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FEATURE

Gold-standard
healthcare

The new $630 million,

state-of-the-art Bendigo

Hospital serving central
Victoria is the state’s largest

regional hospital development.

Sean McGowan reports
on the project built in
Gold Rush territory.
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As one of the earliest district hospitals
established in Victoria, the Bendigo Gold
District Hospital — originally dubbed
“the miner’s hospital” — served thousands
of miners and their families who sought
their fortune across the region’s burgeoning
goldfields when it opened in 1853.

Over the following 160-plus years, the
hospital relocated and was expanded
significantly to serve the growing
community of the Loddon Mallee region.

So when the development of a new
Bendigo Hospital was announced in 2011,
the unification of the hospital’s two sites
and three precincts became a key driver
for the $630 million project that would
deliver a world-class, state-of-the-art
acute healthcare facility to the region.

Built on land behind the former
Anne Caudle Centre Campus, the
new Bendigo Hospital accommodates
372 inpatient beds, 72 same-day beds,




11 new operating theatres, an integrated
cancer centre and an 80-bed psychiatry
services facility — making it around

60 per cent larger than its predecessor.

It was delivered as a public-private
partnership (PPP) under the state
government’s Partnerships Victoria
policy by its winning bidder, the
Exemplar Health consortium.

Bendigo Hospital Project is being
designed, built and operated by Exemplar
Health, a consortium comprising Capella
Capital as the sponsor and financial
adviser, partnered with Lendlease,
Spotless and Siemens for delivery. Its
consultant team included STH, Bates
Smart , NDY and Irwin Consult, while
and A.G. Coombs were the mechanical
contractor. The team drew on the success
of Melbourne’s new Royal Children’s
Hospital, which was delivered by a
number of the consortium’s members.

“Through what we considered to

be a well-thought-out and thorough
bid submission, our consortium was
eventually selected as the preferred

proponent engaged by the state to
deliver the new Bendigo Hospital,” says
NDY associate director Ashley Marriott.

A detailed brief from the state
government followed, which covered

the technical, functional and operational
requirements for the new facility.

Marriott says it essentially called for

a Category 1 healthcare facility that

was tranquil, energy-efficient and utilised
the latest in healthcare technologies.

“The philosophy adopted by NDY

was to document core systems that
maximised infection-control measures,
by being reliable and commonly used
within healthcare facilities,” he says.

“We worked with A.G. Coombs to
make sure that the equipment selected
was reliable and of a suitable standard
to maximise whole-of-life, then
connected these into efficient central
plant infrastructure, with sufficient
redundancy, to optimise performance
at an overall facility level.”

Right equipment sizing was particularly
important, particularly to account

for future expansion and the internal
churn of spaces and equipment.

So too was energy efficiency, with
Bendigo Health keen to minimise
its ongoing utility costs.

“They were very balanced and pragmatic
in their need to address the technical and
functional requirements of the facility in
prioritising sustainability,” Marriott says
of Bendigo Health.

Modularisation and prefabrication
was proactively incorporated into
the services design from very early
in the bid phase. Image: A.G. Coombs.

FEATURE

The installation
included around
35,000 pieces,
or 40km of

ductwork, over

800 air conditioning
and ventilation
fans, over 130 AHUs
and FCUs and

about 5km
of pipework ’

But Marriott says the facade design and
construction had as much to contribute
to the energy consumption and greater
sustainability picture as the mechanical
systems, PV array and trigeneration
systems that make up key items of plant.

IN PARTNERSHIP

A PPP delivery model inevitably
presents a number of challenges over
and above more traditional delivery
means, and this was the case with
the new Bendigo Hospital project.
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“From a scope perspective, a thorough
understanding of the state’s brief,
consortium departures, user group
inputs and feedback, and whole-of-life
considerations are at the forefront,”
says A.G. Coombs Projects’ general
manager Mark Mitchell.

“In parallel, PPPs require the ability to
provide a cost-planning approach that
refines pricing with design development,
all within a guaranteed maximum price.”

