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FACILITATING DECISION MAKING USING 3D TECHNOLOGIESON THE WEST
EDMONTON SANITARY SEWER PROJECT

ABSTRACT

The North Saskatchewan River flows southwest tdheaist through a 22-km-long valley in the
City of Edmonton, supplying the drinking water tozéns of downstream communities. During heavy
rains, combined sewers occasionally overflow ihi tiver, which has a significant negative impattire
water quality and the sensitive environment. Thest\Elmonton Sanitary Sewer (WESS) W12, a syphon
connecting the Rat Creek Trunk to the Gold Bar \Waater Treatment Plant across the river, was
designed and constructed to take the overflow eonthstewater treatment plant. Due to the compleity
the project, various 3D technologies were appliethtilitate decision-making processes. 3D modelseew
developed for design review and design confliced&ébn, while 4D models were established to hedater
a robust construction schedule. Construction segjngranimation was used to convey design intentds an
demonstrate construction stages to contractorsvanklers. The combined applications of 3D technaegi
helped the project team to identify critical issuasd assured effective communication among enginee
management, contractors, and other parties. Thexdfgrovided more opportunities for the succafsthe
project.
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INTRODUCTION

The North Saskatchewan River flows southwest tdheaist through a 22-km-long valley in the
City of Edmonton, supplying the drinking water tozens of downstream communities. However, like
most pre-1940 municipalities, the City of Edmonisrserviced in part by combined sewers. These sewer
occasionally overflow into the North SaskatchewaneR (NSR) during wet weather conditions. In this
case, unprocessed pollutant is directly dischartgethe NSR, resulting in deteriorated water quality
raising safety concerns in Edmonton and beyond.RdteCreek outfall (see Figure 1) contributed 80% o
the City of Edmonton’s combined sewer overflow voti (about 2 million cubic meters per year) until
2011.

The Rat Creek outfall was targeted as part of tlestVEEdmonton Sanitary Sewer project. WESS
W12, a syphon connecting the Rat Creek combinatktto the South Highlands Interceptor, was designed
to take the overflow and convey it safely to thdd3®ar Wastewater Treatment Plant on the southaide
the river. This was expected to reduce the CSChdrges into the North Saskatchewan River by oveés,70
significantly improving water quality. Ultimatelthe syphon would convey all flow from the 7 km of
West Edmonton Sanitary Sewer project to the Gold\Bastewater Treatment Plant for treatment. Flow
would be controlled by the Real Time Control (RT3 structure located deep beneath the city streets.
Associated Engineering was the designer for theepto
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Figure 1 — Overview of the WESS W12 project

The construction of W12 proved to be extremely lemgling. Its environmentally sensitive
location in the river valley as well as its extreahepth—70 meters below downtown Edmonton—was
understood. However, the geotechnical investigaterealed that almost the entire project was stliat
within the footprint of abandoned coal mines. Fdeep shafts would have to be constructed in ground
laden with coal seams, water pockets, and void) thie detection of methane gas under pressure in
several locations. The tunnel alignment would retween two coal seams. Access was also severely
limited: the northern construction site was on &agy/enue; the main thoroughfare is through Edma’sto
downtown; and most of the alignment was under tiverBale Golf Course and the river itself.

Due to the uncertain ground conditions and otherstaints, the City Drainage Design and
Construction crews initially planned to work witmawly-acquired LOVAT Earth Pressure Balance tunnel
boring machine, using bolted segmental liners—tést bechnology for the job, but not one the City of
Edmonton crews are familiar with. The deep shafisambh delays in removing soil and supplying
construction materials, and shaft placement wastddn Finally, construction of the RTC3 structure
required tying in to a fragile, very old 3200 mnp@;j under live flow. This pipe was the current corad
trunk, with flow of 3.7 m/s in dry weather, and thetential for even higher velocities if there v of
the sudden rainstorms common to the area—a mdj@tyseoncern. Operation of the tunnel would also be
challenging. The tunnel itself would have to meatozinfiltration standards due to the sensitiveatam,
and the complex RTC3 structure would need to famctwithout flaw to avoid flooding basements
upstream or pouring unnecessary CSO into the river.

