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TERRA ET
AQUA
EDITORIAL
Dredging and maritime infrastructure projects are often reminiscent of Jules Verne’s classic adventure
story, Around the World in Eighty Days. Dredgers are always on the move, travelling the globe,
ready to go wherever they are needed. This issue of Terra et Aqua epitomizes that sense of adventure
and dedication. We start in the Far East and Vietnam’s Day River Management Programme, then fly
rapidly over to the Middle East with the New Doha International Airport project, and finally land in
the USA, at the Miami River at the tip of the Florida peninsula.
Not only do these articles reflect the fast pace of the maritime infrastructure construction, they also
represent a few of the various applications of modern dredging technology. In Vietnam, dredging is
suggested as a tool for water management to control floods and droughts. In Qatar, dredging is an
instrument for large land reclamation to accommodate air traffic expansion. And in Florida, dredging
is implemented for remediation of a highly polluted waterway. Of course there are even more areas
where the dredging industry makes a significant contribution, like the energy sector and port and
harbour construction and maintenance. And most often, it is the broadly based private international
dredging companies, with their fleets prepared to deploy at a moment’s notice, that can achieve such
scope in the types of projects in such far-spread locations. When reading the CVs of our authors, it is
clear that Phileas Fogg, the hero of Verne’s book, was an amateur compared to the kilometres our
contributors have clocked.
Dredging, it is oft said, is a capital-intensive, rather than labour-intensive industry. And this has
never been more true than in today’s dredging market, when investing in innovative solutions to
maritime construction challenges is imperative for remaining competitive. In an effort to make the
expertise represented by its member companies available to potential clients, IADC acts a conduit
for state-of-the-art information through Terra, but also through (co-)sponsorship of seminars.
The IADC International Seminar on Dredging and Reclamation, an introduction to dredging for young
professionals, will be offered this year in Bahrain, a site of great activity. A Seminar on Environmental
Aspects of Dredging aimed at municipal governments, water boards, port authorities, and their
consultants is scheduled at Technical University Delft in November. Also new on the agenda is the
two-day seminar on “Contract Management for Dredging and Maritime Construction” to be
presented in London in October (see page 35).
All these efforts strive to improve the overall understanding of dredging. And as the need for
dredging and its applications continues to grow, communicating clearly with clients and colleagues
about the significant role our industry plays – both economically and environmentally – remains an
essential goal.
Robert van Gelder
President, IADC Board of Directors
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GIJS KOK

MACRO AND MICRO DREDGING AS A TOOL
FOR MITIGATING FLOODS AND DROUGHTS
IN THE RED RIVER DELTA, VIETNAM
A B S T R AC T

INTRODUCTION

The Government of Vietnam is pursuing a
new strategy of Integrated Water Resources
Management which includes economic,
environmental, technical, social and political
considerations. Assisted by the Government
of the Netherlands individual studies and
reports were conducted. This article covers
the initial environmental examination and
the development of mitigation measures
against adverse impacts of physical works.
Detailed investigations of water and
groundwater, and sediment and soils
support the assessment, backed by field
surveys. Though dredging was not a
specific subject of the study, the article
highlights that integrated development of
water resources in deltas should include
salinity, sediment and soils and it identifies
macro and micro dredging as effective tools
for mitigating flood and drought problems.

The Government of the Netherlands has
assisted the Government of Vietnam by
financing the Day River Flood Diversion
and Water Resources Development project.
DHV Consultants BV, Amersfoort,
the Netherlands (leading partner), Hydraulic
Research Wallingford Ltd, Wallingford,
UK and the Vietnam Institute of Water
Resources Research, Hanoi, Vietnam were
contracted to do this study. The study
covered institutional aspects, hydrology,
hydraulic modeling, morphology,
agricultural development, engineering,
dike management, sociology, environmental
impact assessment and economic analysis.
For each component, a separate report
has been prepared.

The author would like to thank the counterpart staff, notably Dr. Dang Quang Tinh,
and the international and local experts who
helped to realise this study, especially
Dr Nguyen The Truyen, Environmental
Expert, who emphasised the essential role
of sediment in the flood and drought
regime of the Red River.

The initial environmental examination and
mitigation measures developed against
adverse impacts of physical works are
described. Detailed investigations of water
and groundwater, and sediment and soils
support the assessment, backed by field
surveys and sampling campaigns in the dry
Above, a drought-prone area, Chuong My, Vietnam.
Dredging should be considered as a tool in regulating
flood and drought zones in the Red River Delta.

and the wet season. Dredging was not a
specific subject of the study, but macro and
micro dredging were identified as effective
tools for mitigating flood and drought
problems.
“Macro dredging” of the Lower Day River
to assure rapid release of Red River
floodwater via the Day Estuary to the
Gulf of Tonkin and “Micro dredging” in
the Day River floodplain (“green river”) to
assure the perennial flow of Red River
water to combat droughts while
maintaining soil fertility are suggested.
The study highlights that integrated
development of water resources in deltas
should include salinity, sediment and soils,
while macro and micro dredging are tools
that can make solutions work.

INTEGRATED WATER RESOURCES
MANAGEMENT
The Government of Vietnam is pursuing
a new strategy for water resources
management, in which the water sector
and the (water) environment is considered
in an integrated manner in relation to
economic, environmental, technical,
social and political considerations:
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infrastructure, considering the soil fertility
and salinity aspects.

PROJECT LOCATION
The Day River Project is situated in the
Red River Delta of Vietnam, with an area of
16,500 km2 and a population of 18.5 million.
Next to the Mekong Delta, the Red River
Delta is the second largest granary,
producing 15 to 20 percent of Vietnam’s
rice. The catchment of the Red River is
169,000 km2, half of which lies in China
(Figure 1). The Day River project area,
situated East of Hanoi, covers parts of the
provinces Ha Tay and Ha Nam (Figure 2).
Around 600,000 people live in the Day
River region, 90 percent of whom work in
agriculture. The Red River upstream of
Hanoi comprises three major tributary
systems: the Da, Thao and Lo Rivers.
The flood season in the Red River lasts from
June to October, with particularly widespread
flooding in August. For the rest of the year,
the area is subject to occasional flooding.
When large floods occur, as they did in 1971,
the flooded area is some 500 km2 in Ha Tay
and 300 km2 in Ha Nam.

HYDROLOGY OF THE RED RIVER

Figure 1. Protected and flooded zones of the Red River Delta in 1925 (ENPC; Normandin).

in short Integrated Water Resources
Management. The passing of the Water
Law in 1998 was an important
development in this process and the
initiation of the Day River project was one
of the concrete actions taken in this
respect. Integrated Water Resources

Management should take place through
interaction with users (population),
resources and institutions. Integrated Water
Resources Management thus applied takes
account of the use of water resources in
relation to social and economic activities
and functions, and the required water

The Red River at Hanoi comprises three
major tributary river systems, the Da, Thao
and Lo Rivers. A number of reservoirs have
an impact on the discharge of the rivers:
the Thac Ba reservoir on the Chay River
completed in 1972 and the Hoa Binh
reservoir on the Da River completed in
1989. The potential storage in the Hoa Binh
reservoir is approximately 10 times more than
the Thac Ba reservoir, and therefore has a
significantly higher impact on reducing high
flows in the Red River at Son Tay station.
Figure 3 shows the seasonal averaged
discharge of the Red River.

Low Flows
The minimum flows at Son Tay after the
construction of Hoa Binh reservoir are higher
than before, but still below 1000 m3/s in
the period March to April. The rainy season
in the Red River basin ends in October.
November-December is the transitional

Macro and Micro Dredging as a Tool for Mitigating Floods and Droughts in the Red River Delta, Vietnam 5

GIJS KOK
Gijs Kok graduated as a land and water
engineer from Wageningen University,
the Netherlands (1972). He has been
working with NEDECO members, a group
of independent consultancies and
institutes, since then. In 1977 he joined
Royal Haskoning as a water specialist
and team leader for environmental
projects. In 1994 he joined DHV BV as a
senior project manager and advisor for
water and environment. He has worked
extensively in China and Vietnam
dealing with soil fertility, water excesses,
shortages and pollution, including flood
and drought preparedness.

period between the rainy season and the
season of light rain. The dry season begins
in December and lasts until May. In the dry
season, rainfall is around 20-30% of the
annual rainfall; 60% of this is concentrated
in April-May; there is a little rain in January,
February and March. The dry continental
monsoon blows particularly strongly in
December and January. Large precipitation is
only 60-80 mm/ month; normal precipitation
is 20-40 mm/month and small precipitation
is less than 20 mm/month. This is not
enough to maintain the humidity of the
soil cover. The total rainfall added to flows
in the river system is negligible because of
small precipitation. Dry season flow
originates mainly from groundwater.
Agricultural production in January requires
the maximum water volume for hoeing soil
for the spring rice crop. Acid cleansing and
salt removal in coastal areas needs plenty
of fresh water. In addition, tillage in the
Day River needs water, which supply the
pumping station at Ham Mon and transfer
from the Red River through the Nhue and
Nam Dinh rivers.

Figure 2. The Day River project area.

Average Discharge
The average discharge as recorded at Son Tay
over the period 1957-1988 is 3,545 m3/s,
just 2.6% higher than the combined
average of the three tributaries, which was
3,455 m3/s. Thus relatively little flow is
added downstream of the three gauging
stations in the tributaries. The impact of the
Hoa Binh reservoir on the discharges is

significant. The percentage of time that
a discharge is less than 1000 m3/s has
increased after 1989. The percentage of time
that discharge is between 1000 m3/s and
4000 m3/s has decreased. The percentage
of time that discharges exceed 4000 m3/s
has increased. This phenomenon may
reflect a strategy of water release for flood

control, in which release of a certain high
discharge creates storage to prevent even
higher discharges when a real flood comes
down the Da River.

Floods
The floods in the Red River are the
combination of floodwaters from the Da,
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Resources Development Project:
1. To reduce the risks of inundation caused
by flood flows in the Red River and
resulting damage to the city of Hanoi
and other important areas downstream;
and
2. Rural development through integrated
water resources management in the Day
River leading to increased agricultural
production.

Figure 3. Chart of the seasonal averaged discharge of the Red River.

Thao and Lo rivers. The waters of these
three tributaries come together at Viet Tri,
and thereafter form one flow channel to
Hanoi. The floods may rise quickly, taking
just 2 or 3 days to attain the peak level, and
subside more slowly, taking a 3- to 4-fold
longer period. However, the opposite has
also happened. Furthermore, one flood
may not have fully subsided when another
flood already begins. The flood season in
the Red River lasts from June to the end of
October, with particularly big flood events
in August. Statistically distributed, the peak
flows have occurred as follows: July (32%),
August (55%), September (7.3%), and
October (4.4%). In some years, the peak
flood level occurred in June (l.6%).
There are three alarm levels for flood
warning in Hanoi. The records of the
measurements show that during the last
90 years in only two years (1917 and 1931)
was the water level of the Red River in Hanoi
above the alarm level.

Dangerous Floods
Dangerous floods in the Red River can
occur when large floods occur in one,
two or all three of these rivers. Such special
cases of coincidence did take place:
1. in l945 resulting from the historically
large floods in Da River and the relatively
large floods in the other two rivers;

2. in l97l resulting from historically large
floods in Lo River combined with very
large floods in both Thao and Da rivers;
3. in l968 resulting from historically large
floods in Thao River combined with
small floods in Da and Lo rivers;
4. in l969 resulting from large floods in
Da River combined with large floods
in Lo River and medium floods in
Thao River.
In 1989, the Hoa Binh reservoir on the
Da River was completed. This reservoir has
had a significant impact on reducing large
flood flows in the Red River at Son Tay
upstream of the Day River Flood Diversion.