A close working relationship between NDY
and A.G. Coombs was therefore essential,
with A.G. Coombs reviewing preliminary
designs and providing cost and buildability
input prior to the designs being issued

to the broader project stakeholders.

REDUNDANCY
AND SIMPLICITY

In preparation for designing the Bendigo
Hospital, NDY workshopped the designs
for several recent Australian hospitals,
and identified lessons learnt for each

of these facilities.

They included the Box Hill and Royal
Children’s Hospitals in Melbourne,

ECOLIBRIUM JUNE 2017

the new Perth Children’s Hospital
and the new Royal Adelaide Hospital.

Furthermore, NDY drew on its
participation in wide-ranging
international study tours of healthcare
facilities considered to be world-leading.

“We continue to monitor current national
and international trends in healthcare
design, and believe that many of the
world-leading healthcare facilities are
actually being built here in Australia,”
says Marriott.

The mechanical services plant serving
the new facility is fundamentally a chilled
water and heating hot water solution
connected to four-pipe airside equipment.

Variable-speed water-cooled chillers
are provided in an N+1 configuration,
with a low-load chiller, supplemental
absorption chiller (with capacity in
addition to base-load requirements)
and adiabatic heat rejection.

Marriott says this allows the most
efficient configuration of chillers to be
applied, via intelligent controllers, based
on the facility loads at any given time.

Complex multilevel services installations are
a feature ofi the plant spaces. Multi-trade
REVIT model cosrdination helped optimise
installation productivity: Image: A.G: Coombs.

In its brief, the State requested the

use of heat rejection technology that

did not need to be registered as a cooling
tower, so in order to comply with this
requirement a range of units were
assessed, including adiabatic coolers

and closed-circuit coolers; and then

also compared against the performance
of non-brief-compliant cooling towers.

“A significant amount of engineering
went into the selection of these units,
including modelling (by NDY) of both
the water and energy consumption to
ensure they met the overall requirements
of the project brief,” says Mark Irvine,
Affil. AIRAH, Victorian engineering
leader for A.G. Coombs Projects.

The adiabatic coolers modulate
themselves in response to the heat
rejection temperature requirements

and flows to minimise water and energy
by operating in banks.

The selected system not only complies
with the brief, but minimises water
consumption through the ability to
provide cooling by ramping up the
fans for a bank of units before needing
to activate water sprays.
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Two engines are installed: one sized to meet the continuous baseload of the facility,
and the other to operate during daytime operational hours. Image: A.G. Coombs.

The heating system makes use of
forced-draft boilers with dual-fuel
burner (natural gas and diesel) capability.
It also features supplemental connections
from a trigeneration waste heat system.

Combined, the installed trigeneration
plant, electric chillers and heat rejection
provide a total 8.5MW of available
cooling capacity. The absorber and
standby N+1 chiller are in addition

to the base design load plus spare

15 per cent capacity.

According to Marriott, a facility of

the size and scale of the new Bendigo
Hospital — with a relatively stable baseline
electrical load and a need for both cooling
and heating throughout the year, coupled
with sustainability aspirations — made the
decision to include trigeneration a logical
one. This was further reinforced by the
need to generate a margin of electrical
capacity which the Supply Authority

was unable to provide.

“Once the decision had been made to
include it as an electrically led system, the



goal was to maximise the operational run-
time of the system, to avoid the generators
from turning on and off repeatedly,” he says.

Two engines have been provided — one
sized to meet the baseload of the facility
and the other to operate during daytime
facility operational hours.

“Energy modelling was performed, based
on the briefed operational parameters for
modelling, with consideration to the steps
of available unit sizing to determine the
right sizing to match the load profiles,”
Marriott says.

Waste heat from both the flue gases

and the jacket water is capable of being
directed to the most effective need for heat
— either the absorption chiller or heating
hot water (or rejected if not required) — to
reduce the plant’s energy consumption
and CO, emissions footprint.

