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AB5TRACT

In 1980, the OR5TOM Hydrological Department set up and operated a
measurement method in the easily flooded zones of the Nile Between Juba and
Malakal (Sudan). This method aimed at determining the occurrence of the
flooding in these regions.

Nevi techniques such as satellite telemetry and· isotopie analyses
were used successfully.

Therefore, the zone situated east of the dike which protects the
Dinka population against the Nile overflows is flooded only by rain water.
An hydrological phenomenon such as the creeping flow was not analysed for
lack of adequate rainfall. Moreover, it was not possible to know the level
of the flooding which would correspond to an exceptional flood of the Nile.

A programme including additional measurements was worked out.

RESUME

EYl. 1980, le. Se!tv-tc.e. HydJtolog-tque. de. l' ORSrOM a. -tYl..6.ta.Ué et e.xploilé

Uyl. d.Â...6po.6.u.<.6 de. mer..uJz.e. da.Yl..6 la. ZOYl.e. -tYl.cJYl.da.ble. du NU e.n..t't.e. Juba. et Ma1.a.ka.l .

[Souda.n). Ce d.Â...6p0.6.u.<.6 Ua..u der..tJ..Yl.é à. déteJUn-tYl.e!t ler.. méc.a.n.-t.6mer.. de l' ,(.Yl.onda.tJ..OYl.

de c.er.. Jtég-toYl..6.

1

: Ve.6 -te.c.hyt,(.que..6 Yl.ouve-U.er.. (-tUétJta.Yl..6m-i..6.6-toYl. der.. mer..uJz.er.. pM .6a.:te.U.uer..,

a.n.a.lY.6e.6 -i..6o-top-tquer..l on.-t Ué employéer.. a.vec. .6uc.c.è.6.

Il en. Jté.6uU que la. ZOYl.e .6);tuée à. l' E.6-t de la. cügue (ptto-tég e.a.n.-t la.

popula.-ü.Oyl. V-tYl.ka. der.. déboJtdemew du NU) yl. ' er..-t -tnoYl.dée que PM l' eau de. pltUe.

Uyl. phéYl.omène. hydJtolog-tque le "Jtu-i..6.6 ellemen.-t Jtampa.n.-t", yl. 1 a. pM été a.n.a.ly.6 é

6a.u-te d' UYl.e. pfuv-tomé.:tIUe. .6u6 6-i..6a.n.-te .. Il yl. 1 a. pM Ué pO.6.6-tble de c.oYl.vu:ûbte le

yt,(.vea.u de l' -tYl.onda.ü.OYl. C.OMer..ponda.n.-t à. UYl.e CJ!.ue exc.eptionYl.elle. du NJ.,t.

Uyl. pttogJtamme de mer..uJz.er.. c.omplémen.-taJ/ter.. a. été éta.bU.
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INTRODUCTION

800 kilometres downstream from the frontier between·the Sudan and Uganda
and 1 100 kilometres from Lake Albert, the White Nile or Bahr-el-Jebel (arab word
meaning "moun tain river") enters the widest swamp in the world : the Sudd (arab
woro meaning "block") whose origin cornes from the vegeta~ion islands which cover
the minor bed. This swarnp is cornposed of a permanent part on both sides of the mi
nor bed whose area would amount to about 8·000 km2. During the rainy season, the
bad drainage conditions (due to the low gradient) along with the overflow of the
Nile amount to the floodihg' of about 80 000 km2.

In these swamps, losses by evapotranspiration represent nearly half the
upstream discharge. Therefore, i~ ·1904, the water require~ents for the irrigation
of the Nile Valley led Sir W. GASTIN to emphasize that it was necessary to reduce
these losses. Seyeral solutions were contemplated : and it was A.D. BUTCHERls
solution [21J which was considered in 1938. It consists in digging a channel of
300 km in length, the Jonglei Channel, which will divert the course of a good ma
ny of the White Nile waters. Currently, the proj.ect is in 'progress since 40 km-';
à.r..e ·.afreàdi d~g';' ..~::..' '.

Since this considerable project was accompanied by an agricultural de""
velopment on both sides of the channel, it was advisable to have a previous know
ledge of the hydrological conditions prevailing in the plain situated on the .right
bank by distinguishing ;

- the zone situated between the minor bed and the protective dike which
will be flooded as a result of the overflow of the ~ile,

tQe zone situated east of the dike which is a large flat and very poor
ly drained area.

For this purpose, in a letter nO SUD/79/004 dated of February, 1980,
the United NationsDevelopment Programme and more precisely the section of the
Operation Programmes Execution asked the ORSTOM Hydrological Department :

_. "to determi ne the shape of the hydrograph,
to know the role played by the Nile flood and the role played by
local runoff".

For this purpose, three techniques were used :

- "in situ'" measurements of the water level and precipitation depth along
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with immediate satellite telemetry,

- use of the opportunities given by remote sensing (LANDSAT satellite)
along with an aerial reconnaissance in high water,

- isotopic analyses of water in order to know whether it is rainwater or
water from the Nile.

This document is the final report of this study dealing mainly with the
regi on situated near' Kongor whi ch i s a vi 11 age about 100 km north of the southern
boundary of the SUDD.

Doctor Jacques CALLEDE who is an hydrological engineer at ORSTOM was
entrusted with making this study' which included the setting up of the network,
its operation and the analysis of the results.

The translation and page-setting was carried out by Miss DESART who is
working as a translator àt ORSTOM.

The author want)to thank Mr and Mrs CAMBELL (UNDP/OPE/PISU), Mr GRUTZ
/

MACHER and Mr ROWBOTTON (ILACO),Mr ARDAGH (FAO), the.Khartoum UNDP Staff and the
Sudanese Government for their able assistance.
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1. - GEOGRAPHICAL DESCRIPTION
---------------

1. 1. - SITUATION

The Sudd is situated in the southern part of the Repub1ic of the Sudan
between 06 0 and 10~ latitude North and 030 0 and 032 0 longitude East.

It is a wide and triangu1ar plain whose altitude amounts to about 406 m

at Kongor [5J.

The two most important towns such as Ma1akal in the North and Bor in the
South are connected by a road which is passable only in the dry season. Kongor
which is the zone under study'is situated on this road about 100 km.north of Bor.

Two a11 weather air strips are situated at Bor and Ma1akal. A dry season
air strip connects up with the UNDP camp at Kongor.

The 'l~hite Nile is navigable in any season from Bor to Malaka1.

1. 2. - RELIEF

Apart from the minor bed of the Ni1e, it is difficu1t to spea~ of re
lief since the zone under study is strict1y f)at. Man is most often responsib1e
for the irregu1arities such as, for instance, the dikes which ar~ 2 mwide on
an average and 0.5 m high and are usefu1 for protecting houses or fields. There
are a1so the "hafirs" which are'ponds dug by man and intended to water the cat
t1e. Apart from this, everything is strict1y flat : for instance, the thalwegs
w~ich can be seen in the RBV pictures of the LANDSAT satellite show on1y depr~s

sions ranging fro~ ~O to 50 cm in depth which are invisible to the naked eye
when wa1king through th~ region.

The longitudinal slope amoun~to only 0.1 m per ki10metre (0~1 %J. The
cross slope can be considered as equa1 to zero or at 1east insignificant.

1.3. - SOILS

Al1 the soi1s' in the zone under study are hydromorphic and practically
impervious. "In situ" measurements which 'I,ere made by the Pengko Pilot Project
through a methodo1ogy simi1ar to MUNTZ·s one shbw perco1ating ve10cities such'as
K = 10- 6m/s. The rèsults of the surveys concerni~g the water 1evel in the three
telemetry stations show perco1ating velocities which are still lower, as we will
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see fu~ther on. As a matter of facto it is apparent from the whole measurements
that the percolating velocity should not be higher than .;.1Q-7 m/ s • say about
0.5 cm per day : the results given by the telemetry stations are theoretically
better for they spread over a longer period than the results obtained by Muntz's
measurements and it was observed that. generally. MUNTZ.'s ~easurements give velo
cities which are slightly too high.

Only such an impervious. ~oil makes it possible to dig numerous hafirs
which will impound the water necessary for watering the cattle. As far as l am
concerned. l saw these small ponds being dug when the motor pump was started in
the UNDP camp at Kongor : the water level in these small hafirs which were called
weer in this case had not dropped considerably in the course of the night.

1. 4. - THE FLOODING IN THE REGION OF KONGOR

Drainage conditions are very poor in this large and impervious plain
which is going to be turned i~to a large ~wamp by rainfalls and the Nile over
flow. In the dry season. only the zones bordering the minor bed of the Nile are
flooded. The horned cattle are pasturing in the toi ch. the local word for the
zones which will be flooded in the rainy season. The occurrence of the first rain-. . .
falls leads to a stagnancy of water in the very place where· rain is falling. In
July-August. the Nile flood is going to inundate the plain, therefore, men and
cattle will move towards the East in order to find a dry soil. 50. a dike which
is at least 150 km long was built from Bor towards the North in order to serve as
a protection against the Nile flood. This dike keeps roughly along the western
limit of the Bor-Kongor-Malakal road.

