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The aim of this research is to enhance knowledge and understanding of
spatial, dynamic, textural and chemical aspects of bimodal sand sheets, and
their potential for agricultural exploitation. It will involve the use of
already existing methods for studying unimoda)l sands and the usufruct of
practical experience  gained, predominantly in Israel with dune sand
agriculture on bimodal sand sheets under different environmental conditions.
Fart of the work will be conducted in the field and part in the Laboratory.
The field work is planned to be carried out in northern Senagal and the
simul ative laboratory  work  in the wind tunnel of the laboratory of

geomorphology of Ben-Gurion University of the Negev.

FIELD WORK

The area chosen for the field work is ]ocated in northern Senegal, south of
the Senegal FRiver, between the villages of Dagana and Fodor. This area is
covered by sand of an ancient ‘Erg’ (sand sea) that was formed during a dryer
climate of the Upper Fleistocene (more than 40,000 years ago). This dry

period was succeeded by a humid phase in which the sand dunes became



stabilized, subdued in form, and underwent soil formation (Mich=l 1980).

The average annual rainfall of the area during the period priar to 1949 was
330 mm  in a monsoonal regime between July and October (3riffiths % Soliman
1972) . After 1970 there was a drastic decrease in rainfall. The average
precipitation for Guede Chantier near Fodor (16°27'N; 14°3%9'W), for

the period 1970-1986, is .71 mm (data given toc me by courtesy of Ms. Jane
Rossing of N‘Dioun). Figures 1y 2, & 3 depict the analysis of tho rain data
and indicate that, within the decrease of 50% in the average annual rainfall,

there is an increased raisfall during the period of November to March.

This npaturally produced change in the ecological conditions has left its
impression on the area. An analysis of satellite images by Spot Image, taken
on 24 March 1986, revealed vast fields of sand sheets that suffered from
overgrazing and firewood collecting during the last 20 years, which l2d to
the development of several low active dunes. The area has gradually
deteriorated and degenerated from an ecological point of view - a process

known as desertification

A previous attempt to visit the area in last May failed due to difficulties
in obtaining an entry visa to Senegal. Dr. Christian S. Diatta, the Director
of the Institute for Applied Nuclear Technology (ITNA), Cheikh Anta Diop
University in Dakar, who is our local collaborator, has recently met with the
Senegalese Ministaer of Interior who promised him solemnly that we will soon
get our visas. Field work, together with three other scientists of C.A.F.
University in Dakar, from the desciplines of biology, physics and geology, is
planned to be carried out after the coming monsoon season. We have prepared

equipment for field work such as sand traps, anemometres and recorders.



LAEORATORY WORK

In the 1laboratory we have prepared the boundary-layer 1ow-speed wind tunnel
appropriate for studying the movement of coarse sand of which sand sheets are
composed. Out of the various methods for generating the wind profile in the
wind tunnel for sand movement simulation, the Cowdrey method - one of the
simplest yet most effective - was chosen. By this method, velocity can be
non-uniformly reduced by placing, ahead of the test section, a closely graded
grid of rods near the floor and which becomes, further ahead, close to the

roof,

The sand feeder built for the wind tunnel has eight outlet pipes so that the
rate of sand discharged from the feeder can be easily measured and regulated.
A test of poorly sorted coarse sand, created synthetically from sand
components selected in the Negev desert, is shown in Figure 4. After 8 hours
of wind speed of 10 m s-', the sand surface was stabilized by the

formation of armoring coarse particles on the surface ("Tunnel sand" in Fig.

4) .,

The sand trap designed for the wind tunnel work consists of six chambers, one
on top of the other, each with an aperture of 10%20 mm and a length of 350 mm
(Fig. 3). The exit port at the top of the chamber is meant for decreasing the
stagnation pressure and is covered by a fine mesh of 75 pm. Measurements of
the amount of sand trapped by the chambers (gq) in gr cm~* hr-! under

several different wind velocities (u) show a very good correlation (r=0.994)
between gq and u® (Fig. 6&). According to the regression equation:

q=(0.63u-4.5)% it comes that the threshold velocity (impact threshold)
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for this sand, measured at 15 cn height, is 7.15 m s-t,

In another wind tunnel test, the grain-size of the sand caught by the trap
was compared with the surface sand grain sizes (Fig. 7). It is obvious that
the trapped sand is finer than the surface sand because of containing the
saltation load whereas surface sand has a great proportion of coarse lag
creeping grains. The sand used in the teader 1s similar in size to sand

collected in the trap.

