Edithvale and Bonbeach
Level Crossing removal project
Report of Kim Chan
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Introduction

I have been engaged on behalf of the Level Crossing Removal Authority in my capacity as a groundwater
expert.
I have been asked to review the Environment Effects Statement (EES) prepared for the Edithvale and
Bonbeach Level Crossing Removal Projects (Projects) to the extent relevant to my area of expertise and
to give my opinion in respect of:


the feasibility, effectiveness and maintenance of the passive subsurface horizontal drain
contemplated for the Edithvale Project to minimise groundwater impacts; and



any examples or case studies where a similar design or mitigation measure has been successfully
applied elsewhere.

2 Qualifications and experience
Appendix A contains a statement setting out my qualifications and experience, and the other matters
raised by Planning Panels Victoria 'Guide to Expert Evidence'.
A copy of my curriculum vitae is provided in Appendix B.

3
3.1

Feasibility, effectiveness and maintenance of the passive subsurface
horizontal drain
Feasibility of the passive subsurface horizontal drain

a) I consider that the contemplated passive subsurface horizontal drain system is feasible for the
Edithvale Project to minimise groundwater impacts on the surrounding areas.
b) In my opinion, the groundwater modelling and assessment conducted by the reference designers and
the sub-consultants on the various potential construction issues have been comprehensive.
c) The horizontal drain would be installed using horizontal directional drilling (HDD). I consider that
such operation is highly specialised particularly in water charged sand environment with potential
hole collapse and with relatively high friction to overcome during drilling and drain installation. The
HDD operation requires the engagement of an experienced specialist contractor to carry out this
work. In addition, the drilling must be monitored carefully to ensure that the drain remains relatively
horizontal and at the same level along the full length of the drain on both sides of the trench.
d) I note that the reference design included a review of the HDD work by a specialist sub-consultant,
Trenchless Advisor. This is considered a good approach to identify and address some of the potential
construction issues prior to implementation by the HDD specialist.
e) The entry and exit points for the HDD work should be selected carefully to minimise the risk of
hydraulic fracture at shallow depth and to provide appropriate bend radius at the entry and exit
sections of the drilling in order to ensure that the drain sections remain horizontal.
f) Based on my review of the EES Technical Report A and the HDD Feasibility Desktop Review report
prepared by the sub-consultant, Trenchless Advisor (a copy of which is provided in Appendix C), I
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am confident that installation of the subsurface horizontal drain can be carried out using the HDD
technique provided that the installation work will be carefully managed and implemented.
3.2

Effectiveness of the passive subsurface horizontal drain

a) I have carried out a peer review of the proposed engineering solution for the mitigation of the
potential impacts of the trench construction for the Edithvale Project on the regional groundwater
regime.
b) My review shows that the proposed passive subsurface horizontal drain system is considered likely to
comply with the set of Environmental Performance Requirements provided by the EES, particularly
related to GW2 “Groundwater performance outcomes” in that the proposed system should not result
in groundwater mounding on the upstream side of the railway trench or groundwater drawdown on
the downstream side of the railway trench. I also agree with the findings discussed in EES Technical
Report A which concluded that, based on the modelling by the designers, changes to the groundwater
level should not have any significant impacts on the nearby groundwater dependent ecosystems. The
reasons of my findings on the effectiveness of the proposed engineering solution are as follows.
c) It has been recognised that without special facility within the trench design to by-pass groundwater
flows across the railway alignment following its construction, natural groundwater flows to Port
Phillip Bay would be impeded by the proposed piled retaining walls. Construction of the piled
retaining walls will effectively block the passage of groundwater along the main pathway that follows
Edithvale Road to the bay.
d) The reference design included a reasonable amount of numerical modelling including simulation of
the 3-dimensional nature of the regional groundwater regime. In addition, calibration of the model
using historical monitoring data has been undertaken. I consider that this approach reasonable and
the level of modelling adequate for reference design purposes.
e)

I understand that the regional geology comprises Quaternary Sediments acting as an unconfined
aquifer near the ground surface. This Quaternary Sediments have been described in the borehole logs
to include mostly dune sand deposits, but also include silty and clayey sands. It is recommended that
a sensitivity study be undertaken at the detailed design stage to assess the likely impact of the
variability of the soil types on the groundwater flows. In particular, the hydraulic conductivity within
the aquifer could be varied to estimate the likely flow quantity range and the groundwater level
pattern variation.

f) The preferred passive subsurface horizontal drain system is considered an effective and appropriate
mitigation measure to equalise the groundwater level around the horizontal drain. When the passive
drain is designed and constructed properly, it should be capable of balancing the groundwater levels
between the two sides of the railway trench.
g) The Edithvale-Seaford Wetlands (Wetlands) is over 1 km away from the proposed railway trench.
Without any groundwater mitigation measures, the piled retaining walls for the railway trench could
cause mounding of groundwater on the upstream (eastern) side of the trench and lowering of the
groundwater level on the downstream (western) side of the trench. The impact of the railway trench
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on the groundwater level at the Wetlands has been assessed by numerical groundwater modelling.
The modelling results are contained in EES Technical Report A.
h) The main purpose of the passive subsurface horizontal drain system is to equalise the groundwater
level on both sides of the railway trench such that groundwater mounding and lowering are kept to a
minimum. The equalisation effect has been demonstrated by the numerical modelling carried out for
the Edithvale Project. The modelling results are again contained in EES Technical Report A.
3.3

Maintenance of the passive subsurface horizontal drain

a) It is understood that allowance has been made in the reference design to facilitate future maintenance
including flushing of the drains and general maintenance. I consider that the proposed maintenance
access chambers to be acceptable for the purpose of gaining access to undertake maintenance work.
b) The performance of the passive subsurface horizontal drain system should be inspected following
completion of construction at a regular interval. The inspection could be conducted at least once a
year for the initial 10 years, followed by less regular intervals if the performance is deemed to be
satisfactory.
c) Repair or replacement of sections of the horizontal drain if required in the future would be difficult
because of the drain depth involved. In addition, any clogging of the drain and filter system could be
difficult to clear. In the event that the subsurface horizontal drain system becomes ineffective,
shallow drain system could be adopted as a remedial option.
d) Part of the long-term maintenance programme should include monitoring of the groundwater levels at
various locations both upstream and downstream of the trench. The groundwater levels could be
monitored using a number of suitable piezometer and groundwater monitoring well systems. Such
piezometer or well systems should be selected to minimise the likelihood of possible damages and for
ease of access. Care should be taken to protect the piezometers for possible damages and vandalism
during the service life of the trench. Any damaged piezometers or wells should be repaired or
replaced as soon as practicable.
e) Long-term monitoring should be conducted for a period of at least 10 years after completion of the
Edithvale Project. The responsibility of long-term monitoring should be transferred to the railway
asset manager in order to ensure that the monitoring programme can be maintained.
3.4

