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   PREFACE   

The Research for the Management of the Fisheries on Lake
Tanganyika project (Lake Tanganyika Research) became fully
operational in January 1992. It is executed by the Food and
Agriculture Organization of the United Nations (FAO) and funded by
the Finnish International Development Agency (FINNIDA) and the
Arab Gulf Programme for United Nations Development Organizations
(AGFUND).

This project aims at the determination of the biological
basis for fish production on Lake Tanganyika, in order to permit
the formulation of a coherent lake—wide fisheries management
policy for the four riparian States (Burundi, Tanzania, Zaïre and
Zambia).

Particular attention will be also given to the reinforcement
of the skills and physical facilities of the fisheries research
units in all four beneficiary countries as well as to the buildup
of effective coordination mechanisms to ensure full collaboration
between the Governments concerned.

Prof. O.V. LINDQVIST Dr. George HANEK
Project Scientific Coordinator Project Coordinator

LAKE TANGANYIKA RESEARCH
FAO

B.P. 1250
BUJUMBURA
BURUNDI

Telex: FOODAGRI BDI 5092 Tel.: (257) 229760
Fax.: (257) 229761
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   GCP/RAF/271/FIN       PUBLICATIONS   

Publications of the project are issued in two series:

* Series of technical documents (GCP/RAF/271/FIN-TD) related
to meetings, missions and research organized by the project.

* Series of manuals and field guides (GCP/RAF/271/FIN-FM)
related to training and field work activity conducted in the
framework of the project.

For both series, reference is further made to the document
number (01), and the language in which the document is issued:
English (En) and/or French (Fr).

   For bibliographic purposes this document   
   should be cited as follows   :

Huttula, T., A. Peltonen and J. Nieminen, Hydrodynamic
1993 measurements on Lake Tanganyika. FAO/FINNIDA Research

for the Management of the Fisheries on Lake Tanganyika
GCP/RAF/271/FIN—FM/02 (En): 46p.
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1. INTRODUCTION

In the Project ‘Research for the Management of the
Fisheries on Lake Tanganyika’ (LTR), the hydrodynainical data
are collected by both automatic recording devices and manual
measurements. The data collection is organized in the different
research stations around the lake. The locations of recording
instruments are given in Table 1. This paper includes a short
description of all instruments and provides measuring
principles. Its purpose is to assist LTR personnel who are
conducting the manual measurements as well as to provide
information to those who are involved in other research
programme’s subcomponents and who need the hydrodynamic data for
the interpretation of their results.

2. METEOROLOGY

2.1 Automatic data collection

LTR has two fully automatic weather stations. One is
situated on a pier in Bujumbura harbour (Figure 1) and the other
at the southern end of the lake near Mpulungu (Figure 2).

• Automatic weather station 2700 (Figure 1) consists of a
set of hardware, up to 11 sensors for air and ground data, a
sensor scanning unit, a data storing unit and a solar cell power
module.

The hardware of the station includes a ground based
housing for the sensor scanning unit, data storing unit,
acessories and tools (1). The housing is equipped with a mast
(2) that supports a sensor arm for the atmospheric sensors (3).
A solar cell power module (4) is installed as an integrated part
of the mast. One of the guy wires (5) and the winch are used for
raising and lowering the mast during installation and service.

The station on the lake near Mpulungu is a combined
meteorological station with a 300 mthermistor string (Figure 2).
The station has an inflateable buoy (1) with a superstructure
carrying sensors for wind and air temperature (2), a sensor
scanning unit (3), a solar cell power module (4) and a data
storing unit (5). The eleven point temperature string (6) is
fastened to the superstructure inside the buoy. A ballast chain
(7) ensures vertical positioning of the string and stabilization
of the buoy. The buoy scans 16 channels in sequence every 65
seconds.



