressures
on the floor of the stilling basin slab. In some cases, these pressures will cause a downward pressure greater
than the opposing uplift pressure beneath the slab (net downward force). At other points in time, pressure
transients may result in downward pressures less than the opposing uplift (net uplift force). Factors which are
important to consider when assessing these pressure transients include:

e Areal effects of the pressure transients — Peak pressures may occur in a very localized portion of the slab,
or a widespread area. Understanding the spatial extent of pressure peaks is important.

e Magnitude of pressure ‘spikes’ from the average pressures — Pressure spikes may occur for a very short
time, and the concrete slab may not have time to respond to these spikes.

e |ocation of peak pressures — Peak pressures upstream and downstream of the baffle blocks may be
significantly different, therefore requiring different structural solutions. In the case of Scrivener Dam
where the stilling basin has a sloping invert, pressures will also differ between invert levels.

e Discharge (and associated tailwater) conditions which result in the greatest pressures — The relationship
between discharge and tailwater is important. Some stilling basins will experience their most severe
hydraulic loading at discharges less than the design flood. It is important to understand which discharges
(and corresponding tailwater conditions) produce the most severe loading.

— Potential for pressures to penetrate through joints in the slab — In cases where the stilling basin slabs do not
have waterstops (as is currently the case at Scrivener Dam), there is potential for pressure transients, caused
by the high velocity flows, to penetrate through the joints and into the drains, and pressurise the underside of
the slabs and underlying jointed rock mass.

These aspects are discussed in the following sub-sections.

In addition to these factors, in future stages of the project it will be necessary to review the additional hydraulic
loading and durability requirements:

— Pressure transients/impact loading on baffles and end sill — Pressure conditions upstream and downstream of
the baffles will differ, and the resulting hydraulic loads on the baffles need to be considered.

—  Erosion resistance of the concrete — Depending on the debris/sediment load circulating or passing the stilling
basin, there is potential for the surface of the concrete to be eroded and perhaps cause damage by cavitation.

These two dot points have not been explored in detail in this section, but will need to be considered in the detailed
design.

4.6.2 Steady-state Uplift beneath Stilling Basin

In the SMEC (2016) Design Review, an assessment was undertaken of the likely uplift pressures beneath the dam
and stilling basin slab. Although the dam and stilling basin has a series of foundation drains, there is no means of
maintaining the drains, and therefore it has been assumed that the drains are largely ineffective. On this basis, a
typical triangular pressure variation has been adopted beneath the dam and stilling basin, transitioning from full
reservoir head at the upstream side of the dam, to tailwater level at the downstream side of the stilling basin, as
shown in Figure 26. The resulting uplift pressures, shown as a function of head (m) at the toe of the dam (refer
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location ‘A’ in Figure 26) and the downstream end of the stilling basin (refer location ‘B’ in Figure 26), are
summarised in Table 9.

Figure 26 Example of triangular uplift pressure for various combinations of headwater and tailwater levels
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Table 9 Proposed Steady-state Uplift Conditions on underside of stilling basin slab

Test conditions Uplift Pressure Head at Underside of Slab
(m)

K T K T T S R TN N

Proposed 556.11 544.78 154 18.5 12.3
BO1 Existing 900 556.08 RC 545.39 154 9.2 18.5 12.3
D05 Proposed 900 556.11 RC 545.35 15.6 9.7 18.6 12.7
D06 Proposed 1050 | 556.12 RC 545.76 15.7 10.0 18.8 13.1
D12 Proposed 1150 | 556.07 RC 546.11 16.3 11.3 19.3 14.3
B02 Existing 1600 | 556.12 RC 547.37 16.1 10.8 19.1 13.9
D03 Proposed 1450 | 556.12 RC 546.95 16.4 11.5 194 14.5
D11 Proposed 1700 | 556.09 RC 547.60 16.8 12.0 19.9 15.0
BO3 Existing 1900 | 556.56 RC 548.07 16.5 12.0 19.6 15.0
D08 Proposed 1900 | 556.05 RC 548.10 16.7 12.3 19.7 15.3
B04 Existing 2000 | 556.08 RC 548.36 16.7 12.5 19.8 15.6
D09 Proposed 2150 | 555.98 RC 548.63 17.6 14.2 20.7 17.2
BO5S Existing 3000 | 556.32 RC 550.26 17.4 14.0 20.5 17.0
D10 Proposed 2900 | 556.11 RC 550.07 19.3 17.1 22.3 20.2
B06 Existing 5000 | 557 RC 5563.23 214 20.0 245 231
BO7 Existing 7500 | 558.6 RC 566.13 235 21.9 26.5 25.0
BO8 Existing 9500 | 560.72 RC 558.02 16.4 11.0 194 14.0
BO9 Existing 1900 | 556.48 RC-1 | 5471 16.4 11.0 194 14.1
B10 Existing 1900 | 556.52 RC-1 | 547.12 16.0 10.0 19.0 13.0
B13 Existing 1900 | 556.6 RC-2 | 546.06 15.9 9.9 19.0 13.0
B14 Existing 1900 | 556.48 RC-2 | 546.03 184 15.1 214 18.1
B17 Existing 5000 | 556.92 RC-2 | 551.16 20.5 18.1 23.6 211
B11 Existing 7500 | 558.48 RC-2 | 554.21 22.3 201 25.3 23.1
B12 Existing 9500 | 560.04 RC-2 | 556.16 17.5 13.0 20.5 16.1
B18 Existing 5000 | 556.92 RC-4 | 549.14 19.6 16.1 22.7 19.1
B15 Existing 7500 | 558.44 RC-4 | 552.16 21.2 18.1 242 211
B16 Existing 9500 | 559.56 RC-4 | 554.2 154 9.3 18.5 12.3

46.3 Pressure Transients on concrete floor

Pressure transients were measured at 30 different locations in the model study, in Bay 3, 4 and 5. Pressure
transducers were placed in the model upstream and downstream of the baffles. Transient pressures were
measured for a range of flows up to 9,500 m?/s with the corresponding ‘best estimate’ of tailwater level. Further
sensitivity analysis was also undertaken for the same discharges with a lower tailwater level (namely, a reduction
in tailwater level by 1, 2 and 4 m below the estimated level).
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A typical example of a pressure transient record over time for the 9,500 m?/s event (at location B3-12) is provided
in Figure 27. The downstream tailwater level is shown in ‘yellow’, the average pressures is shown in a solid red
line, and the standard deviation and 2x standard deviations are shown in dashed and dotted red lines respectively.
The plot shows the following:

— the average pressure is less than the tailwater level

— Although the 2x standard deviation captures the vast majority of pressures, there are numerous pressure
spikes that exceed this upper 2x standard deviation (mean+2c) by up to 2m pressure, and by around 0.5 m
below the lower 2x standard deviation (mean-2c).

