





Sound Principles. Good Advice.

notes Sproule, the result of exacting research beforehand to
predict conditions in the system and channel surveying that
includes 80,000-point cross-sections for every measurement
site.
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The Greenspan team installed 16 SonTek Argonaut acoustic Doppler current

meters at carefully determined heights to measure current and depth during
floods with extreme accuracy.

Floods in Kuala Lumpur are strongly impacted by tidal
action just a few kilometers downstream, where the Klang
meets the sea. As river levels rise and the backwater effect
gains in importance, the Greenspan model shifts over from
the level data from the pressure gauges to the water level and
velocity information flowing from the Doppler units. The
Argonauts use acoustic beams to measure the actual water
level and velocity of real parcels of water, rather than relying
on the calculated depth:discharge relationships that pressure
sensors are calibrated to assume. As a result, explains
Sproule, “it’s more accurate information. If you have tidal
influence or a backwater effect, you can get hysteresis, and
depth:discharge data isn’t as accurate.”

Sproule says the acoustic Doppler current meters were a
natural fit for the project. “We have a lot of experience using
SonTek equipment, and it was the easiest and most accurate
to incorporate into this project,” he explains. “We had an
eight-man stormwater monitoring team in Singapore using
SonTek equipment for 14 months. We know what it does
and doesn’t do — the exact distance the beams will cover, the
angles and the diffraction.”

To keep the data flowing as floodwaters surge, each Argonaut
outputs the data to Greenspan’s models and SCADA system.
Some stations are connected by Ethernet and report every
minute; others, connected by high-speed VHF link, broadcast
their data at five-to-10-minute intervals. At the control

center, a team led by Greengpan Project Director Mark
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Wolf and Project Manager Marc Schmidt views the data as
it’s integrated with rainfall information and run through
proprietary discharge and velocity models.

Data from the SMART project are also helping scientists
and officials better understand the local river system. For
instance, the Greenspan team showed that after a flood
event, the Klang stores a surprising amount of water in its
groundwater table and releases it over a longer period of
time than originally assumed. Information like that will help
fine-tune management of the tunnel and the floodwaters it
captures.

Moving Bottom Creates Challenges

Just 16 days after Kuala Lumpur was flooded — and halfway
around the world — the British Midlands experienced some
of the worst summer flooding in 150 years. The Derwent
River peaked at more than 257 cubic meters per second, well
above the previously recorded high of 167 cubic meters per
second.

That extraordinary flow was dramatically underestimated
using a traditional moving boat measurement method, notes
Nick Martin, Services Engineer for SonTek/YSI Hydrodata in
Letchworth, Herefordshire, England. In fact, the moving boat
method estimated flow at approximately 90 cubic meters per

St. Mary’s, Derbyshire, UK. The Sonlek Stationary-Measurement system
uses an alternative approach to the standard moving boat method of
measuring water currents and discharge. Both methods use an Acoustic
Doppler Profiler (ADP) to measure water currents, however when using the
Stationary-Measurement software, the ADP operates from a fixed mounted
position, stationary vessel or platform (such as a RiverCAT).

second — an under-recording of 65 percent. Such a dramatic
underestimate could have devastating effects on cities and
farms downstream.
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The low estimate was caused by the dramatic re-suspension
of the riverbed during the flood, explains Martin. The
movement of the bed sediments can confuse the readings
taken with the moving boat method, significantly lowering
the calculated flow. To get a more accurate reading, Martin
used a SonTek RiverCat, a catamaran-mounted Doppler
profiling system that he deployed from a bridge on a fixed
length of rope. Using the company’s Stationary Measurement
System software, he was able to account for both the highly
turbid conditions near the bottom, as well as the movement
of the water column. His experiment provided important
data to British hydrologists for a once-in-a-lifetime flood
event, and demonstrated an accurate method of collecting
reliable flow and velocity data over fast-moving bottoms — or
where bottoms are weedy or water is highly turbid.