Contingency measures

a) It is noted that the proposed horizontal drain is nominated to be installed at approximately RL -2 m
AHD. My review of the available borehole logs indicates that this level could be close to the interface
with an underlying clay layer at certain localised locations. It is recommended that additional site
investigation be carried out at detailed design stage to define/refine this interface. Care should be
taken during detailed design and construction to ensure that the drain is located within the targeted
soil unit, i.e. Quaternary Sediments and to avoid installing the horizontal drain within the underlying
clay, which could reduce the effectiveness of the drainage measures.
b) I consider that contingency plans should be developed in the unlikely event that the passive horizontal
drain system become ineffective during operation in the future. One potential contingency system is
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to construct a supplementary horizontal drain at shallow depth should the proposed subsurface
horizontal drain becomes defective in the future. The shallow drain could be located at slightly below
the historical high groundwater level or at a level deemed to provide the desired control of the
groundwater level on both the upstream and downstream sides of the trench. Such a shallow drain
should be relatively easy to install, possibly using conventional trenching techniques.
c) One possible concern with the shallow drain system is the long-term durability of the drain.
However, it should be relatively simple and less costly to maintain or repair/replace in the future.
The shallow drain system could be considered as a secondary system to be implemented in the future
if required.
d) In the extreme case where both the deep subsurface drain and the shallow drain are ineffective,
intermittent active dewatering on the upstream side and recharging on the downstream side of the
trench could be considered. However, such active pumping system should only be used in rare
occasions when the groundwater level on the upstream side increases above the historical high level.
It should not be adopted as a primary solution due to environmental and economic considerations.

4 Examples or case studies
Based on my personal experience and previous literature review, I am aware of a number of projects with
similar groundwater considerations, similar construction techniques or similar engineering solutions. A
brief description of the similar examples and case studies is as follows:
4.1

Coalcliff Landslide

a) Major historic landslide feature affecting 600m of South Coast railway and adjoining roadway at
Coalcliff was identified by Rail Services Australia in 1996. I was involved in the assessment and
design of the remedial treatment works which involved an innovative system of passive deep drainage
wells linked via directionally drilled sub-horizontal passive gravity drainage to coastal seacliffs.
b) The site is located approximately 550 m north of the Coalcliff station and comprises the side-fill
railway embankment and coastal terrace extending from the base of the Illawarra Escarpment to
Lawrence Hargrave Drive between Ch 58.450 km to 58.750 km. The site is approximately 50 to 65 m
wide and 300 m long. The Illawarra Escarpment is located on the west and upslope of the UP Main
whilst Lawrence Hargrave Drive is located to the east of the DN Main. The coastal terrace on which
the site lies continues to the east of Lawrence Hargrave Drive to the cliffline above the Tasman Sea,
South Pacific Ocean.
c) The South Coast Railway in this area was constructed in about 1887 and opened in 1888. Landslip
failure and progressive movement was recorded in 1889, within a year of opening. Periodic instances
of movement and instability had been recorded since 1950s until the remedial work in 1996.
d) The vertical drainage wells were nominated to be 20 m spacing with manhole wells spaced at every
120 m to provide future inspection and maintenance access. The drainage wells were 600 mm in
diameter while the manhole wells were 1200 m in diameter. The well were extended to weathered
sandstone bedrock at about 20 m depth. The total length of the drainage system was 440 m
approximately.
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e) The purpose of the deep drainage system was to reduce piezometric pressures due to recharge above
the failure surface as well as from within the underlying rock mass, with reduced reliance on
maintenance (relative to a pumped system).
f) Construction began in March 1997 and completed before the end of that year. The works involved the
installation of (i) 23 vertical wells with basal depths of between 20 and 25 m below ground level; (ii)
5 manholes for system access; (iii) a HDD pipeline connecting the wells at depth within the rock
mass; and (iv) a HDD discharge line extending to the coastline.
g) The connecting HDD pipeline serves to drain the collected groundwater by passive gravity drainage
thereby limiting the build-up of piezometric pressures. A 100m long drainage line, located
perpendicularly in plan to the well line, conveys the collected groundwater to an outfall part way
down the face of the cliffline into the Tasman Sea.
h) Results of piezometer monitoring showed an average reduction in pore pressures of 30 kPa equivalent
to a reduction in groundwater level of about 3 m, and a reduction in pore pressures at the toe of the
railway embankment of 50 kPa (where initial pore pressures were 60 kPa artesian).
i)

The average pore pressure reduction equates to an improvement in Factor of Safety against slope
instability of 30% (FOS = 1.30 indicated). Further, no activation of the movement at the head scarp
had been observed since the construction of the passive drainage system.

j)

A CCTV inspection of the deep drainage well system was conducted on 15 and 18 January 2018.
The inspection showed that the manholes and the HDD pipes were in reasonably good conditions
after 20 years in operation. A consistent flow of water was observed in all the HDD pipes between the
respective manholes. In general, the water height in the pipe is estimated to be approximately 5 mm
to 10 mm in depth.

k) From consideration of the CCTV inspection results and assessment of the historical monitoring data,
it was concluded that water is observed within the manholes at levels consistent with the connecting
horizontal drain, indicating that the system is collecting water, and that the connecting drain is acting
as an outlet to locally limit water levels.
l)