The Nile overflow zone (that is to say the zone bounded to the East
by the dike) which is seen from the plane or in the pictures transmitted through
LANDSAT satellite distinguishes very clearly from the rest of the plain.
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2 - CLIMATOIDGY m THE REGICN OF KCNOOR

The region of Kongor gets a tropical climate characterized by a
rainy season (April - October) and a dry season (November - March).

There was a meteorological station at Bor near the port but, nowadays,
. it is closed.

Nowadays, a second station ;s operating at the Pengko. P~lo~ Project,
that is to say 50 kilometres east of the ~revious one. This station makes
measurements about air temperature and humidity, wind, rainfall, evaporation on
tank and duration of insolation.

The reference meteorological station is situated at Juba, 160 kilo
metres far in the South.

2.1. - AIR TEMPERATURE

The mean air temper.ature amounts to 27_'..7° C at Bor [5J ' the maximum
daily mean amounts to 33.7° C and the minimum daily mean amounts to 21.lo C.

These values are rather similar to those observed [3] at N1Délé. .
(Central African Republic) which is situated roughly 150 kilometres far in the
North. This station gets temperatures amounting respectively t028.8° C , 33.3°(C
and 20.4° C.

2.2. - HUMIDITY

At Bor, the mean relative humidity amounts to

71 %at 06 UT

48 %at 12 UT

70 %at 18 UT

Comparatively, the 'values recorded at N1Délé are very similar amou~

ting to 77,48 and 64 %, which would show an annual mean vapour pressure of
20 millibars ranging from Il millibars (dry season) to 25 millibars (rainy season)

2.3. - EVAPORATION

It must be pointed out that, as far as evaporation is.concerned, the
reference used is measured in large 'water surfaces (for instance, lakes) and
that, under these conditions, this evaporation is very similar to the potential
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The White Nile (on the top).
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The White Nile above BOR
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evapotranspiration (PET) which is measured for an area cov~red with a short-cut
grass.

~e will point out that evaporation can be determined either through
"-tYl .6-UU" measurements (on tanks, for instance), or through formulas based
on rea1 physical phenomena (PENMAN) or on local correlations between various
meteorological parameters.

- The use of THORNTHWAITE's formula leads to an annual evaporation
(PET) ranging from 1700 to 1750m~ ~~ .

- On the other hand, the use of PENMAN's formula [~J leads to an
annual evaporation amounting to 2150mm, which is rather high wh en comparlng it
with the value of 2300mm prevailing in Lake Chad.

- The liA Class of \~eather Office" tank which is set up at the station
of Pengko Pilàt Project leads to an annual evaporation amounting to 205Omm.
\~hen· applying to it a PET/. liA class'l transposition coefficient of 0.7 DD ' \'Ie

get a PET amounting to 1440mm. This value may be a little imprecise and above
all too low for the ~ank is covered with a' close-meshed nettin'g which is inten
ded to prevent birds from drinkin9 the water in the tank.

- The correlation establ ished' by C. RIOU 1][1 between the maximum
daily rnonthly mean and the PET (PET mm/day = 0.30 x.Tmax oC - 5,9) leads to
rather conclusive res~lts amounting to 1530 mm per yea~.

Finally, we can a~ree with an annual potential evapotranspiration
amounting to about 1530 mm.

This value which seems to be appropriate when compared with

Bangui (04 0 N) = 1200mm/year·
Moundou (OSO 30N) = 1600mm/year
Lake Chad (140 N) = 2300 mm/year

is precise enough.as far as our study is concerned.

Let us mention here the coefficient 0.54 for PET/ liA class" which
was determined by OMAR and EL BAKRY C=24J when th~y studied evaporation in the
lake of Aswan High dam. Let us also note that our evaluation about the daily
mean (4.2mm) i.s slïghtly higher than the one mentioned by ~URST [2~ , that is
to say 3.4mm.



POTENTIAL EVAPOTRANSPlRATION ON BOR AREA (mm/day)

. Type of de termination J F M A M J J A S 0 N D Year

PENf-1AN 217 190 202 186 183 159 140 140 150 177 189 217 2150

RIOU' s correlation 165 135 160 140 120 95 90 95 110 140 135 145 1530

liA Class" tank

observed data 225 225 280 250 220 115 95 95 105 140 145 . 155 2050

corrected (k = 0,1) dat.a 160 160 195 175 155 80 65 65 75 100 100 Il.0 1440.
Adopted value

monthly 160 160 180 160 150 90" 80 80 90· 120· 120 140 1530

daily 5,2 5,7 5,8 6,0 4,8 3,0 2.,6 2,6 3,0 3,9 4,0 4,5 4,2
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2.4. - PLUVIOMETRY

The annual pluviometry amounts to 860mm at Kongor. while it amounts to
903mm at Bor. Given the latitude (about 07° lalitude North). these values seem
to be rather low wh en compared with the neighbouring stations situated in the
same latitude [~ such as

Rumbek = 994mm
Wau = 1145mm
Yalinga= 1561mm
Obo = 1398mm

The plotting of the isohyets shows rather well the low annual rainfalls
prevailin~ in the Sudd (Fig. 2)

Several ~xplanations can be put forward :

- this zone receives fewer rainfalls than the zones situated in the
East. as a result of the Ethiopian relie~ (the Nile plain is situated 400 metres
up. while the Ethiopian mountains culminate at 300Om. It represents a reâl
barrierto the masses of humid air from the Red Sea (which is shown by the
isonyets) and this hypothesis is quite val id.

- similarly. this zone receives fewer rainfalls from the West as a
result of the relief which separates the Congo basin from the Nile ·basâ.n. Here.
in the West. the M'Bomou plain towards Obo is only 600 metres up. wnile the
drainage divide is 800·-m up on the frontier and rises only at l300·m. Kongor
is only 400m ~p. This hypothesis is less satisfactory as far as the monsoon
rainfall from the West is concerned.

~ Another explanation could result from the fact that the Sudd would
not enjoy the storm-lines which are obser.ved in the Central African Republic.
the Republic of Chad and the westernmost countries ~17. 2~ . This hypothesis
is based on the fact that. in the region of Sudd. there are no North/South
storm lines~as is the case far in~the West- which move from the East to the
West (this results from an investigation which was made with the Meteorological
Department.the aircraft pilots. and the International Development Organizations).
A~other confirmation is given by the examination of daily rainfalls which are
recorded over 10 years (that .is to say. which can be reached or exceeded one
year out of 10).

At Bor. it amounts to 103mm C=4J
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l t amounts to 116mm at Bangui (annua 1 ra infa 11 1590mm)
(RCA)

110mm at Bambari Il Il 1482mm)
(RCA)

109mm at A1indao Il, Il 1546mm)
(RCA)

93mm at Amtimam Il Il 895mm)
(Chad)

103mm at Sahr ( Il Il 1143mm)
(Chad)

These are stations situated in the Repub1ic of Chad or in the
Central African Repub1ic and whose decennia1 downpours had a1ready been calcu-
l ated [Il, 1,U •

This cou1d show that the decennia1 downpour at Bor is not representa
tive of a rainfa11 amounting to 900mm but wou1d be better for a region which
is drained by.120Omm each year (fig. 3). However. it was observed that the very
high dai1y rainfa11s occur main1y at the beginning of the rainy season. which
1eads t9 consider'that the deficiency in annua1 rainfa11s compared with the
wester'nmost regions is occurr+ng main1y in Ju1y - August - September. that is to
say when the storm 1ines are the most active. This can be c1ear1y seen in the.
distribution of month1y rainfa11s (figure nO 4) at the stations of Bor a,nd Ya1inga

. This wou1d imp1y that the disappearance of the swamps in Bahr-e1-Jebe1
cou1d have serious consequences on the who1e annua1 rainfa11s in the countries
of Central and Western Africa which are situated west of the Sudan. The annua1
volume of the Ni1e which wou1d pass through the' future Jong1ei channel wou1d
amount to on1y 4.7xl0 9m3 (information given by the CCI. the company which is
digging the channel). Water 10sses in the swamps through the Bahr-e1-Jebe1 and
the Bahr-e1-Gaza1 are eva1uated [g(J at 28xl0 9m3/year in a normal year.

Let us suppose that the who1e water of the channel resu1ts from the
portion which ought to have been evaporated if the channel did not exist. that
is to say, supposing that in high waters there is no influence of the channel
on the inf10ws from the -Bàhr-e1-Jebe1. l~ this case, the 10sses are reduced
to 4xl09m3. which represents about 15 %of saved water in a normal year. This
percentage represents undoubted1y the maximum influence of the channel (except,
may be in a bad year) on the reduction of the global 10sses by evaporation.
On the one hand, we estimated that water channel is taken from the plain f100ding,
and on the other hand. we disregarded the inf10w of rain water fa11ing on the
80 000 km2 of the Sudd.

