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Study the movement of the water in estuaries and coastal lagoons
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1. Introduction
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A brackish water area (estuaries and coastal lagoons) which is located at the contact between land and sea, has been formed through a history of thousands of years, and there is a rich ecosystem
which has been affected by the environmental changes. Brackish-water lakes and/or tidal river occur this area. Two-layer structure of fresh and salt waters is a characteristic of the brackish water. To
know the distributions and transfer directions of fresh and salt waters is important for environmental preservation and future prediction of the brackish water.
the flow of salt water,while the damage of the fishes dying out is generated by the invasion of an anoxic water mass to fishing ground. Moreover, when environmental problem is considered from the
global viewpoint, the brackish water area is a suitable place as monitoring post of the global environment research, because the effect of sea surface elevation by global warming appears at the very

Recently, though it is an urgent need to determine the behavior of the water in such brackish water quantitatively and sequentially, the conventional observation method was
only a measurement of water quality ( salinity mainly ) of the every site, and it was difficult to understand the actual behavior. Accordingly, since 1992 our group has been developing new observation
instruments for wide area and long-term measurements using ultrasonic waves, optical fiber temperature sensors, high-precise salinity and temperature sensors, etc., and has been carrying out the

beginning in brackish water.

observation. And now, we are acquiring basic data for preservation and creation of the hydrosphere environment.
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2. Phenomena in brackish water

of both waters.
boundary, when ultrasonic wave is put in the brackish water.

at the halocline.
thickness of the salt water layer using this measurement principle.

observation of halocline behavior".
from salt water to fresh water.
change suddenly at the same depth.

Lake bottepn:

In brackish water, the salt water (the high-salinity water) and the fresh water (the
low-salinity water) are not easily mixed because of the density difference between
them, and a halocline where the salinity rapidly changes is developed at the boundary

Reflections similar to a fishfinder detecting fish are generated at this
This is because an
acoustic impedance (density x acoustic velocity ) of the water also changes suddenly
It is possible to examine distribution of the halocline and the
In this way, the
following were produced:"Underwater acoustic reflection profiling system for survey of
halocline" and "Underwater acoustic reflection measurement system for long-term
Not only the salinity but also the temperature vary
Moreover, the salinity and the water temperature also
It means that we can estimate the salinity of
water by measuring of water temperature. And it is possible to detect the flow of fresh
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Acoustic profiling and measured salinity and water

temperature in Lake Nakaumi
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_ N and salt waters, if the water temperature is continuously measured on the bottom.
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3. Measurement systems for brackish water observation
(1)An acoustic reflection profiling system for spatial distribution survey
of halocline(Model SC-3)
This acoustic profiling
system was made by
improvement of 200kHz
precision echo sounder. A
receiver of the system was
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SC-3 acoustic profiling system

Basic specifications of measurement system

(3)Thermometry system using optical fiber distributed

(1)Acoustic reflection profiling system for spatial distribution {omporatire sensarMotel DIS 80)

survey of halocline(Model SC-3)

used as amplifiers to Transducer Frequency  200kHz f’"”"’:"’e range ‘23“2“ ?"0 ime. 1omin)
intai i - Beam angle 6 degree emperature accuracy (measuringtime 10min.

malrjtaln 'he Ilnearlty and Receiver amp. Straight type Spatial resolution

fidelity of signal. The system Recorder Thermal type Measuring distance Bkm/loup

measures reflection Power supply Internal Ni-Cd battery or Number of channel 4A£|: %S a00w

- External battery(12V)
amplitude and detect the Sivoea 2

weak reflector caused by the
rapid change of acoustic
impedance at the halocline in

Power supply
(Y systoms Inc.
(SenborDenkiCo., Ltd.)

(4)Temperature salinity measurement system using multiple CT
sensors (Model MCTH-2)

(2)Underwater acoustic reflection measurement systems for
fong-term observation of halociine behavior(On-line model, items

: G Model SC-2) Temperature sensor  Thermistor
brackish water. Distribution of Transducer Frequency 200kHz Temperature range 3
7 : Beam angle 6 degree
the halocline and thickness of Transmitter and receiver  Transmission pulse width 15-110ms Temperature accuracy £ 0.02
the salt water layer can be ain adjustment 0~ 30dB Conductivity sensor E\ecﬁromagnetm induction cell
i System controller and data logger Conductivity range 0-70m!
recorded as profile records. UD converter 120, sampling Conductivity accuracy DUSmS/cm

Analog reflection signal is
converted to digital signal
and recorded in a digital
data IoggerA (SenborDenkiCo., Ltd. and Clovertechinc.)
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(2)An underwater acoustic reflection measurement systems for long-term
observation of halocline behavior(On-line model, Model SC-2 ; Off-line model,
Model CL-3)

The transducer which sends out an ultrasonic wave of 200kHz in the system is
set up on the bottom of water, and the ultrasonic wave is sent toward the surface
of the water. The reflection generated by the halocline is continuously recorded
in the systems, consequently, the system detects temporal and spatial behavior
of the brackish water. An on-line system, model SC-2 has three transducers with
cables of 200m or 400m. The end of the cables is connected to the system on

land.  On the other hand an off-line system, model CL-2 can be placed
anywhere we like because the system is driven by a battery power.
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g%g thermometry system using optical fiber distributed temperature sensor(Model
-80

frequency 1MH:

CPUGeleton 186MHz,

RAM4Mbytes, HD 6GB
MO disk drive 230Mbytes

Number of sensors
Interval of sensors
Cable len

Intoreal o measurement 590,15, 20, 30min
(Tsurumi-seiki co., Ltd.)
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Transducer and cable

(DTS-80%!)

The optical fiber thermometry system is a thermometer using an optical fiber as
temperature sensor.  This system may not have as high accuracy as thermistor

thermometers, but it has the great capability of simultaneous multi-point temperature 3£ 2 7 A /iR faat3HE|
measurements using only one optical fiber cable. For example, temperatures can be s = [l
measured at 4,000 points at an interval of one meter along a 4,000m long optical fiber. AT LDV

The system can measure spatial and temporal distribution of water-bottom
temperature in brackish water .

DTS-80 optical fiber
thermometry system
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R;]lg_xr ;‘emperature salinity measurement system using multiple CT sensors (Model
-2

CT(Conductivity/Temperature) multi-sensor temperature salinity measurement
system is based on XCTD (Expendable Conductivity, Temperature & Depth Profiling
System) for oceanographic observation. The system utilizes five modified XCTD
probes as its CT sensors. Each CT sensor is connected with a 700m long multi-wire
cable at an interval of 100m, and the cable is connected at its end to a measurement
control and data logging system. The CT sensors are installed on the bottom of a
brackish water lake or a tidal river, and the continuous measurement (5 min. interval)
of temperature and salinity can be carried out.

system using multiple CT sensors

(left: main body, right: digital recorder)
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(left: main body, right: digital recorder)
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Temperature salinity measurement

To measure distributed temperature
at one-meter intervals along a 4,000m
long optical fiber
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