In Ha Nam Province the industrial activities
include cement production and quarrying
of rocks and aggregates for concrete and
road construction. Ships transport them to
Hanoi to support the booming building
sector. The navigation route leads first
south before taking the Red River channel
northwards and has a length of about
200 kilometres. This long route in effect
hampers the planned development of
Ha Nam’s industrial development. For this
reason “Improving navigation facilities
between Ha Nam province and the main
economic development areas near Hanoi”
is formulated as a third objective, though
of secondary importance.

DAY RIVER PROJECT HISTORY
The Day River is a tributary of the Red River,
which branches off from the Red River
some 30-km upstream east of Hanoi,
flowing to Ninh Bihn, where the Day River
meets the Nam Dihn Branch of the
Red River, jointly flowing to the sea
through the Day Estuary. Before 1937,
the Day River acted as a natural flood
diversion route, an event that happened
yearly (see Figure 1, Normandin, M.A).

THE DAY RIVER PROJECT
The Hanoi area has grown to be of
primary importance to Vietnam as a
development centre for trade and industry
and as the national administrative centre.
Reducing the risk of flooding in the area
because of high discharges in the Red River
is a major concern of national importance.
The recent floods in China have further
emphasised this concern. In line with the
Water Law, the Government of Vietnam
has formulated two main objectives for the
Day River Flood Diversion and Water

Each year, large parts of the Day River
Region were flooded. This happened in
those parts not protected by dikes, south
of the present Highway No 6, between
Ha Dong and Hao Binh and in the low area
downstream of Phu Ly. The inundation
lasted for months, creating the largest
waterlogged area in the Red River Delta,
apparent after every flood. These two areas
were almost the only areas being flooded
yearly, since from 1925 dikes protected the
whole delta, except some patches of land
in the northeast of the Red River Delta.
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Figure 4. The Day Barrier built in 1937, with six moveable weirs with a maximum capacity of 5,000 m3/s.

This situation prompted the French
Government to construct the Day Dam
with movable gates in the upstream part of
the Day River, some 8 km downstream of
Hat Mon (Jean Rigal, 1939) (Figure 4).
This was a logical location for the Dam,
since the dikes of the Day River and the
Red River used to converge here, creating
a natural funnel. The Day Dam was
commissioned in 1937 and flood diversion
followed by several times since then.
Unfortunately, the intervention in the
Day River resulted in the closing-off of
the Day River for dry season flows,
because of the silting up of the entrance.
The floodplain of the Red River at Hat Mon
became higher and higher, preventing the
Red River water at low flows from entering
the Day River. This prompted construction
of the Van Coc sluices commissioned in the
year 1966 to facilitate passage of large
floods (Figure 5). The regular water supply
from the Red River to the Day River ceased
completely after the construction of a low
dike of 8-km length in 1974.

intake of irrigation water and shortening
of the navigation lane to Hanoi.
These were based on study of hydrology,
hydraulic modelling, morphology,
agricultural development, engineering
and dike management, taking into
account sociological, economic and
environmental conditions.

Flood Diversion and Flood Control
The study classified flood mitigation and
flood control measures into four broad
categories:
– flood storage,
– river diversion,
– increased river capacity; and
– flood defense.

PHYSICAL WORKS PROPOSED BY THE
DAY RIVER STUDY
The present Day River study recommended
physical works for flood diversion and
flood control works, dike improvement,

Figure 5. Van Coc’s Flood Diversion Structure with 25 gates; and a spillway of 8.6 km length carrying together a
maximum diversion of 5,000 m3/s from the Red River into the Day River.
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Figure 6. Da River downstream from the Hoa Binh Dam at 500 m3/s, with one gate of eight opened.

Though these were described as separate
options, it was recognised that the
optimum strategy might involve a
combination of measures, for example,
flood defense measures implemented in
conjunction with improved upstream flood
storage. The hydraulic model confirmed
that the current level of flood protection to
Hanoi is approximately once in 450 years.
It demonstrated that flood diversion
through the Van Coc-Day Dam system is
most effective when carried out based on
the time of the flood peak in the Red River,
rather than based on a fixed water level at
Hanoi, as is the current practice.
Though costly, it also showed that a
new structure replacing the Day Dam and
the Van Coc sluices would reduce the
frequency of flood diversion to once every
250 years and increase the level of flood
protection to Hanoi to once every 550 years.
This structure would have a discharge

capacity of 8,000 m3/s, and it confirmed
that use of upstream flood retention areas
could have a significant impact on reducing
water levels in Hanoi. For the Day River, the
solution would imply that the likelihood of
a flood would be much less, but the impact
would be much greater than under current
circumstances. Routing a larger flood
through the same profile would imply
larger flow velocities and correspondingly
higher flood induced damages.
For Hanoi and the Red River Delta, the
impact is limited since the recurrence period
would change from once in 450 to once in
550 years. Current operating procedures
for Hoa Binh Reservoir could increase flood
attenuation downstream and so reduce
the flood risk to Hanoi (Figure 6). Further
upstream storage, such as the proposed
Son La reservoir, would also reduce the
flood risk to Hanoi. In light of the high
sediment loads in the Red River, the option
of trying to increase the flow capacity of

the Red River by carrying out dredging
would not be economical and was
eliminated early on in the study.

Dike Improvement
Consultants assessed the safety of the dikes
by considering the hydraulic and geotechnical
failure mechanisms. These mechanisms are:
overflow, wave overtopping, erosion of the
outer and inner slope, macro stability of the
outer and inner slope, piping or sand carrying
wells and micro-stability of surface layers on
the dike slopes. The safety assessment
revealed that a number of dike subsections
are not safe, meaning that additional areas
may flood. The breaching of a dike by failure
mechanisms other than overtopping causes
this flooding. Consultants developed
scenarios for dike improvement along the
area affected by the flood diversion.

Intake of Irrigation Water
Consultants proposed a structure for the
intake of irrigation water into the Day River
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west of the Van Coc sluice. The design
capacity of the structure is 50 m3/s.
This includes the irrigation demand and an
environmental duty flow of 10 m3/s.

organised a physical-chemical field survey,
covering the dry and the wet season in the
year 2001 to typify the initial conditions
before the project intervention.

There are two alternatives for the structure.
Alternative 1 is an intake structure with
gates that connect to a canal planned
immediately east of the Ngoc Thao dike
west of the retention area. The other
alternative (2) is a pumping station.
This will also feed a canal with the same
alignment. Alternative 1 will have a very
flat slope, requiring all year-round
maintenance dredging. The canal of
Alternative 2 can have a steeper slope
that does not require dredging.

The survey included:
1. The water quality and sediment
boundary conditions set by the Red River;
2. The primary flood zones in the Day River
bed (quality of surface water, sediments,
groundwater and soils);
3. The secondary flood zones outside the
Day Riverbed (quality of surface water,
sediments, groundwater and soils); and
4. The other areas possibly impacted by
collateral water logging, downstream of
Ha Nam (quality of surface water,
sediments, groundwater and soils).

Shortening Navigation Distance to
Hanoi
This component envisages reopening
the Chau Giang shipping route between
Ha Nam and Hanoi by constructing new
sluices (Phu Ly Navigation Sluice and Phuc
Navigation Sluice) and navigation locks
(Tac Giang Ship-Lock). Maintenance
dredging of the Chau Giang fairway will
be required every 5 years.

INITIAL ENVIRONMENTAL
EXAMINATION
Extended consultations were held with the
competent authority at the different levels
of Government: National (MARD), Provincial
(DARD) and Regional Water Management
Authorities (Day Dam Operational Unit)
and the Flood Preparedness Committee
at Commune level. Interviews with
selected beneficiaries and affected
people helped identify stakeholders’
positions and opinions. The consultant
screened the Day River Project following
the recommendations of the Environmental
Legislation of Vietnam (Part IV, Guideline
Documents, 1998). The consultant scoped
the project following a Driver, Pressure,
State, Impact, and Response (DPSIR)
approach, to recognise the environmental
issues and to identify to which extent the
nature and extent of the project affects them.
The consultant collected baseline data in
Government and Research Institutes, and

The aim was to identify the fingerprint of
Red River deposits and effects of pollution
caused by human interventions. The in-situ
observed parameters were pH, DO,
turbidity, EC. The Laboratory of the Center
of Water Resources Development and
Environment (CWE) of the Vietnam Institute
of Water Resources Research analysed
physical, chemical and biological
parameters for water, groundwater,
soil and sediment, including heavy metals.
The Department of Vegetation Protection of
the Northern Pesticide Control Center
tested soil and sediment on pesticides’
residues.

BASELINE DATA
Surface and Groundwater
Surface water quality in Day River and
Red River generally is good and suitable
as sources for domestic water supply with
proper treatment. Nitrite and ammonia
are the most common pollutants in the
stagnant parts of the Day River, causing
abundant growth of water plants.
They reflect the disposal of untreated
wastewater and the absence of flow.
Wastewater discharge from resident areas,
industrial areas and agriculture production
areas locally pollute Day and adjacent
rivers. Nevertheless, mixing with Red River
water can generally improve water quality
of Day River and Nhue River. Groundwater

generally can serve as sources for drinking
water supply. However, in some areas,
microorganisms and NH4+ pollute some wells.
Heavy metals incidentally occur at levels not
tolerated in OECD countries. Partly they
reflect the chemical footprint of the
Red River, originating from copper mines in
China. Otherwise, heavy metals originate
from industrial parks along the Red River
and village industry in the Day River,
notably lead. High copper concentrations
possibly affect biodiversity in the project
area, acting as inhibitor for aquatic life.

Soils in Day River
Soils in the Day River strongly reflect
present or antecedent deposition of Red
River sediment, or the absence of such
depositions. Red River sediment is rich in
lime that maintains the buffer capacity of
soils under hot climate. Soils receiving
Red River sediments usually are more fertile,
less acid and better drained. They have the
highest crop yields and allow crop
diversification. Soils receiving less Red River
sediment are less fertile. This notably
applies to gleyic soils in the lower areas,
remote from the Red River, showing yellow
and gray mottling produced by partial
oxidation and reduction of iron, caused by
intermittent water logging. The specific
problem here is acidification caused by high
urea gifts, in a waterlogged environment.
It results in loss of fertility and land
degradation. In addition, the Vietnamese
soil scientists reported other soil
deficiencies, connected with the drainage
regime, the application of fertiliser and the
tropical climate. Their observations
confirmed that regular flooding and
deposition of Red River sediment is
paramount for maintaining soil fertility and
guaranteeing sustainable use of the land.

Socio-Economy
The population in the Day River Flood
Diversion area is developing fast, from
150,000 in the year 1937 to 600,000 in the
year 2001. Still 90% of Day population is
working in agriculture. They are subject to
constraints in development, imposed by its
“green river function”. They face costs of
emergency preparedness, guaranteeing the
safety of the other 17.9 million people

10 Terra et Aqua | Number 103 | June 2006

living in the Red River Delta. They also face
delay in agricultural development, caused
by water shortages, water logging and lack
of fertilisation by Red River sediments after
the siltation of the Day River entrance.
In parallel, flood diversion functions retarded
other village infrastructure developments,
like tapped water supply, sanitation, and
electrification, while primitive village
industries substantially contribute to the
pollution of water and soils with heavy
metals and other pollutants.
The flood diversion function of the Day
River otherwise prompted a restricted
spatial planning. It imposed constraints to
urbanisation and industrialisation in the
flood zone, demanding careful control of
building licences in the area. It also
prompted the establishment of emergency
preparedness. The National Flood Control
Office takes the decision to open the
Van Coc sluices; the Day Dam Office
implements it by delegation to Village
Flood Committees, who are directly in
charge of emergency preparedness,
evacuation or sheltering. Hence, all people
in the Day River observe a yearly period of
emergency preparedness, extending from
July 1 to September 30.