Figure 27 Example of Pressure Transients versus time — B3-12 for 9,500 cumecs (Test 008)

In order to accurately assess the performance of the stilling basin under the fluctuating loads, it may be necessary
to develop a fluid-structural model and apply the pressure time history as an input load. This process will be time-
consuming, particularly if all pressure time histories need to be assessed.

For the design of Scrivener Dam stilling basin remedial works, it has been decided to adopt a downward pressure
equal to the average pressure transient minus two standard deviations (i.e. refer to -2c in previous graph).
Although this pressure does not capture the absolute minimum spikes in the data, it is postulated that the slab has
insufficient time to respond to the infrequent spikes, and therefore the approach to adopting a design load of the
mean-2c, provides an appropriate design load to be adopted for the option assessment.

4.6.4 Pressure penetrating through joints

The ability for water to pressurise the underside of the slabs through pressurisation of contraction joints will largely
depend on the arrangement of the contraction joints and sub-surface drainage system. For most of the upgrade
options, it is proposed that double waterstops are adopted in all joints, and therefore the need to apply additional
loads to the underside of the slab to account for this scenario is considered unnecessary.

For options which do not have double waterstops, or where it will be challenging to retrofit waterstops, it is
proposed that the total uplift applied beneath the slab be equal to the reservoir head, which is a worst case
scenario, and hence conservative (safe) assumption.
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4.7 Conclusions

In summary, the following is proposed for the approach to hydraulic performance and loading for the design of the
upgrade works:

The proposed design flood is the 1 in 100,000 AEP event, which is appropriate for a High C consequence
category dam. This event equates approximately to a discharge of 8,200 m3/s. Beyond this event, it is
understood that the stability of the dam becomes marginal. Furthermore, larger floods may result in orifice
flow due to the presence of the spillway bridge.

The tailwater levels adopted in the analysis have been based on the SKM (2010) analysis. The sensitivity
analysis undertaken on tailwater levels and applied to the physical hydraulic model study runs will be taken
into account when developing loads for the stilling basin.

The high-level review of the hydraulic performance of the dissipator suggested that the existing stilling basin
is providing a relatively effective dissipation of energy, and does not require modification in the upgrade
works. However, previous analysis indicates that there would be an improvement in flow conditions with
changes to the gate operating rules (namely opening the outer gates earlier in the opening sequence).

A review of the proposed hydraulic loads to be adopted in the stilling basin upgrade has been undertaken. It
is proposed that uplift beneath the slab be taken as a linear regression from headwater to tailwater level. Itis
proposed that pressures above the slab be taken as the mean less two times the standard deviation of the
pressure transients measured in the physical model study.

In cases where there are no waterstops in the contraction joints, increased uplift pressures will be applied
beneath the slab, equal to full reservoir head.

It is noted that future stages of the design may require more complex modelling of the stilling basin, including
additional physical hydraulic modelling (if the geometry substantially changes), and/or fluid-structural finite element
modelling to provide a better basis for the design loads. However, it is considered that the loads previously
discussed will provide an appropriate basis for use in the development of options.
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5. Options Identification and Initial Option
Screening Workshop

5.1 Options Identification and Evaluation

At commencement of the project, an internal workshop was held amongst senior team members to discuss the key
perceived deficiencies of the stilling basin, and identify a broad range of potential upgrade works. During this
workshop, nine different options were identified for upgrading the Scrivener spillway stilling basin.

This section provides a summary of the nine potential options, including a high-level sketch of the proposed
arrangement.

5.1.1 Option 1 - Do Nothing

The first option considered was a ‘do nothing’ option. This option would only be considered if the net (uplift)
pressure differential applied to the stilling basin slab is small enough that it can be confirmed that the existing slab
and anchor arrangement can adequately withstand the design loads. Processing of the hydraulic design loads
had not been completed at commencement of the ‘option identification’ phase, however based on earlier work
completed as part of the Design Review (SMEC, 2016), it appeared unlikely that a ‘do nothing’ option would be
acceptable.

Option 1 evaluation is presented in Table 10, which highlights that this option is unlikely to meet the requirements
of the performance criteria.

Table 10 Option 1 Evaluation
Option 1 — Do Nothing
Description of Option No upgrade works are required
Ability to Meet Design Criteria No
Pros — Quick to implement

— No capital cost

Cons —  Will not meet the requirements of the performance criteria
— Potential failure of the stilling basin slab under flood loadings
— Potential for ongoing maintenance/repair cost

Additional Considerations Are the fluctuation dynamic pressures adequately high to warrant an upgrade
required to develop option
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Option 3a — Overlay Slab with Anchors (min slab thickness, rely on anchors)

Cons

Additional Considerations
required to develop option

Big anchors depending on the dynamic uplift pressures

Development of the tensile capacity of the anchor within the overlay slab will need to be
considered with respect to punching shear

Core drilling through the existing slab

The top of the original slab requires surface preparation

The construction period will be longer than option 2.