The primary pumping circulates water
through the flow and return ring headers,
and N+1 secondary pumps circulate the
water to the field, broken down into zones.

VARIABLE-AIR VOLUME

The HVAC design across the hospital
is generally variable-air volume (VAV)
served by a combination of multi-zone
and single-zone air-handling units
(AHUs) with heat recovery from

the exhaust and relief systems.

FEATURE

SERVICES RETICULATION

According to NDY's Ashley Marriott, the services required to be reticulated
through ceilings in modern hospitals are continually increasing as technology
and communications play a larger role in delivering healthcare.

Also, due to infection control desires, supply, return and exhaust air is typically
fully ducted. Combined with the desire to avoid items of equipment that require
maintenance access from being located above clinical spaces this can lead

to significant congestion within the ceiling.

“Significant amounts of time were spent in 3D models,” Marriott says.

“This referenced architectural, structural and multidisciplinary services elements

to develop services arrangements that provided maintenance access to every

required element, while maintaining the architects’ desired ceiling heights and types."”

The use of multi-zone VAV systems
allows for AHU thermal zones to be
divided into smaller VAV thermal zones,
to realise efficiencies in both fan energy
and thermal cooling.

Individual AHUs have been provided
to the hospital’s operating theatres, with
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The adiabatic coolers modulate themselves in response to the heat-rejection temperature requirements
and flows to minimise water and energy by operating in banks. Image: A.G. Coombs.

close control of thermal performance
and airflow.

Pressurisation, humidification, HEPA
filtration and allowances for ultra-clean
ventilation filtration (UCV) units were
able to be accommodated on a direct
relation to the theatre requirements.

“The space conditions are capable
of being adjusted by the user [to pre-
set configurations] to suit the type of

procedure being performed,” says Marriott.

Elsewhere, individual units were used
to serve specific spaces where individual
space pressurisation was dictated, such
as isolation rooms.

All dirty spaces, washrooms and ensuites
are exhausted as required. Reclaim is

via run-around coils connected to any
air stream over 1000L/s, connected to
associated AHUs and FCUs to provide
preconditioning and energy efficiencies.

Communications rooms are provided
with air conditioning. Back-up ventilation
fans have been provided to maintain
operation of the critical infrastructure
with the least energy consumption

and spatial requirement possible.

ECOLIBRIUM JUNE 2017

The hospital’s data centre is serviced

with a concurrently maintainable,
computer room air handler (CRAH)

unit system. This includes a portion of
the data rack environment that features
in-row coolers and cold aisle containment
to assist with racks of high heat loads.

It is also provided with an economy
free cooling mode that takes advantage

of the cool climate by running outside
air through filters and into the CRAH
units instead of returning the hot air
from the racks.

The installation included around

35,000 pieces, or 40km of ductwork,

over 800 air conditioning and ventilation
fans, over 130 AHUs and FCUs and about
5km of pipework.

FIRE, SMOKE AND PRESSURISATION

NDY'’s Ashley Marriott says the challenges faced on the Bendigo Hospital project
were common to most healthcare facility designs, and mostly related to the design
and incorporation of the fire/smoke strategy and pressurisation requirements.

“The location of fire and smoke compartments with the building surveyor to align
with operational department boundaries, maximise business continuity, allow staging
of escape egress, stair pressurisation relief pathways and lastly align with air-handling
unit zoning was a time-consuming, iterative process,” he says.

Key to the design was a desire to keep the solution as simple as possible by
minimising the number of fire zones and systems affected in the event of any fire.

The solution eventually settled on utilising consistent vertical relief risers located
at the intersection of two-hour fire zones, connected to the return-air ductwork
reticulation. This in turn minimised the commissioning of the fire mode matrix
and subsequent ongoing testing and maintenance.
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An incredible 40km of wire hanging cable
has been used to support the ductwork,
cushion heads and lightweight services.

Around 6,000 air grilles either supply
or extract air within the hospital.