IMPACT OF THE PROJECT AND ITS
MITIGATION
Day River Flood Diversion
By interviewing authorities and stakeholders,
consultants extensively studied the impact
of the 1971 event (Figure 7). The impact of
flood diversion in the Day River strongly
depends on the following factors:
– Area flooded
– Depth of inundation
– Destructive power of the currents
– Scour and deposition of sediment
– Displacement and accumulation of debris
– Duration of water logging
– Accumulation of pollutants, their decay
and release of nutrients
– Aggravate effect of coincident or
possibly prolonged rainfall
– Rate of denudation as related to micro
and macro drainage system
– Evaporation and infiltration of water
from the fields

Figure 7. The flooded area in 1971.

Macro and Micro Dredging as a Tool for Mitigating Floods and Droughts in the Red River Delta, Vietnam 11

Flooding potentially results in loss of life,
flood-induced injury, economic damage
owing to loss of property, crops and
infrastructure, to outbreak of waterborne
and water related diseases and social
infringements. In the perception of the
authorities, there are three zones of impact:
front zones, tail zones and danger zones:
1. Front zones: People at the front end
inundate fast and deep, prompting a
high state of emergency preparedness,
but the lands denude quickly as well.
Upon return, the people will find
sediment (“chocolate”) everywhere.
Though crops will be lost, the fertilising
effect of sediment deposition has
profound positive effects on the crop
yields, notably in the areas inundated
deepest. Rapid clean up, repair and
rehabilitation of properties, utilities and
infrastructure is possible here. If the dry

Figure 8. Flood-prone area in Kim Bang.

season sets on quickly, business can
soon be as usual.
2. Tail zones: Land at the tail end inundates
more slowly and less deeply, prompting
a lesser state of emergency preparedness
(Figure 8). People have to make the
difficult decision, whether to evacuate or
to stay in their isolated hamlets, cut off
from transport, communication, schools,
and so on. Sediment is not covering
their property, but debris and scum
cover their premises. The water
surrounding them will be stagnant for
months. It will accumulate decaying
organic matter, prompting pathogens
and varmints to flourish. People are
susceptible to the outbreak of water
related diseases and the situation might
not improve for months.
3. Danger zones: The power of the flood

directly affects some places upstream
and downstream of man-made and
natural structures. Obstacles will induce
streamlines to converge and velocity to
accelerate. Downstream of obstacles,
velocity streamlines will diverge and
velocity dissipates energy. The flood will
level such obstacles, unless they are
reinforced and resistant to the
destructive power of the flood. For
example it concerns zones behind
spillways where overtopping starts,
around bridges, in narrow zones
between the dikes and such.
Mitigation measures for Day River Flood
Diversion include:
– Structural measures (civil works)
– Emergency preparedness (contingency
planning)
– Flood forecasting (rainfall and runoff
monitoring)
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Figure 9. Shallow narrowness of lower
Day River between PhyULi and Ninh Binh.

minimum base flow needed for flushing
the Day River down to the confluence
with the Tich River. If there would be no
sedimentation losses, 8 kg TSS/s would
enter the fields and 2 kg TSS/s would go
downstream. Otherwise, the irrigation and
drainage infrastructure should be robust at
the front, but more flexible at the tail to
absorb the impact of flood diversion.
– Flood warning (communicating the
likelihood of a flood diversion)
– Attenuation and delay the flood by
proper operation of structures
– Sheltering or evacuation (people cattle,
properties)
– Denudation (making the land dry after
flood)
– Return, clean-up and rehabilitation of
properties
– Acting upon lessons learnt (applies to all
mitigative measures)
– Improved spatial planning observing the
vulnerability zones

Day River Water Resources
Development
The construction of the flood diversion
structures in the entrance of the Red River
to the Day River blocked the regular flow
of water and sediments. Currently some
25,000 ha irrigated land in the project area
derives its irrigation water from pumping
stations along the Day River. Most of the
pumps have an irrigation function, some
of them have a dual irrigation / drainage
function, others are for drainage purposes
only. Most of them need overhaul or
replacement. Water shortages are prevalent
in the upper and middle reach of the
Day River and its tributary, the Tich River.

On the other hand, intensive rainfall at the
start and end of the monsoon often creates
drainage problems, incidentally in all places
or, more commonly and persistently, in the
lower reaches of the Day River. The shortage
of water for paddy is most serious during
spring when land preparation requires large
amounts of water. Water logging occurs
mostly during late spring (close to the time
of harvesting) and late summer, with the
onset and end of the monsoon. High use of
urea and lacking supply of Red River
sediment, in combination with water
logging, cause acidification of soils and
degradation of low lying lands.
For mitigating droughts and infertility
losses, the water taken from the Red River
should bring the optimum amounts of
water and sediment to Day River’s irrigation
command area, notably to fields at great
distance from the intake, requiring
sediment most. During the irrigation
season, sediment level in Red River is
relatively low (200 mg/l). This is the period
that water brought into the Day River will
be largest (50 m3/s), so that sediment is in
suspension. Potentially a maximum amount
of 10 kg sediment / second will be taken
from Red River. The amount of 40 m3/s
supports irrigation and 10 m3/s is a

SCOPE FOR DREDGING
Amongst alternative solutions developed
during the environmental impact
assessment, dredging had a prominent
place. Though traditional dredging is
practiced in the Red River Delta, for
example for the maintenance dredging of
the intakes of the irrigation canals, the
present technical opportunities are not used
to the full extent.

Macro Dredging
In addition to the scope of the present
project, consultants identified the option
for “macro-dredging” of the Lower Day
River between Phu Ly and Ninh Bin. The
Lower Day River here has to pass limestone
barriers at the surface and in the
underground, preventing natural scour and
deepening of the river. As demonstrated by
the 1971 floods, the bottom slope and the
perimeter of the Lower Day River do not
allow rapid runoff of the water
accumulated in the area inundated by the
Day River Flood Diversion (Figure 9).
Widening of the Lower Day River and / or
possible deepening would speed-up the
denudation of the waterlogged areas.

Macro and Micro Dredging as a Tool for Mitigating Floods and Droughts in the Red River Delta, Vietnam 13

It would require robust interventions, based
on blasting and cutting the limestone over
a length of several kilometres. One option
is to widen the perimeter, requiring
resettlement of several hundreds of people
and industrial facilities from the densely
populated embankment. The social
economic costs of expropriation and
resettlement will be substantial.
Another option is to deepen the perimeter,
creating risks for intrusion of salt water
from the Day Estuary in episodes with low
river discharge. Prevention of seawater
intrusion might require a larger intake of
irrigation water from the Red River to the
Day River than foreseen in the 50 m3/s
scenario. There even are prospects for a
larger dry weather flow through the
Day River. One scenario considered
reconstruction of the Day River into a
perennial river with a nominal capacity of
1,000 m3/s, which would have certain
physical and economic benefits.
Investigating the feasibility of this
intervention was outside the scope of
the present study. An additional study is
required for investigating macro dredging
as a feasible tool for river training, covering
the whole Red River Delta and the joint
impact on water, salinity and sediment in
an integrated manner

Micro Dredging
Consultants identified the need for smaller
dredging operations for several
components of the project. These included
maintenance dredging of the Hoa Binh
Reservoir to remove silt, capital and
maintenance dredging of the fairway of the
Chau Giang shipping route and ecological
dredging in the Day River floodplain to
deliver the Red River water to the irrigation
command areas.
Though consultants recommend a lined
trapezoidal channel (Q=50 m3/s) for routing
Red River water from the intake from the
Van Coc Sluice to the Day Dam, supported
by the required structures for passing the
structures, they consider a less robust
supply solution downstream from the Day
Dam. Rather than continuing the lined
trapezoidal channel, they suggest recurrent

micro dredging, harvesting the Red River
sludge for deposition on the command area
for maintaining and improving fertility. Easy
transportable small dredgers would build
up and maintain natural waterways in the
old Day River bed and floodplain. The small
dredger would guarantee a sustainable
supply of irrigation water, reception of
drainage water and help create a natural
buffer for water and sediment in abandoned
oxbow lakes. They would enable a flexible
response after a major flood diversion,
affecting the floodplain.
The antecedent Day River bed would guide
the dredgers in finding the best canal’s
alignment, as topography is the footprint of
earlier flood and sedimentation patterns.
Abandoned meanders, steep levees and
swampy depressions mark the old Day
River. Planting wicker, bamboo and cane
would create levees in the wider parts of
the dredged channel. Wetlands would be
stimulated beyond these levees. Infiltration
and overflows from the main artery would
feed these impoundments and strengthen
their traditional use as village ponds,
enabling production of fish, waterfowl,
vegetables, water supply or treatment and
maturation of wastewater. Dredgers should
remove and isolate sediment from “hot
spots”, contaminated by heavy metals from
village industry. Dredgers also should
carefully remove, dispose and contain
sulfurous clay, apparent near the surface in
the lower delta. The primary task of the
dredgers however would be to keep the
irrigation and drainage canals open, while
depositing the fertile Red River sludge on
the lands in the command area.

CONCLUSIONS
Proper management of the deposition of
sediment is of paramount importance
under tropical climate. Sustainable
development of land and water in deltas
not only depends on large flood diversion
structures, dikes and pumping stations.
The present study scope found scope for
“micro dredging” in the Day River flood
diversion zone by mobilising movable

dredgers for maintaining irrigation and
drainage canals, while depositing fertile
Red River sediment on agricultural lands.
The example suggests that dredging can
help develop flexible responses to floodand drought-prone deltas under tropical
climate, while maintaining soil fertility and
their granary function. To avoid thinking
in mega structures and giant dikes,
integrated development of water resources
in deltas should consider macro and micro
dredging as flexible options for keeping
up soil fertility and managing floods and
droughts.
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SIX SIGMA QUALITY IMPROVEMENT
OF COMPACTION AT THE NEW DOHA
INTERNATIONAL AIRPORT PROJECT
A B S T R AC T
The New Doha International Airport project
in Qatar comprises amongst other things
the construction of a 22-km2 reclamation
area. The hydraulically reclaimed fill is
compacted using a combination of
compaction techniques, amongst which
High Energy Impact Compaction (HEIC).
The process of this novel compaction
technique has been optimised using the Six
Sigma quality improvement scheme. In this
article the implementation of Six Sigma for
the compaction process is explained.
A direct result of the Six Sigma campaign
on compaction was that the average in-situ
dry density increased by 8% (from 99% MDD
to 107% MDD), and the variance decreased
with 56% (from 83 to 36).

scheduled for completion in 2008 at a cost
of $2.5 billion.
The airport is expected to be completed in
its entirety between 2015 and 2022 at a
total cost of $5.5 billion.
As part of the first phase, some 22 km2 of
land must be prepared – half of which is
reclaimed from the sea – with 60 million m3
of sand and rockfill. The reclamation should
be completed within 24 months, resulting
in required productions of approximately
3 million m3 per month. The € 337 million
platform reclamation contract was
awarded to a consortium of four partners:
Qatar Dredging Company, Dredging
International, Boskalis Westminster
Middle East and Great Lakes Dredge and
Dock Company.