Will create a cold joint between the overlay and existing slabs

Might need hydraulic modelling of the spillway
Calculation of fluctuation dynamic pressures and the resulting uplift pressures
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Option 3b - Overlay Slab with Anchors (thick slab, less anchors)

Cons — The overlay slab thickness should accommodate appropriate cover (top and bottom)
and two mats of reinforcement — likely to be minimum 400 mm thick

— Core drilling is required through the original slab
— The top of the original slab requires surface preparation
— Will impact the effectiveness of the baffle blocks and have potential to change the
hydraulics of the spillway
Additional Considerations — Hydraulic modelling of the spillway
required to develop option — Calculation of fluctuation dynamic pressures and the resulting uplift pressures
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Option 3c — Overlay Slab with Anchors (monolithic/structural connection to underlying

slab)

Pros — Reduced overlay slab thickness compared with Option 3b.
— The contraction joints will be adequately detailed
— Waterstops (centre bulb and rear guard) will be added to the top slab

— The new and original slabs create a monolithic structural slab to resist the uplift
pressures

— High strength and durable concrete will be used for the top slab

— The new slab will be adequately reinforced with two layers of reinforcement at the top
and bottom

— The anchor head will be embedded in the top slab
— Double corrosion protection anchors (expensive-Cons)
— Potential gaps under the original slab will be filled using the new anchor bore holes
— Reduced impact on hydraulics and effectiveness of baffle piers compared with Option
3b.
Cons — Similar cons as the other Option 3s

— No advantage over the other Option 3s as the dynamic uplift pressures infiltrates
between the two slabs and will be resisted by the top slab

— Additional drilling to install the dowels
— Dowels will be exposed to corrosion and use of SS dowels will be required
(expensive)
— Construction period will be longer than the other Option 3s due to core drilling and
installation of dowels
Additional Considerations Hydraulic modelling of the spillway
required to develop option Calculation of fluctuation dynamic pressures and the resulting uplift pressures
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Option 5 — Lengthen stilling basin

Cons

Additional Considerations
required to develop option

Excavation of downstream for the extension of the slab

Demolition of the existing downstream apron and reconstruction of apron at the
downstream end of the extended slab

No waterstops will be added to the original slab allowing pressure transient
penetrating through the contraction joints

Foundation preparation and leveling concrete for the extended slab require significant
work and cost

Drainage system should extend under the extended slab requiring significant work
and cost

Unlikely to adequately mitigate issues of fluctuation dynamic pressures infiltrating
under the existing slab

Construction cost and period will be significantly more than Options 1 to 4
The static uplift pressures will be increased along the length of the extended slab

New hydraulic modelling
Calculation of dynamic fluctuation pressures and the resulting uplift pressures
Fish passage is an issue or not
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5.1.9 Option 7— Change Gate Operating Rules (no physical changes)

Option 7 requires changing the gate operational rules to improve the hydraulic performance of the stilling basin.
Option 7 evaluation is presented in Table 18, which shows that this option is unlikely to meet the requirement of
the performance criteria unless it is progressed in combination with another option.

Table 18 Option 7 Evaluation

Option 7 — Change Gate Operating Rules (no physical changes)

Description of Option Change the gates operation rules to improve the hydraulic performance
Ability to Meet Design Criteria No
Pros — No physical change to the stilling basin

— No construction cost

— No further discussions as will not meet the performance criteria
Cons — Wil not mitigate the issue of dynamic uplift pressures

Additional Considerations required
to develop option

No further consideration is required
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5.1.10 Option 8 — Deepen Stilling Basins in Bays 1,4 and 5

Option 8 requires demolition of the existing slab in bays 1, 4 and 5 and excavation of their foundation to the same
level of bays 2 and 3 and construction of a new slab as shown in Figure 35 for Bay 1, 4 and 5.

Option 8 evaluation is presented in Table 19, which shows that this option may slightly reduce pressures transient
but unlikely to the extent required to achieve stability and meet the requirements of the performance criteria. As
such, this option would most likely need to be done in combination with other options to meet the design criteria.

Bay Bay Bay

Figure 35 Deepen Stilling Basin in Bays 1, 4 and 5

Table 19 Option 8 Evaluation

Option 8 — Deepen Stilling Basins in Bays 1,4 and 5

Description of Option Demolition and excavation of the original slabs in bays 1, 4 and 5 to build new slabs at
the same level as of bays 2 and 3.

Ability to Meet Design Criteria Yes, but unlikely to the extent required to achieve stability and meet the requirements of
the performance criteria.

Pros — More flexibility with operating the outer gates for small discharges (better energy
dissipation for the outer gates under low flows)

— May slightly reduce pressures transient but unlikely to the extent required to achieve
stability

— Sufficient anchors will be installed for the lowered slabs to resist the fluctuation
dynamic pressures

— Appropriate joint detailing and waterstops will be considered for the lowered slabs
— The drainage system will be designed to reduce efficiently the uplift pressures in bays
1,4and 5
Cons — Demolition of the existing slabs and drainage system in bays 1, 4 and 5
— Excavation of foundation to the same level as of bays 2 and 3
— Reconstruction of new drainage system under the new slabs in bays 1, 4 and 5
— Reconstruction of new slabs in bays 1, 4 and 5

— Remedial works are still required for bays 2 and 3 to fully mitigate the dynamic uplift
pressures

— Construction cost and period will be more than Options 1 to 4
— The divider walls should be extended vertically to the lower levels
Additional Considerations — New hydraulic modelling of spillway
required to develop option — Changing the gates operational rules
— Calculation of fluctuation dynamic pressures and the resulting uplift pressures
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Option 9 — Partial Demolition of original slab, new anchors, reconstruct slab

— Depending on the demolition method cracks can develop in the original unreinforced
concrete slab

— Wil require big anchors depending on the dynamic uplift pressures

— Will create a cold joint between the reconstructed and original concrete slab.

— Core drilling through the original slab for the new anchors

— The slab will have no bottom layer of reinforcement and still can only be relied upon
its weight.

Additional Considerations Calculation of fluctuation dynamic pressures and the resulting uplift pressures
required to develop option
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Option Screening

An initial option workshop with representatives from NCA, independent peer reviewer, GHD and SMEC took place
on 27 August 2021 to discuss and shortlist the preferred options. The comprehensive minute of the workshop is
included in Appendix D.