GCP/RAF/271/FIN-FM/02 (En) 2

The sensors installed for the two stations are:
Station  Sensor level Sensors type

above lake surface
Bujumbura 4 m Wind speed

Air temperature
13 m Relative humidity

Wind speed
Wind gust
Wind direction
Air pressure
Air temperature
Relative humidity
Rainfall
Solar radiation

Mpulungu 2.6 m Wind speed
Air temperature

   Wind       speed    is the average of the wind speed during the
recording interval.    Gust    is the maximum instantenous wind speed
during the interval.

To ensure a proper functioning the following checks should
be done weekly (W) or monthly (N) for Bujumbura weather station:

- wires should be tight (W);

— the mast and sensors should be straight and vertical, if
not, the mast can be straightened by guy wires and winch
(W);

- the numbers in the DSU (data storing unit) display should
increase in 24 hours with a value = 12*(86400/recording
interval in seconds) (W); and

— the sensors should be clean. In order to check this, the
mast should be turned in horizontal position with the
winch (N, see Appendix 1).

Following checks should be done for Mpulungu lake station:

- the exact location of the station (W);

- the numbers in the DSU should increase in the display in
24 hours with a value = 16* (86400/recording interval in
seconds) (W); and

— all the sensors should be clean (W).

The specifications for each sensor type are given in
Appendices 2—8. The calibration coefficients of each sensor are
specific and during data processing care should be taken in
using the right values.

Recording of data is done to data storing units (DSU) with
10 minutes intervals in Bujuinbura and 30 minutes intervals in
Mpulungu. The DSU capacity is enough with these intervals for
about 30 days recording period in Bujumbura and 80 days in
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Mpulungu.

Data is unloaded and calibrated to engineering units with
the Aanderaa program P3059. The manual of this software is
provided to each research station. After calibration data can be
listed with the same program. Graphical presentation of these
ASCII data can be done by using Harvard Graphics (HG), Lotus,
Graftool or similar graphical software. In Figure 3 (a, b, c, d,
e) there are examples of air temperature, wind speed and water
temperature data collected at the lake station outside Mpulungu.
The graphs are produced with HG.

The calculation of periodic means (i.e. hourly, daily mean
values) is done with software, which will be provided by the
consultants later. This software is coded in FORTRAN and a MS-
FORTRAN compiler is needed for using it.

2.2 Manual wind measurements on the lake

Each station has been provided with a hand anemometer,
which is used in measuring wind fields over the lake (Figure 4).
This is important in order to find out the areas where hills are
sheltering the lake surface from winds. The measurements are to
be conducted together with flow cylinder measurements in the
lines, which were determined with technical personel at each
station.

The measurement in each location is done as follows:

- position is read and recorded from GPS;

- the heading of the boat is turned against the wind;

- boat is driven with a steady speed for about 100 in;

— wind speed wl (= true wind speed + boat speed) is read
and recorded;

- the heading of the boat is turned 180 degrees;

- boat is driven with a steady speed for about 100 in;

— wind speed w2 (= true wind speed — boat speed) is read
and recorded; and

- the true wind speed w = 0.5 (wl+w2) is calculated and
recorded;

The results are recorded on the Lake Wind Data Sheet (see
Appendix 9).

2.3 Wind measurements with anemometers in land stations

Research stations in Kigoina and Mpulungu have wind
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anemometers (property of NBWE, Finland) and wind direction
pointers. These are used for measuring average wind speeds in
the morning, afternoon and nights. The readings are taken three
times/day. In the future, in connection with other data
sampling; more frequent readings can be taken. The readings are
taken at the following time (= local times):

In Kigoma In Mpulungu
Morning   9:00    8:00
Afternoon  15:00   14:00
Evening  20:00   19:00

Wind direction is read from the direction pointer and
recorded during these readings. The results are recorded on the
data sheet (see Appendix 10).