Due to the complexity of the project, various 3Bheologies were applied to facilitate decision-
making processes. 3D models were developed fogaesiview and design conflict detection, while 4D
models were established to help create a robustrumtion schedule. Construction sequencing anamati
was used to convey design intents and demonsteatstraction stages to contractors and workers. The
combined applications of 3D technologies helpedpiagect team to identify critical issues, and asdu
effective communication among engineers, managenwoittractors, and other parties. Therefore, it
provided more opportunities for the success ofpitegect. The construction of the project was congule
in 2011 and the tunnel is now in operation, sudaligsconveying flow to Gold Bar Wastewater
Treatment Plant. The initial budget and scheduléeoment two revisions due to external events,
construction challenges, and additional scope tatadled $44 million. Zero exfiltration was confied by
pressure tests.



The paper is organized in the following sectionsstF it introduces the 3D design review
processes and compares it to the traditional 2eweprocesses. Then, it depicts how to link 3D glesi
models to construction schedule to develop a 4Bstcoction model. The model helps produce a virtual
validated construction schedule. Finally, the 3Dreation approach is discussed, which is a moreiefit
and effective way to communicate design intentsamstruction stages.

DESIGN REVIEW AND CONFLICT DETECTION

It is said that drawing is the language of engiaeBrawings play an important role in conveying
engineering information. However, with the emergen€ easy-to-use 3D modeling/Building Information
Modeling software tools, the disadvantages of 28aiings have been fully exposed, especially when 2D
graphics are used to represent 3D contents. Theofathe third dimension results in the need foiltiple
drawings to be produced in order to depict difféneerspectives of objects. 2D drawings can hanfle 3
contents with low level of complexity well. Howeyewhen designs become spatial complexities, 2D
drawings are not sufficient to represent the desitgnts. This is where 3D models come into play.

The 3D modeling design approach has been adoptedrious industries for years. It becomes
valuable for construction projects under the foilogvsituations. 1) Designs with geometric comphexit
With the development of high-strength material aeev construction technologies, architects credtd a
more innovative designs. The 2008 Beijing Olymgitstional Stadium is a good example; the top of its
steel structure shapes along with a saddle suxfgitecurves in two directions (Lu et al. 2009).was
designed in CATIA, which is a software tool mostiged for automobile and aircraft design. During
construction, surveying coordinates were extraéteth the 3D model, which would not be possible by
using 2D drawings. 2) Sub-surface structures arnlitiag. Sub-surface structures and utilities, e.g.
transportation tunnels, drainage tunnels, seweithdnks, underground utilities such as power, waser,
etc., cannot be seen by naked eyes. Design canfliete identified by using 3D utility models on the
North Light Rail Transit (LRT) extension project Edmonton, Alberta, Canada. The early identifiqatio
of design conflicts saved the project time and letd8) Structures with control operations. Thisdkivf
structure is designed to work with mechanical aantomponents to fulfill special functionalitie$us
becoming a dynamic structure instead of a state; @nith several operation statuses. 3D models efm h
analyze the design of the structure in operatiemados.

Considering the characteristics of the above maeaticsituations, the 3D modeling approach was
introduced to the WESS W12 project. 3D models ef RTC3 structure, diversion chamber, inlet shadt an
connection tunnel structures were created alonf thi¢ design processes based on issued 2D drawings.
Typical 2D drawings are shown in Figure 2. It hae determined that inexperienced stakeholders find
2D drawings hard to read, and it even takes timesémsoned engineers to understand the details. In
addition, while the invert elevations (the interbalttom elevation of a structure) of structuresati the
water flow, their relationships cannot be easilgeted from 2D graphics.
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Figure 2 — Typical top view and cross section ofRTof WESS W12 (Drainage Desigh and Construction,
City of Edmonton, AB, Canada)