The workshop discussions and options evaluation resulted in shortlisting the original nine options to the three
preferred options of 3, 4 and 9. The criteria for shortlisting were based on the technical advantages and meeting
the requirements of the performance criteria. A summary of the outcomes are provided in Table 21.

Table 21

Initial Option Screening

1
2

3a

3b

3c

0 o N

Do Nothing

Overlay slab with no anchors

Anchored overlay slab (minimum slab
thickness)

Anchored overlay slab (maximum slab
thickness)

Anchored overlay slab (monolithic tie
between existing and new slab)

Retrofit Anchors into existing slab

Lengthen stilling basin

Tailwater control weir
Change gate operating rules
Deepening side bays of stilling basin

Partial demolition of slab and reconstruct
with anchored slab to original geometry

Eliminated — unlikely to meet performance requirements

Not preferred — slab likely to be very thick and may adversely
impact the hydraulic performance of the basin.

Preferred — Option offers a potentially robust solution, and
meets design criteria. Moving forward, instead of considering
three subset options, develop option to select an appropriate
balance of slab thickness, anchors and connection between old
and new slab.

Preferred — May not necessarily provide the robustness of other
options, but likely to be a cheap solution so take forward to
further development to challenge other options.

Eliminated — unlikely to meet performance requirements unless
done in combination with another option.

Eliminated — as per Option 5
Eliminated — as per Option 5
Eliminated — as per Option 5

Preferred — Likely to meet performance requirements and
provides a solution which maintains the current geometry.

The shortlisted options have been further developed so that they can be priced and compared for constructability,
as discussed in the following sections.
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6. Option Development and Selection

6.1 General

This section provides details of the development of the three preferred options, namely Options 3, 4 and 9.
Specifically, this section includes details on:

— the proposed hydraulic loadings used in the development of the options,

— adescription of each option including a summary of the key attributes, the proposed scope of works, and the

perceived pros and cons of each option.
— the preliminary cost estimates prepared for each option; and
— the multi-criteria assessment of the options

Additional information to support this section is provided in the Appendices.

6.2 Design Approach specific to options

6.2.1 Hydraulic Loadings

Based on the review of hydraulic performance as described in Section 4, a summary of the required hydraulic
assessments and loads was developed, specific to the three preferred options. This summary is presented in
Table 22.

Table 22 Proposed Hydraulic Design Approach for Options

Option 9 — Partial demolition
of slab and reconstruct to
current dimensions

Hydraulic
Performance

Option 3 — Overlay slab
with anchors and

Option 4 — Retrofit
anchors and waterstops

waterstops

Energy Dissipation — Review performance — No analysis — considered to be acceptable based on

against USBR Type llI
Basin (empirical)

performance of current basin

Containment of Flow — Invert of basin will be — Geometry of basin the same, therefore not worsening
higher, therefore containment, but consider minor raising of walls.
containment worse than
existing. Need to raise

training walls

Recirculation Flow — Higher invert likely to — Consider changing gate operating rules as proposed by
exacerbate recirculation. SMEC (2021)
Consider modifying gate

operating rules.

Hydraulic Loading

Uplift Assumptions — Linear distribution from — Refer to pressurisation of | — As per Option 3
reservoir head to joints
tailwater level

Pressure on Top of — Mean measured pressure less 2 x standard deviation for worst case

Slab

Pressure penetrating — None —assume that new | — Waterstops unlikely to be | — As per Option 3

through slab joints waterstops are 100% 100% effective. Allow for

effective in avoiding
pressure transmitted
through slab joints

pressure transmitted
through joints equal to
reservoir head.
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Hydraulic Option 3 - Overlay slab Option 4 — Retrofit Option 9 — Partial demolition
Performance with anchors and anchors and waterstops of slab and reconstruct to
waterstops current dimensions
Erosion of concrete — Concrete strength, — Cracked and spalled — As per Option 3
concrete cover and concrete areas to be
reinforcement design to repaired

consider potential for
ball-milling/ scour

Other — No negative impacts on — As per Option 3 — As per Option 3
concrete dam stability
but consider improving
drainage

Based on the proposed loading criteria to be adopted for each option (as described in the previous table), the
results from the hydraulic model study were processed, along with assessments of uplift beneath the slab, to
assess the critical peak design loads to be adopted for each option. These loads are detailed in Table 23. Itis
noted that although Bay 4 has a sloping invert, for simplicity the proposed loads for the Bay have been taken as
those representative of the deepest location (i.e. the critical end of the slab). It may be beneficial in future stages
of the project to adopt different loadings for the upper and lower sections of Bay 4.

Table 23 Design Loads

Bay Location Critical Load Case Uplift Head acting upwards on Design Head on top of existing
underside of slab (m) slab (m)

Bay 2, 3 Upstream of | 900 m?¥s with

and 4 Baffles normal TWL 15.4 20.0 15.4 -7.3 -7.3 -7.3
Downstream | 900 m3/s with
of Baffles normal TWL 13.6 20.0 13.6 -7.7 7.7 7.7
Bay 1 and Upstream of | 900 m3/s with
5 Baffles normal TWL 12.5 16.9 12.5 4.5 4.5 4.5
Downstream | 900 m3/s with
of Baffles normal TWL 10.6 16.9 10.6 4.4 4.4 4.4

1)  Pressures have been adjusted to accounted for transmission of high pressure jet through open contraction joints.

In addition to the proposed loads on the slab, it is proposed that the training walls be raised to contain the 1 in
1000 AEP event. Beyond this discharge, flow will overtop the training walls. In the next stage of the project, the
extent of wall raising and/or protection to the embankment toe should be further considered.