3. WATER TEMPERATURE MEASUREMENTS BY THERMISTOR STRINGS

Apart from the thermistor string which is attached to the
ineteo buoy, there are two other subsurface thermistor strings
which are installed in the lake (Table 1). These instruments
consist of a 12 channel recording unit with D~U and a thermistor
string, which employs 11 temperature sensors embedded in a
polyurethane cable which is 300 in long (Figure 5). The
instrument is installed between noncoinpressible viny/floats and
a heavy anchor. In the upper end of the instrument is mounted an
acoustic release system. The releaser can be activated from the
surface with an acoustic signal and as a result a marking buoy
comes to the surface. Thus the instrument can be lifted and a
new DSU fitted. An acoustic pinger is also attached to the
string.This pinger sends an acoustic signal each second and with
a receiver a diver can find the instrument in case the acoustic
releaser should not function.

The two LTR thermistor strings have a specific temperature
range, from +15.5 to +35.1°C with an accuracy of 0.02 °C.

In data recording channel number one the station
identification number is located. The locations of the 11
temperature sensors in the cable are:

Channel Distance from
number recording unit

(m)
2 5
3 55
4 105
5 155
6 175
7 195
8 215
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9 235
10 255
11 275
12 300

The exact depth of each temperature sensors has to be
calculated during each installation. In March 1993 the highest
sensor (number 12) was 7 m under the lake surface. The recording
units are programmed to store temperature data with 30 minutes
intervals. This makes it possible to deploy the instruments for
113 days.

The thermistor string which is attached to the metec buoy
outside Mpulungu has a wider temperature range and a lower
accuracy than the two subsurface thermistor strings. Its
temperature range aries between —8 °C and +41 °C and with an
accuracy of 0.05 °C. In the buoy station the first 5 channels
are used for station identification and meteorology. The
channellocations of the thermistor strings are as follows:

Channel Distance from
number  surface (m)

6 1
7 5
8 30
9 50

10 70
11 90
12 110
13 150
14 200
15 250
16 300

Data from DSUs are unloaded and calibrated using the
Aanderaa P3059 program. During calibration, specific
calibration coefficients are needed for each sensor. They are
found in the Aanderaa manuals ‘   Specific        information        on   
   thermistor        strings        2862.        Serial        No        2019   ’ and ‘   Specific   
   information       on       thermistor       strings             2862,       Serial       No       2020’   . After
data calibration, the data processing can be continued like in
the case of the meteo buoy (see 2.1)

4. SURFACE WATER TEMPERATURE BY MANUAL MEASUREMENTS

The lake surface temperature measurements are conducted in
a 1 km2 grid which is located near each research station. The
measurements are done for ground calibration of satellite
images. The timing of measurements is determined according to
the time of passage of the satellites and a special program for
that is presented later. In each grid the measurements are
conducted in five locations and an areal mean value of measured
temperatures are used for image calibration. A data sheet (see
Appendix 11) is used. Each station will be provided with a
manual thermometer for lake surface temperature measurements.
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5. FLOW CYLINDER MEASUREMENTS

Flow cylinder measurements are used to:

— determine the surface flow pattern near each stations
along the lake;

- find out how winds (direction and speed) affect the flow
pattern;

— find the areas of strong currents;

- determine the horizontal diffusion rate; and to

— provide information about currents for installation of
recording current meters in the future.

The measurement is based on flow cylinders which are
submerged at the desired depth with a thin rope and a small
buoy. The cylinder will travel with the water flow and from the
movements of the buoy the flow is detected.

The method is:

- easy to apply;

— gives quickly some results;

- easy to modify;

— not costly;

— Lagrangian, and does not give much information of
variations of currents in time;

- there will be five cylinders available for each station;

— the time of travel to the measuring sites is maximum 2
hours;

— the minimum time for measuring is    one       hour   , in order to
get good accuracy of travel distance by GPS;

— the maximum depth of measurement is 50 m, since the
  currents affecting a long rope may distort the
   measuring. A thin rope is recommended;

- in rough weather cylinders are difficult to detect; and

— if only one boat is available measurements should be done
in a fairly restricted area 2 km2.