The 3D model of the RTC3 structure is shown in Fég8. It intuitively represents the internal
structures and their elevations. The control gattsch are made of steel, are designed to cortieiMater
flow. They move along the grooves on the concrea#h. Water will be diverted to the inlet shaft thgh
the gate at a higher elevation once the two botines are closed. Several design changes were rfiade a
the 3D model was reviewed. Distances were diretiiyasured on the 3D models to verify whether there
was enough space for construction in different edagis the design was updated several times, data
consistency was hard to maintain. While the gateufecturer worked on the old drawings, the designer
increased the elevation of the concrete structBetunately, the 3D model captured the difference
between the designed elevation of the concretectsties and the total length of the gate system. This
method successfully avoided what could have bdgg aurprise in the project, early on.



Figure 3 — The isometric view of the RTC3 structunéet shaft and diversion chamber

Creating a 3D model usually consumes more time dhafting 2D drawings. At this time, there is
no specifically designed software package for miadethe shaft and drainage structures in an igeeti
way. Generic modeling features were adopted ingiogect. It was found to be worthwhile to spendiso
time on the modeling as it prevented potentialoseriproblems during the construction stage. 3D fsode
provide virtual construction opportunities to theject team, which function as rehearsals for ttiera
before a real show.

FOUR-DIMENSIONAL CONSTRUCTION PLANNING

Four-dimensional modeling was introduced to thestmction industry years ago (Koo and
Fischer 2000). It is an approach that links 3D ni@deth the construction schedule in order to get
visualized construction sequencing. 4D construcptanning has been adopted for a variety of preject
and demonstrated its benefits.

Timing is important for the WESS W12 project. Thesigin concepts behind it are discussed in
this section. The RTC3 structure and inlet shadt@ermanent structures which will be used to coi®
diversion of water. However, they need to be caiestd on a live 3200 mm combined sewer pipe. And
construction of the RTC3 structure must be in a dmpdition to meet safety requirements. Thus, the
engineers decided to build a temporary diversicamdber upstream of the RTC3 structure. The diversion
chamber is built from the top of the existing 3206 pipe, and an opening is cut at the bottom opthe
enabling a connection to the diversion tunnel teedithe flow to the inlet shaft. Before the divers
happens, the inlet shaft must be finished to actepflow. In order to cut an opening at the botwithe
existing pipe, steel plates with temporary pipesagdies are inserted into the diversion chambéytass
the live flow. Once the opening is finished, theedtplates with temporary pipe assemblies are gullg
and replaced with double blocking plates. At timset the RTC3 construction can begin. After the RTC
structure is finished, the double blocking platespulled out and the opening is closed by a gdie.full
system then begins to function.

The construction schedule was created in Microsufiject. However, the above-mentioned
dependencies cannot be well presented by bar cHagtproject team decided to link the schedulenéo t
3D model to better visualize the construction deleacies. The 4D model was developed using Autodesk
Navisworks. It helped the project team to undexbtanoheduling problems and optimize construction
sequencing. Figure 4 shows key stages of constructi



Build diversion chamber.

Build RTC3 structure.

Divert flow to the inlet shaft.

The finished structure.
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Figure 4 — Key stages of construction



CONSTRUCTION SEQUENCING ANIMATION

While 4D models represent construction sequencing &igh level, construction sequencing
animation represents it with more detail. Constactsequencing animations capture details of
construction sequencing information and represeimt B more realistic way. These animations can be
produced using commercial software such as 3ds Miaya, etc. Instead of a list of steps and working
procedures, animations can help project stakel®lgdeierstand what activities are going to happéerev
and at what time.

CONCLUSIONS

Several 3D technologies were applied to the WESS \ptbject to facilitate decision-making
processes. 3D models were developed for desigeweand design conflict detection, while 4D models
were established to help create a robust construcithedule. Construction sequencing animation was
used to convey design intents and demonstrate rogtish stages to contractors and workers. The
combined applications of 3D technologies helpedpiaect team to identify critical issues, and asdu
effective communication amongst engineers, managgnm®ntractors, and other parties. Therefore, it
provided more opportunities for the success oftiogect.
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