INTRODUCTION
The New Doha International Airport (NDIA)
in the State of Qatar (Figure 1) will have
two parallel runways, 80 terminal gates and
a capacity for handling 50 million passengers
and 2 million tonnes of cargo per year. It is
the first airport to be specifically designed
for the use of the new Airbus 380-800
Super Jumbo. The first phase of the NDIA is

COMPACTION WORKS FOR THE NDIA
PROJECT
Part of the reclamation work (Figure 2) is
the compaction of the fill material to an
in-situ dry density as a percentage of the
Above, Satallite photo of the New Doha Airport area
under construction.

maximum dry density (MDD). Guidelines of
the US Federal Aviation Administration
(the FAA) have been followed to draw
up the compaction requirements.
Summarised the following fill requirements
are imposed:
– Cone Penetration Test (CPT): At least
9MPa cone resistance below mean sea
level and never reducing with depth;
– In-situ Dry Density: Above mean sea
level, 95% of the Maximum Dry Density;
– Settlement: Maximum 25 mm
settlement at a design bearing pressure
of 150 kPa.
In order to achieve the required degree
of compaction, a combination of three
techniques is used in the following
order:
1. Hydraulic Compaction: During the
deposition of the hydraulic fill, the
material is compacted by drag forces of
the discharge water by the weight of
bulldozers driving up and down in front
of the pipeline (Figure 3);
2. High Energy Impact Compaction (HEIC):
This novel compaction technique is
discussed in more detail in the next
paragraph of this article;
3. Conventional Vibratory Roller.
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“ W H Y N E W C O M PAC T I O N T E C H N I Q U E S ? W H Y A S I X S I G M A M A N AG E M E N T S YS T E M ? ”
Why was the compaction of the
hydraulically placed reclamation fill at the
new Doha airport site so unusual,
requiring the application of new
compaction techniques?
One of the primary reasons was that the
contract had an extremely short schedule,
requiring over 65 million m3 of fill to be
placed in less than 24 months, with many
important early milestone handover dates.
In addition, different areas of the fill had
varying, but very strict, compaction criteria
and specific density requirements that
were difficult to meet given the nature of
the material sourced from the available
borrow areas. The sand was coarse and
calcareous, often shelly and thus extremely
crushable. Heavy dynamic compaction
techniques were unusable since they
would have converted the material into an
unsuitable powder.
After many compaction trials using several
different methods, an optimum technique
was found. The required results could be

HIGH ENERGY IMPACT COMPACTION
The High Energy Impact Compaction
mechanism is compared with traditional
compaction rollers in Figure 4.
The Non-circular compactor module is
towed along the ground by a tractor.
In every rotation, the module rises up on
its contact point with ground and drops to
create an impact energy, which provides
the compaction. The impact compaction
mechanism enables the compaction
energy to reach deeper levels than can be
reached by static or vibratory compaction
methods.
For the NDIA project, the HEIC process is
carried out using nine impact rollers
produced by Broons Hire (SA) Pty Ltd.
Six of these impact rollers are equipped
with 8 tonnes weight modules and the
other three have 12 tonne weight modules
(Figure 5).
Figure 1. Site of the New
Doha International Airport.

achieved in the short treatment time
allowed using multiple passes of an
asymmetric (almost square) roller
manufactured by the Australian company
Broons. The system proved to be extremely
efficient as the tractors pulling the rollers
could operate two to three times faster than
vibrating rollers used for road construction.
The reclamation fill had many variables:
quality, gradation, water content and layer
thickness, each condition requiring a
varying number of passes by the rollers.
In order to attain a uniform compaction
in a non-uniform environment on an
extremely congested site, a high level of
quality control was needed.
To help meet these challenges the
consortium decided to adopt an American
management system called “Six Sigma”.
The system was initially developed in the
United States to improve productivity and
quality in the car-manufacturing industry.
Former CEO General Electrics Jack Welch
has urged other similar industries to adopt

this new system. The consortium Qatar
Dredging – Dredging International –
Boskalis Westminister and Great Lakes
Dredge & Dock applied the novel
management programme to a new and
very specified field of large-scale
compaction. The exercise proved very
successful under the careful supervision of
a super “Six Sigma” specialist, a so-called
“black-belt” inspector from Bechtel.
The technical article adjoining describes in
more detail how the two new techniques
were introduced on site:
– firstly the new compaction system,
– followed immediately by a new
management and “follow-up” system
We would like to take this opportunity to
congratulate all those who successfully and
speedily carried out the implementation of
these novel techniques and systems.
Marc Stordiau, Qatar Dredging
Bart DeWitt, Boskalis Westminister
Richard Lowry, Great Lakes Dredge & Dock
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Figure 2. Dredgers at work in front of the reclamation area.

Impact rollers are driven in fixed patterns
and reverse their direction from clockwise
to counter-clockwise after every ten
passes.

This provides a more uniform distribution
of the impact energy to the ground and
to achieve a better coverage of the
compaction area.

The speed of impact rollers should be
10-12 kph, which is the optimum speed
for this type of compactors.
Occasional heterogeneity of sand, variability
of geo-environmental factors, operator
faults, and difficulty in maintaining
optimum moisture content adversely affect
compaction quality resulting in failures of
the compliance tests.
In order to make optimal use of this
compaction method and attain a level of
control to achieve the specified degree of
compaction, the compaction progress was
analysed using the Six Sigma management
system. The main target of the campaign
was to achieve a dry density of minimally
95% of the maximum dry density above
mean sea level.

Figure 3. Initial compaction with bulldozers
in front of the discharge pipe.
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THE SIX SIGMA APPROACH
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The concept of Six Sigma is that of a data
driven process management and
improvement process. It takes the process
under control by decreasing the variability
of the input parameters and thereby
enabling the process team to control the
outcome parameters (i.e. time, quality and
cost).

Statistically, the Six Sigma term refers to a
process in which the range between the
mean of a process quality measurement
and the nearest specification limit is at least
six times the standard deviation of the
process. The statistical objectives of Six
Sigma are to centre the process on the
target and reduce process variation
(Figure 6) (see Slack et al. 2004 and
Markarian, 2004).
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B

A

Figure 6. An example for process variability before (A) and reduced variability after (B) Six Sigma implementation.

The goal of the Six Sigma implementation
in NDIA compaction process is to increase
the compaction quality and to eliminate the
results which remain below the minimum
requirement for compaction density (in-situ
density of 95% maximum dry density).
The Six Sigma Campaign on the compaction
at the NDIA project started in August 2005.
The Six Sigma team at NDIA was built upon
the synergy existing between the Compaction
and the Geotechnical Departments. A training
course for the Six Sigma methodology was
provided by Overseas Bechtel Inc. (OBI).
NDIA compaction Six Sigma campaign can
be perceived at three levels:
1. Metric: The target is to achieve the
contractual requirement for the
compaction quality: in-situ density of
95% maximum dry density.
2. Methodology: DMAIC methodology as
defined below.
3. Philosophy: Identify the most important
input parameters for the compaction
process, measure them, analyse and
reduce the variation of the input
parameters and take customer-focused,
data driven decisions.
A crucial part of the Six Sigma work is to
define and measure variation with the intent
of discovering its causes and to develop
efficient operational means to control and
reduce the variation. The expected outcomes
of Six Sigma efforts are faster and more
robust product developments, more efficient
and capable processes, and more confident
overall performance (Ingle and Roe, 2001).

IMPLEMENTING SIX SIGMA
The heart of the Six Sigma implementation
of the compaction process at the NDIA site
is a five-phase improvement cycle depicted
in Figure 7. The so-called DMAIC flow
chart: Define, Measure, Analyse, Improve
and Control is a continuous improvement
programme that has become common
practice in Six Sigma organisations (Pheng
and Hui, 2004). The DMAIC is used as a
guideline to ensure that relevant data is
collected, analysed, and converted into
information. In order to convert data into

information other tools are utilised. The tools
used in the framework of the Six Sigma
implementation for the compaction process
are as follows:
– Compaction Process Map (or flow chart)
to identify potential causes;
– Cause & Effect diagram to generate a
list of root causes;
– Prioritisation matrix of the most
important root causes.
These tools are part of the standard arsenal
of Six Sigma tools, and in the following
sections a more detailed explanation is given.

Figure 7. The so-called DMAIC
– Define, Measure, Analyse,
Improve and Control
– flowchart.

2. Measure

1. Define

3. Analyse

5. Control

4. Improve
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The compaction process as a whole involves
the collaboration of three different
departments, namely reclamation,
compaction, and geotechnical department.
The clear mapping of the process has
created clarity to all the parties involved.

THE CAUSE-EFFECT DIAGRAM OF THE
COMPACTION PROCESS

Figure 8. Map of NDIA compaction process.

THE COMPACTION PROCESS MAP
The goal of a process map (or simply flow
chart) is to give a detailed understanding of
a process prior to improvement. The act of
recording each stage in a process quickly
shows up poorly organised flows, and light
is shed on the internal mechanics of an
operation where no procedure exists to
cope with a particular set of circumstances.
In Figure 8, the NDIA Compaction Process
Map is presented. The compaction process
has been subdivided into the following
critical stages:

– Initial compaction or hydraulic compaction;
– High Energy Impact Compaction (HEIC);
– Watering to optimal moisture content
(OMC);
– HEIC compaction;
– Assessment by means of geotechnical
testing.
Quality Control (QC) has been included in
each of the stages. The QC jobs are
executed by quality controllers who are
based in the field and stay in direct contact
with the foremen of the respective
operations to take immediate action where
needed.

A particularly helpful tool in searching
for the root causes of problems is the
Cause-Effect diagram (or Fish-bone
diagram, also known as Ishikawa diagram).
It is done by asking the what, when,
where, how, and why questions, as
generally done throughout a Six Sigma
programme, but this time some possible
“answers” are added in an explicit way.
Furthermore, Cause-Effect diagrams can
also be used to identify areas where further
data is needed. The Cause-Effect diagram
of the NDIA Compaction Process, depicted
in Figure 9 has been drawn up in four
steps:
– Step 1 – List the problem in the ‘effect’
box: Not meeting the compaction
requirements as defined in the contract;
– Step 2 – Identify main categories for
causes of a problem: Manpower,
Machines, Materials, Methods,
Measurements & Geo-environment;
– Step 3 – Systematic fact-finding & group
discussion: During brain-storming
sessions anything that may result in the
effect of not meeting the contract
requirements is put down as a potential
cause;
– Step 4 – Record all potential causes
under the relevant category: After
recording and categorisation of the all
the causes, each item, e.g. roller pattern,
is discussed to combine and clarify the
causes.
Eventually, the diagram gives an overview
of all the “root causes” that could have an
effect on the compaction. Not all of these
root causes have the same impact, and the
most important root causes are selected to
build up a prioritisation matrix that is
discussed in the following section. After
thorough investigation, the following root
causes were found necessary to prioritise in
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Figure 9. NDIA Compaction Cause-Effect diagram.

the compaction process:
– Category Manpower:
– Optimal driving speed;
– Category Machines:
– Impact rate;
– Category Methods:
– Roller track width;
– Timing of added water.

PRIORITISATION MATRIX
The prioritised root causes become so-called
“upstream process indicators” (often
denoted by the symbol Xs). Controllable/
measurable systems have to be developed
and put in place along with the definition
of optimum values. The controllable
parameters of the compaction process,
roller speed, impact rate, roller track width
and the timing for the water spraying are
the key upstream process indicators.
The optimum values and specification ranges
for these parameters are given in Table I.

The measurements method applied on
the compaction process are conceptually
explained in Figure 10. As indicated in
the Compaction Process Map (Figure 8), the
quality controllers reported directly to the

respective foremen when readings outside
the specification range were measured.
The data is statistically analysed on a daily
and weekly basis, following the DMAIC
improvement cycle given in Figure 7.

Table I. Optimum values of process indicators Xs
Upstream process indicators (Xs)
Optimum Value
Roller speed
Impact rate
Roller track width
Timing of water

Specification range
11 kph
10-12 kph
2 impacts/sec
1.8 – 2.2 impacts/sec
2.6 m/track
2.4-2.8 m/track
20 min/watering session 15-25 min/watering session

For the compaction process at the NDIA
project, quality controllers have been
appointed to continuously measure the
upstream process indicators:
– Roller speed,
– Impact rate,
– Roller track width,
– Timing for water spraying.
Figure 10. Upstream process indicators measurement methods.
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COMPACTION PROCESS IMPROV E M E N T
AFTER IMPLEMENTATION OF SIX SIGMA
To illustrate the improvement that has been
achieved by the implementation of Six Sigma
on the compaction process, in-situ dry
density data of two compaction areas are
presented here:
– HEIC Test Area: Six Sigma quality control
was not applied (as denoted by
“Before” in Figure 8);
– Area B: This is the area where the quality
controllers have been appointed during
the Six Sigma campaign to monitor the
compaction process for 24 hours/day
(as denoted by “After” in Figure 8).
The in-situ dry density is the bottom line
“effect” of the Cause-Effect diagram, as given
in Figure 9. Since, it is also a contractual
requirement, it is the best variable to illustrate
the influence of Six Sigma on the compaction
process. It is noted that here, the in-situ dry
density is expressed as a percentage of the
maximum dry density (% MDD).
In order to show what the variation of the
in-situ dry density under uncontrolled
(HEIC Test Area) and Six Sigma controlled
conditions (Area B) is, a control chart is
employed. Such a control chart is in fact
two charts in one:
– Chart 1 is used to_control the sample
average or mean X;
– Chart 2 is used to control the variation
within the sample by measuring the
range R.

