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Introduction

= The Stronger Christchurch Infrastructure Rebuild Team (SCIRT)

* Three Clients:
Christchurch City Council (CCC)
The New Zealand Transport Authority (NZTA)
Canterbury Earthquake Recovery Authority (CERA)

* Five head contractors:
City Care
Fulton Hogan
Downers
Fletchers and
MacDow




Why Vacuum Sewer Systems
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VSS Experience in NZ

* One VSS in NZ prior to the earthquake

= Limited NZ experience

»= Christchurch City Council had no experience in VSS
* No known experience in a retrofit situation



SCIRT VSS Timeframes

Detailed Design Starts of Second V8§
6 Sep

Detailed Design Starts of First VSS
12 Mar
Both V58 Operationally Handed Over
Christchurch Earthquake Construction Started on Second V8S 1 May
22 Feb 20 Jan
Performance Assessment of both
SCIRT Started Construction Started on First VSS V358 Complete
1 Sep 1 May 30 Sep




VSS Catchment Overview
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How a Vacuum Sewer System Works

Vacuum Mains '

Collection =7 -
Chambers ™

[ Vacuum Station' -~ =«




How a Vacu

um Sewer System Works
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Vacuum pumps
generate vacuum

When the
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2/3 full the discharge
pumps turn on



How a Vacuum Sewer System Works
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How a Vacuum Sewer System Works

When another valve opens the
wastewater is propelled towards
the vacuum station

Wastewater and air enters
the vacuum main

Clear passage of
air through the lift

Lift
-55 kPa at
the
-55 kPa at Line Vacuum
Extent when Station

no valves
operating

Lifts are added in the
vacuum mains to help

Wastewater gravitates keep the vacuum mains
to lift shallow

Vacuum decreases and
vacuum pumps turn on

Vacuum Main Long Section



How a Vacuum Sewer System Works
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How a Vacuum Sewer System Works
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How a Vacuum Sewer System Works
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VSS Standards

Both catchments were designed and constructed using the following standards:

= Water Services Association of Australia WSA-06, Vacuum Sewerage Code of
Australia

= Airvac Design Manual
= Water Environment Federation (WEF), Alternative Sewer Systems

= Christchurch City Council (CCC) Infrastructure Design Standards (IDS) for
flowrates

= Christchurch City Council (CCC) Construction Standard Specifications (CSS)

= Vacuum Sewer System supplier guidance



Challenges and Lessons Learnt

= Vacuum mains

= Collection chambers

= EXxisting Services

* [nflow and Infiltration

= Air to Liquid Ratio

= Automatic Air Admittance Systems
= QOperation



Vacuum Mains
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Plan and Long Section of a Vacuum Main




Vacuum Mains

The air gap is critical to
the systems performance

-55 kPa at Line
Extent when
no valves Clear passage of
operating air through the lift ~ | -55kPaat
the
Steep 5 . T ’u'acl.lum
h Lift Station
Section

15m at 0.2%
before lift

If the section of vacuum
main is to steep before a
lift the lift can become

Vacuum Main Long Section waterlogged



Collection Chambers
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Collection Chamber Installation



Collection Chambers

Infiltration through

¢ ducting penetrations
and over the top of the
collection chamber

Collection Chamber and Vacuum Valve



Collection Chambers

Fat build up around the
suction and sensor

pipes

Suction
Pipes

No fall through
No isolation incoming main
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Existing Services

Vacuum Main Installation
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Inflow and Infiltration

The Council is responsible for the collection

Property boundary chamber, vacuum vent, gravity wastewater

lateral outside the property boundary and
the vacuum wastewater main.

Footpath and roadside berm

\_I The property owner’s responsibility

One collection chamber
|:| The Council’s responsibility

services 3-4 properties
on average

i

Private gravity —p\
lateral === + ‘

o o e .

]
: + - Vacuum wastewater
The private gravity lateral, up to the ; Gravity lateral ¢
boundary, will remain the property 1 walsai‘:;ter ¥
, T 1 Vacuum wastewater main
owner’s responsibility : Collection chamber laid up to 2 metres deep
Private property Council property

Long Section of Laterals, Collection
Chamber and Vacuum Main




Inflow and Infiltration

CCTV Laterals
= |nflow and infiltration unknown

Wet weather flow rates - Capacity

= Distribution of calculated versus reality WWF

uss : 17630 D/S :+ 17631 15, 72m




Inflow and Infiltration
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Inflow and Infiltration
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Air to Liquid Ratio

= Air-to-liquid ratio is critical
* Too much air can result in long runtimes of the vacuum pumps
= Too little air results in waterlogging and loss of service
= |n operation the air-to-liquid ratio can be calculated by using the formula below:
Air/Liquid = m3/hr of air
m3/hr of wastewater




Air to Liquid Ratio
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Automatic Air Admittance System (AAAS)

An AAAS can detect
low vacuum at the
end of the line and
introduce air to clear
the line

Low vacuum at
the end of the

line due to
waterlogging ;;515 kPa at
e
Vacuum
Station

Waterlogging of the
vacuum main



Operation

Anecdotal evidence as provided by the operational and maintenance contractor can be
seen below:

= Higher call outs for valves failing open

» Fats build up in collection chambers

= Fats blinding the air water separators (between the vacuum pumps and vessel)
= Long vacuum pump runtimes

» Inflow and Infiltration

= Failed controllers (that operate the valve)



Conclusion

= VSS supplier input is critical

= Actual costs

= Air-to-liquid ratio

* [nflow and infiltration

= Automatic Air Admittance Systems (ASSS)
= Monitoring systems



Questions

Pete Dawson Acknowledgments:

E: pete.dawson@beca.com Victor Wong — Christchurch City Council =Iﬂ Beca
M: +64 27 5871273 John Moore — Christchurch City Council LIH

Patrick Marshall — Beca
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