The influence of the Jong1ei channel on the formation of storm 1ines'
;s perhaps insignif;cant, but it remains to be confirmed.
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3. - THE HYDROtJI..ETRICAL NETWORK

The :Qydrometrical network is composed mainly of the Bor and Jonglei
stations which can be increased with the station of Mongalla.

The base levelling grants the altitude of 360.00 m.to the stream gau
ging station situated at Khartoum.

3. 1. - THE BOR STATION .'

A station was set up in the port of Bor in 1905. IIThe gauge consis
ted of two masonry steps with marble scales from 9.50 m to 10.50 m and from
10.50 to 12.00 m. The zero level of the gauge is 408.52 with reference to the
zero of the Khartoum gauge which is assumed to be at 360.00 mil [SJ .

A second station for the water supply would have been set up 25 m
from the pumping station on the same' level, for the previous station would have
been destroyed in 1975, since it was used as the mooring points of boats sailing
in the Nile [4J.

We did not find these two stations when we went there in April and
October 1980.

On the other hand! ~ a thi rd stati on was set up on a by-pass channel
close to the station of water elevation used to irrigate the parcels of the
Pengko Pilot Project at Bor. Its zero level is set at 418.65 m but this station
which is too close (about 2 m) to the pump strainers, is under the influence of
the operating pumps.

3.2. - THE JONGLEI STATION

Its zero level is set at 402.19 m. This station would be operational
since April 1924.

3.3. - CORRELATION BETWEEN THE WATER LEVELS OBSERVED AT BOR AND JONGLEI

Figure n° 5 shows the correla ti on between the annua l maxi mum values
observed at Jonglei and Bor. It is odd té observe that the amplitude of water
levels is more important at Jonglei than at Bor, which seems to be contradic
tory when assuming that the overflows in the plains must lead to a regulation
of the Nile levels .. However, it must be pointed out that

Jonglei is situated downstream from Bor and regulation could not have

time to be felt.
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- The Nile slope is decreasing sharply from Bor and therefore, a decrea
se in the slope is going to lead to a decrease in the speed and there
fore, to an increase in the water in the water level given the same
discharge.

3.4. - STATISTICAL STUDY OF PlATER LEVELS AT JONGLEI

Although a statistical study should deal only with discharges, the
ignoring of the latter at Jonglei leads to the fact that we can work only on
the sample IIwater level ll

•

The statisc~l year distribution is shown in figure n06.

Since the maximum annual water level must reach an asymptotic limit
(given the overflows into the overbank channel), the distribution of annual ma
xima does not follow a classical statistic law.

According to our graphic fitting, the water level would reach or ex
ceed 9. 78 m one year out of ten and would range from 10. 10 to 10. 13 m one
year out of 100.

Thi s las t eva l uati on i s cl early lo.wer than thi s made by ILACO [5 J
whi ch amounts to 10.30 m.

The estimation c,oncerning the ten-year or one-hundred years water le-
. vels remains, however, inaccurate, for it seems that the bottom of the Nile mi

nor bed is rising at Jonglei over the years. It would seem [4J that the bottom
level rose by 50 cm from 1910 to 1950, say a mean increase amounting to 1.3 cm/a
year upstream from Bor. Successive measurements [5J which were madeat Jonglei
when the Nile is flowing entirely in its minor bed show the following shifts of
calibration:

From 1934 to 1959-60 78 cm 3 cm/a year
From 1959-60 to 1960-61 26 cm 26 cm/a year
From 1960-61 to 1963-64 66 cm 22 cm/a year
From 1963-64 to 1970-74 54 cm 6 cm/a year

These values are considerable and inconsistent with the fact that
the transportation of sediments from the White Nile is considered as very low
(from 26 to 170 9 /m3) élnd similar in size to those which were measured [14J
in Central African Republic (say 200 g./m3).

Since the depth of the minor bed in relation to the banks is about
3.8m [27J, this bed would be filled up in 65 years, which is of course ql!ite
an absurd.hypothesis.
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We must consider that the variations in the minor bed result not
from suspended deposits but from modifications in the bed under the influence
of the cùrrent (bed load).

This seems to be all the more p~obable as, at Jonglei, the Nile minor
bed appears in the form of a braided pattern channel which can be clearly seen
in the LANDSAT images. Therefore, from year to year, an arm of the minor bed is
scouring, while another one is silting up mainly when the floods are considerable.

Nevertheless, the scouring-silting: balance may not be established
at the hydrological station.

3.5. - EVOLUTION OF THE FLOODS SINCE 1930

Figure n° 7 shows the highest annual water levels, year after year
since 1930. It seems that, since 1961, the maximum level of the Nile is clearly
higher than previously. Moreover, this was emphasized in a ILACO report [5J
wh'ichgave several explanations for this phenomenon.

Since we knew that there was'a rather good correlation between the
yearly Nile flow and this of'the adjacent basins [IOJ and more especially the
Chari basin, we indicated in figur~ n° 7 the highest yearly water leve1s of the
Congo (Zafre) at Kinshasa and of the Ubangi ·a~ Bangui.>It is visible to the na
ked eye that the evolution of the water levels is almost similar from one year
to the other.

Nevertheless, the coefficients of linear correlation (1' 1 show only
a rather loose relation between the Congo and the Ubangi and no relation at -al1
between the Nile and the Congo or the Nile and the Ubangi.

Nile and Ubangi l' = 0.19 (41 years)
Nile and Congo l' = 0.18 (44 years)
Congo and Ubangi l' = 0.59 (39 years)

This is valid for the peri od from 1930 to 1979.

The period from 1961 te 1975 corresponds. to very high water levels.
In 1961, floods with a return period of at least 50 years were observed on the
Congo [19J, the Ubangi, the Chari, etc ... This also corresponds to a high
flood on the Ni le: it seems in fi gure n° 7' tha t the hi gh wa ter l eve l s of the
Nile remain higher than those of the Congo and the Ubangi.

Nile and Ubangi
Ni l e and Congo
Congo and Ubangi

~ = 0.38

l' = 0.66
l' = 0.96

(15 years)
(13 years)
(13 years)
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;4aximum yearly water 1evel in

Whi.te Nile(Jonglei), Ubangj~ (Bangui) and Congo (Kinshasa)

Period 1930 - 1979

Water levelS

Year Jonglei Bangui Kinshasa
(m)' (m) (m)

1930 8.37 3.52
1931 9.39 3.53 .
1932 9.42 4.38
1933 9.32 3.73
1934 .9.24 4.99
1935 8.77 7.05 3.53
1936 8.80 7.25 4.43
1937 9.15 6.35 4.47
1948 9.40 7•.46 4.51
1939 8.92 7.20 4.87
1940 8.82 6.22 4.00
1941 9.00 6.70 4.43
1942 9.53 7.08 3.35
1943 9.06' 5.98 3.13
1944 8.62 5.50 4.09
1945 8.58 6.97 4.50
1946 9.05 6.92 4.80
1947 9.27 6~64 3.62'

.1948· 9.28 7.5rJ 4.94
1949 9.12 7.06 4.17
1950 8.96 7.20 4;62
1951 8.52 6.94 4.90
1952 9.42 6.20 4.00
1953 8?84 5.30' 3.74
1954· 9.34 6.47 4.02
1955 9.35 7.20 4.80
1956 9.46 6.50 4.22
1957 9.18 ·5.88 4.17
1958 9.47 6.55 2.91
1959 9.38 6.10 4.52
1960 9.48 6.80 4.67
1961 9.84 8.32 6.26
1962 10.09 7.69 5.84
1963 9.87 6.05 4.50
1964 9.81 8.19 5.53
1965 9.70 6.35 4.90
1969 9.62 6.39 4.94
1967 9.59 7.04 5.23
1968 9.63 6.11 4.53
1969 9.73 . .7.32 5.18
1970 9.75 6.76 5.20
1971- 9.57 5.40 4.10
1972 9.39 6.06 4.42
1973 9.57 4.93 3.74
1974 9.67 6.83
1975 9.34 7.64
1976 5.89
1977 5.97
1978 6.30
1979 --' 5.30
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The correlation between the Congo and the Ubangi is very ~igh, which
is rather normal since the Ubangi is a tributary of the Congo.