6.2.2 Acceptance Criteria

The three options were designed to meet buoyancy factors of safety using guidance presented in the USACE
Engineering Manual for the Stability of Hydraulic Structures. Specifically, the following equation was used to
assess the factor of safety for buoyancy:

Ws+Wcec+S

FoS =
© U—Wwg

Where:

—  FoS = Factor of Safety

—  Ws = Weight of the structure (assuming moist or saturated conditions as relevant)
—  Wec = Weight of the water contained within the structure

— S = Surcharge loads

— U = Uplift forces acting on the base of the structure

GHD | National Capital Authority | 12555445 | Scrivener Dam 52



National Capital Authority—Scrivener Dam Dissipator Strengthening project
Submission 1 - Attachment 2

Wg = Weight of the water above the top surface of the structure

The following acceptance criteria were adopted for the FoS for buoyancy:

Usual = 1.3
Unusual = 1.2
Extreme = 1.1

6.3  Option 3 Development

6.3.1 Description of the Upgrade

Option 3, which was selected during the Option identification phase as one of the preferred options, comprises the
installation of a new anchored overlay slab. Preliminary sizing of this option has been undertaken, and the key
features include:

500 mm thick overlay slab on the top of the existing slab

N32 mm dia. anchors, 1.8 m x 1.8 m grid spacing on the upstream of the baffles and 2.1 m x 2.1 m grid
spacing on the downstream of the baffles

Waterstops and dowels at the contraction joints for the overlay slab

500 mm vertical raising of the chute blocks, baffle blocks and end sill

500 mm vertical raising of the divider walls

Triangular extension and vertical raising of the left and right training walls (2.2 m)

A sketch of the proposed option is provided in Appendix E.

6.3.2 Scope of Works

A preliminary scope of works has been prepared for Option 3, and includes:

Approvals and site establishment
Dewater stilling basin and install cofferdam

Surface preparation of the existing slab using hydro-demolition to expose aggregates, and full demolition of
the baffle blocks to allow them to be raised to maintain their current heigh off the slab invert. )

Core drill the existing slab and percussion drill foundation for installation of anchors (32 mm Dia. 8 m deep)
Install double corrosion protection anchors

Install waterstops and dowels at the contraction joints

Install reinforcement to raise the slab, chute blocks, baffle blocks and end sill (500 mm)

Concrete to raise the slab, chute blocks, baffle blocks and end sill

Install reinforcement and concrete to raise the divider walls

Triangular extension and raising the left and right training walls by 2.2 m to contain the 1 in 1,000 AEP flood.

Site restoration

6.3.3 Review of Advantages and disadvantages

A more detailed review of the advantages and disadvantages of Option 3 has been undertaken. A summary of
this review is provided in Table 24.
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Table 24 Summary of Advantages and Disadvantages of Option 3

Advantages — Meets the requirements of the performance criteria
— The required minimum slab thickness is 500 mm to develop the full tensile capacity of anchors
— Waterstops and dowels will be installed at the contraction joints
— The overlay slab relies mainly on anchors for uplift stability
— Anchors are grade 500 MPa bars (design stresses will be kept low)
— High quality and durable concrete will be used for the top slab
— Slabs will be adequately reinforced with top and bottom reinforcement
— The anchor heads will be embedded in the top slab
— Potential gap under the original slab can be filled through the new anchor bore holes
— All the existing defects on the slab will be covered and protected by the overlay slab
— Double corrosion protection anchors will be used

— The anchor heads will be anchored to the new slab either by 90 degrees bends or by using head
plates

— Any potential strength deficiency of the baffle blocks and end sill will be fixed.

Disadvantages — Close spacing of anchors requires long embedment depth into the foundation (8 m)
— Core drilling through the existing slab
— Surface preparation for the existing slab, chute blocks, baffle blocks and end sill
— Construction period will be longer than Option 4
— Lift joints between the overlay and existing slabs will not be fully bonded joints
— Raising of the chute blocks, baffle blocks and end sill to keep the hydraulics the same

6.4 Option 4 Development
6.4.1 Description of the Upgrade

Option 4, which was selected during the Option identification phase as one of the preferred options, comprises the

retrofitting of anchors through the existing slab to provide additional resistance to uplift. Preliminary sizing of this
option has been undertaken, and the key features include:

— N36 mm Dia. anchors, 1.65 m x 1.65 m grid spacing on the upstream and downstream of the baffles, 12 m
embedded into the foundation
—  Triangular extension and vertical raising of the left and right training walls (1.7 m)

A sketch of the proposed option is provided in Appendix E.

6.4.2 Scope of Works

A preliminary scope of works has been prepared for Option 4, and includes:

— Approvals and site establishment
—  Dewater stilling basin and install cofferdam

—  Core drill the existing slab about 300 mm deep X 300 mm Dia. to accommodate the anchor head plates (36
mm Dia. anchors)

—  Core drill the existing slab and percussion drill the foundation (12 m deep)

— Install double corrosion protection anchors

— Install vertical dowels around the anchor head plates and use mesh on top and repair the slab
—  Triangular extension and raising the left and right training walls by 1.7 m

—  Site restoration
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6.4.3 Review of Advantages and disadvantages

A more detailed review of the advantages and disadvantages of Option 4 has been undertaken. A summary of
this review is provided in Table 25.

Table 25 Summary of Advantages and Disadvantages of Option 4

Advantages — Meets the requirements of the performance criteria
— No overly slab is required
— No raising of the baffle blocks, chute blocks, end sill and divider walls are required
— Concreting will be minimum
— Potential gaps under the existing slab can be filled using the new anchor bore holes
— The existing slab relies mainly on the anchors to resist the uplift pressures
— Anchors are grade 500 MPa bars
— Anchor head plates will be embedded in the existing slab
— Double corrosion protection anchors will be used

— The defects on the existing slab will be repaired (although, potentially not as effectively as the
overlay options, see below)

— Minimum construction time in comparison with the other options.