Big River, Big Challenges

Measuring water level and velocity in a river system is really
put to the test in the Lower Mississippi River, the main artery
of the U.S. inland shipping network. Though storm surges
from Hurricanes Katrina and Rita in 2005 made world news,
a flood in the same region in May 2007 garnered relatively
little media coverage. However, the 2007 flood illustrated
the day-to-day challenges of maintaining the safe flow of
shipping on one of the world’s busiest waterways.

The Mississippi River is the central artery for U.S. barge traffic. Velocity
data collected by the U.S. Geological Survey to study discharge in the
lower Mississippi also helps towboat captains manage huge strings of
barges in challenging conditions.

Towboats on the lower Mississippi commonly push 30 barges
at a time, a half-mile-long string of cargo vessels with no
brakes. Water level and velocity are matters of life or death
on the river, which is one reason that the data collected by
the U.S. Geological Survey (USGS) is carefully scrutinized by
river traffic managers.
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“We collect it for discharge purposes, but [dispatchers]
piggyback on it and relay it to the captains so they know how
much horsepower they need and how fast they have to go
to maintain control,” says hydrologist Todd Baumann of the
USGS office in Baton Rouge, La. Bauman’s team has three
Argonaut SLs on the Mississippi/Atchafalaya system near
Baton Rouge, and plans to set two more in the Old River and
Red River to monitor discharge from those key tributaries.

Millions of tons of cargo ply the Mississippi River on barges. Towboat captains
rely on U.S. Geological Survey velocity data collected with SonTek acoustic
Doppler velocimeters (ADVs) to help them judge power requirements and
speed, especially during floods

“Historically, we used electromagnetic point velocimeters
at those sites,” Baumann says. “When Doppler technology
came out, we switched to it because it’s such a broad spatial
sample. With a point velocity sample, you're just looking at
one point. With an acoustic sample, you're looking at a 50,
60, even a 300-foot swath of the river. You get a far better
idea of what’s actually happening out there. We can actually
sample the center of the channel without being in the middle
of it. We’re sampling areas we couldn’t sample before.”

Baumann points out that the acoustic Doppler current
meters can find the bottom themselves, allowing researchers
and traffic dispatchers to see true flow data in widely varying
conditions across the river. “So much of the river is dredged,
so if you look at the cross section, there’s great variability,”
he notes. “It may be 40 feet deep on one side for the ship
channel and 20 feet deep on the other.

“Another huge benefit for us is that 99 percent of the time,
the instrument is attached to a bridge structure,” Baumann
adds. “You’re going to get flow interference from the bridge
—you can get a significant increase coming around that pier,
especially in a big river. With the acoustic Doppler current

meters, we can block out the pier influence.”
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The other big influence in Baumann’s area is tidal action
from the Gulf of Mexico downstream. Like Sproule’s team in
Kuala Lumpur, Baumann can’t rely on a water level/discharge
method to estimate the flow.

“We can actually measure the Mississippi River flowing
upstream,” Baumann says. “When you're in the tidal zone,
there’s no way to accurately gauge discharge without water
velocity — it’s essentially meaningless.”

Whether it’s along the Mississippi, under a medieval bridge in
England, or beneath the ultra-modern streets of downtown
Kuala Lumpur, SonTek’s acoustic Doppler technology has
proved itself under the worst that Mother Nature could dish
out in 2007 — and helped people, from towboat captains to
civic leaders, prepare for the next season of flooding.

Greeenspan photo and Graphics Credits: Mark Van Elswyk, Greenspan
Technology

SonTek/YSI, founded in 1992 and advancing environmental science
in over 100 countries, manufactures affordable, reliable acoustic
Doppler instrumentation for water velocity measurement in oceans,
rivers, lakes, harbors, estuaries, and laboratories. SonTek/YSI is
headquartered in San Diego, California, and is part of YSI Inc.,
an employee owned company that provides monitoring and data
collection instrumentation to global water quality, water quantity,
and aquaculture markets. Additional information can be found at
www.sontek.com, or email sontek directly at inquiry@sontek.com.
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Acoustic Doppler Current Meters Guide Intelligent Decisions on Malaysia’s
SMART Project

The awe-inspiring scope of Malaysia’s Stormwater
Management and Road Tunnel (SMART) Project — 12
kilometers of tunnels 11.8 meters in diameter, capturing
up to 4 million cubic meters of floodwater — staggers the
imagination. The concept of a tunnel that detours traffic
under crowded Kuala Lumpur
streets during dry weather and
shunts stormwater safely beneath
downtown during flood events is
as exciting as it is creative.

