


11NASTT - Y-Dig  • 2010

Horizontal
Directional Drilling
of fusible PVc
Water Pipe
2010 olympic o Zone
celebration site, Richmond bc

Horizontal
Directional Drilling
of fusible PVc
Water Pipe

Jim V. Young, P. Eng., Manager
Engineering Design and Construction
for the City of Richmond

Peter Discusso, AScT, Engineering
Design Technologist, City of Richmond

ABSTRACT

The City of Richmond is part of
Metro Vancouver in British
Columbia, Canada and is located
on a flood plain with elevations
ranging from approximately 0.6
metres to 2.5 metres above sea
level.  These physical attributes
present numerous challenges and
opportunities with underground
utility design and construction.
Design and construction of water
mains in combination with soft
soil, river delta ground conditions
in particular, lends itself to trench-
less construction opportunities.

The City established an Asbestos
Cement water main replacement
program in the 1990's and the
Minoru Park water main replace-
ment project was designed to be
undertaken through directional
drilling.  As a first for the City, the
City used a fusible C900 DR18 PVC
water pipe system as supplied by
IPEX, as an innovative “trenchless”
opportunity and one that would
reduce costs, minimize schedule
and bring to a minimum the
impacts on the highly utilized
Minoru Park, located in the fore-
front of the City center and the
location of the Richmond 2010

Olympic celebration site.
Implementation of this alternative
method proved to be successful
and was recognized as an opportu-
nity for future water main installa-
tion work.

BACKGROUND

The City of Richmond is located
on a flood plain with elevations
ranging from approximately 0.6
metres to 2.5 metres above sea
level.  These physical attributes
present numerous challenges and
opportunities with underground
utility design and construction.

The City purchases potable water
from Metro Vancouver and has a
distribution system of approxi-
mately 750 km of water mains
ranging in diameter from 100 mm
to 1050 mm.  Approximately 52%
(387 km) of the water mains in
Richmond are Asbestos Cement
pipe.

THE RICHMOND 
2010 OLYMPIC WINTER

GAMES O ZONE

As a Venue City for the 2010
Olympic Winter Games, Richmond

has the privilege of producing and
hosting one of the official 2010
Olympic Winter Games
Celebration Sites, the Richmond O
Zone.  The O Zone, located in
Minoru Park, is one of the most
important components in the City
of Richmond Olympic Plan to help
achieve the City’s Olympic and
Community goals.  Produced by
the City of Richmond, the O Zone
is a live celebration site in the
Richmond City Center that will be
open to the public for Olympic
viewing, family fun, entertain-
ment, activities and more.

One of the many challenges with
the O Zone was the ability to pro-
vide a reliable source of potable
water to the numerous venues,
including the unique outdoor skat-
ing path/rink.  The existing 150
mm (6-inch) water main crossing
Minoru Park was constructed using
Asbestos Cement pipe in 1969 and
was nearing the end of its useful
service life.  More alarming was the
significant and recent history of
breaks – a water main break(s) in
the O Zone during the 2010
Olympic Winter games would be
considered disastrous to the success
of the O Zone and to the City of
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Richmond’s reputation in general.

Horizontal directional drilling is
gaining popularity in the Metro
Vancouver area as an accepted
method of installing watermains.
In the City of Richmond’s Minoru
Park, approximately 476 meters
(1560 feet) of aging 150mm (6-
inch) diameter Asbestos Cement
pipe was replaced using horizontal
directional drilling and Fusible
PVC C900 DR18 Pressure Pipe, a
first for Richmond.

ASBESTOS CEMENT 
WATER MAIN REPLACEMENT

PROGRAM

The City established a proactive
water main replacement program
in the 1990’s with particular
emphasis on replacing the asbestos
cement (AC) mains.  AC mains
were installed as the small diameter
watermain material of choice over

the period 1952 to 1985 in the City
and were in common use through-
out the municipal sector in most
areas of Canada and North
America.  In general, those AC

mains that are under 300 mm (12-
inch) in diameter have been prone
to a decreased life expectancy
through an accelerated loss of
structural strength leading to
diminished water system reliability.
There is also the unfavorable public
perception of drinking water being
in contact with asbestos.