Disadvantages — Bigger size and greater number of anchors (36 mm Dia. 1.65 m x 1.65 m spacing)
— Anchors require deeper holes (12 m embedment into foundation)
— Adding waterstops to the existing slab contraction joints most likely not viable
— Repair around the anchor head plates will not be ideal (potentially a weak point)

— Any existing defects on the slab will be repaired but remain exposed and may require future
maintenance

6.5 Option 9 Development
6.5.1 Description of the Upgrade

Option 9, which was selected during the Option identification phase as one of the preferred options, comprises the
partial removal of the existing slab, and replacement with a new anchored slab to the same geometry (and levels)
as the existing slab. Preliminary sizing of this option has been undertaken, and the key features include:

— 500 mm depth demolition and reconstruction of the slab

— N32 mm dia. anchors, 1.8 m x 1.8 m grid spacing on the upstream of the baffles and 2.1 m x 2.1 m grid
spacing on the downstream of the baffles, embedded 8 m into the foundation.

—  Waterstops and dowels at the contraction joints of the slab
— Triangular extension and vertical raising of the left and right sidewalls (1.7 m)

A sketch of the proposed option is provided in Appendix E.

6.5.2 Scope of Works

A preliminary scope of works has been prepared for Option 9, and includes:

— Approvals and site establishment

— Dewater stilling basin and install cofferdam

—  Partial demolition (500 mm deep) of the slab, end sill and complete demolition of the baffle blocks

—  Core drill existing slab (~ 400 mm) and percussion dril foundation for installation of anchors (32 mm Dia. 8 m
depth)

— Install double corrosion protection anchors
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— Install waterstops and dowels at the contraction joints
— Install reinforcement on the slab, end sill and baffle blocks and reconstruct them all to the original level
—  Triangular extension and raising the left and right training walls by 1.7 m

6.5.3 Review of Advantages and disadvantages

A more detailed review of the advantages and disadvantages of Option 9 has been undertaken. A summary of
this review is provided in Table 26.

Table 26 Summary of Advantages and Disadvantages of Option 9

Advantages — Waterstops and dowels will be added at the contraction joints
— The new slab (reconstructed) relies mainly on anchors to resist the uplift pressures
— Anchors are grade 500 MPa bars
— High quality and durable concrete will be used for the new slab
— The new slab will be adequately reinforced with two layers of reinforcement at the top and bottom
— The baffle blocks and end sill will be adequately reinforced
— The anchor heads will be embedded in the top slab
— Double corrosion protection anchors will be used
— Potential gap under the original slab can be filled through the new anchor bore holes
— The existing defects on the slab will be removed
— The anchor bars are anchored to the new slab either by 90 degree bends or by using head plates

Disadvantages — Significant concrete demolition works

— The adopted demolition methods must prevent cracking/breaking of the existing concrete that is to be
left in place, which makes it costly

— Joints between the new and existing slabs will not be fully bonded joints

— Core drilling is required through the existing slab

— Close spacing of anchors requires long embedment depth into the foundation (8 m)
— Construction period is the longest compared to the other options

6.6 Preliminary cost-estimates
6.6.1 General

This Section presents the preliminary cost estimates prepared for the three preferred upgrade options described in
this report including:

— Assumptions made, and limitations in preparing the cost estimates
— Direct costs on identified construction items

—  Mark-ups and allowances in the cost estimates

—  Estimated dollar value for the three upgrade options

— A summary of the estimates

A schedule of quantities and breakdown of the cost estimate for each option is included in Appendix G.

6.6.2 Key Assumptions, limitations and accuracy

In addition to the assumptions for the different options previously described in this report, the following additional
assumptions were made in the preparation of the preliminary cost estimates:
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— The level of detail of the option designs and cost estimates of the present study correspond to a concept
screening level study (or a ‘Class 5 estimate in accordance with AACEi), which has been undertaken for the
purpose of comparing options. This level of study is required where there is more than one business
scenario, and it is necessary to determine which one is the best, both technically and financially.

— A preliminary construction program has been prepared for the three options, and has been used as a key
basis for some components of the estimate. The program has been prepared using experience and
engineering judgment.

— Indirect costs (engineering design, environmental and heritage studies, project management, supervision
costs, etc.) are included as percentage mark-ups or lump sum items on the direct costs.

—  The cost estimates are only for the implementation of the upgrade options and do not include any allowance
for running or operational costs of the implemented options over the life of the dam. For instance, for
monitoring or maintenance of the anchors, or ongoing dewatering and condition inspections of the stilling
basin. This would be an additional cost over the life of the dam that should be considered in the MCA.

6.6.3 Development of Estimates

6.6.3.1 Direct Costs

The indicative cost estimates presented in this Chapter were developed by GHD’s specialist contractor advisor,
Mr. Asher Trounce. The estimates have been developed using the following data:

— Quantities applied in the cost estimates were based on data provided by GHD, and calculated using the
preliminary option arrangements.

— Unit rates were developed by extrapolating recent similar project pricing, budget quotes from recent similar
works, industry unit rates, as well as Mr. Trounce’s experience as a specialist cost estimator on large
infrastructure projects.

— Time-factored rates were assessed based on a preliminary construction program prepared by Mr. Trounce. A
copy of the preliminary construction program for all three options is provided in Appendix F.

The estimates were based on the preliminary option designs and are subject to change as the design develops. A
contingency allowance as described below has been added to the estimated costs of the works described in this
report.

6.6.3.2 Mark-ups and allowances

The direct costs have been estimated based on approximate quantities and selected unit rates. There are however
a number of items that cannot be directly measured. For those items the following percentage mark-ups have
been included in the cost estimates, based on past project experience:

—  Contractor’s supervision, site overheads and profit: -of direct cost.

—  Minor miscellaneous items not measured: g

— Engineering design (no allowance has been made for physical hydraulic modelling or geotechnical
investigations as it is assumed the recently undertaken investigations and current planned geotechnical
investigations will be sufficient): - for all options.

—  Environmental, planning and heritage approvals: Assumed lump sum amount of e
— Project management and construction phase services: 1- of the contractor’s estimate.

Considering the level of accuracy of the option designs undertaken for this study, a contingency allowance has
been selected to reflect an ‘indicative’ or ‘concept screening’ level of assessment. Therefore a contingency
allowance of i@l has been included in the cost estimates, prepared as part of this study.