But behind the massive tunnels
and the huge catch basins is a
system just as staggering — the
SMART Project’s nerve system,
a network of flood detection
equipment and  automated
management machinery linked
bya Supervisory Data Acquisition
and Control (SCADA) brain
that uses the information it
gathers to automatically engage
flood management gates and
pumps. Designed by systems
integrator Greenspan Technology Pty Ltd., the flood
detection and automated management system relies on 28
remote monitoring stations to guide decisions on 31 gates,
seven huge pumps, and four independent generator setups
(gensets) along the project.

Predicting flood events is critical to the success of the SMART
Project. Kuala Lumpur lies between the confluence of the
Klang and Ampang rivers (upstream of the city) and the
Gombak and its tributaries (downstream), which flow out
of the nearby mountains on the way to the Strait of Malacca.
Devastating floods are common there. In June 2007, flows
of up to 360 cubic meters per second rushed through the
confluence, more than 70 times the normal volume. The
Klang crested at a meter above its banks and flooded the
bustling downtown.

At 11.8 meters in diameter and 12 km in length, Kuala Lumpur’s SMART
tunnel and its associated holding ponds can capture up to 4 million cubic
meters of floodwater and divert it away from flood-prone downtown.

Three-Stage System

The SMART Project is designed to operate in three stages
to keep floods like the 2007 event from crippling the city,
explains Bruce Sproule, Singapore-based International
Manager for Greenspan. Mode

allows floodwater to travel
hrough the river system and a
pair of holding ponds. Mode
I, triggered when velocities
below the confluence hit 70
ubic meters per second, lets
ater from the holding ponds
ow into the lower level of the
SMART tunnel, allowing auto
traffic to continue on the two
oadway levels. When flows
at the confluence are forecast
o reach 150 cubic meters per
second (Mode III), traffic is
evacuated, the tunnel is closed
to drivers, and the entire system
is used to store water before
releasing it slowly through

the basins and into
the Kerayong River,
downstream of the
city.

Accurate and
timely information
on discharge and

velocity are vital to
the success of the
SMART Project and
to the safety of Kuala
Lumpur’s 1.8 million
residents. To ensure
the flow of quality Kuala Lumpur’s SMART tunnel diverts traffic

’s as well as floodwater under moderate-rain
data, Sproule’s
t led by Project conditions. If deluges persist, operators can close
e?m’ ed by YIoject ye tunnel and flood the roadways for greater
Director Mark water-holding capacity.

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic

are
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Wolf and Project

Manager Marc
Schmidt, set out
an array of 22 rain
gauges, 50 pressure
sensors  coupled
to gas bubble
systems, and 16
SonTek Argonaut
acoustic  Doppler
current  meters.

Greenspan’s
Control Centre
Operations Team,
led by Mark Van
Elswyk, maintains
a communications
systemthatincludes
VHF radio, GSM,

The SMART tunnel and holding pond system .
protects downtown Kuala Lumpur from floods that fiber optic signals

and microwave
transmissions  to
maintain constant communication between sensing stations
and the SCADA system. Argonauts connected by Ethernet
report every minute; those connected by high-speed VHF
broadcast every five to 10 minutes. SCADA Engineers Jarrah
Watson, Nick Hitchins and Peter Johnson keep the control/
acquisition system finely tuned.

have typically brought the city to a standstill.

Data from the rivers, holding ponds and tunnels are
integrated with rainfall information in Greenspan’s Time
Series Database, then channeled through the company’s
forecasting models. Results drive automatic gates that
govern flow into the SMART basins and tunnels, and activate
massive pumps to dewater the tunnel when downstream
flows can accommodate the release.