AC water mains in the City of
Richmond have been found to be
particularly vulnerable to the local
conditions, specifically groundwa-
ter and the soil composition.  As
the City is located essentially at sea
level, the phreatic surface is influ-
enced by the tidal cycle and typi-
cally ranges from approximately
1.0 to 2.5 metres below ground
level.  During rainfall events it is
not uncommon for the phreatic
surface to be at the ground surface.

The City’s AC pipelines are erod-
ing from both the inside and out-
side of the pipe.  Water in the past
supplied from the Greater
Vancouver Water District had a low
ph that accelerates leaching of
cement mortar from the inside wall
of the AC water pipes.  Similarly,
the high water table and aggressive
soil in Richmond accelerates the
cement mortar leaching from the
outside pipe wall of the AC water
mains.  These two factors have
combined to reduce the effective
life of the City’s AC pipelines below
the anticipated 75-year design life.

Given the reduced life expectan-
cy of AC watermains and the asso-

Pipe staging and fusing looking north

200mm diameter Ipex Fusible PVC pipe on site awaiting installation
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ciated impacts on system reliabili-
ty, the City has taken a proactive
role in this regard by developing an
AC watermain replacement pro-
gram.

MINORU PARK WATER MAIN
REPLACEMENT DESIGN

The Minoru Park water main
replacement project was designed
to facilitate installation of fusible
C900 PVC water pipe through
Horizontal Directional Drilling.
The alternative of completing pipe
installation through traditional
open-cut methods was not accept-
able given the significant impact to
Minoru Park landscaping/ameni-
ties and the complete inability to
satisfactorily restore this showcase
park prior to the commencement
of the 2010 Olympic Winter
Games.

The City had successfully com-

pleted direction-
ally drilled
watermain proj-
ects in the past
using continu-
ously “welded”
pipe, usually
High Density
Polyethylene.
While C900 PVC
pipe has widely
been used
throughout the
City on standard
open-cut proj-
ects, the City
had limited pre-
vious experience with Fusible PVC
pipe in a directionally drilled appli-
cation.  Fortunately, the use of
Fusible PVC pipe had been proven
in numerous similar applications
throughout North America.

The soil conditions in general in
the City represent excellent condi-

tions for trenchless technologies,
including horizontal directional
drilling.  A typical soil profile is
generally a thin layer of construc-
tion related granular materials at
the surface overlying an approxi-
mately 2 to 4-metre thick layer of a
soft to firm silt mixed with clay.  It
is within the silt/clay layer where
main installation is completed.
The City could proceed at this loca-
tion and others with a great deal of
confidence that uniform condi-
tions would exist and that there
would be no significant obstacles,
i.e., boulders, etc., that would
impede progress.  Accordingly, the
City completed a detailed review of
this opportunity and considered
the following main items.

Advantages

1. Minimized disruption to park
users – Open-cut procedures on the
Minoru Park water main replace-
ment project would have consider-
able impact on the park patrons
and residents in general in the
vicinity of the work.  Specifically,
the water main crossing Minoru
Park traverses an all weather artifi-
cial turf playing field, numerous
park related amenities, a cricket
field and considerable landscape
features.  With strategic placement
of the three entry/exit pits, hori-
zontal directional drilling would
eliminate virtually all park related
impacts and allow sports and recre-
ational related activities to proceed
unhindered.  Installation of fusible
PVC pipe in particular through
horizontal directional drillingEvening operation during sporting event allowing use of facility

Pipe staging and entry pit looking south
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could be completed quickly, i.e.,
over a period of a few days, as com-
pared to a few weeks using conven-
tional open-cut methods.