4.2

An overall moderating of the hydraulic head variability (with reduction of the peaks) was also
observed in the majority of the pneumatic piezometers following construction of the passive drainage
well system, indicating a continual drainage of groundwater.
Double Bay Commercial Centre

a) I conducted an assessment of the groundwater and geotechnical conditions within the Double Bay
commercial centre in Sydney initially in 1990 for Woollahra Municipal Council. Double Bay is a
narrow drown valley filled with water charged alluvial sediments down to a maximum depth of some
35 m. At the time of the assessment, there were a number of Development Applications with
proposed partial or full depth penetration cut-off walls for the purpose of dewatering the sites during
construction.
b) My assessment identified that the presence of multiple cut-off walls have the potential to cause
disruption to the groundwater flow in the long-term by acting as “flow barriers”. Nevertheless, my
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assessment and modelling using MODFLOW showed that the risk of any damage to properties in the
vicinity of the proposed developments to be relatively low provided that appropriate design features
to minimise any disturbances to the groundwater levels were incorporated into the developments.
c) One of the preferred mitigation measures identified at that time was to introduce passive peripheral
drains around the outside of the cut-off walls coupled with adequately spaced pipe drains through the
walls (pipe drains which pass from an intake in the perimeter drain on the upstream side to a
discharge point in the perimeter drain on the downstream side). Analyses conducted by me at the
time showed that the net result of the cut-off walls coupled with the bypass drains around and through
the walls would cause minor and tolerable changes to the groundwater levels only.
d) Further to the assessment in 1990, I also assisted the Council in the preparation of the Development
Control Plan (DCP) in 2002. The DCP included a number of control on the design and construction
of retention systems to ensure that there would be little change to the ground water level, during and
after construction, sufficient to cause an adverse impact on surrounding properties and infrastructure.
e) In 2004, a Development Application for a site known as “Kiaora Lands” was submitted to the
Council. The proposed development included full depth cut-off walls for the construction of
underground carparks for the development. The lateral extent of the proposed cut-off walls covered
about half of the natural groundwater flow path across the drown valley. Extensive numerical
modelling of the groundwater was undertaken by the developer’s design consultants to demonstrate
the minimal impact of the proposed development on the groundwater level. The designers also
proposed the installation of Megaflo drains behind the cut-off walls to divert the groundwater flow
around the cut-off walls. A back-up system with flow-through drains, connecting the sub-floor
drainage blankets across the building envelope was also considered.
f) Anecdotal evidence indicates that the groundwater level within Double Bay has not been significantly
affected by the various developments since the 1990s with no report of increased episodes of flooding
in the area.
4.3

Kangaroo Valley Sewerage Scheme

a) The Kangaroo Valley Sewerage Scheme involved the construction of a new Water Reclamation
Facility, Storage Dam and Reclaimed Water Irrigation Area at Moss Vale Road, Kangaroo Valley.
The scheme includes a pressure sewer reticulation system leading to a Membrane Bioreactor, Water
Reclamation Facility and reclaimed water irrigation system. The scheme was adopted to address
issues relating to the existing wastewater management in Kangaroo Valley.
b) The pressure sewer reticulation system included one section of a low pressure sewer main beginning
at Moss Vale Road, Kangaroo Valley running along Nugents Creek Road and eventually leading to
the Kangaroo Valley Water Reclamation Facility.
c) The low pressure pipeline consists of 2 sections of 140 mm diameter Polyethylene PE100 PN16 pipes
aligned near perpendicular to each other. The 2 sections are of 700 m and 350 m in lengths and are
located up to about 5.85 m below ground.
d) During the investigation and design stages of the project, it was identified from heritage assessment
that the pipeline alignment was location in a region containing four areas of archaeological
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sensitivity. In order to address the heritage issues, strategies for management and mitigation of any
likely harm to Aboriginal objects present within the study area was implemented by installing the 2
sections of the pipelines using HDD method in two establishments for the 2 perpendicular sections.
e) The HDD and pipeline construction work commenced in late 2012 and was completed in 2013.
Construction records show that HDD construction difficulties were encountered when rock was
intercepted by the HDD where soil profile was anticipated. The drilling was subsequently completed
by replacing the drill head system to one that was suitable for the encountered ground conditions.
f) The pipeline lengths, invert depth and installation techniques adopted for the Kangaroo Valley
Sewerage Scheme were similar to the proposed passive subsurface horizontal drain system at
Edithvale Project.
4.4

Tokyo Gaikan Expressway project, Japan

a) The Matsudo – Ichikawa section of the Tokyo Outer Ring Road (the Tokyo Gaikan Expressway
project) includes a long underground structure reaching approximately 10 km. The long underground
structure was constructed using cut and cover techniques. A trench was excavated to the underside of
the roadway base slabs at about 16 m below ground surface and vertical retaining walls were used to
provide shoring support for the excavated trench. The retaining walls comprise overlapping
composite 900mm diameter piled wall reinforced with steel H-sections and tubular sections socketed
below the excavated trench into the underlying clay stratum at about 35 m depth.
b) The design of this section of the expressway was completed in 2001. Construction of this project
commenced in 2009 with construction of the retaining walls and trench excavation started shortly
after project commencement. Construction of this section of the expressway was completed in early
2018.
c) The effects of blocking groundwater flows due to construction of the 10 km long underground
structures were identified. It was recognised by the designers that roads are linear in shape. When
such linear structures are constructed underground, there are concerns that their presence may disturb
groundwater flows and may cause adverse effects on the environment. The numerical modelling by
the designers demonstrated that without any remedial measures, the rise in groundwater level on the
upstream side could be up to 2 m while the drop in groundwater level on the downstream side could
also be up to 2 m, thus causing a groundwater level difference of over 4 m.
d) The potential impacts identified by the designers of the Tokyo Gaikan Expressway project included
lowering of water level in nearby wells and drying up of springs, root withering of vegetation in the
downstream side and root rot due to wet ground on upstream side, consolidation settlement of
underground utilities because of a decline in the groundwater level, liquefaction due to earthquake
and uplifting of structures when groundwater pressure acts on the underside of existing structures.
e) A number of remedial measures to minimise the impact of underground road construction on the
groundwater regime were assessed based on previous Japanese experience. Both passive horizontal
drain system and deep passive drainage well system were considered. The assessment indicated that
passive horizontal drain system around the 10 km long structure is impractical.
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f) The remedial measures adopted consisted of installation of “water catchment blocks” on the upstream
side of the impeded groundwater flows and “water recharge blocks” on the downstream side to
provide recharge to the aquifer. The two “blocks” were 1100 mm by 970 mm in cross section and
connected using “water flow blocks” below the underside of the roadway base slabs. The “water
flow blocks” comprise 200 mm diameter pipelines to lead the collected groundwater to the recharge
blocks.
g) It was also recognised by the expressway designers that the adopted water flow block system should
be effective to balancing the groundwater level at the water catchment blocks and the water recharge
blocks. However, the system would be less effective in-between the vertical blocks, causing a rise in
groundwater level in-between adjoining water catchment blocks and a drop in groundwater level inbetween adjoining recharge blocks. The drainage design took the ineffectiveness into consideration
and the adopted block spacing was deemed to be sufficient to balance the groundwater level on
average.
h) The designers also noted that it is impractical and economically unfeasible to remove all effects of
groundwater flow and thus considered that the adopted measures should be sufficient to preserve the
environment around the ring road.
4.5