So, it seems that the high coefficient of flow of the period 1961
1976 is found on the Nile as well as on the Congo (or the Ubangi). An hydrolo
gical study which was made by Mr. P. TOUCHEBEUF de LUSSIGNY [18J about the
Inga dam situated on the Congo cornes to the conclusion that IIthe chronologica1
series of f100ds is subject to a steady phenomenon which is superimposed on the
purely random fluctuations" for the period 1961-1970. As a matter of fact, the
ten-year mean water 1eve1s are as follows at Kinshasa

1931 ,..- 1940· = 4.24 m

),

194·1 - 1950 = 4.16 m
1951 1960 = 4.19 m
1961 - 1970 = 5.21 m
1971 - 1973 = 4.09 m

We find again the same phenomenon on the Nyabarongo at Kiga1;, tl]at:~~·,

is to sayon' a tributary of the High Ni1e upstream from Lake Victoria [7J.~,'

1956 - 1960 = 1.93 m-1961 - 1965 = 2.51 m
1966 - 1970 = 2.15 m
1971 - 1974 = 1.92 m

Such a phenomenon can be accounted for on1y by a superabundant year-'·
ly rainfa11 during the period 1961-1970. For this purpose, we ca1culated the
means concerning the periods 1951-1960, 1961-1970 and 1971-1976 at several
stations for which we got the records :

S:ta:ti..o YL6

Brazzavi 11 e·
(PoPuZa:r> _Republia
of Congo)

Bangui
(Centra t Afriaan
Repubtia)

Bangassou
(C.A.R. )

Rubona
(Rwanda)

1951-60

1 365

1 511

1 694 .

unit = rrun

1961-10

1 430

1 471

1 648

1 288

1911-16

1 319

1 549

1 600

-x.

1 379

1 590

1 712

1 170
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We can see that only the stations situated south of the Equator
(Brazzaville, Rubona) show a yearly rainfall 1961-1970 higher than the mean
(x): In his 1976 technical report [5J~ lLACO ascri,bed the high levels of
the Nile, from 1961, to

the existence of the Owen Falls dam which regulates the discharges
from Lake Victoria,

- the intrusion of the Nile stream channels by water hyacinths,

the modifications in the minor bed,

a meteorological sequence which is clearly more rainy than in the
previous years.

Tt would seem that only the meteorological conditions prevailing
in Central Africa south of the Equator during ,the period 1961-1970 are res
ponsible for this series of particularly high water levels. Let us recall that
the Owen Falls dam was built [26J in 1946, that is to say fifteen years
before .the period under consideration. Tt seems to be rather unlikely that "an
accumulation of water hyacinths or a raising of an arm of the minor bed are
not compensated by the scouri ng of the mi nor bed' in another arme
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4. - THE SATELLITE TELENEI'RY NETI'l)RK

The network of hydrometeorological stations which are equipped with
satellite telemetry is shown in figure n° 8. We used the ARGOS System. Two polar
orbï"ti ng 'satell ites revol ve round the Earth.· Ground stati ons transmit every
200 seconds, whether a satellite i5 visible'or not. When the satellite is
vi~ibl~, say about eight times a day,' the message is intercepted and retransmit
ted in a rather complicated way to the TOULOUSE ARGOS Centre (France) where
it is decoded.

Amagnetic tape file (DISPOSE file) is created at Tàulouse and a
copy is sent to us each month in Paris. On thè other hand, after being trans
cribed, messages are sent to the Global TeJecommunication System (GTS) of the
Wo~ld Meteorological Organization form To~lousè to Paris) where, several times
a day, they appear on the outputs of the teleprinters from the Meteorological
Department to ~hich we'could have access.

It would have been possibleto send these messages to Khartoum
through the GTS but.it was not considered as baing useful.

4.1. TECHNICAL DESCRIPTION OF THE TELEMETRY STATIONS

Each station measures the level of the flood and t~e falling of.
ra;n between each passage of the satellite. There is no ~torage, for the
variations i~ the flood are very slow.

The senso~ measuring the flood" level is a float ~hich follows the
wate~ variations. To this float i~ attached a cable which is wound round an
axis and the other end of the cable is equipped with a counterweight which
provide~ the whole unit with a static equilibrium.... The variation in the

, . "

water'level is going to result in a rotation of the axis. An encoder which
is connected mechanically to the axis gives the digital ~alùe.of the water. level

in binary code (GRAY code).

The rainfall sensor is a tipping bucket which produces an impulse
for each 0.2mm of raine These impulses a~e counted by an el~ctronic counter.
The encoder-transmitter interface is included into the electronic box of the
transmitter.
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The antenna output goes. through a KX13 coaxial cable. The antenna
is mounted on the upper part of the box which contains the whole unit. It is
pratected by an hemispheric casing made of plastic.

The power supply is secured by dry batteries for the power consumption
is very low (50mW). The flood sensor-encoder unit, transmission electronics,
antenna and dry batteries are contained in a metallic box situated above the
maximum possible flood level and mounted at the top of a well which is intended
to protect the float. Box and well were made by a Sudanese blacksmith.

The manufacturers and tradesmen are :

- NEYRTEC at Grenoble (FRANCE) for the flood sensor-coder,
- PRECIS-MECANIQUE at Bezons (FRANCE) for the rainf~ll sensor,
- ELECTRONIC MARCEL DASSAULT at Saint-Cloud (FRANCE) for electronics,
- CIT Alcatel at Lannion (FRANCE) for the antenna,
- CIPEL at Levallois (FRANCE) for the electronic power,
-. EQUIPEMENTS ELECTRŒf1UES DE LI EST at Montreui 1 (FRANCE)
- COMPTOIR ELECTRIQUE DU PERREUX (FRANCE) for other supplies.

4. 2. - THE NETWORK STATIONS

It is situated 50 kilometres East of Bor; say 200 metres after
the camp of. Pengko Pilot Substation. It was set ~p on April 18th, 1980 and was
operational without any problem up to the end of the measurement campaign
(December 15th, 1980).

It is established in a IIditch ll situated nearly in the site of a
IIthalweg ll which is invisible to the naked eye when walking through the region
but which drains the latter.

The bottom of the ditch gets an elevation of 1.25m (which is a
relative altitude specifie of the station), while the top of the ditch,
that is to say the level of the earth itself is set at 1.90m..

Rainfalls were not abundant enough so'that there was not an over
flow of the ditch.

We visited the station on October 26th, 1~80.



SATELLITE TELEMETRY STATION

BOR Substation

Dry season

Rainy season

Inside of telemetry box

from left to right :
ARGOS transmitter, water level
encoder, batteries.
on the top : antenna
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This significant station w~s set up on April lSth, 1980. It is
situated 5 kilometres north-west of the village of Kongor. and in an IIhafir ll

about 200 metres inside the zone flooded by the Nile. A rather precarious
caretaking was "established since the caretaker will have to withdraw towards
Kàngor. when the flood reaches its house situated a few metres from the station.

The statio~ was operat10nal without any problem up to July when
it stopped transmittin.g. At that time, we thought that thisfailure was caused
by man or a wild animal, etc ... but the information gathered in October 1980
show" that it was a failure of the station itself. Since Mr ARDAGH (FAO) got no
boat, he was unable to go to the station but he assured~ me "that the station. .

was .still existing.

4.2".3. - The.. Vu-k.-FcU.wi.U. .6:ta;üOYl.-----------------------

It is shuated 500 metres north of the village of Duk Faiwill
which is situated 48 kilometres nortn of Kongor.

The station was set up in an IIhafir ll on April 16th, 1980" and the
tMlweg shown on the maps was invisible"to the naked eye.

It did not stop transmitting up to the end of the campaign
(December 15th; 1980).

4.3. - RESULTS OF TELETRANSMISSION

From the moment when measurements were under~aken to the moment
when they were stopped, say December 15th~ 1980, the number of messages'
received amounted to :

Duration Total of Messages/ False Rate of correct
(days) the mes- day messages transmission %

sages

ARGOS Substation 242 2135 8.82 24 98.9
ARGOS Kongor 89 763 8.57 7 99.1
ARGOS Duk Faiwill 245 2053 8.38 28 98.6

--
Mean value 8.60 98.8
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Let us recall here that the ARGOS System had planned to collect
7.5 messages per day, wnile we collected 8.6, say 15 %more.

It results from the fact that the ARGOS System calculated its daily
collection rate, while considering that the s~tellite does not opera te at less
than 5° above the skyline. Experi~nce showed us that data collection can be
carried out below 5°, but it is then possible to make sorne errors as a result
of bad propagation. ~t iS'possible to' suppress automatically these erroneous
messages by taking into account only the' messages which have been repeated at
1east once. As a matter of fact, since transmission occurs every 200 seconds,
the satellite can receive the same message bit for bi~ five times on end. In
fact, the satellite computer will supppess the repetitive messages, but it
will note how many times this repetition occurred. This indication is ~hown

in the DISPOSE file and it is obvious that we could have suppressed systema
tically any message which would not:·. have been repeated at least once. In
deed, this solution led to suppress all the false messages, but also a good
many correct m~ssageS~about 3 correct messagesagainst one false message),
so we gave it up in favour of a manual control which gave us complete satis-
faction. J .

The rate of correct data collection amounting to 98.8 %can be
considered as excellent.

Telemetry data were operated from the DISPOSE file on the'computer
of the BRSTOM Hydrological Service starting from the magnetic tape which is
received in Paris each month.