2. PVC pipe versus High Density
Polyethylene pipe – From the City’s
viewpoint, both PVC and HDPE
pipe represent excellent watermain
building materials that are well

suited to local conditions and facil-
itate horizontal directional drilling.
As the City completes the vast
majority of new and replacement
watermain construction with PVC
pipe, the operations and mainte-
nance program has been geared in
this direction accordingly.  The use
of HDPE pipe would require signifi-
cant staff training and purchase of

relatively expensive equipment.  As
the PVC pipe would be continuous-
ly restrained, seismic properties
similar to High Density
Polyethylene pipe were anticipated.

3. Sustainable practice – An
important measure of success to
the City is to be recognized as lead-
ers in sustainable practices.
Installation of the watermain
through directional drilling would
facilitate this success descriptor as
the need to import granular bed-
ding materials and various surface
restoration requirements including
asphalt and concrete would be
entirely eliminated and/or reduced.

4. Schedule – Disruption to park
users was further minimized as the
schedule provided by the contrac-
tor for water main installation
through horizontal directional
drilling allowed for quicker com-
pletion as compared to the open-
cut method.

Disadvantages

1. Risk associated with a tech-
nique new to the City – The City
had completed numerous horizon-
tally directionally drilled projects
in the past, but had no previous
experience using fusible PVC pipe
over the distances contemplated
on the Minoru Park crossing proj-
ect.  The use of IPEX Fusible PVC
C900 DR18 Pressure Pipe was also
new to the City, but does comply
with the City’s standard specifica-
tions.

2. Unknown utility conflicts –
Utility conflicts become obvious
through open-cut installation
methods as the excavation pro-
ceeds.  The discovery of a direct
conflict with an unknown utility(s)
would require open cut excava-
tion(s) thereby defeating the pur-
pose and advantage of horizontal
directional drilling.  The City also
had previous experience with other
organizations whereby they com-
pleted their utility installation, i.e.,
gas main, through horizontal direc-
tional drilling, didn’t realize there
was a conflict, and installed their
pipe through the City’s existing

Ulmer Contracting set-up of drill rig at south entry pit

Vermeer D20x22 drilling rig in operation
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sewer pipe.

3. Concerns with reduced PVC
pipe structural capabilities

a) The City typically completes
PVC watermain construction
through conventional open-cut
methods and realizes the benefit of
engineered backfill, compacted to a
minimum of 95% Proctor density.
As pipe installation through direc-
tional drilling would be completed
in native ground, the City would
not realize this benefit.

The recommended maximum
out of round deflection for PVC
pipe is generally considered to be
7.5%.  Calculations completed on
the construction basis condition
(empty pipe with live load condi-
tions) using the Modified Iowa
Formula (below) with a Modulus of
Soil Reaction value of 500 psi pro-
vided for an acceptable result of
approximately 0.8% deflection,
which was considered to be a
minor compromise.

b) While PVC pipe may be pulled
onto a curved path, the pipe curva-
ture limits the ability to tap the
main to install services as part of
the construction project and in
future installations.  Tapping a

curved PVC pipe is discouraged by
the City of Richmond.  

The City reviewed the merits of
the advantages and disadvantages
and concluded that proceeding with
directional drilling of Fusible PVC
pipe was warranted and would pro-
vide an overall benefit to the City.

DESIGN/CONSTRUCTION

Horizontal directional drilling is
one of several trenchless construc-
tion methodologies whereby a
drilling bit is guided through soil
to create a round cavity, which will
stay intact for at least several days.
The drill head is propelled by

adding segments of rod as the head
proceeds forward though a start-
and-stop procedure.  Once a cavity
is created, the drill bit is removed
and a pulling adaptor is attached to
the drilling stem.  A significant
length of Fusible PVC pressure pipe
is affixed to the adaptor and pulled
into place.  As the adaptor is pulled
back to the rig, segments of drill
rod are removed.

Design - The design was com-
pleted specifically to accommodate
a directionally drilled water main.
The possibility of implementing a
structural liner was considered, but
ruled infeasible given the reduction
in pipe hydraulic capacity and the
need to keep the existing water
main in service at all times.
Similarly, the option to complete
water main replacement through
pipe bursting was infeasible for the
same reasons plus the numerous
pipe repair couplings on the exist-
ing water main that would render
pipe bursting impractical.