Measurements of profiles of wind velocity were taken under several wind
speeds, from the threshaold velocity up to the highest possible wind tunnel
speed. The results are shown in Figure 8. The threshold friction velocity is
31 ecm s-' and the highest friction velocity 1is 111 cm s-t. The
roughness length (zo) is 1.766x10-5 m. It corresponds to an average

surface grain-size of ©0.53 mm (30z¢) .
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FIGURE CAFTIDNS

Figure 1: The mean monthly rainfall of Guede Chantier, northern Senegal, for

Figure 2:

Figure

Figure

Figure

Figure

Figure

Figure

n

the period 1971-19864,

The distribution of northern Senegal annual rainfall (in percent)
for the period 1971-19864.

: The deviation of northern Senegal annual rainfall from che mean

(1971-19864) .,

! Grain-size distribution of poorly sorted sand. In blark the

grain-size distribution given by the feeder. In grey the tunnel
surface grain-size distribution after 8 hours of wind velocity of
10m s,

¢ A chamber for trapping saltating sand.

: Rearession line for the correlation between sand transport (q) and

wind velocity (u).

: Comparison between grain-size distribution of tunnel surface sand

and sand collected in the trap.

i Wind velocity profiles, on a logarithmic scale of heights, for the

wind tunnel and the surface sand.
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The aim of this research 1is to achieve a better understanding of eolian
Sand sheets for all the aspects related to the development of modern desert
agriculture. The tfield work is planned to be carried out in northern
Senegal. The laboratory work of simulation is performed in the wind tunnel

of the laboratory of geomorphology of Ben Gurion University of the Negev.

The work has been ?arried out up to now in accordance with the time
Schedule estimated for the total research objective. We have purchased
Satellite images of Spot Image taken on 24 March 1986 which have a
resolution of 10 meters. Analysis of these images revealed a vast sand
sheet field in northern Senegal, south and east of the village of Dagana,
in an area with an average annual rainfall of about 300 mm. The area is
known as composed of "subdued ancient erg dunes" that suffered from
overgrazing and firewood collecting during the last 20 years. Several low
subdued dunes have developed in this area. The area has gradually
deteriorated and degenerated from an ecological point of view, but it can

nevertheless serve as a good field site for sand sheet studies,
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Dr. Christian s. Diatta, the Director of the Institute of Applied Nuclear
Technology (ITNA), Cheikh Anta Diop University in Dakar, has expressed his
wish to participate in the project, together with three other scientists of
the same institute, from the desciplines of biology, physics and geoloyy.
We have prepared equipment for field work such as sand traps, anemometres
and recorders. Field work is planned to be carried out after the coming

monsoon season,

In the laboratory we have prepared the boundary-layer low-speed wind tunnel
appropriate for studying the movement of coarse sand of which sand sheets
are composed. Out of tlie various methods for generating the profile of
Specific velocities in the wind tunnel for sand movement simulation, the
Cowdrey method - one of the simplest yet most effective - was chosen. The
Cowdrey method was used to design the number and spacing of screen of
horizontal 700 mm x 18 mm diameter brass rods which were inserted in the

main flow sect’ .n upstream of the sand feeder.

The sand feeder built for the wind tunnel has eight outlet pipes so that
the rate of sand discharged from the feeder can be easily measured and
regulated. A test of bimodal coarse sand used in the tunnel indicated a
Stabilization by armoring coarse particles 6n the surface after 8 hours of
wind speed of 10 m s~1. Results of this test are shown in the eniclosed

figure which shows bar diagraﬁs of bimodal sand grain sizes, as also the
change in grain size resulting from the formation of the armored coarse
cover. Some other tests with differant grain size distributions will be
made this coming summer. After collecting samples in the field we will

Simulate the field type of sand movement and formation in the tunnel,
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