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Introduction
For decades, removing contaminated sediments through 
dredging has been restricted or prohibited in North America. 
The major concern has always been that dredging would re-
suspend the contaminated sediment in the water, spreading 
contamination and causing environmental impacts across even 
larger areas. Using dredging technologies proven effective 
in Europe for several years, recent work in Canada has 
demonstrated that dredging of contaminated sediments can now 
be safely undertaken. The success of this work opens the door to 
removing restrictions on hydraulic dredging in North America 
and presents opportunities for cleaning up contaminated 
sediments adjacent to industrial sites. It also greatly increases 
the flexibility of timing options for navigational maintenance 
dredging in environmentally sensitive areas. 

What has changed?
In 2004, dredging commenced to remove approximately 50,000 
cubic metres of PCB-contaminated sediments from a harbour 
area located near Prince Rupert, on the west coast of Canada. 
This sediment was contaminated in 1977 when a large industrial 
transformer associated with pulp mill operations failed and 
discharged PCB-containing oil into the harbour. At the time 
of the accident, immediate removal by dredging was prohibited 
because of concerns of re-suspending and further transporting the 
PCB-contaminated sediment. The harbour experiences tides of 
up to eight metres and cross-currents of one to two knots, which 
further increased this risk. 

By 2004, complete removal was possible because of access to 
low-turbidity hydraulic dredging technology and dredging control 
systems not available in 1977. These technologies included:

•  Detailed three-dimensional computer modelling: Analysis 
results from over 525 sediment samples, collected from 84 
boreholes, were modelled so that sediments could be contoured 
by PCB concentration. 

•  Accurate dredge positioning control: The hydraulic 
dredging pump and auger was mounted on a long-reach 
Hitachi EX800, which in turn was mounted on a spud-barge. 
A global positioning system tied to instrumentation on the 
boom, dredge head, and barge recorded all movements and 
resulted in dredge head positioning control to +/-10 cm. 
In combination with sediment character isation and 3-D 
modelling, the sediment could be extracted in accordance with 
PCB concentrations, and sediments with hazardous levels of 
PCBs could be isolated and disposed of separately. This ability 
to segregate out the sediments with higher concentrations of 
contamination meant the rest of the sediment could be treated 
by less costly methods.

•  Low-turbidity hydraulic dredging: The dredge pump and 
horizontal auger attachment, manufactured by Damen, were 
designed to minimise sediment re-suspension. Hydraulic 
doors on the auger were used so that only sediment ahead 
of the dredge was pulled into the auger. The pump could 

also handle a low water to solids ratio. The combination of 
dredge head design and low water to solids ratios resulted in 
localised water currents set up by the dredging operations. 
The outcome was that an average turbidity of less than five 
Nephelometric Turbidity Unit (NTU) was generated within 
five to ten metres of the dredging operations.

•  Better sediment and water handling methods: Hydraulic 
dredging pumps a water and sediment slurry through a 
pipeline either to a barge or a shore facility. The slurry must 
be dewatered and the contaminated sediment removed and 
appropriately disposed of. Many contaminants, such as PCBs, 
polycyclic aromatic hydrocarbons, and many metals have a high 
affinity to organic particles. Therefore, designing an efficient 
sediment settling system can reduce or eliminate the need 
for expensive water treatment prior to its re-release into the 
environment. The range of flocculants to facilitate the process 
and their environmental safety is much greater today than was 
the case 20 years ago. The work conducted near Prince Rupert 
used four bottom-draining sediment dewatering cells, three 
sequential water settling ponds, and one clarifier for water 
polishing. Flocculent type and addition rate varied according 
to sediment type and PCB concentration.

Hydraulic dredging and contaminated 
sediments
Carolina Johansson, Project Manager, & Robert McLenehan, P.Eng., Project Director, Principal, Golder Associates Ltd.,  
Vancouver, Canada

The low turbidity hydraulic auger dredge operating in northern British Columbia, 
Canada.
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•  Availability of real-time dredging control: Continuous 
recording turbidity sensors were deployed around the dredge 
and dredge area. The environmental monitors could instantly see 
if turbidity numbers were climbing, with the potential to exceed 
permitted operating conditions, and then either stop or slow 
the dredging until the problem was resolved. Even with the best 
equipment and operators, there can be equipment malfunctions 
or unexpected dredging conditions. This real-time control is a 
great improvement over the past when variances could not be 
detected right away, and environmental effects might not be 
recorded until several hours or days after an event. 