Colnbrook landfill, UK

a) Colnbrook is a village in the unitary authority of Slough in Berkshire, England. It is located to the
west of Heathrow Airport and straddles two distributaries of the Colne, the Colne Brook and
Wraysbury River. In 2007, it was proposed to use the area to the east of Horton Road and west of
Berkyn Manor Farm as a landfill site. Sand and gravels near the ground surface was to be extracted
from the area and inert waste was to be used to restore the area to agricultural land.
b) The Colnbrook landfill site is located between two water supply reservoirs, the Queen Mother
Reservoir and the Wraysbury Reservoir. The natural ground comprises alluvial and floodplain sand
and gravels over clay aquitard. The gravels have high hydraulic conductivity and form an unconfined
aquifer with a relatively shallow groundwater level. The gravels within and around the reservoirs
were removed during construction of the reservoirs.
c) Groundwater flows are typically in a north to south direction. The groundwater generally flows
towards the various lakes in Arthur Jacob Nature Reserve to the east and wetlands to the south.
Concerns were raised at the planning stage of the landfill project about the impact of the inert landfill
following extraction of the sand and gravels at the landfill site blocking groundwater flows in the
remaining gap between the two reservoirs.
d) It was considered that blocking groundwater flows could cause regular flooding of Colnbrook village
on the upstream side and reduction of water levels at the nature reserve and the wetlands on the
downstream side.
e) A 3-dimensional numerical model was constructed by the designers using MODFLOW. It is
understood that the model was calibrated against monitoring data. Various impacts and mitigation
scenarios were also modelled.
L\326579134.1

8

Appendix A

(a)

Matters Raised by PPV Guide to Expert Evidence

the name and address of the expert;
My full name is Kim Fong Chan of 15 Oaklands Avenue, Beecroft, NSW 2119.

(b)

the expert's qualifications and experience;
I hold the degrees of Bachelor of Science (Engineering) from the University of Calgary and
Master of Engineering Science from the University of Sydney, specialising in geotechnical
engineering. I am a member of Engineers Australia and a Chartered Professional Engineer
(CPEng). I am also a member of the Australian Geomechanics Society. I am currently a
Principal of the consulting firm GHD Pty. Ltd.
A copy of my curriculum vitae is provided in Appendix B.

(c)

a statement identifying the expert's area of expertise to make the report;
I have over 35 years of post-graduate experience in the fields of geotechnical engineering and
hydrogeology.
I have worked on all facets of geotechnical engineering and specialises in soft soil engineering,
sophisticated numerical modelling, hydrogeological studies and interpretation. I commenced
my involvement with hydrogeological projects in late 1980s. My experience in hydrogeology
includes site investigation, field pump testing, laboratory testing, numerical modelling, design
of dewatering and groundwater mitigation systems, construction advice, instrumentation and
monitoring.
I was most recently GHD’s global Service Line Leader for Geotechnical Engineering and is
currently a Senior Technical Director – Geotechnics.
A number of selected hydrogeological projects I was involved in are listed in my curriculum
vitae provided in Appendix B.

(d)

a statement identifying all other significant contributors to the report and where necessary
outlining their expertise;
There are no other contributors to the report.

(e)

all instructions that define the scope of the report (original and supplementary and whether in
writing or oral);
The following instructions were provided to me that define the scope of the report:
1) Clayton Utz letter dated 16 May 2018 titled “Edithvale and Bonbeach Level Crossing
Removal Projects, Engagement of Expert Witness – groundwater”.
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2) Level Crossing Removal Authority letter titled “Brief for technical engineering advice:
Edithvale and Bonbeach Level Crossing Removal Projects”.
(f)

the identity of the person who carried out any tests or experiments upon which the expert
relied in making this report and the qualifications of that person;
This report was made relying on the numerical modelling undertaken by the AECOM GHD
Joint Venture. No independent testing or experiments were carried out by me in making this
report.

(g)

the facts, matters and all assumptions upon which the report proceeds;
The report was made by reviewing the EES Technical Report A – Groundwater Impact
Assessment including the borehole logs, laboratory test results, numerical modelling and
topographical information. I relied upon the data contained in the EES Technical Report A. I
have not independently checked or verified the information, and assumed that the information
provided are accurate and the numerical modelling was performed correctly.

(h)

reference to those documents and other materials the expert has been instructed to consider or
take into account in preparing the report, and the literature or other material used in making
the report;
My report was made using the following reports and documents:
1) AECOM GHD Joint Venture EES Technical Report A – Groundwater Impact
Assessment (Ref: LXRA-LX31-00-GE-EES-0001 Revision: 1) dated February 2018.
2) Victoria State Government Scoping Requirements for Edithvale and Bonbeach
Crossing Removal Project, Environment Effects Statement dated September 2017.
3) Trenchless Advisor report “HDD Dewatering Feasibility Option Assessment” dated
May 2018 (Copy provided in Appendix C).
4) GHD Pty. Ltd. Report “Austinmer and Coalcliff Slope Stabilisation Works, Coalcliff
Embankment Downside 58.450km to 58.750km, Concept Options Assessment” dated
April 2018 for Sydney Trains.
5) Longmac Associates Pty. Limited report “Groundwater and Geotechnical Assessment,
Double Bay Commercial Centre” for Woollahra Municipal Council (Ref:
AGT5046.743/KFC) dated 28 March 1990.
6) Double Bay Centre Development Control Plan 2002 Version of 29 August 2012
including Amendment No. 1, 2, 3 and 4.
7) GHD Pty. Ltd. various internal records for Kangaroo Valley Sewerage Scheme
between 2012 and 2013.
8) Sekiguchi, T. and Hozaki, Y. (2003) “Assessment of the Effects of Underground
Structures on Groundwater Flow and Corrective Measures”.
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9) Committee Report on the construction of Tokyo Outer Ring Road (Matsudo –
Ichikawa section) dated February 2002 (in Japanese).
10) Preene, M. (2009) presentation “Assessment of Impacts from Groundwater Control
Projects”
11) Google Earth Pro aerial photos
(i)

a statement identifying any provisional opinions that have not been fully researched for any
reason (identifying the reason why such opinions have not been or cannot be fully researched);
I confirm that there are no identifiable opinions that have not been fully research.

(j)

a statement setting out any questions falling outside the expert's expertise and also a statement
indicating whether the report is incomplete or inaccurate in any respect.
I confirm that my opinions in this report do not fall outside my expertise and that the report is
complete and accurate to the best of my knowledge.