Figure 11. Control chart – In-situ dry density HEIC Test Area and Area B.

The control chart for the in-situ dry density
measurements for both areas (HEIC Test Area
and Area B) is plotted in Figure 11. In the
chart, changes in the_mean in-situ dry
density, denoted by X, are given.
The observations to the left of the vertical
dashed line are the observations done in
the uncontrolled HEIC Test Area, while
the observations to the right are done in
the Six Sigma controlled Area B. The mean
in-situ dry density for the HEIC Test Area
shows a drift, while for the controlled
Area B a much more stable and higher
average is observed. In the lower chart,
the range R of each sample is plotted –

Figure 12: Statistical comparison – In-situ dry density HEIC Test Area and Area B.

calculated as the difference between
successive values. For the HEIC Test Area
it is clear that the variability of the process
is changing significantly, even around
observations where the process average
remains rather constant. For the Six Sigma
controlled observations (Area B) the
variability is much more limited.
Figure 12 shows the output of the
statistical analysis of the data of the HEIC
Test Area and Area B. The mean in-situ dry
density went up from 99% MDD to 107%
MDD after applying Six Sigma, and the
variance went down from 83 to 36.
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Figure 13. An aerial overview of the New Doha
International Airport site. High Energy Impact
Compaction with rollers was checked by the

CONCLUSIONS
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ANCIL TAY L O R , JEFF McW I L L I A M S, H A R RY VAN DAM AND BASTIAAN LAMMERS

DEEPENING, CLEANING AND PROCESSING
SEDIMENT FROM THE MIAMI RIVER
A B S T R AC T

INTRODUCTION

Located in an urbanised industrial setting in
Miami, Florida, USA, the Miami River had
not been dredged in 70 years, since its
construction in 1934. In 2004 the US Army
Corps of Engineers awarded a maintenance
contract to the Joint Venture of Weston
Solutions / Bean Environmental to execute the
dredging, transportation, and processing
of approximately 721,000 cubic yards of
contaminated materials from a 5.5 mile
long shipping channel in the river. To deal
with the range of material types and
significant debris encountered over this
relatively narrow and crowded waterway,
the latest generation of equipment for
dredging, sediment processing and
de-watering was implemented. This included
a newly designed and built precision backhoe
dredger Barredor del Rio. In addition,
Boskalis Dolman, a subsidiary of Bean’s
partner Stuyvesant, built and operated a
“portable” sediment processing system,
the Mobile Soil Washing Plant (MSWP),
alongside the Miami River. The processing
of the sediment with this on-site installation
reduced the amounts of contaminated
sediment to be disposed, provided clean
sand for beneficial reuse, and significantly
lessened the cost of the operation.

The Miami River corridor was home to early
Native American settlements, and in the early
1900s it was dredged in order to assist in
draining the Everglades, the subtropical
marshland in southern Florida. As the city
of Miami developed, the river became a
major outlet for storm water and untreated
sewage. With the US Army Corps of
Engineers (USACE) deepening of the river
to 15 feet in 1934, the river became the
fourth largest port area in the United States
with US$ 4M in trade annually. During World
War II, the port became a manufacturing
center for the Navy’s PT Boats in WWII.
In 1990 the USACE recommended that
maintenance dredging be done to remove
sediments impacting navigation. Impacted
sediments from storm water run-off from
69 square miles of urban and industrialised
areas complicated and delayed this
recommended maintenance dredging.
The sediments were contaminated with
heavy metals, pesticides, sewage and
petroleum products which were clearly
unsuitable for ocean disposal. In 1998
the Miami River Commission (MRC) was
established and charged with focussing
on areas including dredging, greenways,

the redevelopment of areas adjoining the
river and storm-water retrofitting. The MRC
also targeted the contaminated sediments
degrading the mouth of the Miami River
which flows into Biscayne Bay. Soon after
a Dredging Work Group was established
as a Sub-Committee to MRC and they
negotiated a plan which shared the
financial responsibility for the project
dividing it into 80% for the Federal
government and 20% non-Federal costs.

PROJECT OV E RVIEW
The aim of the Miami River project was to
restore the navigation channel to a depth
of 15 ft. This involved the removal of a
total of about 750,000 cubic yards of
contaminated sediments. The approach
decided upon was to transport the dredged
contaminated sediment to an interim
disposal and processing area. At the
processing area the contaminated sediment
would be separated, washed and
dewatered, creating a high percentage
of clean sand. Thereafter the clean sand
and residue would be transported to a
Above, Figure 1. The site of the Miami River Project with
the sediment processing plant on the left.

Figure 2. Aerial view of the newly built precision
backhoe dredger, Barredor del Rio at work in the
narrow, well-trafficked river.

SITE REQUIRMENTS
Marine traffic control was an essential
element in planning the project as the
Miami River is an extremely narrow
waterway, with an active freight and
pleasure boat traffic. Prior to the start of
work, clear lines of communication had
to be established with the shipping
companies and local pilots.
Traffic control also had to be established on
land, as the management and control of
land traffic was crucial to the safe disposal
of the dredged material. Approximately
2500 tonnes of dewatered sediment and
debris per day were transported by truck
to disposal facilities. A well-executed land
traffic plan, managed by Weston Solutions,
included:
– advance planning for traffic control prior
to the start of work;
– clearly designated truck (lorry) hauling
routes;
– specified types and sizes of the truck
(lorry) fleet;
– clear signage and flagmen for en route;
and
– requisite manifests and bills of lading.
Manifests/Bills of Lading

ENVIRONMENTAL PROT E C T I O N

permanent disposal area in a legal and
responsible manner (Figure 1).
In 2004 the US Army Corps of Engineers
awarded a maintenance contract to the
Joint Venture of Weston Solutions / Bean
Environmental to execute the dredging,
transportation, and processing of
approximately 721,000 cubic yards of

contaminated materials from a 5.5 mile
long section of the river. The contract was
awarded on a basis of Best Value, with
technical proposals, past performance,
and price being primary evaluation factors.
The total original budget available for
project execution was US$ 74 million,
which included funding from the Federal,
State, City and County governments.

Environmental protection was a top priority
at the Miami River and covered a wide
variety of issues. Water quality was an
important consideration, and monitoring
was performed for turbidity, dissolved
oxygen, lead, arsenic, copper arsenic and
copper throughout construction.
The presence of animals which are listed
as “Endangered Species”, such as the
manatees, are of great concern in Florida and
their protection is mandated. In addition,
submerged archeological resources needed
to be safeguarded. And last, but certainly
not least, air quality while dredging had to
be monitored for noise, odor, air emissions
and the effects on birds.
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BASTIAAN LAMMERS
Bastiaan Lammers started in 2002 as assistant

Figure 3. A close-up of the Barredor del Rio.

superintendent within Boskalis Dolman,
working at the Soil Washing Centre in
Groningen, the Netherlands and at tender
preparations on international projects. Since

EXECUTION OF THE PROJECT AND T H E
MOBILE SOIL WASHING PLANT

September 2004, he is Boskalis Dolman
representative in the USA to identify potential
projects in cooperation with the USA-based
dredging company Bean Environmental. In this
function, he operated as Project Manager on
the Miami River Sediment processing project.

H A R RY VAN DAM
Harry van Dam started in 1990 as junior
environmental engineer at the Hydronamic
Engineering Department of Royal Boskalis
Westminster (RBW) and was involved in
several projects at RBW subsidiary Boskalis

In order to meet the demands of the Miami
River clean-up project, Bean designed and
built the new precision backhoe dredger,
Barredor del Rio (Figures 2 and 3).
The Barredor del Rio is equipped with
RTK-GPS and Bean’s in-house Crane
Monitoring System (CMS) to provide
real-time, heads up display to the operator
of the precise dredger and bucket location
in relation to the dredge plan and target
elevation. The measured system dredging
accuracy is better than 6 inches in X, Y,
and Z planes.

Dolman bv. In 1992 he went to work for an
innovative Dutch in-situ remediation
company, returning to RBW in 1994 as a
Project Engineer directly for Boskalis Dolman.
He helped establish the Boskalis Dolman Soil
Washing Centres in 1995. For the past
12 years, he has been involved in all large
international Boskalis Dolman projects.

Another essential part of the clean-up
operation was the Mobile Soil Washing
Plant (MSWP), built and operated by
Boskalis Dolman. This is a “portable” high
capacity sediment processing system which
was sited within the project area along the
banks of Miami River. Boskalis Dolman had

became involved in the Miami River project
before the tender procedure was initiated,
during which time the dredging and
sediment processing was studied as an
Integrated Approach, to define the most
appropriate and cost-effective method.
The Boskalis Dolman soil washing
operations were developed in the 1980s in
response to stricter environmental
regulations and the need to find solutions
for the disposal of contaminated soil and
sediment. They have been used in the
Netherlands at both temporary and
permanent locations for over twenty years.
The concept of the “portable” high
capacity plant is a recent development.
It allows the processing plant to be
delivered to project sites anywhere in the
world, rather than the client needing to
bring the contaminated sediment to the
plant. And it also eliminates the need to
deal with the low processing capacity that
normally comes with a portable plant.
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In the case of this project, the MSWP was
being used in southeastern England when
the need arose for the Miami River project.
Upon completion of the UK project, the
MSWP was disassembled, packed up and
mobilised by ship across the Atlantic.
During mobilisation several adjustments
were made to increase plant capacity from
100 up to 150 tonnes per hour, in order to
meet the demands of the US job, that is,
to be able to process more than 10,000 m3
situ sediment per week. This required
additional plant which was transported by
Antonov airplane from the Netherlands to
the Miami site (Figure 4). Within three
weeks, this MSWP was reassembled along
the banks of the Miami River and was up
and running (Figure 5).

Figure 4. Additional components of the Mobile Soil
Washing Plant were shipped by Antonov airplane,
shown here at Miami International Airport.

Figure 5. The sediment processing Mobile Soil Washing Plant and transloading operations were situated along the banks of the river.
The sand separation unit (hydrocyclones and counter current washer) is in the middle.

Figure 6. A closer view of the Mobile Soil Washing Plant.

PRIMARY SYSTEM COMPONENTS
The MSWP combines coarse fraction
separation via a stationary grizzly screen,
rotating sieve drums, vibrating shaker
screens and hydrocyclones, and mechanical
de-watering of the fine fraction through a
pre-thickener tank and a series of belt filter
presses (Figures 6 and 7). Diff e rent types and
sizes of debris require different treatment.
Oversized debris, including car bodies,
motorcycles, boats and heavy industrial
debris were removed and separated out
over a stationary Input Grizzly. The coarse
debris, composed of rock, trash and rocks
with a particle size of from 1 m to 3 cm,
passed the grizzly and was placed in a
rotating wash and sieve drum (Figure 8).
This fraction will typically be over 90
percent dry solids content. The passing fine
debris (Figure 9), that is particles of less
than a centimetre, also typically over 90
percent dry solids content, are then placed
through vibrating shaker screens. Another
processing step can be added as necessary.