There are several ways of spacing the cylinders:

1 - To put cylinders at the same depth over the whole line (e.g.
2 m). Spacing is 300-500 metres between the cylinders. When
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you extend the line, remember to use one site as reference
from the previous measurement.

2 - To put 3 cylinders on surface at 2 m level and 2 at 40 m
level in the two locations together with 2 m cylinders.

3 - To put 5 cylinders in the same site (levels 2 , 10, 20,
30, 40 m)

4 - To vary the spacing of cylinders in horizontal and vertical
direction according the results from 1—3.

5 - After 1—3/4, to follow cylinders on the area of strong
currents for an extended period (i.e. 6 hours) and to take
positions each hour.

In the first phase (1993) measurements should be conducted as
follows:

— lines from the shore towards the open lake. The measurements
will be done once/week line by line. About five lines near
each station should be covered during the period at least with
methods 1 and 2;

- lake wind measurements are done at each startpoint and
stoppoint during each flow measurement; and

— the data will be processed in each research station according
to the instructions given earlier (see Appendix 12). This
calculation is based on the determination of travel time and
travel distance. The travel distance is calculated on the
basis of difference between startpostion and stopposition.

6. CTD MEASUREMENTS

Conductivity Temperature Depth profiler (CTD) model STD12
Plus used by LTR is manufactured by Applied Microsystems Inc.,
Canada (Figure 6). It is equipped with an oxygen sensor. The
instrument is selfcontained and has a solid state memory (500
kB). The instrument is powered with standard alkaline batteries.
The CTD is operated with a PC software and the instrument can be
used for several succesive measurements without constant
programming. The sensors attached to the instrument have the
following technical specifications:

Sensor Range Accuracy Response time
Pressure 0 - 200 bar 0.01 %
Temperature - 2 - 32°C 0.01°C 250 ms
Conductivity 0.2 - 40 ppt 1 µSiemens/cm 0 (ms)
Oxygen 0 - 15 mg/l 1 mg/l

The response time of the conductivity cell is dependent on
the flushing of the sensor. If the flushing speed is 0.5 in/s
the response time is 50 ins. The response time of the oxygen
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sensor is the lowest of all. If the oxygen sensor is used it is
best to lower the instrument with increments and not with high
speed. For futher information the reader is referred to ‘Model
STD-12 no 622 User’ Manual’.

There are basically two ways to program this instrument. A
communication package (like Procomm) or by using AMLsoftware by
Applied Microsystems. Right now AML is still under development
and the user must be able to use both softwares.

The instrument can be programmed and data unloaded
according to the following instructions:

1.    Connecting       the       STD-12       plus       to       a             computer   :

- connect the RS-232 connector to the COMl port of your
computer (you can also choose port COM2 but then you have
to change the software) (see STD-12 PLUS Preliminary User
Manual for more details);

— once the connections have been made and the
communications software has been loaded, the red shorting
plug can be inserted into the hole connector on the
instrument,    press       Enter   , this will initiate the autobauding
sequence.

2.    Use       of       Procomin       as       a       communications       package       (MS—DOS~   :

- the simplest method of communicating with the STD-PLUS is
to use a terminal program;

— copy Procomm—program to your computer’s hard disk;

— to run Procomm,    type       procomm    and    press       Enter   ;

- assuming that the STD-PLUS is connected to the
computer and is powered up, one only has to    press       Enter
   again    and the STD-PLUS autobauding feature will
automatically sense the communication baud rate and will
send back the main menu;

- the STD-PLUS is now communicating with the computer and
one can program it by using its own commands (see STD—12
PLUS Preliminary User Manual for more details). Use Procomm
for instance to

1) set the correct date and time;
2) to set the baud rate;
3) to change the parameters for a specific sensor;
4) to see variables or sensor information.