(k)

a summary of the opinion or opinions of the expert
In summary, I consider that the “Passive subsurface horizontal drain” system is a feasible and
effective engineering solution to mitigate potential impacts of the proposed railway trench
construction on the groundwater level variation.
Appropriate numerical modelling and assessment has been carried out by the designers for the
reference design to assess the potential impacts of the trench at Edithvale on the groundwater
level and the mitigation measures.
Comprehensive review has also been undertaken by the designers and their sub-consultants on
the construction of the horizontal drain to address various identified potential installation
issues.
A number of potential construction and maintenance issues have been listed above to assist the
designers and constructors in the design and the planning of construction. The above listed
potential issues should be considered prior to implementation of the passive subsurface
horizontal drain system, but should not preclude the adaptation of the horizontal drains system.
A number of past examples and case studies have been provided in this report confirming that
the proposed HDD drain installation techniques to be appropriate for the proposed drain
system, and that the passive drainage system has been used by others for similar applications
and considerations.
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Curriculum
Vitae
Kim Chan | A GHD Principal
Senior Technical Director - Geotechnics
Qualified. Bachelor of Science (Engineering), University of Calgary, Canada
(1979), Master of Engineering Science, University of Sydney (1986).
Connected. Member of the Institution of Engineers, Australia (MIE Aust),
Chartered Professional Engineers (CPEng), NER, RPEQ, APEC Enigneer,
IntPE(Aus), Member of Australia Geomechanics Society.
Relevance to project. Kim Chan has over 35 years of post-graduate experience
and is highly regarded in the industry for his ability to solve challenging geotechnical
problems using innovative, practical and theoretically sound solutions.
He has worked on all facets of geotechnical engineering and specialises in soft soil
engineering, sophisticated numerical modelling, hydrogeological studies and
interpretation, reinforced soil structure design, deep and shallow foundation systems,
various forms of retaining wall and retention systems, tunnel geotechnics, ground
improvement, and field and laboratory testing.
Kim is the guest lecturer for the Master of Engineering courses at both the University
of Sydney and the University of Technology, Sydney on a variety of subjects
including soft soil and ground improvement techniques, pile design and numerical
modelling. He was also the invited speaker on different topics of geotechnical
engineering at a number of national and international conferences including
Malaysia, China and the Philippines.
Kim was most recently GHD’s global Service Line Leader for Geotechnical
Engineering and is currently a Senior Technical Director – Geotechnics.
Technical Director – Geotechnics
Reclaimed Effluent Management
Scheme (REMS) Nowra and Bomaderry
STP Upgrade | Shoalhaven Water
Kim was the Technical Director – Geotechnics
for the augmentation of the Nowra and Bomaderry
STP for the Reclaimed Effluent Management
Scheme (REMS) including a proposed 1.5km long
pipeline crossing the Shoalhaven River, to be
installed using Horizontal Directional Drilling
(HDD). The project involves the construction and
upgrading of two wastewater plants in the
Shoalhaven floodplain at Bomaderry and Nowra.
Geotechnical engineering challenges associated
with this area include high groundwater table and
soft soils, which can be detrimental to sensitive
water infrastructure. Within the variable sediment
profile, a deep zone of gravels and cobbles was
identified in one area, which presented a
significant risk to HDD works. Other design
components included bentonite slurry cut-off walls
to minimise groundwater flow below the various
ponds inducing uplift pressure on the ponds and
preloading the various embankment and cell areas
to minimise future settlement.

Kim Chan –Curriculum Vitae

Principal Geotechnical Engineer
Kingston Foreshore Harbour
Development | Land Development
Agency
“Gap analysis” was undertaken to review the site
investigation and concept design work undertaken
for the excavation and reclamation of a portion of
Lake Burley Griffin in Canberra. Following the gap
analysis, a supplementary investigation and fullscale pump test was conducted to assess the
hydrogeological characteristics of the site, with
particular reference to the hydraulic conductivity of
a fine-grained aquitard and an underlying gravel
aquifer. Numerical seepage modelling was also
carried out for the design of the partially
penetrating cut-off walls and the upstream
impermeable membrane.
Technical Advisor/Reviewer
Kiaora Lands, Double Bay, NSW |
Woollahra Municipal Council
The proposed Kiaora Lands development included
basement excavation within a full depth cut off
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Curriculum
Vitae
wall embedded in the bedrock and encircling the
excavation. It was recognised by the designers
that the construction of the full depth cut off wall
across a wide section of the drowned valley in
Double Bay could potentially affect groundwater
flows and groundwater level changes. The
greatest impact was considered to be on the
upstream side where the groundwater level will, in
theory, rise to the ground surface. 3D numerical
modelling was carried out to estimate the likely
groundwater rise. Solutions included the
installation of perimeter drains at shallow depth to
promote groundwater flow around the excavation
perimeter. It was also considered that any
seepage could be controlled by existing surface
drains and possibly shallow trenches installed as
part of drainage infrastructure.
Senior Geotechnical Engineer
Double Bay Commercial Centre, NSW |
Woollahra Municipal Council
Extensive computer modelling and assessment of
geotechnical and hydrogeological effects of
various new developments on existing properties
in water charged sand area of some 40 ha within
the Double Bay drowned valley. Review and
comment on geotechnical reports prepared by a
number of design consultants for major new
developments which involve dewatering and
installation of diaphragm walls to underlying
bedrock to some 35m depth. A site investigation
for one of the proposed developments was also
undertaken including in-situ pump tests in the
alluvium and the weathered bedrock. This was
supplemented by piezocone (CPTU) testing with
pore pressure dissipation to access the
permeability of the alluvium.
Hydrogeological Designer
Mt. Arthur North Coal Project | Peabody
Resources Ltd
A groundwater assessment was undertaken for
the proposed mining operations at Mt. Arthur
North in the Hunter Valley. The hydrogeological
model of the region was developed.
Hydrogeological modelling results using finite
difference techniques were assessed to predict
the groundwater yields and drawdown patterns
due to open pit mining. The likely impact of the
mining activities on the current groundwater users
and the quality of the regional groundwater regime
were also assessed.
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Geotechnical Engineer
Kooragang Coal Terminal (KCT)
Expansion | Port Waratah Coal Services
The KCT Expansion is a major berth and
stockyard extension project in Newcastle. Kim is
responsible for geotechnical investigation, design,
construction advice and monitoring of the
stockyard reclamation, fines disposal facility, and
other structures for the expansion program.
Special features included preloading and
construction of high embankments on extensive
soft soils and in close proximity to existing
structures. State-of-the-art investigation and
design techniques were employed including
electric piezocone testing (CPTU), Ko triaxial
extension testing and wick drain design. Complex
finite element and finite difference computer
modelling was also undertaken to assess both the
behaviour of the soft soil under loading and the
hydrogeology of the entire stockyard area. The
hydrogeological model adopted comprised a
number of unconfined and confined aquifers and
aquitards. Saline water transport was modelled
and various groundwater management systems
were assessed.
Review Consultant
The Peninsula at Manly Development |
CBA
Consultant for the Facility Agent to conduct a
review of the geotechnical/hydrogeological
investigation and analysis work carried out for the
mixed residential, retail and carpark development.
The excavation level for the underground carpark
extended to 6.5m depth and was retained using a
partial cut-off wall system. The impact of
dewatering on adjacent structures in the saturated
sand was reviewed in detail.
Senior Analyst
Thredbo Landslide Inquiry | National
Parks & Wildlife Service
Kim was the Senior Analyst assisting the technical
expert for the Thredbo Landslip Inquiry following
the death of 18 people and for the State Interests
in the Civil Action which followed. Analysis work
included Finite Element seepage analyses to
assess the likely cause of the Thredbo 1997
landslide and the likely groundwater movements
surrounding the area immediately prior to the
landslide.