At this point the sand separation process
begins using hydrocyclones and countercurrent washing. The sand particles
(Figure 10) are 3 mm to 63 μm, with a
dry solids content typically over 70 percent.
The de-sanded sediment is then put
through a mechanical de-watering process
where flow and density measurements are
conducted and automated polymer dosing
occurs. This results in the pre-conditioning
of fines of 20 percent dry solids in a
pre-thickener tank. The mechanical
de-watering table uses belt filter presses
which reduces the remaining dry solids
content by about 50 percent. The MSWP
utilised the 2 metre Andritz CPF 2200 S8
belt filter presses. The final design of these
presses was done in-house with special
safety features engineered into the press
design.

Figure 7. The hydrocyclone and counter
current washer stack.
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The MSWP has a fully automated
programmable logic control (PLC) with
which all fluid levels and flows are
monitored and controlled. The MSWP also
has a built-in maintenance schedule, and
technical support can be achieved by
telemetry. This permits the plant to be
operated efficiently with limited personnel:
two process operators control the plant and
to check the results, one loader operator
and two deckhands for housekeeping
responsibilities (Figure 11).

Figure 8. Coarse debris output, composed of trash and rocks with a particle size of from 2 cm to 30 cm,

The production capacity on most fixed
installation soil processing plants are
typically 40 to 50 tonnes per hour.
The MSWP can realise up to 140 tonnes
per hour or over 2200 m3 per day.
During the Miami River operation the
average production rate was approximately
1300 m3 per day.

pass the grizzly and are placed in a rotating wash and sieve drum.

The production capacities of the dredging
and processing operations were well
balanced on the project and resulted in
the breakdown of fractionated products
as shown in Table I.
More than 50 percent of the dredged
sediment was processed clean (coarse)
fractions which could be beneficially used
in the community at little to no cost to
the project; and around one quarter was
dewatered filtered cake which was
transported by truck for ultimate disposal
at one of three licenced landfills.

Figure 9. Fine debris output,
particles 3 mm to 2 cm.

Table I. Breakdown of fractionated pro d u c t s.
Trommel
Shaker Screen
Hydro-cyclone
Hydro-cyclone

Product
Coarse material
Fine material
Sand
Fines (sludge)

Size
30 cm – 20 mm
20 mm – 3 mm
3 mm – 63 μm
<63 μm

Material
Rock, trash
Fine gravel
Sand
Fines to be dewatered
on belt filter presses

Mass Balance
19%
5%
52%
24%

Dry Solid Content
90 – 95%
90 – 95%
75 – 85%
up to 54% after dewatering
with belt filter presses
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CONCLUSIONS
The challenges of dredging the Miami River
are derived primarily from the presence of
a constant stream of water-based
transportation, the need to proceed under
strict ecological guidelines, and specific
environmental legislation regarding the
disposal of contaminated dredged
materials.
The high production levels of the Mobile
Sand Washing Plant coupled with the need
for a limited number of operators made
the operation extremely cost-efficient.
In addition, the processed clean (course)
fractions could be beneficially used in the
community at little to no cost to the
project. The tremendous decrease in
contaminated volume achieved through
implementation of the MSWP offered an
environmentally sound practice for
dredging in difficult contaminated waters.
Figure 10. Separated sand output.

Figure 11. Right, operator in
the control room of the MSWP.
Below, close-up of one of the
control screens.

3 0 Terra et Aqua | Number 103 | June 2006

BOOKS/PERIODICALS REVIEWED
(Australia). This is the shoreline of about 50 million
people and the coastal waters of about 500 million
people.
One of the main causes of environmental degradation
in these areas is the rapid population growth, causing
eutrophication of waters, requirements for reclamation
areas, salt water intrusion, over-exploitation of
fisheries and marine pollution, which in turn cause a
rapid decrease of mangroves, sea grasses, planktons,
benthos and irreversible coral reef disturbances.
Pearl Harbor and Darwin are the exceptions.
In Pearl Harbor it is the impact of non-indigenous and
cryptogenic species introduced from vessel foulings,
ship hulls or via ballast water that are seen
as a threat and that may cause serious potential
disturbances of marine ecosystems. Fortunately this
is not (yet) the case in Pearl Harbor.

The Environment in Asia Pacific Harbours
EDITED BY ERIC WOLANSKI
Springer Publishing. 2006. 497 pp. Hardcover.
ISBN: 1-4020-3654-X
In the last 20 years it became apparent to Dr. Wolanski,
who is Leading Scientist Australian Institute of Marine
Science, Queensland, Australia and other marine
scientists that the footprints of harbours and
urbanisation have merged and that environmental
degradation is exacerbated in many mega-cities
and mega-harbours in the Asian Pacific region.
This degradation ranges, not only from losses of
biodiversity and toxic algae blooms, but can lead
to a collapse of the local ecosystem.
The book demonstrates the different solutions and
pitfalls, successes and failures in a large numbers of
ports in the Asian Pacific region by means of case
studies. It contains 28 chapters written by
64 contributors addressing the environmental
conditions of the main harbours in the Asian Pacific,
including Tokyo Bay (Japan), the Pearl River Estuary,
Hong Kong and Shanghai (China), Ho Chi Min City
(Vietnam), Manila Bay (Philippines), Jakarta Bay
(Indonesia), Bangkok (Thailand), Singapore, Klang
(Malaysia), Pearl Harbor (Hawaii), and Darwin

Besides attention to the degradation of the environment
in these harbours, some successes are mentioned too.
Studies have shown that the presence of tidal flats in
Tokyo Bay is crucial for the health of the ecosystem.
These tidal flats are spawning grounds for Asari, which
are short-necked clams that inhabit these tidal flats.
A research project showed that the whole Tokyo Bay
ecosystem might be improved if suitable spawning
grounds for Asari larvae are conserved and restored.
In addition to the environmental information, the
book also gives extensive information related to the
hydrographic and oceanographic processes in this area.
This book certainly is of interest for people working in
a field that in some way or other is related to marine
environmental issues, such as marine biologists,
coastal oceanographists, coastal engineers, and those
involved in sustainable development community.
One negative comment must be mentioned:
Some contributors use too many abbreviations in their
text, which makes the text difficult to understand.
With today’s technologies, this can easily be remedied
with word processing programmes.
Available from Springer Publishing, P.O. Box 17,
3300 AA Dordrecht, The Netherlands or Springer,
Order Department, P.O. Box 2485,
Secaucus, NJ 07096-2485
Tel: 001 (201) 348 4033, Fax: 001 (201) 348 4505
Email: orders-ny@springer-sbm.com
or online http://www.springer.com
WILLEM J. VLASBLOM
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Proceedings of the Western Dre d g i n g
Association
FIRST PANAMA CHAPTER MEETING
& TEXAS A&M DREDGING SEMINAR

Cost Standards for Dredging Equipment 2005
BY R N BRAY
CIRIA Publication. London, UK. 2006. 62 pp.
Illustrated b/w.

CD-Rom. US$55.00
The first meeting of the newly founded Panama
Chapter of the Western Dredging Association took
place from February 14-17, 2006 at the Gamboa
Rainforest Resort, adjacent to the Panama Canal.
The conference was motivated by the plans to widen
and deepen the Panama Canal, and the Proceedings
emphasise the past, present and potential dredging
activities at the Canal. Given recent announcements
by Panama’s president about the impending
referendum for the go/no go to expand the Canal,
the Proceedings are compelling.
The WEDA CD-Rom contains all the powerpoint
presentations that were made at the conference.
This means that while there is a shortage of text,
there is an abundance of visual information, photos,
c h a rts and diagrams that sum up each of the subjects.
For instance, the intro d u c t o ry presentation “A History
of Dredging at the Panama Canal” by Peter Marotta,
Captain of the Panama Canal Authority’s (ACP)
Dipper Dredge Christensen, tells in pictures the story
of the development of the Canal for the last 100 years.
“The Widening of the Gailliard Cut” by Luis D. Alfaro,
Manager Engineering Division of the ACP has the
same effect describing the land slides, original slopes,
the first, second and third widening of slopes. Rather
than missing the text, the powerpoint presentations
give the reader an executive summary into the
activities. A third presentation by Manuel Alvardo,
ACP Manager of Dredging, Aids to Navigation, and
Cranes Division entitled “Recent Dredging Projects at
the Panama Canal” covers the capital improvements
that have and are taking place, for instance,
increasing the active storage of the Gatun Lake from
2 to 3 metres and the widening of the Galliard Cut.
Of course slides alone have their limitations, but the
WEDA CD-Rom offers a great overview of dredging
activities and a good jumping off point for getting
more information about the current state of affairs
in Panama.

This new edition of Cost Standards for Dredging
Equipment 2005 is a collaborative effort guided by
and audited by an independent panel of experts.
The steering group comprised consultants, as well
as members from the Port of London Authority,
the dredging industry, TU Delft, and the IADC.
The intention is to provide information about the capital
and related costs of dredging equipment, in order
to create transparency for consultants, financiers,
clients and stakeholders involved with dredging
and maritime infrastructure construction projects.
To begin with, equipment used on dredging and
maritime infrastru c t u re projects are described, ranging
from trailing suction hopper dredgers, cutter suction
dredgers, other suction dredgers, booster stations,
backhoes, grabs and buckets, barges and dumping
vessels, jack-up pontoons, auxiliary equipment and
pipelines. Then the principals of cost standards are
explained, such as standard value and indexation,
utilitsation and depreciation.
And finally cost standard tables are provided for each
of the above-mentioned categories of equipment.
Lastly an example computation is offered. Based on
forty years of data, the information allows for the
non-direct costs, amortisation and maintenance and
repair to be estimated and then incoporated into a
detailed estimate of the running costs of a dredger.
In this way, the publication offers a standard method
to establish the capital and related costs of various
types of dredging plant and equipment commonly
in use. A factor which is urgently necessary in an
industry that operates in a global marketplace,
where tenders involved site investigations and risks
that are often difficult to evaluate.

Available from Larry Patella, Western Dredging
Association, P.O. Box 5797, Vancouver,
WA 98668-5797, Email: weda@comcast.net

Available from: IADC (see attached publication form) or
at www.iadc-dredging.com or info@iadc-dredging.com
or contact CIRIA, Classic House, 174-180 Old Street,
London EC1V 9BP, UK
Tel: +44 20 7549 3300, Fax: +44 20 7253 0523
Email: enquiries@ciria.org
www.ciriabooks.com

MC

MC
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SEMINARS/CONFERENCES/EVENTS
W E DA XXVI and TAMU 38
MARRIOTT MISSION VALLEY HOTEL,
SAN DIEGO, CALIFORNIA, USA
JUNE 25-28 2006
The Twenty-sixth Western Dredging Association
(WEDA XXVI) and the Thirty-eighth Texas A&M
Dredging Seminar (TAMU 38) will be held at the
M a rriott Mission Valley Hotel in San Diego, California.
The theme of the conference “Dredging: Creating
a Strong Economy” will provide a unique forum
between the various dredging contractors, port and
harbor authorities, academicians to discuss the positive
impact that dredging has on the world economy.
The three-day technical programme will include the
following topics of interest: economic benefits of
dredging, dredging and navigation, beneficial uses of
dredged material, wetland creation and restoration,
dredging systems and techniques, new dredging
equipment, channel deepening projects, rivers and
inland dredging, geotechnical aspects, dredging for
beach nourishment, automation in dredging,
contaminated sediments, and project case studies.
For further information contact:
Larry Patella, Executive Director
Western Dredging Association
P.O. Box 5797, Vancouver, WA 98668
Tel: +1 360 750 0209, Fax: +1 360 750 1445
Email: weda@comcast.net

ICCE 2006
MANCHESTER GRAND HYATT HOTEL
SAN DIEGO, CALIFORNIA USA
SEPTEMBER 3-8 2006
The Local Organising Committee of ICCE and
Coasts, Oceans, and Rivers Institute (COPRI) of the
American Society of Civil Engineers are planning the
30th International Conference on Coastal Engineering
in San Diego. The conference brings together coastal
engineers from around the world to discuss the
coastal engineering related research, design and
case studies experienced by the attendees.
In addition to the conference, five one-day technical
short courses will be offered over the two days
immediately prior to the conference, starting
Saturday, September 2 and ending on Sunday,
September 3, 2006.