6.6.4 Summary of Concept Screening Cost Estimates

A summary of the cost estimates prepared to a ‘preliminary’ level of refinement, namely for Option 3, 4 and 9, are
provided in Table 26. More detailed breakdowns of these estimates are attached in Appendix G.
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A number of comments are made in relation to the preliminary cost estimates, as follows:

—  The estimates have been based on complete demolition of the baffles, chute blocks and end sill for Option 3,
as opposed to constructing a ‘skin’ to raise these features. This work adds a significant amount to the cost
estimate. In the next stage of the project, it will be important to assess the merits of complete removal versus
modifying the existing baffle and chute blocks.

—  The current estimates assume all anchors will be hot-dip galvanized, in addition to providing double corrosion
protection. Depending on the final arrangement, the black bar may be used.

—  Option 4 has been designed for hydraulic loads allowing for full penetration of loads through open contraction
joints. No allowance has been made in the cost estimate to allow for retrofitting of waterstops in these joints.

—  Demolition works required in Option 9 are complex and time-consuming, and have the potential for substantial
environmental impacts (noise, vibration etc.). The current cost estimates assume only hydro-demolition of the
slabs, but it is noted that a combination of wire-cutting and hydro-demolition may be possible, and may result
in a cheaper outcome. This aspect will require further consideration if Option 9 is selected as the preferred
option.

— Itis highlighted that the construction industry has experienced significant recent escalation in prices. For
example, the price of steel has risen by around 12% in the last 3 months. The potential for on-going price
escalation, and how to manage this risk, will need to be considered in future stages of the project.

—  The preliminary cost estimates are intended for comparative purposes only, between the options, and should
not be relied upon for budget purposes.

6.7 Preferred Option Workshop

A workshop was held on Friday 17" September 2021 to present and discuss the three preferred options, and
select the preferred option for the Concept Design. During the Preferred Option Workshop, a Multi-Criteria
Assessment (MCA) was undertaken with the participants to agree on the preferred option to take through to
concept design. A detailed set of minutes were prepared during the workshop, a copy of which is provided in
Appendix |, and the outcomes of the MCA process is described in the following section.

6.8  Multi-Criteria Assessment (MCA)

6.8.1 Process

A Multi-Criteria Assessment (MCA) was undertaken and was used as a tool for identifying the preferred option to
be selected to progress to Concept Design. Although the MCA provided a structured process for assessing the
options, it is noted that the final outcome was reviewed using engineering and business judgment to substantiate
and endorse the overall selection of the preferred option.

This section provides details of the MCA process, including the following key steps:

—  Selection of the criteria to be adopted in the MCA

—  Determination of weightings to be used for each key criteria
— Development of a definition for scoring against each criteria
—  Scoring process

— Results

A copy of the MCA forms used in the assessment are included in Appendix H.
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6.8.2 Selection Criteria

In the early stages of the Option Development, a list of potential selection criteria was developed. The list of
criteria was divided into five key subject areas, comprising:

— Cost

—  Technical Merits

—  Construction
—  Operation and Maintenance, and

—  Other Aspects

This list was provided to NCA, and was discussed between NCA and GHD during a meeting held on 23 August
2021. During this meeting, the criteria were further refined into a list of eleven criteria. These criteria are provided
in Table 28. During the Preferred Option Workshop, further discussion occurred during the scoring process of the
MCA regarding the applicability of some of the criteria. As a result, ‘meets the design criteria’ was removed from
the criteria as it was agreed that all options need to meet the design criteria in order to progress to concept. As
such, this item was removed to leave ten key selection criteria, as highlighted in Table 28.

Table 28

List of Selection Criteria and associated evaluation method

Blocks Criteria Description Method of
Evaluation

A - Cost

B-
Technical
Merits

C-
Construction

D-
Operation
and
Maintenance

E - Other
Aspects

10

11

Project Costs

OPEX

Robust & Durable
Solution (beyond
design criteria)

Benefits on Dam
Safety

Construction
simplicity/complexity

Flood Management
during Construction

Maintenance
Requirements

Surveillance and
Operation

Social and
Environmental
Impacts

OH&S Safety

Overall project costs for the upgrade works (design
and construction costs)

Likely on-going O&M costs

Additional design features beyond NCA
requirements, or likely overall success of the
upgrade to achieve a robust solution including risk
to business

Whether the proposed solution improves the
stability or safety of the dam (e.g. will the dam need
to be upgraded to accommodate additional loads/
tailwater conditions)

Ability to be safely constructed by a contractor with
common industry procedures. The likely ease of
construction, and associated timeline.

Ability to safely divert floods during the construction
period without impact on the works or users - risk
management of floods

Requirements and ease of long-term maintenance
on the stilling basin

Ability to observe, monitor and understand the
condition of the stilling basin

Impacts to local community including recreational
usage (expected predominantly during construction)
- e.g. impacts on zoo

Impacts to water quality impacts during the
construction works (e.g. hydro-demolition, recycling
material)

Potential impacts to local ecosystem if existing,
including features allowing fish passage

Potential OH&S aspects associated with
construction and O&M, and public safety

Preliminary Cost
Estimates

Engineering
Judgement

Identification of
benefits beyond
design criteria

Impact of the
upgrade on dam
Failure Modes
(qualitative)

Constructability
Review

Risk assessment

Engineering
Judgement

Engineering
Judgement

Identification of
impacts

Safety in Design
process
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Table 31 Summary of MCA scores
 Jopens  lopons _ |opens

A - Cost 7 7 6

B - Technical Merits 15 12 15

C - Construction 13 12 8

. s 3 s

E - Other Aspects 14 16 10

Total Score 53 50 43

The MCA process determined that Option 9 scored vastly lower than Option 3 and 4. Some of the key drivers for
Option 9 scoring so much lower than the other two options include:

—  The option was estimated to cost considerably more than Option 3 and 4

— The option is considered to be significantly more difficult to construct than Option 3 and 4 due to the vast
amount of demolition required.