“Our major challenges during
construction included the timing of
the services design development, which
required a staged user group review
process, with the relatively advanced
progress of structure,” says Mitchell.

The large, horizontal floor plates

on the lower levels of the new hospital
also proved challenging to maintain

a productive workforce, and required
A.G. Coombs to internally break down
into smaller, “virtual” areas and teams
to maintain efficiency and reach
milestones.

Modularisation, or prefabrication,
was proactively incorporated into
the NDY services design from very
early in the bid phase. This involved
co-ordination with multiple services
trades, led by A.G. Coombs.

“In total, 50 vertical services riser
modules and over 300 horizontal
modules containing multiple services
were installed,” says Mitchell.
“Additionally, the more traditional
pipework headers, pump assemblies
and ductwork preassembly were
implemented.”

The project’s regional location provided
added impetus for this method given
local labour experience constraints and
the expense of relocating staff from
Melbourne. Yet prefabrication offers
projects significant advantages regardless
of their location.

These include on-site installation
efficiencies, quality control and
workplace safety benefits.

- “Ifq - -
Electric chille’rs«ﬂ|
trigenerationrend
heat-rejectioniplant.
Image: A.G. GCoombs.
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LESSONS FROM THE CONTRACTOR

A.G. Coombs Project general manager Mark Mitchell
shares some key lessons from the new Bendigo Hospital project.

e Successful PPP delivery requires
the ability to refine a cost
plan concurrently with design
development.

e The detailed multi-services BIM
coordination process, while more
demanding on modelling and
coordination resources up front,

UTILISING BIM

BIM (building information modelling)
was utilised in design co-ordination

to the extent that the design team
comprehensively modelled the facility
in 3D and performed co-ordination
and clash detection through the Revit
and Navisworks medium for release

to the trades for their shop drawings.

The contractors through their shop
drawing process added further detail
and provided thorough, multi-trade,
3D-coordination and clash-detection
to produce their workshop set of
documentation. This reduced rework
and waste, and maximised installation
productivity.

“Key to this was working within
common BIM-MEPAUS templates across
the consultant/contractor design team,”
says Mitchell.

“The resultant, integrated REVIT
as-installed model offers significant
potential to support and inform future
modification works, as will inevitably be
required as a result of the ever-changing

leads to more accurate installation
shop drawings and/or models and
site labour efficiency.

e Prefabrication proved itself again

to be invaluable in terms of quality,
program and safety, and more

so given the project’s regional
location.

needs of healthcare and its technology,
thereby helping to future-proof the
design.”

BIM was also utilised to ensure
nominated percentages of spare space
was provided for different system and
reticulation pathways, as per the client
brief.

“An example of this was a requirement
for 20 per cent spare space in risers,”
says Marriott.

NDY inserted spaces in the 3D models
to represent the spare space requirements.

The concept was also applied to
plantrooms and other areas where
spatial provisions for future-proofing
were required to be allocated.

“This allowed us to run clash tools
against these spaces to ensure that

the briefed spare space requirements
had been met.” (See breakout, “Service
Reticulation”.)

The doubling of AS1668.2 separation
distance requirements for air intakes and
discharges, and all fresh air intakes being
at least 4m above the adjacent trafficable
reduced levels (RL) presented challenges
when coupled with acoustic, wind, fagade
vision and health planning requirements.

In many instances, the large air quantities
required with economy mode operation
of units resulted in very large louvre
areas.

“Developing layouts with the architect
that also allowed for efficient plantroom
and riser planning was performed

over many design team meetings, and
then refined once 3D modelling had
documented the initial schematic design
concepts,” says Marriott.
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configuration and location need
to be performed with a holistic
and multidisciplinary approach
in collaboration with the health-
planning and client objectives
for the facility. Solutions that
work effectively for more than
one party or service discipline,
while potentially marginally
disadvantageous to one or
another, provide the maximum
overall benefit.