Professional Development Hours (PDF) will be offered
for attendance at these courses. The registration
fee for each course is $150. The fees include
course tuition, classroom materials, lunch, and
coffee breaks.
For further course information, contact the course
coordinator: Professor Young C. Kim at
ykim@calstatela.edu
For further conference information contact:
ICCE 2006 Secretariat
P.O. Box 4219
Santa Barbara, CA 93140 4219 USA
Tel: 805 965 6210
Fax: 805 965 6230
Email to: info@icce2006.com

SPE RUSSIAN OIL AND GAS 2006
Technical Conference and Exhibition
CROCUS EXPO
MOSCOW, RUSSIA
OCTOBER 3-6 2006
This is a new major international event for the
upstream oil and gas exploration and production
community organised by SPE and Spearhead
Exhibitions Ltd, who also partner to present Offshore
Europe in Aberdeen, Scotland. The main objectives
of the event are to deliver messages by the industry
for the industry, to highlight opportunities in the
biggest oil and gas market and to showcase cutting
edge technologies to the local government, industry
decision-makers and professionals. The conference
programme will cover: drilling, well completions,
geology and geophysics, re s e rvoir monitoring & testing,
well logging and formation evaluation, facilities
engineering, production operations, fluid mechanisms
and oil-recovery process, reservoir engineering, gas
technology, project management, emerging and
peripheral technology, and health, safety and
environment.
For further information visit:
http://www.russianoilgas.com/ or
Spearhead Exhibitions Ltd, Oriel House,
26 The Quadrant,
Richmond, Surrey, TW9 1DL, UK
Tel: +44 (0) 208 439 8900
Fax: +44 (0) 208 439 8901
Email: russianoilgas@spearhead.co.uk
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International Dredging Days 2006
TANGIERS, MOROCCO
NOVEMBER 1-3 2006
The threats to the Africa’s coasts as a result of
economic and social strains and climate change are
growing. Therefore, the theme of the second
International Dredging Days will be “Protection of
the Coastline, Dredging and Sustainable
Development”. The first two days will be
presentations and discussions on economic
development, deterioration of and protection
measures for the coastlines, and the last day will
include technical visits to large scale projects, e.g.,
the new junction port of Tanger-Med on the
Mediterranean Sea. English and French are the
official languages of the conference.
Beside the conference, an exhibition will take place
close to the technical session room. For more
information or to book a stand please contact either
the CEDA or CEDA-AS secretariat at the addresses
below.
For further information contact:
CEDA-AS Secretariat
Dounia Gharbi or Khadija Legliti
C/o Drepor Ports Dreding PLC
5, Rue Chajarat Addor, Quartier Palmiers,
Casablanca 20100, Morocco
Tel: +212 22 95 91 42/ + 212 22 95 91 04
Fax: +212 22 23 47 54/ + 212 22 23 26 00
Email: secretariat@ceda-africa.com or
gharbi@drapor.com
www.ced-africa.com
Anna Csiti, CEDA Secretariat
Tel: +31 15 268 2575
Fax: +31 15 268 2576
Mobile: +31 6 5050 7336
Email: csiti@dredging.org
www.dredging.org

T h i rd Symposium on Scour and Erosion ICSE-3
RAI CONFERENCE CENTRE,
AMSTERDAM, THE NETHERLANDS
NOVEMBER 1-3 2006
This respected event took place in College Station,
Texas in the USA in 2002, and then in Singapore in
2004. Amsterdam will host this third symposium,
ICSE-3, for engineers, scientists, decision makers and

administrators working in all areas of hydraulics
and geo-engineering, which focuses on Erose,
scour and geoitechnics, scour anticipated designs,
modeling, field measurements and verification
tests, and application areas such as river related,
offshore, coastal and port structures.
Two days of technical sessions will be followed
by technical site visits, including a trip to the
Delta Works.
For further information contact:
CUR, Cora Hoogeveen
P.O. Box 420 2800 AK Gouda, the Netherlands
Tel: +31 182 540 650,
Fax: +31 182 537 067
Email: mail@icse2006.org
www.icse2006.org

H y d ro 06
PROVINCIAL HOUSE, ANTWERP, BELGIUM
NOVEMBER 6-9 2006
The theme of the International Hydrographic
Conference 2006, known as Hydro 06, is
“Evolutions in Hydrography”. It is organised and
hosted by The Hydrographic Society Benelux on
behalf of International Federation of Hydrographic
Societies. Papers are welcome on all topics related to
hydrography such as oceanography, shallow water,
inland surveying, charting, dredging support, tides,
sediment transport, multibeam, side-scan sonar,
positioning, remote sensing, subbottom profiling,
and so on.
There will be exhibition stands at the conference,
and companies interested in participating should
contact the Conference Secretariat for details.
For further information contact:
Hydro 06 c/o Technologisch Instituut vzw
Desguinlei 214
BE-2018 Antwerp, Belgium
Tel: +32 3 260 0840
Fax: +32 3 216 0689
Email: info@hydro06.com
www.hydro06.com
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CALL FOR PAPERS
Third International Port & Terminal Technology 2006
ROTTERDAM, THE NETHERLANDS.
OCTOBER 17-18 2006
The conference and exhibition, supported by the Port
of Rotterdam, is aimed at those involved in the
development and operations of port and term i n a l
facilities in the container sector. Participants come from
engineering departments of port authorities, term i n a l
operators, consultancy firms, dredging contractors,
maritime construction firms and suppliers to the
industry. Those wishing to make a (technical)
contribution to the event by presenting a paper may
send a brief abstract to the Organisers. Technical papers
will be reviewed and selected on the basis of technical
quality, relevance and their potential to generate
discussion. The work re p o rted in the papers must be
original and should not have been published or offered
for publication elsewhere. Purely promotional text will
not be accepted. Suggested topics include:
Increasing capacity, efficient port operations, fender
systems, terminal security, breakwater design, ports
and the environment, maintenance, quay design,
concrete repair, dredging, port planning, paving,
simulation, port and terminal automation, crane design,
new technology in cargo equipment, terminal
design, impact of large ships of port infrastructure.
Millennium Conferences International
Chantry House, 156 Bath Road, Maidenhead,
Berkshire SL6 4LB, United Kingdom
Tel: +44 1628 580 246
Fax: +44 1628 580 346
Email: info@millenniumconferences.com
www.millenniumconferences.com

WODCON XXVIII
WYNDHAM PALACE RESORT
ORLANDO, FLORIDA, USA
MAY 27 - JUNE 1 2007
This is the first Call for Papers for the Eighteenth
World Dredging Congress (WODCON XVIII) which
will be held May 27 to June 1, 2007 at the
Wyndham Palace Resort and Spa at Disney World in
Lake Buena Vista, Florida. The theme of the
conference and exhibition is “Global Dredging:
Its Impact on the Economy and the Environment”.
This theme will provide a unique forum between
worldwide dredging contractors, port & harbor
authorities, government agencies, environmentalists,
consultants, civil and marine engineers, surveyors,

ship yards, vendors, and academicians who work in
the exciting and challenging fields related to
dredging. Important discussions on the impact that
dredging or the inability to dredge will have on the
world economy and its environment will highlight
the programme.
The Technical Papers Committee will review all
one-page abstracts received, select and notify
authors of acceptance. Submission of an abstract
implies a firm commitment from the authors to
present the papers at the conference.
Conference deadlines are the following:
Submission of one-page abstracts: October 15, 2006
Notification of authors: December 1, 2006
Submission of final manuscript: January 10, 2007
Interested authors should mail their one page
abstract to one of the following members of the
WEDA Technical Papers Committee:
Dr. Ram Mohan
Blasland, Bouck & Lee, Inc
100 Four Falls Corp Center, Ste 106
W. Conshohocken, PA 19428 2950
Tel: (484) 530 9119 x35, Fax: (484) 530 9118
Email: rkm@bbl-inc.com
Dr. Robert E. Randall
Department of Civil Engineering
Texas A&M University
College Station, TX 77843
Tel: (979) 862 4568, Fax: (979) 862 8162
Email: r-randall@tamu.edu
Mr. Steve Garbiciak. Jr.
Blasland, Bouck & Lee, Inc
200 S. Wacker Drive, Suite 3100
Chicago, IL 60606
Tel: (312) 674 4937, Fax: (312) 674 4938
Email: sdg@bbl-inc.com
Interested CEDA and EADA authors should send
their abstracts to CEDA or EADA Technical Papers
Committee.
CEDA Secretariat
Tel: +31 15 268 2575
Fax: +31 15 268 2576
Mobile: +31 6 5050 7336
Email: csiti@dredging.org
www.dredging.org
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THREE NEW SEMINARS FROM IADC
Conference and Workshop on Contract
Management for Dredging and Maritime
Construction
LONDON, UK
OCTOBER 12-13 2006
O rganised by the Institution of Civil Engineers (ICE) on
behalf of the Central Dredging Association (CEDA)
and the International Association of Dredging
Companies (IADC) with the support of FIDIC, this
two-day conference and workshop will be held in
London in October 2006. The successful completion
of maritime construction projects requires skilled
contractors and consultants and clients, bound by a
fair contract, who are willing and able to work
together to resolve technical and management
difficulties as they arise. The conference aims to
develop amongst contracting partners a constructive
approach to the planning, design and execution of
dredging and maritime construction projects. It will
highlight the capital-intensive nature of maritime
construction in contrast with other civil works which
are predominantly labour-intensive.
The target audience comprises consulting engineers,
dredging contractors (especially junior project
managers), site engineers, assistant engineers, quantity
surveyors, legal counsellors, construction lawyers,
insurers, project financiers and advisors to decision
makers in dredging and maritime construction projects.
The conference will be divided into eight sessions,
each comprising keynote lectures presented by
invited specialists from all sides of the international
industry. These will be followed by workshop sessions
dealing with the following key topics:
– Pre-tender information including ground conditions
and investigations, site morphology and bathymetry,
metoc conditions and physical obstructions.
– Environmental aspects including environmental
impact assessment, the specification of
environmental constraints and requirements in
tender documents, and the development of
appropriate and practical monitoring and
mitigation programmes.
– The balance between technical and functional
requirements, e.g., unrealistic or unspecified
environmental requirements, disproportionate
technical requirements, the choice of monitoring
benchmarks (zero base measurements).
– Identification of appropriate forms of contract
(eg. FIDIC D&R contract, innovative contract forms,
D&C, BOT, PPP) and risk allocation in contracts.

– Tender procedures including early involvement of
consultants and contractors to gain maximum
benefit from their knowledge and experience,
achieving a price-quality balance, preparation time,
evaluation criteria, transparency and equity within
the process and fair competition.
– Project finance phasing e.g., cash flow planning,
‘just-in-time’, and the time and finance assigned to
the preparation stage.
– Liability issues such as liquidated damages,
consequential damages, gaps between insurance
covers, professional indemnity and general liability
insurance.
– Dispute resolution including forms of dispute
resolution, pragmatic approach to dispute resolution
and arbitration and the speed of dispute resolution.
Attendance at the conference will attract Continuing
Professional Development points.
For further information contact the IADC Secretariat:
info@iadc-dredging.com or visit www.iadc-dredging.com.