3.    AML       total       system       software   

- the AML consists of two parts: the DOS interface and the
system software, the DOS interface is a program which
allows the computer to talk directly to the STD-12 Plus.
Once the device driver DOS-INT.SYS in the “config.sys” file
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has been installed, one can directly access the instrument
as if it was another disk drive (e.g. d:);

- first install the total system software to the hard disk,
place the Total System Software disk in the disk drive, log
to that drive and type INSTALL C:

- installation requires the alteration of the “config.sys”
file; before changing it, make a backup copy of that file,
install the device driver by inserting the following
command: DEVICE = C:\AML\DOS-INT.SYS COMl 19200 (for
instrument operation on COM2, write DEVICE = C:\AML\DOS-
INT.SYS COM2 19200)

— after these changes were made, restart the computer, If
everything is correct, the following message is seen:

Dos Interface Oct 92
Drive D:

- D is the drive letter that is used for accessing the
instrument

— in order to use the Total System Software, one must first
connect the STD-12 to the computer and then start the
program by writing

C:
CD AML
AML

— the title page now showing in your screen allows one to
access the following menus : FILE, DATA and OPTIONS. Choose
menus by typing the first letter of the word in conjunction
with the ALT key or a function key or click on any portion
of a menu with the mouse (for more information, see ‘   Total
   System       Software       manual’   );

— use the escape key (ESC) to return to a previous menu or
window;

— you choose funtions by using cursor keys to move the menu
bar up and down and pressing enter or by clicking on the
word with the mouse cursor:

   A.         FILE       submenu   :

— one can copy data from the instrument to the computer’s
hard disk or floppy disk, and one can also erase and rename
files.

   B.       DATA       submenu   :

- to configure the instrument for logging by using the
function SETUP CAST, to choose sample time unit,sampling
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interval, depth logging interval and to give name to the
log file;

-    function       VIEW/EDIT       DATA   : allows to view and edit data
logged by the instrument;

-    function       REALTIME       DATA   : allows to view and edit data in
real time;

-    function        COEFFICIENTS   : allows to view and alter
calibration coefficients and display parameters.

   C.         OPTIONS       submenu   :

—    function       DIRECTORIES   : allows to alter the location of
where the software will store and retrieve specific files;
and

—    function       HARDWARE    allows to configure the software for
the computer’s hardware options.

4.    Calibration       of       the       oxygen       sensor   

- STD-PLUS has a model 64 dissolved oxygen sensor, which
produces an e m f directly proportional to the concentration of
oxygen dissolved in the solution in which the sensor is
immersed;

- for information of the functioning and calibration of the
sensor, see ‘   Model        64        Dissolved        Oxygen        Sensor:        Operation
   Manual.   ’

In LTR the instrument should be programmed to take readings
by depth increment (2 m). After the programming of the
instrument, the communication cable is taken of f and replaced
with a dummy plug. When the instrument is lowered in the water
and the conductivity cell immersed it will automatically trigger
the data logging.

7. WATER LEVEL RECORDING

Water level recording gives information of seasonal
fluctuations of water level and short term periodical
oscillations of the surface (seiching and tides). LTR installed
three automatic water level recorders along the lake (Table 1).
The Druck pressure sensor is used for water level measuring and
a Telog data recording unit is used for data collection and
calibration (Figure 7). The sensor is installed in a plastic
tube in a blank of a pier. The tube protects the sensor and
dampens the effect of waves. The sensor has a measuring range
between 0 and 70 cm, with an accuracy of 0.1 %. Since the
instrument records relative water level values, it is essential
to combine the daily readings of existing water level staff on
gauges in Bujumbura and Mpulungu with Telog observations.
Because of the seasonal water level fluctuations the water level
in the tube has to be checked weekly and, if required, a new
level of the sensor has to be selected. The pressure sensor
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collects water level data once per second and the data recording
units are programmed to store hourly mean values. With these
settings the memory capacity is enough for nine months
recording.