The analysis of these data concerns :
the water level rise under the influence of rainfalls,

- the water level fall under the influence of infiltration and
evaporation.

4. 3. Z. 1. wa.:teJt .e.e.ve1. tU..6 e.

The pictures and the following table indicate how the water level
is rising in relation to rainfalls.
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Water level in the Satellite Telel11etry Stations

Substation ,.,.:-

(0.81= Rainfall

~ N
'" 0- .-

......
M

September 1980

~ugust 1980

-- '"~. o' ~.'"o

1 5 1 110 1
Ddys

October 1980

ô ...
~ N '"~ ~ ... .....- "§ ... .s

~ ri '"0- si. ~ .c. 'E:. !:!. .si si



20

Satellite Telemetry Station

Water level rise and rainfall

"
Date Waté'r level rise Rainfall W/R

(cm) (cm)

ARGOS SUBSTATION

13/5 6 2.4 2.5
15/5 5 . '1.3 3.9
29/5 10 3.8 2.6
29/5 6 3.1 1.9
7/6 52 8.6 6.0
9/6 5 1.7 2.9

12/6 13 2.5 5.2
30/6 9 3.0 3.0
5/7 6 2.5 2.4
9/7 4 2.1 1.9

11/7 5 3.6 1.4
13/7 1 1.4 0.7

2/8 5 2.7 1.9
24/8 9 3.2 2.8
26/8 4 1.9 2.1
5/9 7 3.2 2.2
6/9 5 1.6 3.1

25/9 . 3 2.8. 1.1
13/10 6 3.7 1.6
20/10 8 3.3 2.4
11/11 7 3.3 2.1
16/11 3 1.9 1.6

ARGOS KONGOR

5/5 (10)' 4.9 2.0
10/5 52 5.0 10.4
19/5 6 4.3 1.4
20/5 6 1 .7 . 3.5
24/5 17 2.2 7.7
28/5 7 2.2 3.2

, 20/6 6 4.4 1.4
24/6 5 6.7 0.7

ARGOS DUK FAIWILL

15/5 (16) 0.2 80
20/5 19 0.2 95
31/5 17 0.3 57 .
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- ARGOS Substation

The beginning of the rainy season caused the water level to rise
sharply in relation to rainfalls (the water level ratio = ~ is 6ften higher

rainfall R
than 5), whi ch corresponds to the fi 11 ing up of the ditch where the tel emetry
station was set up.

From July, the ratio W is stabilized around:2..4·.wiith·:a;"standard
deviation amounting to 0.6. R

In no case, the ditch has overflowed : the highest level observed
was 1.94m, while the ground level was 2.03m at the telemetry station.

Mbreover, it does not seem that there was much flow in the dttch
(when l went there on October 26th, 1980, the water level was 1.GOm and the
ditch water speed was equal to zero).

Wi thout being wrong., we can consi der the ditch as a very extended
"hafir" which would be filled with the rain falling into it and that streaming
on the sides of the ditch : this would correspond to the area of 1 to 2m in
width which is situated on the eastern side of the ditch and is limited by a
little d·'jke~

- ARGOS Kongor

The runoff in the surroundings of the "hafirll where the station is
set up causes the water level to rise more than rain, mainly at the beginning
of the rainy season (~= 10).

R

- Duk Faiwi 11

At this station, the Wratio is about 80, which shows that the runoff
R

is considerable when the "hafir ll is filled up. It is a pity that the data which
were transmitted from June 18th are no longer significant.
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4.3. 2. 2. Wa.teJt le.ve.i.. 6a.U

The discharge of the ditch is very low and even equal to zero.
Therefore, the decrease in the water level can be considered as the total
represented by evaporation and infiltration.

- ARGOS Substation

The water level decreases from 2~O to 13.4mm per day, whether the
event is measured àt the beginning, in the middle or at the end of the rainy
season. The mean value amounts to 8.Smm and the modal value to Il.Smm. The
standard deviation is 3.3.

A'sharp decrease by 8cm occurred on August 22nd and results probably
from a human intervention on the ditch (we must not- forget that the Substation
is situated in an area where agricultural experiments are made).

- ARGOS Kongor

In May, the dec~ease in the water level was about 2.Smm a day.
In June, it was Smm.

- ARGOS Duke Faiwill

In May, the only measurement showed a decrease by 2.6mm, that is to
say a value similar to potential evapotranspiration.

Teletransmission which is combined with the classical rainfall records
emphasized the spatial distribution in relation to rainfalls (see tables in the
following pages).

For this purpose, we considered :

- the group of stations including Bor, Anyidi (station situated on
the road B~r-Substation, halfway between these two points), Substation.

- the whole stations including Duk-Faiwill.

We undertook a monthly study concerning the number of showers related
to t he who le ra i ngauges of each group
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Satellite Telemetry Station

~/ater level fall

. Month Datè Duration Fall Rainfall Fall+Rainfall Fall by day
(days) (cm) (mm) (mm) (mm)

ARGOS SUBSTATION

5 16 - 28 13 0 57 57 4.3
6 14 - 21 8 9 17 107 13.4
6 25 - 30 6.5 4 1 41 6.3
7 5 - 9 4 0 22 22 5.5
7 17 - 23 7 6 7 67 9.6
7· 26 - 30 4' 4 7· 47 11.8
8 2 - 8 6.5 2.5 13 '&138 5.9
a 9 - 21 12.5 15 7 157 12.6
9 9 - 23 15 17 9 179 11 .9
9. 26 - 12 17 19 2 192 11.3

10 13 - 19 6.5 ·3 1 31 4.8
10 20 - 11 22 18 31 211 9.6
11 11 - 15 4.5 2 16 .3.6 8.0
11 15 - 25 9 5 20 70 7.8
11 26 - 30 5 1 0 10 2.0
12· 1 - 11 10 10 5 '105 10.5

.. 12 11 - 15 <; 3 11 4.1 8.2
ARGOS KONliOR

.5 10 - 16 6 1 5 15 2.6
·5 20 - 23 3.8 O· 9 9 2.4
5 25 - 28 3.7 . 0 5 5 1.4
6 3 - 15 13.3 5 19 69 5.2
6 10 - 15 5 1 13 23 4.6
6 20 - 23 3 1 5 15 5.0
7· 6 - 12 6 1 20 30 5.0

ARGOS DUK FAIWILL

5 20 - 25 5 1 3 13 2.6
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Borl Substation Group The whole zone

, Month Amount of % Amqunt of %
Tota 1 number rai n obser- Tota1 number ra in obser-
of ra i ny days ved in the of ra i ny days ved in the

whole zone whole zone

January 0 1 1 , 1
February 1 0 1 1
March 12 0 l' 1
Apri 1 26 12 46 1 1
May 38 15 40 70 15 21
June 24 6 25 . 62 6 10
July 53 8 15 1 1 1
August 47 4 9 / / 1
September 32 0 0 1 1 1
October 24 4 17 1 / /

- - -
Total 257 49 19 .

One rai'n out of 5 is related to the three raingauges which are "
situated along a straight road and coyer 50km. This situation supposed that
these daily rainfalls which are observed at each station corresponded to the
same rainy event, which maybe is not true in reality. This emphasizes the
smal1nessof the zone which is watered by a ShQwer and the absence' of àrganized
rainy systems such as the storm lines.

Teletransmission emphasized another aspect, that is to say, the
disproportion existing between t~e number of rainy days which is observed on
the classical raingauges and this obtained through teletransmission.
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Number of rainy days

Raingauge ARGOS
,

1

Substation or Anyidi Substation
Month

Total >10mm <10mm <1mm Total >10mm <10rrm <1mm.
May (11) (5) (6) (3 ) 14 10 4 1
June 12 6 8 3 18 9 9 8
July 10 3 7 3 24 7 17 10
August 10 3 7 3 . 24 3 21 13

September 5 2 3 0 22 3 19 16
October (7) (6) (1) Bor (17) (3) (14) (13)

- - - - - - - -
Total 55 25 32 12 119 35 84 61

We can see at once that the number of rainy days observed is more
important at the telemetry station as compared with the classical station.
The distance between both stations ranging from 500 to 1000m, it can be ad
mitted that only the very heterogeneous feature of rains causes such devia
tions to occur from May to the end of July. Nevertheless, there are big dif
ferences between ~he monthly totals during this period :

Month 1Y tota 1s

May
June

. July

August
September
October

Telemetry station

(291. 2)
236.4
183.6
106:6
94.8

(101.6)

Substation

(131. 6)
158.1
104.8

82.2
(70.6)

(219.6)
Anyidi

Bor

It is advisable to recall that the determination of rainfalls in
the telemetry system which is set up here, is made through a counter which
increases by one unit each time 0.2mm of rain is falling. The value of this
counter is telemetered at each passage of the satellite without being reset
ting to zero. The counter includes 12 digits, the passage to zero will be
performed on ly when the counter i sin pos i ti on 4096 + l, say after measuri ng
819mm of rainfall. Apart from this particular situation, the chronological
series of the positions of this counter will indicate similar values (rain
fall equal to zero) or ascending values (rain was falling between two data
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collections). A value lower than the value previously telemetered indicates
that there is an error in the transmission and it will be suprressed. There
fore, we have a measurement method which is quite reliable and free from any
random error.