International Seminar on Dredging and
Reclamation
BAHRAIN
NOVEMBER 11-15 2006
For (future) decision makers and their advisors in
governments, port and harbour authorities, offshore
companies and other organisations that have to
execute dredging projects, the International
Association of Dredging Companies (IADC) has
organised for more than a decade the International
Seminar on Dredging and Reclamation.
Since 1993 IADC, often in co-operation with local
technical universities, has provided this week-long
seminar especially developed for professionals in
dredging-related industries. These intensive courses
have been successfully presented in Delft, Singapore,
Dubai and Buenos Aires. This year’s choice of Bahrain
as a venue is a logical outgrowth of the extensive
maritime infrastructure construction going on in the
Middle East region. As is appropriate to a dynamic
industry, the seminar programme is continually
updated. In addition to basic dredging methods,
new equipment and state-of-the-art techniques are
explained. The seminars reflect IADC’s commitment to
education, to encouraging young people to enter the
field of dredging, and to improving knowledge about
dredging and land reclamation throughout the world.
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The Seminar in Brief
To optimise the chances of the successful completion
of a project, contracting parties should, from the start,
fully understand the requirements of a dredging
project. This five-day course strives to provide an
understanding through two types of presentations:
– lectures by experts in the field, and
– workshops, partly conducted on-site in order to
give the “students” hands-on experience.
Some of the subjects covered are:
– port development and maintenance;
– project phasing (identification, investigation,
feasibility studies, design, construction, and
maintenance);
– descriptions of types of dredging equipment and
boundary conditions for their use;
– state-of-the-art dredging techniques as well as
environmentally sound techniques;
– pre-dredging and soil investigations, designing and
estimating from the contractor’s view;
– costing of projects and types of contracts such as
charter, unit rates, lump sum and risk-sharing
agreements.
An important feature of the seminars is a trip on a
trailing suction hopper or cutter to visit a dredging
project being executed in the given geographical are a.
Each participant receives a set of comprehensive
proceedings with an extensive reference list of
relevant literature and, at the end of the week,
a Certificate of Achievement.
Practical information
The cost of the seminar will be € 2450; this fee
includes all tuition, seminar proceedings and workshops
and a special participants dinner, but is exclusive of
travel costs and hotel. A group accommodation
agreement has been made with the seminar hotel.
Representatives of port authorities, companies,
and individuals, with an education level equivalent
to at least a BSc or comparable work experience,
interested in attending are requested to contact
the IADC Secretariat, Mr. Frans-Herman Cammel
(cammel@iadc-dredging.com) as soon as possible
but prior to October 1st 2006, as the number of
participants is limited to 25.

Seminar on Environmental Aspects
of Dre d g i n g
TECHNICAL UNIVERSITY DELFT,
THE NETHERLANDS
NOVEMBER 6-7 2006
This two-day Environmental Seminar is a joint effort
of the International Association of Dredging
Companies (IADC) and the Central Dredging
Association (CEDA). It gives an overview of
the environmental aspects of dredging and
state-of-the-art dredging techniques.
What the course is about
Dredging is a necessary activity in man’s
development. In the right circumstances, it may
also be a very useful tool for remedying past
environmental interference. However, by its very
nature, the act of dredging and relocating dredged
material is an environmental impact. It is, therefore,
of the utmost importance that we should be able to
determine whether any planned dredging will have
a positive or negative impact on our environment.
Evaluation of environmental impact should examine
both the short- and long-term effects, as well as the
sustainability of the altered environment. Besides
presentation of the subjects, participants are
challenged in case studies to apply the principles
discussed in order to get a full understanding of the
scope and importance of the environmental aspects
of dredging projects, the management of dredged
material and the effects of environmental guidelines.
The seminar is aimed at consultants in dredging
related industries and professionals from different
governmental bodies, whether municipalities, district
water boards, ports and harbour authorities or
central government.
The course fee is € 775. The leaders of the course
are Gerard van Raalte, Engineer, Hydronamic and
Nick Bray MSc, Dredging Research Ltd. All lecturers
are professionals working in the dredging industry or
dredging consultancy. Course material includes the
7 part series of guides entitled ‘Environmental
Aspects of Dredging’. For more information about
the guides see the attached IADC publication order
form or www.iadc-dredging.com or
http://www.dredging.org/content.asp?page=48.
For further information and registration,
please contact PAO, Tel: +31 15 278 4619 or by
Email: info@pao.tudelft.nl.

MEMBERSHIP LIST IADC 2006
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
AFRICA
Boskalis South Africa, Pretoria, South Africa
Dredging and Reclamation (Jan De Nul) Ltd, Lagos, Nigeria
Dredging International - Tunisia Branch, Tunis, Tunisia
Dredging International Services Nigeria Ltd, Ikoyi Lagos, Nigeria
Nigerian Westminster Dredging and Marine Ltd., Lagos, Nigeria
Van Oord Nigeria Ltd, Ikeja-Lagos, Nigeria
ASIA
Ballast Ham Dredging (Malaysia Sdn Bhd, Johor Darul Takzim, Malaysia
Ballast Ham Dredging India Private Ltd., Mumbai, India
Boskalis Dredging India Pvt Ltd., Mumbai, India
Boskalis International Pte Ltd., Singapore
Boskalis Westminster International bv Korea Branch, Seoul, South Korea
Boskalis Westminster International bv, Beijing, P.R. China
Boskalis Westminster International bv, Kowloon, Hong Kong, P.R. China
Boskalis Westminster International bv, Kuala Lumpur, Malaysia
Boskalis Westminster International bv, Manilla, Philippines
Dredging International Asia Pacific (Pte) Ltd., Singapore
Far East Dredging (Taiwan) Ltd, Taipei, Taiwan ROC
Far East Dredging Ltd. Hong Kong, P.R. China
Hyundai Engineering & Construction Co. Ltd., Seoul, Korea
Jan De Nul (Singapore) Pte. Ltd., Singapore
P.T. Boskalis International Indonesia, Jakarta, Indonesia
PT Penkonindo LLC, Jakarta, Indonesia
Penta-Ocean Construction (Hong Kong) Ltd., Hong Kong, P.R. China
Penta-Ocean Construction (Malaysia) Sdn. Bhd., Malaysia
Penta-Ocean Construction Co. Ltd., Tokyo, Japan
Siam Goyo Co. Ltd., Bangkok, Thailand
Tideway DI Sdn Bhd, Kuala Lumpur, Malaysia
Toa Corporation, Tokyo, Japan
Van Oord (Malaysia) Sdn Bhd, Selangor, Malaysia
Van Oord ACZ India Pte Ltd, New Delhi, India
Van Oord ACZ Marine Contractors bv Hong Kong Branch, Hong Kong, P.R. China
Van Oord ACZ Marine Contractors bv Shanghai Branch, Shanghai, P.R. China
Van Oord Dredging and Marine Contractors bv Korea Branch, Busan, Republic of Korea
Van Oord Dredging and Marine Contractors bv Philippines Branch, Manila, Philippines
Van Oord Dredging and Marine Contractors bv Singapore Branch, Singapore
AUSTRALIA
Boskalis Australia Pty, Ltd., Sydney, Australia
Dredeco Pty. Ltd., Brisbane, QLD, Australia
NZ Dredging & General Works Ltd, Maunganui, New Zealand
Van Oord Australia Pty Ltd., Brisbane, QLD, Australia
WA Shell Sands Pty Ltd, Perth, Australia
EUROPE
Aannemingsbedrijf L. Paans & Zonen, Gorinchem, Netherlands
Atlantique Dragage S.A., Nanterre, France
Atlantique Dragage Sarl, Paris, France
Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Baggerwerken Decloedt en Zoon NV, St Petersburg, Russia
Ballast Ham Dredging, St. Petersburg, Russia
Ballast Nedam Baggeren bv, Rotterdam, Netherlands
Baltic Marine Contractors SIA, Riga, Latvia
Boskalis B.V., Rotterdam, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Italia, Rome, Italy
Boskalis Offshore bv, Papendrecht, Netherlands
Boskalis Sweden AB, Gothenburg, Sweden
Boskalis Westminster Dredging & Contracting Ltd., Cyprus
Brewaba Wasserbaugesellschaft Bremen mbH, Bremen, Germany
DEME Building Materials NV (DBM), Zwijndrecht, Belgium
DRACE, Madrid, Spain

Dragapor Dragagens de Portugal S.A., Alcohete, Portugal
Dravo SA, Italia, Amelia (TR), Italy
Dravo SA, Lisbon, Portugal
Dravo SA, Madrid, Spain
Dredging and Contracting Rotterdam B.V, Bergen op Zoom, Netherlands
Dredging International N.V., Zwijndrecht, Belgium
Dredging International (UK) Ltd., Weybridge, UK
European Dredging Company S.A, Steinfort, Luxembourg
Ham Dredging Contractors bv, Rotterdam, Netherlands
Heinrich Hirdes G.m.b.H., Hamburg, Germany
International Seaport Private Ltd, Zwijndrecht, Belgium
Irish Dredging Company, Cork, Ireland
Jan De Nul Dredging nv, Aalst, Belgium
Jan De Nul nv, Aalst, Belgium
Jan De Nul (U.K.) Ltd., Ascot, UK
Mijnster zand- en grinthandel bv, Gorinchem, Netherlands
N.V. Baggerwerken Decloedt & Zoon, Oostende, Belgium
Nordsee Nassbagger-und Tiefbau GmbH, Wilhelmshaven, Germany
Rock Fall Company Ltd, Aberdeen, UK
Sociedade Española de Dragados S.A., Madrid, Spain
Societa Italiana Dragaggi SpA ‘SIDRA’, Rome, Italy
Société de Dragage International ‘SDI’ SA, Lambersart, France
Sodranord SARL, Le Blanc-Mesnil Cédex, France
Terramare Eesti OU, Tallinn, Estonia
Terramare Oy, Helsinki, Finland
Tideway B.V., Breda, Netherlands
TOA (LUX) S.A., Luxembourg, Luxembourg
Van Oord ACZ Marine Contractors bv, Rotterdam, Netherlands
Van Oord Ireland Ltd, Dublin, Ireland
Van Oord Middle East Ltd, Nicosia, Cyprus
Van Oord Nederland bv, Gorinchem, Netherlands
Van Oord nv, Rotterdam, Netherlands
Van Oord Offshore bv, Gorinchem, Netherlands
Van Oord Overseas bv, Gorinchem, Netherlands
Van Oord Sweden ab, Göteborg, Sweden
Van Oord UK Ltd., Newbury, UK
Water Injection Dredging bv, Rotterdam, Netherlands
Westminster Dredging Co. Ltd., Fareham, UK
MIDDLE EAST
Boskalis Westminster (Oman) LLC, Muscat, Oman
Boskalis Westminster Al Rushaid Co. Ltd., Al Khobar, Saudi Arabia
Boskalis Westminster M.E. Ltd., Abu Dhabi, UAE
Boskalis Westminster Middle East Ltd., Manama, Bahrain
Boskalis Westminster Middle East, Doha, Qatar
Gulf Cobla (Limited Liability Company), Dubai, UAE
HAM Saudi Arabia Company Ltd, Damman, Saudi Arabia
Jan De Nul Dredging Ltd. (Dubai Branch), Dubai, UAE
Jan De Nul Dredging, Abu Dhabi, UAE
Van Oord Gulf FZE, Dubai, UAE
THE AMERICAS
Ballast Ham Dredging do Brazil Ltda, Rio de Janeiro, Brazil
Boskalis International Uruguay S.A., Montevideo, Uruguay
Coastal and Inland Marine Services Inc., Bethania, Panama
Companía Sud Americana de Dragados S.A, Capital Federal, Argentina
Dragamex SA de CV, Coatzacoalcos, Mexico
Dravensa C.A., Caracas, Venezuela
Dredging International Mexico SA de CV, Veracruz, Mexico
Dredging International NV - Sucursal Venezuela, Caracas, Venezuela
Mexicana de Dragados SA de CV, Col. Polanco, Mexico
Stuyvesant Dredging Company, Louisiana, USA
Van Oord ACZ Marine Contractors bv Argentina Branch, Buenos Aires, Argentina
Van Oord Curaçao nv, Willemstad, Curaçao
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