When levels rise and the influence of the downstream tides
are increasingly felt on floodwaters in Kuala Lumpur, the
forecasting model switches from gas-purge pressure sensors
readings to data from the acoustic Doppler current meters
to track discharge, says Sproule. He explains that the tidal
effect from downstream creates hysteresis, a slowing of the
usual reactions of the floodwaters to the forces coming from
upstream. It’s critical to track what’s really happening in
the river rather than rely on mathematical estimates that are
based on conditions in unobstructed, gravity-fed systems.

“It’s more accurate information,” Sproule says. “If you have
tidal influence or a backwater effect, you may get hysteresis,
and depth:discharge data isn’'t accurate”  Greenspan
developed its own Velocity Index software, he adds, to ensure

accurate calculations of flow.
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Careful Placement

In and around the tunnel, SonTek Argonaut SL (side-looking)
current meters are set at carefully determined heights to be
ready for high-flow situations, notes Sproule. Two Argonaut
SW (shallow-water) current meters measure flow and velocity
through twin box culverts at the downstream discharge
point, feeding a discharge model. The flow of information
provides valuable insight even when floods aren’t imminent.
In fact, notes Sproule, data from the SWs revealed that the
Klang stores a surprising amount of water in its water table
after a flood event and releases it over a longer period than
the Greenspan model originally assumed.

The Greenspan team installea
meters at carefully determined heights to measure current and depth during
floods with extreme accuracy.

6 SonTek Argonaut acoustic Doppler current

Protecting valuable equipment during flood events can be
a challenge, notes Sproule. Wayne Farrell of Greenspan
designed “Knight’s head” stations that protect sensors with
automatically retracting shields reminiscent of medieval
helmets. Carefully placed at the optimum height to measure
high water in the system, the Knight’s head stations must be
maintained after every flood event. “The mechanisms are
designed to keep the instrument from getting washed away
with large debris, but they do become silt traps,” Sproule
notes. Greenspan developed its own calibration software
for easy routine and post-storm maintenance of the current
meters, he adds. The company also developed a proprietary
system to create an 80,000-point cross-section for each
sampling site.

Sproule says the Greenspan team, which also includes
Hydrographic Technicians Ben Noble, Clem Williams and
Faizal Yusoff, saw SonTek Argonauts as a natural choice

for SMART. “We were looking at radar/sonar, but it was
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prohibitively expensive, and we have a lot of experience
using SonTek equipment,” he explains. “It was the easiest
and most accurate to incorporate into this project. We had
an eight-man stormwater monitoring team in Singapore
using SonTek equipment for 14 months, so we know what it
does and doesn’t do.

Innovative “Knights Head” stations use automatically retracting hoods to
protect SonTek Argonaut current meters.

“The support is good and the equipment is reliable,” he adds.
“The instrument is robust, and when things go wrong, the
company has been quick to react.”

Fast reaction is vital when it comes to a project as massive
as SMART. During a system test in September 2007, the
system delivered an accurate prediction of rising river levels
30 minutes in advance and managed the successful diversion
of 500,000 cubic meters of water.

As traffic flows through the massive tunnel and a silent
network of sensors reports to the Greenspan SCADA system,
Sproule reflects on the SMART Project. “This is the most
sophisticated system that Greenspan has ever designed,” he
notes. That makes its smooth operation no less of a marvel
than the 11.8-meter-high tunnel that protects Kuala Lumpur
from below.
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Intakes for the SMART system can draw millions of cubic meters of floodwater
into a massive underground tunnel, sparing the streets above from crippling

floods.

Greeenspan photo and Graphics Credits: Mark Van Elswyk, Greenspan
Technology

SonTek/YSI, founded in 1992 and advancing environmental science
in over 100 countries, manufactures affordable, reliable acoustic
Doppler instrumentation for water velocity measurement in oceans,
rivers, lakes, harbors, estuaries, and laboratories. SonTek/YSI is
headquartered in San Diego, California, and is part of YSI Inc.,
an employee owned company that provides monitoring and data
collection instrumentation to global water quality, water quantity,
and aquaculture markets. Additional information can be found at
www.sontek.com, or email sontek directly at inquiry@sontek.com.
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Argonaut-SL used In
Berth Management

OSIL

Environmental Instruments
and Systems

One of Strainstall UK Limited’s primary marine
safety systems is their Berth Management System,
which is used chiefly for the docking of VLCCs (oil
tankers) and LNG (liquid natural gas) carriers.