The increase in the number of rainy days is particulary.conside
rable from July to October as far as rains lower than lOmm are concerned.
It is advisable to observe that a good many'rains which are measured auto
matically by the telemetry system are lower than Imm : in'most cases, they
are only dews. These dews and even these small rains seem to be ignored by
the observer of the Substation.

4.4. - CONCLUSIONS

This first operational use of the ARGOS System as far as the hydro
metric and rainfall data collection is concerned complied with what could be
expected from this method.

The equipment was easily brought into operation and the use of
telemetered data raised no difficulty. The amount of daily data collections
proved to be higher than the amount which was planned by the ARGOS System.

As far as rainfall is concerned, we observed that no rain or dew
higher than O.2mm could avoid being telemetered.

However, we can regret that the Kongor station which is the most
interesting in the network stopped to operate in July without being possibly
started again as a result of the flood.
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5. - THE RESULTS OF ISOTOPIe HYDROLOGY

In order to study the isotopic composition of the waters in the Kongor
plain, we asked for the assistance of Professor J.C. FONTES, Diretto~of'the

Laboratory of isotopic Hydrology and Geochemistry at the University of Orsay
(Pa'ri s-.Sud) .

We determined togother the schedule salJlpling and his laboratory made
the analyses which were indispensable to this study.,

5.1. - BRIEF RECOLLECTION OF THE THEORIES ABOUT ISOTOPIC HYDROLOGY

The i sotopi c composition of a water i s expressed in terms of IIde lta Il

unit (5), magnitude and sign. A delta unit corresponds to a fraction out of one
thousand of the difference between the 180 content of the sample and this of a
standard value taken as a reference

5 = Q samp le - Q s·tandard., x 1 000

Q standard

Q being the ratio 180
, 160

or D
H

o = deuteri um

,'.

. The standard reference ratio (Q standard) is called Standard Mean
Oceanic Water (SMOW) and it describes the mean theoretical isotopic composi

'tion of waters in oceans.

For.a given temperature, the vapour pressure of lIisotopic, water"
H2 180 is lower than this of "light water ll H2 160, which results in leading
evaporation to form clouds impoverished in 180 as compared with SMOW. It is
the contrary for condensation which concerns more partîcularly the "heavy"
molecule H2 180 and 'DHO.

50, we will observe that rainfalls get a content of heavy isotopes
( 180) lower than the SMOW(the values of 5 are then negative) and evaporation
of continental waters (whose origin results from rai~falls and runoff) leads
therefore to an enrichment of lake and river waters in heavy isotopes ( 180).

5.2. -' LOCATION OF SAMPLES

Map n° 13 shows the location of the samples which concerned

rainfall (at Bor and Kongor)

- Nile waters at Bor
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- waters of the flood plains at Kongor, between Kongor and Bor, and
at Bor (Pengko P,lot Project Substation).

Samples were taken from May to October 1980.

5.3. - RESULTS OF ANALYSES AND INTERPRETATION

The resul ts of the ana lyses in terms of de l ta uni t (5) as was defi
ned above, are shown in the table on the following page.

They were gathered in the di agram n° 14 whi ch shows the evo luti on of
the isotopie composition in relation to time. These results confirm the theories
mentioned in pàragraphe 5.1.

In March 1980, the Nile water came from Lake Victoria. On April 19 th,
1980, its. isotopie composition was. 5 = + 7.92. Water supplies from the runoff,
that is to say meteoric water, lead to the decrease of 5 which amountsto + 3.0
in July and August and to + 2.5 in September. It rises again only at the end
of September when rainfalls are much less abundant (5 = + 3.8 on October 7th).

Rainfalls show a negative.5 at Kongor as well as at Bor, except in
June when there is an anomaly which is hard to explain (at Kongor as well as at
Bor). This anomaly is well described by 6 samples which were taken at that time.
But, in July, the value of 5 returns to more classical value C5= -1.5 on July
15 th).

Therefore, we get two curves : one of whi ch has a pos iti ve and shows
the isotopie variation of the Nile water in terms of 180. The other one which
shows the isotopie variation of rainwater is distinguished .from the first one
by negative values of 5 (except in June).

These samples which were taken in the flooded plains (or in ponds
whi'ch s,till contained water in the dry season ), gave very coherent results as
compared with our two curves of isotopie variation in the Nile and rainfall.

In the Kongor region, the first sample which was taken on April 19 th,
gives 5 = + 9.44, that is to say a value much higher than this of the Nile
(+ 7.92) at that date. This emphasizes the fact that, under the influence of
evaporation, the residual water is enric~ed with isotopes 160. In June and July,

. .
the variation in the isotopie composition follows this of rainfall, but in Sep-
tember, we return to the curve of the Nile. So, the flood caused by rainfall is
replaced by the flood caused by the Nile.

At Pengko Project Substation, the isotopie composition follows this
of rainfall up to the end of July. In September-October, the values of 5 are

really positive, which is, once more, consistent with the theory stating that
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KONGOR AREA

Amount of heavy isotopes in the water

Year 1980

Unit

Date Date

KONGOR telemetry station Raad KONGOR/BOR

30.5 +1 .11 .19.4 +9.44
28.5 +0.80 31.5 +1.77
7.6 +1.91 7.6 +2.51

13.6 +3.15 14.6 +4.62
23.6 +1.95 21.6 +5.11
3.9 +3.66 3.8 -0.69

8.9 +3.10

BOR Substation . FWLR

2.7 +2.98 14.6 +2.53
9.7 +1.89 6.8 +2.33

15.7 -1.26 15.8 +3.04
23.9 +7.72 23.8 +4.12
30.9 +5.34 30.8 +2.84
14.10 +2.06 6.9 +2.14
23.10 +2.31 10.9 +2.12

BOR Rainfall KONGOR Rainfall

10.6/23.6 +6.72 15.5 -0.95
23.6/7.7 -0.03 1 .6 -0.21
23.6/7.7 +0.08 15.6 +1.84

30.6 +1.94
5.7 -0.60

15.7 -1.49
25.7 -1.88
25.8 -2.29
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KONGOR AREA

Amount of heavy isotopes in the water

Year 1980

Nile water at BOR harbour

'Date Date

19.4 +7.92 13.8 +3.26
10.6 +3.21 20.8 +3.11
13.6 +3.13 27.8 +2.03
\17.6 +3.59 ·3.9 +2.58
24.6 +3.55 5.9 +2.48
27.6 +2.63 9.9 +2.76
1.7 +3.01 13.9 +3.11
8.7 +2.99 27.9 +4.19

17.7 +1.99 7.10 +3.84
21.7 +2.75 11 .10 +3.89
26.7 +2.58 14.10 +4.01
29.7 +2.69 17.10 .. +3.89
5.8 +3.15
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the samples are taken in a diteh eontaining a stagnant water subjeet to evapora
tion, while rainfalls are deereasing. It is normal that the 180 content inereases.

5.4. - CONCLUSION

The isotopie analysis whieh is a very reeent method for the differen
tiation of the origin of waters is still quite adapted to the study of the floo
ding in the Kongor pl a·i n.
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6. - REMOTE SENSING OPERATION

(Ch.a.p:teJt. ac.ru.e.ve.d ..Ln c.oUaboJta.;(;,[on w,Uh ~ R. Cha.ume.,
ORSTOM Remo:te. Se.YL6htg 06 Mc.e.)

The use of the remote sensing method was made possible through the
FAO remote sensi.ng office which agreed to convey us five LANDSAT MSS scenes
(Multi-Spectral Scanner) concerning the· Kongor area and a serie of RBV LANDSAT
images (Return Bearn Vidicon) concerning the Suddfrom Bor to Malakal. Moreover,
the UNDP/OPE gave us the magnetic tapes corresponding to 3 MSS images which are
related to the same zone and are taken at three different dates (March, May and
October 1979).

The FAO images enabled us to appreciate the excellent quality of the
scenes and therefore to select the corresponding magnet1c tapes.

The RBV images were as useful as a traditional air photographic mosaic.

6. 1. - OPERATION OF THE MSS IMAGES

Given an image taken in the dry season, another one taken at the begin
ning of the rainy season and the last one taken at the height of the flood, we
are going to try to determine the evolution of the flood in the Kongor plain.

The scene classif;ed as LANDSAT 186 055 taken at three different da
tes in the 1979 year (March 27th, May 2nd and October Ilth) was used by the Digi
tal Department of the ORSTOM ~mote Sensing Office under the control of J. NOEL,
a research scientist in order to show that a computer processing 'can be conside
red as far as an hydrological study of the waters of the White Nile in the Sudan
was concerned.