With the following instructions one can program the Telog
recorder with appropriate interval and measuring range and also
unload and scale the data:

1.    Starting       the       program       and       saving       the       data   

- configure the serial port in the PC, set baud rate=9600,
parity=n, data bits=8, stop bits=l

- start the Telog-program from the floppy disk or from the
hard disk by writing 2100 If one starts the program from
the hard disk, remember to put the data disk in the disk
drive;

— set date but notice the order : month, day, year;

- set time;

- press FlO to get the main menu;

- press F4 (change baud rate) to check the baud rate

(should be 9600);

- press F6 (utilities) in order to get to the next menu;

— press Fl (configure disk drive) to choose disk drive

for the data disk,usually it is a:, press Enter a:

- press FlO (abort this function);

— press F3 (set default com port), to choose serial port
coml or coin 2;

- press FlO (abort this function);

— press FlO (return to main menu);

— press F3 (process next recorder or DTU);

— press Fl (2100 recorder) and connect the recorder to the
computers serial port with the Telog cabel, then press
Enter. One must have the data disk in the disk drive. Now
the main menu should be seen on the computer screen
(recorder status);

— press Fl (analyze recorder data);

- press Fl (display hi-resolution graph) and wait until the
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data have been read into the PC (read recorder data —please
wait);

— press Fl (auto—scale graph), now one can see the stored
data, max 271 days (Telog records water level once each
second and it is programmed to calculate one hour mean
values);

— press FlO (analyze recorder menu);

— press F4 (save recorder data to disk);

— give name to the file, press Enter;

— you can use F5 (read recorder data from disk) to get the
recorder data from the disk;

— press FlO (return to the main menu);

— press FlO (exit to operating system).

2.    Scaling       of       the       recorder   

- start the program, set date and time;

— press Fl (2100 recorder) and connect the recorder to the
computer’s serial port with the Telog—cabel, press Enter;

- put the data disk in the disk drive;

— press F6 (utilities);

- press F2 (define recorder scaling);

— give first the unit, m (meter), press Enter, give
values to point 1, first 0 %, press Enter, and then 0
meters, press Enter, then give values to point 2, first
100 %, press Enter and then 0.7 meters, press Enter;

— answer Y if the program asks to erase the stored data;

— press FlO (return to the main menu);

— press FlO (exit to operating system)

3.    Scaling of the data on the disk drive   

- start the program, put the data disk in the disk drive;

- set date and time;

- press FlO (go to the main menu);

— press Fl (analyze recorder data);
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— press F5 (read recorder data from the disk), move with
arrows to the desired file and press Enter;

— press FlO (return to main menu);

— press F6 (utilities);

— press F2 (define recorder scaling), do the scaling same

way as earlier your did in the scaling of the recorder.

4.    Programing       the       recorder   

- start the program (2100), set date and time, notice the
order: month, day, year;

- choose Fl (2100 recorder);

— connect the recorder to the computer’s serial port,

press Enter

— wait until the settings of the recorder (recorder

status) are seen;

— press F2 (program recorder);

— press Fl (change recorder status);

— use arrows to choose the name of the recorder (recorder
ID);

- the time of the recorder will always be the time when one
starts the program;

— with the space bar one can choose between three 
choices OK, RESET, SYNC. Choose SYNC. so that the 
recorder will record data every hour (if one has 
chosen one hour to be the recording interval);

— in the next field one chooses minimum, maximum or mean 
recording (averages);

- alarm status must be OFF;

— in the next field one chooses the recording interval
00:00:00 (hh:mm:ss);

— use the space bar to choose the storage capacity=6512;

— when the recorder has been programed, press Fl

(re—program recorder using displayed status);

— reset the recorder, press Y;
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- wait until the PC has moved the new status to the 
recorder;

— press FlO (return to the main menu);

— press FlO (exit to operating system).
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Appendix 2
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