As with most projects, it was
paramount that all existing utility
crossings were identified.  The pro-
posed alignment was parallel to
and in close proximity to the exist-
ing 150 mm diameter AC water
main, the as-built records for
which were very sketchy.  As sever-
al park amenities are serviced from

South entry pit and pipe pullback in process
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this main, it was not an option to
discontinue water supply and
therefore it was necessary to deter-
mine its exact location through the
use of ground penetrating radar.
Hydraulic modeling based on the
Official Community Plan build-out
scenario dictated that the existing
150 mm (6-inch) water main
required upsizing to 200 mm (8-
inch) to accommodate City Centre
growth.

Drilling - The drill rig used by
Ulmer Contracting to install the
pipe on this project was a Vermeer
D20x22, 89 kN (20000 lb) pull.
Existing utilities were exposed via a
Hydrovac Excavator prior to
drilling.  Maximum spindle torque
was 2980 Nm (2200 ft lbs).  A 300
mm (12-inch) diameter wing cutter
/ back reamer was used to drill the
hole.  The line was installed in 2
runs, with an average of 10 hours
to drill each cavity. 

Pullback - This was followed by
a compaction reamer ahead on a
swivel, which was attached to the
pipe to pull in the new IPEX
Fusible PVC C900 DR18 Water
Pipe.  Drilling mud was used as a
conservative measure to maintain
the drill hole cavity and to reduce
friction during the pullback
process.  Drilling mud is typically
not used in Richmond on small
diameter water main projects
because the soil layer is normally a
damp, firm silt mixed with clay.
Actual individual pipe string instal-
lation (there were two pipe strings
in total) took approximately 2
hours each.  Maximum pull
encountered over the course of the
job was 44 kN (10,000 lbs) which
was well below the limit of the rig
and the maximum allowable for
the IPEX Fusible PVC Pipe system
(see Table 1).

Pipe Pull Force

Maximum Pulling Forces as
shown in the following table were
determined from applying a safety
factor of 2 to the pipe yield
strength tested in tension.  (Note,
typically the pipe wall itself can
withstand much greater axial pull
forces; 1.8 to 2.7 times the forces
noted in the table for the system.)

Pipe fusing machine and operator with data logger

Pipe fusing
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Pipe/Joint Assembly

IPEX Fusible BruteTM PVC pres-
sure pipe is manufactured in 12.2-
meter (40 feet) lengths to meet the
requirements of AWWA C900.  Pipe
fusing was sub-contracted to
Magnum Road Builders Inc., who
retained the specialty fusing equip-
ment required for Fusible PVC pipe.
The 12.2 meter length Fusible PVC
pipe ends were faced and then
fused by heating to a range of 400
to 420 degrees Fahrenheit (204 to
215 degrees Celsius) and applying a
pressure ranging from 2790 kPa to
2896 kPa (405 to 420 psi).  After
fusing, the pipe cooled to 38
degrees Celsius (100 degrees
Fahrenheit), within 5 minutes.
Approximately 30 minutes was
required to allow the pipe to suffi-
ciently cool down prior to han-
dling given the ambient tempera-
ture ranged from 8 to 13 degrees
Celsius (46 to 55 degrees
Farenheit).  A data logger to record
all pertinent technical information
was used continuously throughout
the fusing process.

CONCLUSION

Trenchless construction methods
are being used more commonly in
British Columbia, especially
Horizontal Directional Drilling as
described above.  Residents gain
the added benefits of less traffic
disruption/congestion, reduced
dust and site debris, minimal
restoration of properties, and par-
ticipation in a more sustainable
community. All these attributes
were realized on this City of
Richmond project including
reduced costs.  These hidden/intan-
gible advantages to the municipali-
ties are recognized by industry as
opportunities for future works.
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