The digital analysis was made through a Mini-6 computer (CII-Honey
well Bull) which was linked to a display unit Pericolor (Numelec-Sein). The
latter makes it possible to study simultaneously a zone of 256 by 256 pixels,
which represe~ts an area of about 15 km. The principle of this study was "the
degradation" of reflectance values, that is to say the cutting out of the range
of reflectance values into a limited number of categories to which a col our is
given. The digital analysis led to make a degradation of the reflectance values
on channel 7 (wavelength from 0.8 to 1.1 ~) and to define five grades (or cate
gories) in relation to the intensity of reflectance.The degradation is obtained
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through iteration by displaying on the Pericolor unit the points corresponding
to each reflectance value from the highest one to the lowest one in the range.
The cartographic units which are characterized by probable and rather compact
shapes correspond to adjacent reflectance values which determine a category or

J

grade. This grade is given a colour through the display unit. By simplifying
under the best conditions the distribution of reflectance vaJues related to a
channel, the display unit gives a representation in which we can see geographic
or physical units.

The results of this operation appeared in the form of a map which
was produced directly by the plotting table Bénson ; the plotting software
making it possible to get maps to the chosen scale.

6.1.2.- ~ound tnuth-_._---------

~e aim of the "ground truth" operations consists in relating the
degree applied to a:pixel (elementary area of the image whose dimensions are
56 ~ by 79 m as far as our LANDSAT images are concerned) to its true meaning
at ground· level. These ground operations were carried out during J. CAlLEDE's c

two expeditions and were increased with a series of oblique aerial photographs.
These photographs using a support from the Laboratoire régional de l'Est
Parisien (Centre de Melan) des Ponts et Chaussées were taken both in KODACHROME
and EKTACHROME Infrared false col ours. Unfortun~tely, logistic requirements did
not make it possible te ta.ke photographs with an air vehicle (although it was
initially planned) which should be adapted te this expedition. We thank warmly
the pilot of Twin Otter from the UNICEF for being kind enough to modify somewhat
his route Juba-Khar.toum in order to enable us to take photographs of the zone
under consideration. Unfortunately, we were at too high an altitude in order
to take phetographs especially in infrared which were detailed enough.

~ got the magnetic tapes for three images which correspond to the
scene classjfied as LANDSAT 186.055. Data acquisition was performed as follows

- March 27th, 1979 (dry season)
- May 2nd, 1979 (beginning of the rainy season)
- October 11th, 1979 (end of the rainy season, but high water level

of the N;i.lë)
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A copy of these magnetic tapes was sent as a reciprocity to the
FAO Remote Sensing Office in Rome. A first representation was undertaken to
the sca1è of 1/200 000, by using a pixel out of 2.

A more detai1ed ana1ysis was made to the sca1e of 1/50 000.

Figure n° 15 indicates the 1imits of the scene 186-055 and the areas
ana1ysed to the sca1es 1/200 000 and 1/50 000.

The fo110wing colour (figure 16 and 17) plates were made through the
photographic reduction of the drawings to the sca1e of 1/200.000 and 1/50 000

and correspond to documents which are respective1y to the sca1e of 1/200 000

and 1/800 000.

6.1.3.1. Image 06 M~eh 21th, 1919

At that dat~, it is the dry season. Soi1s are covered with a vege
tation whose type and importance are dependent upon their degree of humidlty.
We can see very clear1y the meanders of the mean-water bed of the Ni1e .
(on channel 7) and rather we11 the separation between.the .region f100ded by
the Njlé and the rest of the zone in the images representing the who1e zone
186-055 to the sca1e of 1/1000000. (Document not provided \'Jith the report).

Digital processing a1so shows·that there is a difference between the
plant cover \'1hich' is situated \'lest of the dike and the one "'Jhich is' situated
east of it. He will a1so'observe that there is a zone with high ref1ectance
which is 11mited to the west of the dike and the sit~ of Kongor: This must.
correspond to zones whichare not very f100ded and are inhabited in the dry
season. He can o:lso distinguish very c1earc1y the 1akes and the mean-water
beds of the Ni1e. on the 1/200 000 sca1e document (not provided with the report).

From the detai1ed ana1ysis to the sca1e of 1/50 000 (fig. 16, sca1e
1/200 000), we can distinguish :

- in b1ack(degree of 0:-32 in bri11 iancy), the shades of c10uds

and 1akes.
in b1ue (degree of 33-40), the vegetation situated in its majority

east of the dike.
- in green ~4r-46) ,the vegetation situated in the West.
- in orange (50-54), the vegetation zone which is c1ear1y distin-

guished and situated wes~ of the dik~. We will observe that a few'is1ets
which correspond to groupings of a few 'straw huts in the dry season can be

, ,

seen in the drawing.
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6.1.3.2. Image on Ma.y 2Yld, 1919

The rainy season has begun. In the scene'186-055,
show that there is a real increase in the area of the lakes,
occurrence of numerous new lakes almost a~ywhere, bu~ maJnly
subject to the Nile flood.

The representations to the scale of ,1/200 000 and 1/50 000 Cbnfirm
,these observations. (On fig. 16 - scale 1/800 000 - and fig. 17 - scale 1/200 000).
l~e can fi nd :

, '

the flooded zones .(degr.ee 0-12) ,in black (1/50 000) or in violet
(1/200 000).

- the zones covered with a vegetation specific of the zones likely
to be flooded either east of the dike or west of it (degree 13-42) which is
shown in blue or in green

- the zone which is orange-coloured in the previous scene and
corresponds to sites still inhabited.

ID this scene, the flood can originate only in a concentr~tion of
the runoff derived from the rain towards points of lesser altitude.

6.1.3.3. Ima.ge 06 Octob~ 77th, 1919

The rainy ieason is coming to ~n end but the N~lé water level is
very high. The image of the zone 186-055 shows not only any i'ncrease in the.
area of the lakes but also a decrea~e even a disappearance of the latter
outsïde' the high-wa'ter bed. However, 'the op~ration~ of "ground 'truth" showed
that the water surface disappeared under the high vegetation. We could see
water under the vegetation only when the sun disc reflected on it. On the
other hand, we can see in the imag~s the trace of the privileged courses
(slight depressions) of the water in the zone.·

The analyses to t~e scale of 1/200 000 and 1/50,000 show the'
progression of the vegetation which is normally situated east of the. dike,
while the aerial photographs distinguish clearly the vegetation'west of the
dike (in mauve) from this situated east of it (in green). We can disti~guish

the inhabited zones situated east of the di ke in, the photographs as, in the
analysis. As a matter of fact, each house 1S protected against runoff by a .

small dike of about SOm in diameter. (fig.15 - scale 1/3'J() DCliJ - and fig. 17 
scale 1/200 000).
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We will distinguish

- in black or blue, the flooded zones where watér is directly
visible (degree 0-22).

- the flooded zones under a plant cover which are shown in green
(23-39).

- the less flooded or even inhabited zones which are shown in
orange (40-59).

6.2. - OPERATION OF THE RBV IMAGES

The RBV images showed us mainly the big diversification in the soil
nature and occupation without putting us in a position to make a correct analysis
of them (which, moreover, was not planned in our programme).

The good space resolution of the radiometer could emphasize details
such as roads, villages, dikes, etc ...

Thus, we could reveal the privileged courses of runoff waters, if,
however, there is a course ...

The thalweg. ca 11 ed Il Arnv om Il in the map to the sca1e of 1/2.000 000:
corresponds, downstream from Duk FâiwilT, to a tangible fact, while nothing
enables to materialize it at ground level.

J

It is obvious that a stereo-triangulation based on 5 or 6 astrono-
mical points would allow to make a computer digital processing corresponding
to the RBV images and would lead to a topographie map to the scale of 1/100.000
which would be precise enough for any works concerning the hydro-agricultural
development of the S·udd.
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7 - HYDROLCGY OF THE KONGOR AREA

In the preceding chapters, we gave the results of the hydrometric
measurements which were made in 1980. These measurements enable to make a syn
thesis about the hydrology of the Kongor area.

Wa are goi ng to study

- the flooding in ~he White Nile overbank channel,'
- the creeping flow.

7. 1. - THE FLOODING IN THE WHITE NILE OVERBANK CHANNEL AND THE PLAINS

BORDERING THE RIGHT BANK

Given the existence of the dike which runs along the road Bor-Kongor,
we will distinguish two zones; the first one being situated west of the dike
and the second one east of it.

1.1.1.- E~QQ~g_~~~_Q6_~~~_~~~.

(Q~~~~-~~~-~~~-~-~~~-~~~-~~~~~-Q~)

1. 1• 1. 1. Oc.c.Wl/tence... 06 the.' 6loocüng

The occurrence of the flooding in this zone can be described as
fbllows

- In March, that is to say almost at the end of the dry season, the
whole area between the Nile (minor bed) and the dike is dry. Only permanent

\

lakes which can be clearly seen in the Landsat images still exist as well as a
few ponds. Duri~g our first expedition (March ~ April 1980), we also observed
very small ponds along the Kongor-Bor dike. In fact, these ponds represented
what left the previous flooding of the Nile. The isotopic analysis of the
water in these ponds revealed a high 180 content, thus showing that evaporation
was the main cause for the drying of this area.