2

Curriculum
Vitae
Senior Analyst
Dendrobium Coal Mine project | BHP
Billiton
Work included the determination of the
hydrogeological setting employing downhole
permeability test results; assessment of impact of
past mining activities; numerical hydrogeological
modelling of caved and upward migrating bed
separation; prediction of impact of longwall mining
subsidence, valley closure and upsidence in the
base of the storage reservoir; and risk assessment
of uncontrolled inflow into the longwall panels.
Seepage analysis was carried out to study the
impact of Dendrobium underground Longwall
mining on the drinking storage water of Cordeaux
Reservoir, Wollongong.

assessment and prediction of slope stability,
settlement and toe heave of the proposed road
embankments constructed on soft soils. State-ofthe-art finite difference computer modelling of the
transient groundwater migration due to the
consolidation of the compressible subsoils was
undertaken using fully coupled approach to
assess the impact of road construction on the
groundwater regime of the area.

Geotechnical and Hydrogeological
Designer
Clifton and Coalcliff Landslide Sites |
State Rail Authority
An innovative remedial action had been adopted
for addressing the slope instability at Clifton and
Coalcliff using deep wells and interconnecting
horizontal drains to effect gravity drainage. Work
included the back-analysis of the pump test data,
and 3-dimensional computer modelling of the
hydrogeology (groundwater flow) of the landslip
area to study the effects of different well diameters
and spacings for the design of drainage system.
Principal Geotechnical Engineer
West Charlestown Bypass | Roads &
Traffic Authority
The West Charlestown Bypass in Newcastle
provides a link in the inner city bypass of
Newcastle. This section comprises a 6.5 km
length of dual carriageway motorway in an urban
environment. Work included full scale pump tests
with detailed monitoring in mine voids and the
design of a stabilisation system for a 17m deep
cutting involving a combination of cut batters
underlain by an anchored piled retaining wall with
infill panels and a pattern of 35m long subhorizontal drains to lower the groundwater level
behind the cutting.
Geotechnical Advisor
Proposed Motorway, Billinudgel to
Chinderah | Roads & Traffic Authority
Responsible for the supervision and assessment
of the electric piezocone testing, preliminary

Kim Chan –Curriculum Vitae

Other related areas of interest


Recognised. GT Award 2010 – 7th
International Conf. on Ground Improvement
Techniques, Seoul, South Korea, 2010.



Invited Speaker



Land Reclamation & Coastal Engineering
Conference, Manila, Philippines, 2017.



Keynote Speaker, Embankment Prediction
Symposium, Newcastle, Australia, 2016.



Workshop on Transport & Energy
Infrastructure, University of Wollongong, 2014.



Chairman - Piling and Deep Foundations Asia
Conference, Kuala Lumpur, Malaysia, 2013.



International Conf. on Ground Improvement &
Ground Control, Wollongong, Australia, 2012.



International Piling & Deep Foundations
Summit, Shanghai, China, 2010.



Chairman and Workshop Facilitator - Piling
and Deep Foundations Asia Conference,
Kuala Lumpur, Malaysia, 2010.



Committee Member and Other Activities



Technical Committee member – 5th
International Conference on Geotechnical and
Geophysical Site Characterisation, ISC’5, Gold
Coast, Australia, 2016.



Corporate Associates Presidential Group
(CAPG) core team member and secretary,
International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE), 20122018.



Partner Investigator, research collaboration
project entitled “The role of Vegetation and
Associated Root Suction and Reinforcement
on the Stabilisation of Transport Corridors and
Sloping Ground,” carried out jointly by the
University of Wollongong and the University of
South Australia, 2013-2016.
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1. Executive Summary
The AECOM GHD JV has been requested to provide advice regarding groundwater equalisation
approaches required due to the impacts on groundwater conditions affected by the rail under road
development at Edithvale Road, Edithvale, Station Street and Bonbeach.
We have used the available design and construction information, as attached, to develop this
method.
LXRA has requested five options be considered for each site under three different scenarios:
Options:
Option 1: Do Nothing;
Option 2: Active recharge;
Option 3: Passive in-slab drainage;
Option 4a: Passive, below slab, between piles drainage;
Option 4a: Passive, below slab, below piles drainage;
Option 5: Passive, horizontal drain around rail under road.
Scenarios, affecting Option 2 to 4 inclusive:
Scenario 1: Nominal 200m separation of bores;
Scenario 2: Nominal 100m separation of bores;
Scenario 3: Nominal 50m separation of bores.
All options are listed under each scenario, but the scenarios have no impact on Option 5.In option 5
it has been proposed by Trenchless Advisor to explore the installation process using Horizontal
Directional Drilling to install a 300NB Steel 2mm slotted pipe for the entire bore and inside this
envelope pipe would be a stainless steel 0.1mm slotted dewatering well screen with an internal ID of
230mm, this method is deemed to be constructible from a materials and installation point of view.
Trenchless Advisor have nominated options for cleaning and maintenance but understand this will
need further investigation.