The Berth Management System provides assistance
to vessels on their approach to the berth and
during mooring by monitoring the conditions of
the sea and surrounding area to ensure the
complete safety of the vessel. The system
undertakes continuous surveillance of the mooring
and vessel related parameters, such as speed and
position of the vessel on approach, weather
conditions and oceanographic parameters.

An example of a berth vessel

A system such as Strainstall’s needs to be in place
to ensure that the docking operation is performed
within defined environmental limits and strict
approach speed limits, as large impact on the
fenders and jetty equipment may cause
considerable damage. In relations to this
environmental monitoring of parameters such as
current and tides needs to be undertaken as the
conditions will affect the manoeuvring of the ship
during berthing.

Strainstall use SonTek’s Argonaut-SL sideways
facing ADCP in their Berth Management Systems to

OSIL
Application
Note

Systems

The Argonaut-SL range

monitor the current present at the time of
berthing. SonTek recognised the need to measure
water velocity and level in open channels during
applications such as this and the SL was their
solution. The SL, known as the Side-Looker, is
intended for side mounting on bridges, canal walls
and riverbanks, ideally on an existing structure. It
is available in three models all with different
sampling ranges, the SL3000’s being 0.1m - 5m,
the SL1500 0.2m - 20m and the SL500 reaching up
to 120m. The assortment of ranges mean that the
SL is suited to a variety of channels from narrow
rivers to wide ports.

The Argonaut-SL’s narrow beam width, combined
with unmatched side lobe suppression, provides
the superior acoustic directivity necessary for
achieving maximum horizontal range, which is
free of interference from boundaries and
obstacles. The SL comes with the Windows
software packages ViewArgonaut and FlowPack,
but it is also compatible with other software,
which Strainstall illustrates by using it with their
Berth Management software.

The right position for the Argonaunt-SL needs to

be ascertained for each Berth Management System
set up by Strainstall so that sufficient data can be
provided. To achieve the most accurate results in




this application, Strainstall considered the
installation, survivability, maintenance and cost
constraints of the SL and deduced that the berth
itself would be the most appropriate structure for
the sensor. From this position the SL can monitor
the current as the vessel is approaching the berth
which is the primary operational requirement and
when current measurement is most critical.

Within the berth, Strainstall must also take
practical restraints into consideration. The
mooring dolphins can have an affect on the water
flow into the berth and, therefore, can affect the
data recorded. From this Strainstall have
deduced that whenever possible the SL should be
deployed from a catwalk, which is a walkway
that links the mooring dolphins. To install an
Argonaut-SL onto a catwalk a deployment frame
or support is needed which must be designed to
suit the structural design of the catwalk, allowing
for easy deployment and recovery. The frame
will need to be light enough so that it can be
lifted for cleaning and be stiff enough to avoid
vibration in strong currents.

A typical deployment frame

If deploying the SL on a catwalk the signal cable
can be routed to a junction box on the catwalk
which is then connected to a central control room
via fixed site cabling. A PC is located in the
control room running Strainstall’s Berth
Management software which integrates the SL’s
data with the other measured parameters.

)

An example of the SL in use

Mr Dave Vodden, Engineering Manager at
Strainstall, explains that the Argonaut-SL

was chosen because, “being an ADCP, marine
fouling is far less of a problem than with impellor
type current meters.” This means that time can
be saved by only having to clean the instrument
every three months.

For further information please contact:
OSIL

Culkin House

C8 Endeavour Business Park
Penner Road

Havant

Hampshire

PO9 1QN

Tel: +44 2392 488 240

Fax: +44 2392 488 241
Email: info@osil.co.uk
Web: www.osil.co.uk