Simplification of systems and their
associated control systems provide
easier ongoing operation and
better outcomes. The more systems
that need to interface to achieve

a result, the more subject they

are to fault and downtime. Using
reliable industry tested solutions
with simple functional descriptions
of operational control are best.
The operators of the facility need
to be able to run and maintain

the facility long after the designers
and installers are gone.

Early consideration and planning
of fire/smoke control strategies is
critical to allow for their inclusion
in every aspect of the HVAC

and facility design. Trying to

add components or change the
fire zoning strategy once health
planning has progressed past
concepts submitted to the
state/client is excessively difficult.

be required to transfer through
multiple levels and departments.
Poor planning can add significantly
to cost and complexity.

e Architecturally integrated

spatial planning of key services
infrastructure elements is the best
outcome for the facility. This only
comes about by understanding the
drivers of the client and the health
planners, then carefully applying a
multidisciplinary integration of the
needs of the services. This includes
where risers are located in relation
to two-hour fire walls, having

an AHU plantroom above the
operating theatres, or considering
plant replacement in the location
of key infrastructure items.

The vertical risers were
prefabricated off site and craned
into place on site. This solution,
whilst not new, was successfully
applied on this facility. Ways

to further prefabricate off site
could be investigated further for
applications on future projects.
Horizontal prefabricated corridor
in-ceiling frames were utilised on
the facility with varying success,
as there were limited instances
where repeatability of elements
existed; and in some instances
the frames themselves limited
the flexibility of how to run

each disciplines services.



MAINTAINING
TRANQUILLITY

From the outset, the client’s desire
for the facility to be tranquil meant
mechanical noise needed to be kept
to a minimum.

In its initial design, NDY allowed

for acoustic attenuation on the intakes
and discharges of every fan or unit.
However, once equipment selections

were developed, a thorough review was
undertaken with the external acoustic
consultant, Acoustic Logic Consultancy,
such that acoustic requirements were
consolidated and removed where possible.

Major noise-generating elements such

as the trigeneration plant were identified
early. Worst case spatial provisions, such
as for acoustic enclosures and vibration
isolation mounts, were allowed for within
spatial planning before being refined

as the design was completed.

Rooftop equipment was also carefully
selected and presented to the acoustic
consultant for its assessment. Baffle
screens and parapets were added to

the architectural designs to comply with
the briefed noise levels at the adjacent
residential areas.

“Attenuators were provided to nearly

all air-handling and ventilation system
[units],” says Irvine. “In all, approximately
1000 attenuators were used on the
project.”

A NEW ERA

The new Bendigo Hospital reached
completion in late 2016 and ahead

of a planned clinical move of patients,
was officially handed over to Bendigo
Health on January 24.

A little over a month later, the hospital’s
Tranquil Garden was opened ahead
of schedule.

In the months since, the site’s old
buildings have been decommissioned
ahead of their demolition in preparation
for Phase 2 of the project. This will
include construction of a new multi-
storey carpark and helipad, which will
link to the new hospital via a bridge

link over Arnold Street.

A conference centre and retail
precinct will also be included
in the Phase 2 works. 1

FEATURE

PROJECT AT A GLANCE

The personnel

Architect (health planning):
STH

Architect (facades):
BatesSmart

Builder: Lendlease

Building surveyor:
PLP Building Surveyors

Client: Bendigo Health

Mechanical and HVAC
services design: NDY

Mechanical and HVAC
services D&C contractor:
A.G. Coombs

Medical gases services design:
NDY

The equipment

Adiabatic coolers: Frigel
AHUs: Colair
BMS/controls: Siemens
Boilers: AGL

Chillers: Carrier
Dampers: Celmec
Diffusers: Air Grilles
Duct: Ductmakers

Duct-mounted heating coils:
Coils Australia

Fans: Fantech

FCUs: Colair

Filters: Airepure

Heat exchangers: Alfa Laval
Humidifier: Condair
MSSBs: Ladd Electric

Pipes: Victaulic Steel
Pumps: KSB Group

VAV: Celmec

VSDs: Danfoss

(Source: NDY and A.G. Coombs)
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