— The associated social and environmental impacts of the demolition works are likely to result in significant
challenges for the project (i.e. dealing with waste, noise and vibration, and associated impacts on the zoo and
local community parklands).

Option 3 and 4 had more similar scores, with Option 3 scoring slightly higher than Option 4 (i.e. 53 versus 50). A
high-level sensitivity analysis was undertaken on the scores for Option 3 and 4, firstly by adjusting the weightings
applied to ‘Project Cost’ (i.e. increasing this weighting), and secondly by increasing the weighting on ‘Robustness
and Durability’ (noting that a robust solution is likely to minimise long-term maintenance, surveillance and OPEX
costs). In all cases where the weightings were viewed to be potentially arguable, changing the weightings did not
result in the score for Option 4 exceeding that of Option 3.

As a further means of reviewing the scores, Option 3 and 4 were reviewed to determine which scored highest
against each criteria (unweighted assessment). Table 32 provides a summary of the results. It can be seen that
in six instances, Option 3 scored equal or better than Option 4, while Option 4 only scored higher or equal in five
instances. As such, from this perspective, Option 3 continues to be the preferred option.

Table 32 Unweighted Assessment against criteria
Criteria Best Option to
Meet Criteria
Project Costs Option 4 Option 4 is cheaper, as determined by preliminary cost estimates
OPEX Option 3 Option 3 includes complete renewal of the slab, whereas Option 4
relies on using the existing slab (which is already 60 years old). As
such, it is expected that Option 4 will require more ongoing
maintenance (OPEX) than Option 3.
Robust & Durable Solution Option 3 and 9 Option 3 and 9 has more robust details, particularly around
(beyond design criteria) waterstops at contraction joints, and includes the construction of a
new slab allowing existing slab defects to be addressed.
Benefits on Dam Safety Option 3 and 4 had | Both options viewed to have similar merits.
equal scores
Construction Option 3 Option 3 was reviewed to have slightly easier constructability
simplicity/complexity aspects, as Option 4 will require some complex details around the
anchor head area.
Flood Management during Option 4 Option 4 was scored slightly higher than Option 3 as the program is
Construction likely to be slightly shorter resulting in less exposure time.
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Criteria Best Option to
Meet Criteria

Maintenance Requirements Option 3 Option 3 was scored slightly higher for similar reasons to those
stated under ‘OPEX’

Surveillance and Operation Option 3 As per ‘Maintenance Requirements’
Social and Environmental Option 4 Option 4 was scored higher as it will use less materials (limited
Impacts concrete works) than Option 3, therefore resulting in less truck

movements and interruptions to the community.

OH&S Safety Option 4 Option 4 was deemed to have less OH&S exposure due to less
components being involved in the works, and the construction
duration being slightly shorter.

Following the MCA review during the Preferred Options Workshop, a discussion was held with participants to
consider the preferred option from an engineering judgment perspective. It was widely agreed by participants that
irrespective of the MCA scores, Option 3 was viewed to be the preferred option. The key factors in this discussion
were:

— There is concern that Option 4, while cheaper, does not provide sufficient robustness particularly in terms of
the anchor head arrangement, and does not achieve the overall intent of the project. As such, Option 4
should be eliminated from further consideration;

— Option 9 has similar advantages to Option 3, but is significantly more expensive and creates a flood risk
during construction due to the need to partially demolish the existing slab. As such, Option 3 is preferred over
Option 9.

In summary, on the basis of the results of the MCA, a review of the sensitivity of results, and discussion with
participants who attended the Preferred Options Workshop, it is proposed that Option 3 be selected as the
preferred option for development in the Concept Design phase.
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7. Conclusion and Recommendations

The option assessment undertaken on Scrivener Dam stilling basin has included an initial option identification
phase, during which nine potential options were identified. These options were reviewed and discussed during an
Option Identification Workshop, which resulted in three preferred options being selected for further refinements.
The preferred options comprised:

—  Option 3 — Installation of an anchored overlay slab
—  Option 4 — Retrofitting of new anchors into the existing slab
—  Option 9 — Partially demolishing the existing slab, and installing a new anchored slab to the original geometry.

These options were further developed to determine approximate sizing for the key features, and to identify key
advantages and disadvantages in each option. As part of the options development, preliminary construction
programs and cost estimates were prepared, and were used as part of an MCA process to identify the preferred
option to take through to concept design.

This work was presented during a second workshop, the ‘Preferred Option Workshop’, which included working
through the MCA process with the participants. The MCA process used a number of different processes to assess
the options, and included a sensitivity analysis which was undertaken following the workshop. Furthermore, an
open discussion was held during the workshop to capture the participants’ thoughts on which option was likely to
be the preferred solution for upgrading the spillway. The MCA process identified that the preferred option is
Option 3, and this choice was supported by the participants in the workshop. As such, it is recommended that
Option 3 be progressed to Concept Design.

During the development of the options, a number of items have been identified as requiring further consideration
during the Concept Design. Items specific to Option 3 include:

—  The current option assumed the minimum slab thickness with an initial layout of anchors. It is recommended
that the arrangement of slab thickness and anchor layout be further refined, potentially including increasing
the spacing between anchors

— Detailing of the anchor arrangement will be required, including preliminary detail of the double corrosion
protection requirements, and selection of materials to be used in the upgrade works.

—  The layout of contraction joints needs further consideration with the view to minimise the number of
contraction joints.

—  The preliminary cost estimates identified that complete demolition and rebuild of the chute blocks, baffles and
end sill adds a considerable cost to the project. The concept design should investigate alternatives to
complete demolition and rebuild.

—  Further analysis of flood protection works will be required in the concept design phase.

The current level of cost estimating was considered adequate to provide valid comparisons of costs between the
three short listed options. They are not however, intended to provide a valid project cost for budgeting purposes.
A more detailed cost development, based on the refined design for Option 3, combined with a Monte Carlo
simulation to better allow for cost uncertainty, will be required to provide the NCA with a likely project cost that can
used for budgeting purposes.
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