2. Introduction
The Victorian Government is removing 50 of Melbourne’s most dangerous and congested level
crossings. The Edithvale Road, Edithvale and Station Street/Bondi Road, Bonbeach level crossing
removal projects were referred to the Minister for Planning who decided an EES was required. As
part of the EES assessments it has been identified that the preferred engineering approaches to
remove the level crossing sites, Rail under Road, may introduce adverse potential impacts to the
existing groundwater regime resulting from construction and/or operation.
The purpose of this report is to provide LXRA with information relating to potential options
to
address
the
potential
requirement
for
groundwater
equalisation
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infrastructure resulting from the installation of a Rail under Road approach to facilitate the removal
of the level crossings at Edithvale and Bonbeach. Groundwater is an important consideration in
assessing impacts which may result from the project, because groundwater naturally occurs at
shallow depths across the project area. As part of the Functional Design developed for the two sites
to date, it is envisaged the excavated trench structures are likely to be designed to be fully-tanked,
potentially obstructing the regional groundwater flow regime. Impedance of groundwater flow
towards the coast at both Edithvale and Bonbeach has the potential to affect groundwater levels,
resulting in potential impacts to beneficial users and potentially groundwater quality.
With the proposed rail under road construction approach, and the associated subsurface pile
retaining walls, resultant drawdown and mounding of groundwater levels may lead to deeper and
shallower post-construction water table, respectively. Of particular concern is the mounding impacts
up-gradient of the excavation, particularly in areas where existing groundwater levels are notably
shallow (less than 2 metres below existing ground surface).
Groundwater elevation contours have been developed for the sites, based on groundwater level
measurements collected in July 2017. These inferred contours indicate a west to south-westerly
groundwater flow direction at Edithvale, ultimately towards Port Phillip Bay.

3. Trenchless Technology
Trenchless techniques are often considered as the preferred method for installing underground
assets especially under hard surfaces such as roadways, under rivers and rail where conventional
trenching is not an option. Due to the reduced costs in restoration and minimal impacts on the
ground surface, Trenchless techniques have also become popular in heavy residential and
commercial areas.
When designing infrastructure a variety of construction techniques should be considered to ensure
that the correct and most efficient method is chosen. An array of information should be assessed
including benefits, constraints, risks and cost when considering the appropriate construction
technique in each area. All sites are different and should be assessed as such as in most cases not
one method is suitable for all installations and often a combination of Trenching and Horizontal
Directional Drilling (HDD) is required to meet the installation needs of the project.
Trenchless Benefits
Deciding when it is appropriate to engage a Trenchless technique to install part or all of an
underground asset can usually come down to several major factors. All these factors should be seen
as a benefit to the client and construction of the project. These being:
a) Requirement to minimise disruption and disturbance any surface structures.
b) Ability to install under existing surfaces and structures (road, rail, water).
c) Minimal disturbance to sensitive areas.
d) Avoid existing underground utilities.
e) Ability to install under areas of limit accessibility.
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f) Installation in difficult ground conditions.
g) Lower reinstatement costs.
h) Lower overall project cost.
i)

Possible shortening of proposed routes.

Trenchless Constraints
Along with every other construction method being used, Trenchless techniques also have certain
constraints restricting its practicality. When deciding on using a Trenchless technique you must
ensure you investigate all parameters relating to this method. To ensure correct and practical design
the project should cater for the Trenchless technique. In each individual Trenchless project there can
often be an array of issues that need to be resolved. Through careful planning and consideration in
design many issues can be surmised and minimised prior to construction.
These must include:
a) Likely and achievable ground conditions to be drilled
b) Above and below existing structures and assets
c) Practical set up and set back distances.
d) Achievable bend radius
e) Available area for storage or stringing out of product
f) Required depths and achievable depths at required connection points or alignment changes.
g) Achievable overall underbore distance
h) Product specifications to be installed
i)

Achievable grade if required

j) Active and Passive Interference which could impact on the location equipment.
k) The drill head can be located with a walk over locating system or alternatively a wire line or
gyro system
Other areas of concern
 Entry and exit depths


Entry and exit angles



Clearances to existing and future utilities.



Required depths in regards to the possibility of frac-outs (drilling fluid release), subsidence
or damage to existing utilities.

Set Up Requirements
HDD rigs being surface launch machines require a setback distance before they are at the required
entry depth and angle. This incorporates the length of the machine, entry angle and required depth
in the entry pit. Additional lengths will be required for larger rigs or for greater entry depth. This and
all other relevant requirements should be taken on a site specific basis only.
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Figure 1 –Site set up requirements

The HDD machine required for this project would have a thrust of 150,000Ib or greater. Based on the
pullback calculations a un-ballast pipe (empty) would require approx. 35T of pull back force whilst a
ballast pipe (full of water) would only require approx. 20T of pullback thrust. It is recommended that
the pipe be pulled in using a ballast pipe.

4. HDD Installation
Passive Drainage, Horizontal Drains, Edithvale
It is expected that these works will be undertaken prior to the rail under road construction.
1) Supply and installation of 1,750 metres of horizontal slotted pipework comprised of the following:
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a) Horizontal boring at a nominal depth of 6 to 7 metres, DN300mm including installation of a
slotted sleeve (pipe work to be constructed above ground)
a) Installation of a 230mmNB slotted pipe centrally within the above DN300 bore including suitable
screen to 0.1mm slots.

Figure 2 – Indicative profiles for analysis

4.1. HDD Underbore Profile
Based on the profile and proposed design alignment provided the bore could be completed from
either entry or exit points, this will be dependent on the room available for set up and pipe stringing
and pull back. If required the HDD contractor may choose to mobilise 2 HDD rigs to site, this would
allow a possible quicker and safer operation if the contractor was to use a tail string during the
reaming process. Based on the information provided the HDD contractor would typically use a tail
string for a project of this size and nature in these conditions.
The contractor may choose to increase the bend radius of the drill profile, this would not deem the
bore unachievable, it would create a better curvature for the profile and the contractor. The
updated profile now allows for the full 850m on grade section with a 400m radius window to exit at
ground level, this has now lengthened the HDD bore to 1050m approx (see attached PDF overview).
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Figure 3 –Indicative Underbore Profile

Pipe Cross Section

Figure 4 –Pipe Cross Section

A preliminary assessment of the underbore profile in the ground conditions indicated that given the
depth of cover shown in the profile above the risk of Hydro fracture (Fracout) is low and shows a
potential frac on both the entry and exit locations, this will need to be monitored and assessed
during the pilot hole phase. As discussed previously, conductor casing may be required to stabilise
the soils above the stable formation and further reduce the risk of fracout at the entry and exit
locations.
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Figure 5 – Hydro Fracture Analysis