What is the outcome?
Approximately 50,000 cubic metres of PCB-contaminated 
sediments were successfully removed from the harbour. 
Regulatory permitting was granted because of the low-
turbidity generating features of the dredging method and the 
real-time controls over dredging operations. Over 98 per cent 
of the PCB mass was removed, leaving a mass of less than 1 kg 
of PCBs in sediments, out of an estimated 210 kg released to 
the marine environment. The work was carried out in a way 
that not only enhanced the area dredged but also protected the 
surrounding aquatic areas.

Sediment removal rates  ranged from 200 to 6,500 
cubic metres per week, averaging 2,800. Factors affecting 
productivi ty included obstacles  encountered such as 

A close-up of the dredge head.

The operator’s view of the dredging operations.

Typical turbidity results measured during low turbidity hydraulic dredging compared to those measured during clam shell dredging.
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sunken logs, equipment maintenance and repair, and 
the need to deliberately slow the dredging in high PCB 
concentration areas. The cost for this permanent solution 
to an environmental liability was $12.1 million Canadian, 
approximately $10 million US, for a cost of C$250 per 
cubic metre including disposal. Solids and water segregation 
and contaminated sediment disposal accounted for $C100 
to $C150 of the cost per cubic metre of sediment dredged. 
The ability to segregate different classifications of sediment 
according to their level of PCB contamination was a major 
source of savings. In the 1990s, the probable estimated cost 
for removing these sediments, discounting the then high risk 
of re-suspending and mobilising the contaminant, ranged 
from $C15 to $C25 million, with a likely highest cost range 
between $C25 and $C50 million. 

Regulators have increased confidence that contaminated 
sediment dredg ing i s  an environmenta l ly acceptable 
remediation option. This was further demonstrated in 2005, 
following completion of the Prince Rupert project, when 
regulatory authorisation was granted to conduct navigational 
maintenance dredging along a deep-sea vessel wharf near 
Kitimat, Br itish Columbia, outside the normal fisher ies 
dredging work time-windows. The same dredging technology 
was applied, although the contaminant was a polycyclic 
aromatic hydrocarbon instead of PCBs. The potential fisheries 
concerns about re-suspending contaminated sediment during 
juvenile fish migration periods would have prohibited more 
conventional dredging operations, such as clamming, but 
due to the use of hydraulic dredging methods, work was 
authorised to proceed. 

What does this dredging and remediation 
approach mean for port authorities?
It opens options in time; important because it potentially 
expands the windows available for dredging operations. This was 
particularly important in Prince Rupert and Kitimat, as salmon-
spawning season happens to coincide with the best times of the 
year for dredging. Being able to do the work during these times 
meant that the work could continue without interruption. And as 
west coast ports expand to accommodate increased container and 
cruise ship traffic, it will also continue to provide port authorities 
with a powerful scheduling tool: flexibility. Navigational 
maintenance dredging now has scheduling options, helping port 
authorities to minimise disruption to wharf and port activities.

It provides an option to safely clean up harbour areas and 
reduce environmental risks posed by contaminated sediments 
deposited over decades from shore and water-based activities. 
This can mean opening up harbour areas previously under use-
restriction either because sediments have been capped, reducing 
vessel draft access, or because prop-wash restrictions are in place 
to reduce sediment mobilisation. There are exciting opportunities 
to make this dredging approach more mobile, allowing for more 
routine contaminated sediment removal and harbour area house-
keeping. With profound environmental, social, financial, and legal 
benefits, such proactive house-keeping moves us toward a more 
sustainable environment and could reduce the need for large cash 
outlays for major sediment remediation projects. 

The legacy of this work is the satisfaction that contaminated 
sediment has been permanently removed from the environment, at 
an acceptable risk, and two port areas are again available for use. 