4.2. Pipe Stringing and welding
Without knowing the specific site constraints there are several options for the pipe stringing and
welding. The pipe should be welded in one complete string before the day of the pull back.
A pipeline of this length and diameter will need to be constructed and pulled in using pipe rollers to
support the pipe, this not only reduces the pullback pressure and friction it ensures that minimal
damage is caused during the pullback process.
Below is the information provided by Johnson Screens in regard to the dewatering well screen, they
manufacture in Australia for all types of dewatering screens so this could allow us to design a
purpose made screen to suit the project and installation method. The configuration provided for
constructability using an envelope pipe has been completed several times before so it has been a
proven method. The mild steel pipe will have 2mm slots and the pattern will be suited to the
amount of water flow and to not compromise the tensile strength of the pipe.
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Johnson Vee-Wire Well Screen ®:
6000 Coupled length x 230 ID x 246 OD
0.10 slot, giving 4.2% open area
Custom 9" Couplings each end
304 SS material

Unit weight: 117 Kg

Capacity: 5.8 l/sec

Tensile strength: 23 Tonnes

Column strength: 10 Tonnes

Collapse pressure: 110 psi (760 kPa)

Figure 6 –Proposed Internal Dewatering pipe (example of slot size)
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Figure 7 –Proposed Internal Dewatering pipe (6m lengths for transport)
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Figure 8 –Mild Steel Slotted >(2mm) pipe example

4.3. Suitability of HDD
For the proposed crossing, HDD is considered suitable in regards to:
-

Expected ground conditions (competent contractor to manage existing ground conditions)
Bore length total (approx. 1050m)
Borehole size (approx. 450mm)
Product pipe material (300NB Slotted Steel Envelope and Stainless well Screen inserted)

Areas of concern with HDD and other considerations are –
-

Location of underground services within the entry and exit locations of the bore
Layered ground conditions and potential fractures or collapse/Use of conductor casing.
Fracout potential at the surface and existing rail corridor if the borehole annulus is blocked.
Pipe stringing area.
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Mobilisation of equipment and access to entry and exit location
Containment and Disposal of Slurry
Environmental and Other Restrictions (Noise, Water Use, Working Hours,)

4.4. Indicative Construction Time Frame (HDD)
Below table is for one bore (based on the maximum time frame)
Description
Mobilisation
Pilot Hole for Return line
Pilot Hole
Ream 300mm
Ream 450mm
Cleaning Pass
Pipe Welding and stringing
Pipe Pullback
Demobilisation

Days
5
3
2
4
4
2
Consecutive
1
5
26 Days
4 Days Contingency
30 Days total

5. Cross Section Bore
For the cross section bore HDD was first looked at as the preferred method, after completing the
profiles to suit the short set up and pipe requirements it was deemed to not be favourable and a
Guided Boring method using a GBM (Guided Boring Machine) or Axis pipe jacking machine would be
suitable for the short drive lengths required. There will be a requirement for pits down to the invert
similar to the below diagrams.
These machines are laser guided for complete accuracy and install average pipe diameters of up to
300mm and beyond with a suitable length of 120m if required, so well within the required design.
As you can see from the diagrams this type of set up will fit in a 4m x 3m pit on average (contractor
dependant).
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6. Moving Forward
Further investigation into the maintenance and jetting system to future proof the life span of the
dewatering option would be required. The next step if approved would be to start formally designing
the bores with all plan and long sections completed showing all existing and new structures to see if
a suitable construction window is available using this construction method. It would be assumed
that the 4 maintenance chambers would have access to install a jetting assembly to flush the
internal de watering pipe when required or at scheduled time frames.
Also further investigation would be required around sand filters and packers, previous projects we
have worked on used Halliburton to install packers for ground water management.
A mud/drilling fluid engineer would need to be engaged by the HDD contractor to manage the
drilling fluid and long-term effects of the drilling fluid post construction.

7. Conclusion
All though this is in a preliminary stage Trenchless Advisor believes the underbore is achievable
based on the proposed alignment and existing ground conditions provided.
However there is still the potential risk of fracout due to the soft wet soils and a suitable contractor
with previous experience in these ground conditions is required. In addition to this pressure subs
should be used to measure the downhole pressures to assist in avoiding frac out.
The use of a steel slotted envelope pipe is not a new concept and has been completed on other
projects. This would also act as another filter barrier as fines build up in and around the annulus.
The actual design phase would now follow if approved as a consideration for construction.

8. Limitations
This report has been prepared by Trenchless Advisor in conjunction with surveys, design drawings
and other information supplied by AECOM. In preparing this report, Trenchless Advisor has relied on
this information to achieve appropriate solutions and recommendations relating to this project.
Trenchless Advisor has not verified the accuracy or completeness of information supplied. Therefore
the information supplied by Trenchless Advisor in this report is based on part or all of the data
supplied.
As the construction methods used with Trenchless Technology occur under the grounds surface, all
suggestions and recommendations are based extensively on judgment, past experience and
knowledge as well as opinion. Trenchless Advisor will not be liable in relation to any incorrect
conclusions or recommendations noted should any data and supplied information be incorrect,
concealed, withheld or misrepresented in any way, shape or form.
The information supplied should been seen as a concept design only as a wide variation of
equipment is available within the Trenchless industry which could alter the limitations and
achievability of bore. These limitations could also be influenced by the experience and
professionalism of the chosen contractor.
This report should been seen as obsolete if the bore is repositioned or altered in any way.
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Due to the preliminary nature of geotechnical information of the area, there is a possibility that a
variation in ground conditions could occur during the process. This may produce additional unknown
risks and issues which should be observed and managed by the chosen contractor during the
construction period.
Additional construction activities at or adjacent to the work site, as well as natural events such as
weather, floods, ground water variations, may also alter the information supplied.
Trenchless Advisor will not be liable for the updating of this report to account for any events,
circumstances or other relating incidences that may occur after the date of this report.
This work is copyright. Apart from any use permitted under the Copyright Act 1968, no part may be
reproduced by any process, nor may any other exclusive right be exercised, without the permission
of Trenchless Advisor Pty Ltd. The information within this document has been produced for its
intended client as noted on the title page and is only relevant to the project section as noted
throughout the document. No part may be reproduced or copied by any other party, company,
person or body relating to this or any other project including, but not limited to, within a
Methodology, Safe Work Method Statement or Design.
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