- In May, at the beginning of the rainy season, the flooding begins
here and there at the mercy of rainstorms. The small depressions, and a few
"hafirs" are filled with rainwater, which can be clearly seen in the Landsat
image.

The meteoric origin of the flooding is confirmed :

- by the low level of the Nile which has not reached its overflow
point,
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- by the records at the telemetry stations. The increase_in the
water level is synchronous with rainfalls and, without a new rain, the level
decreases under the influence of evaporation and infiltration.

- until the overflow point of the Nile, the flooding results only
from rain. This is confirmed by the isotopie analyses which show a 180 content
similar to this of rain up to July, and a slow variation which catches up with
the 180 content of the Nile in September - October.

- when the water level is high (from September to November), the
plain is under water. This body of water is concealed by the plant cover. It
is only a large green area when seen from the plane (October 1980) : only the
reflection of the sun on the body of water through plants enables to realize
the existence of the flooding .

.,. • 1•1• 2. Wa.:teJt .te.vel. -<-YI. the. CVte.a.

It would be very hopeful to know what will be the level of the
flooding at the foot of the dike according to the Nile water level, so as to
fore~ee a dike high enough toprotect from the exceptional flood (one hundred
or one thousand year).

Unfortunately, it was not possible to determine this water level
for we could'~ot get sorne records of the Nile after 1975.

A first idea was given in a ILACO report [5J The gauge datum is
402.19m at Jonglei, while the bank level is 410.80m.

In 1975~ the maximum water level was 9.34m, say an elevation of
411.53m. Therefore, the floodjng was 0.73cm. For a one hundred years flood,
the flooding would be 1.52m.

This evaluation can be highly criticized mainly if it must be
extrapolated throughout the length of the dike. It does not take account of

- the lengthwise slope of the ground which can be different from. .
the lengthwise slope of the Nile water surface.

- the cross slope (slip-stream curve) which is not necessari)y equal
to zero. Indeed, the low variations in the level, from day to day, must not
give a .very high hydraulic gradient but this remains to be checked.

- and mainly the variation in the ground lever as compared with
the mean general slope of the plain.
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, ~n additional study which is ~ather simple to undertake (water gauge
along the dike) proves to be quite necessary.

The major difference lies in that the flooding results only,from
rain with no intervention from the Nile.

This is confirmed by the measurements made at the Pengko Project
Substation Telemetry station: there is a perfect synchronism between rainfall
and increase in the water level. Without rain, the water level decreases slowly
under the combined influence of evaporation and infiltration. There was never
an increase in' the water level without previous rain.

May be it could be supposed that there is between Bor and Mongalla
(that is to say lOOkm south of Bor) an overflow into the Bor-Juba road when
the Nile ~eaches its high level and that the Nile supplies with water the zones
situated far east of it. It is not confirmed that this phenomenon occurs each
year.

The: flooding of the Nile is confirmed by the fact that, since the
beginning of the flooding, fishes can be caught in the ponds. Upon inquiry,
we observed that

- the phenomenon is far fram being general
ponds of the Substation.

there is no fish in the

- the fishes belonging to the P~otopténU6 genuh, the family of
Lep~o~~enidae and the sub-order of dipneU6ti are rather abundant in the area.
These fishes [9J are characterized by a remarkable adaptation to the temporary
absence of water. They can breathe the atmospheric air through a pseudolung
and live outs~de water during the whole dry season. It is usual to see [l~

the inhabitants digging the soil of dried ponds in order to catch them.

- other spec i es (heteJtofu YLil.O:UC.U6, cJ:.aJU..dae ang~, c.i..aJU.dae
iazeJta) would be rather well adapted for the migration into flood plains.
HueJtofu were seen [lJ jumping from the dry roads into water. C!~ae get ~lJ
an additional respiratory system.

Therefore, it would seem that the presence of fishes in the ponds
. ,

situated east ot the dike is not an absolute,proof of the flooding by the Nile.
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we have just shown that plains dried up under the combined influence
of evaporation and infiltration.

Evaporation was evaluated in paragraph 2.3.

If we consider again the values about the decrease in the water
level between two rains, we get the following balances (unit = mm/day).

Month

Duk Faiwill

May

Kongor

May
June

Substation

June
July
August
September
October
November
December

Decrease of the
l evel

2.6

2.5
5.0

9.9

9.0'

9.3

11. 6

7.2
5.9
9.4

Evaporation

4.8

4.8
3.0

3.0

2.6

2.6

3.0

3.9

4.0
4.5

Infiltration

2.0'

6.9

6.4
6.7
8.6

4.3
1.9

4.9

These results about Duk Faiwill and Kongor are not significant,
except that .they show a very low infiltration. As far as the Substation is
concerned, we can suppose that there would be an infiltration amounting to
about 7mm/day (10- 7m.s- 1 ) in June - July which would be reduced to 4mm/day in
December. These values apply to an impervious soil. The slight decrease in
infiltration could be accounted for by a structural modification such a clay
swelling.



49

Given a decrease by 9mm/day (evaporation + infiltration), it corres
ponds to a decrease by 108cm within 4 months (from November to February) which
includes to a large .extent the drying of the rain flooding.

It must not be forgotten too that, when the level of the Nile decrease
(after the flood), there is a drainage of the swamp towards'the Nile, which can
be applied to the region situated between the Nile and the dike.

7.2. - THE CREEPING FLOW

A good illustration of the creeping flow would consist in spilling a
bottle of water on a desk : the flow corresponds to the creeping flow on a
reduced scale. As a matter of fact, the rain . water flow occurs locally without
many preferential orientations on this flat surface which gets neither slope
nor relief and is moreover watertight.

The phenomenon can be summed up as follows (figure 18) :

- in the dry season,·the whole area .is dry (top figure),
- first rainfalls : the holes in the ~round are flooded with rain

water and there pools and small ponds are formed (central figure),

- when the shower is considerable, these pools and ponds overflow
and tend to reach places of lesser altitude, through privileged ways (that
is to say through thalwegs which are invisible to the naked eye). This flow
is the creeping flow (bottom figure).

In fact, the low lengthwise slope results in orientating the flow
southwards-northwards.

In 1949, J.S.R ..DUNCAN observed Ci] that there was a flow on either
side of the Kongor-Malakal road (Iltwo main waves"), the·road being flooded
with about 0.60m.

In June 1980, R.J. ROWBOTTON observed that the water velocity
between Anyidi and Substation amounted to 0.12ms-1. On August 5th, the velocity
ranged from 0.09 tO'ÉJ.14ms:"·1.Other measurements about the velocity amounted to
0.05ms- 1.

Therefore,the flow is very slow.



The mecanism of ·creeplng flow
Fig 18

Dry season
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o
/

@stagnant water

After a big rain
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Rain which is falling on the ground is represented by the following
equation

RS = R - I t + r

where

RS = rain on the ground

R = rain falling from clouds (measured by rain gauge)
It = interception by plants

r = draining of leaves.

~all ponds, holes and other depressions are filled up with water
or go on filling up under the action of RS' Losses by evapotranspiration (EV)

and infiltration (If) will day after day reduce S which is the storage volume

applied to a zone.

This volume S gets an upper value (Smax) beyond which there will be
runoff in other mini-thalwegs and formation of a surface flow called creeping
flood.

We will get a flow if :

R - It + r + S > Smax

Unfortunalety, it is not easy to solve this equation for many terms
are badly determined or unknown.

It is difficult to know the rain on the ground for the rain falling
from clouds, the interception by plants and the draining of leaves are very
heterogeneous factors. Infi ltrati on and evapotranspi rati on are better known. but
the storage volume varies from one place to the other. Finally, the preferential
channels of the creeping flow are also dependent upon topography.

R.J. ROWBOTTON set up a runoff plot of O.013km2 in area in order
to bbserve runoff.
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The first observations are as.fo11ows:

Ra infa 11 Rainfa 11 Dra i nage Runoff coefficient Duration
(mm) vol ume (m3) (%) (days)

(m3)

102.5 1333 400 30 15
84.8 1102 400 36 9
60.2 783 500 64 9
45.6 593 100 17 7
38.3 498 50 10 12

We got no information about the rainfall distribution and their
intensity, which accounts for the differences between the runoff coefficients.

These measurements make it possible to have already an idea about
the creeping flow. Given a shower of 100mm falling in the center of a circle
of 10km in radius along with a regular decrease from the center (100mm) to
the extremity of the radius (Omm), the rainfall volume amounts· to 2x10 7m3.
The volume of the creeping flow with a runoff coefficient of 50 %will amount
to 10 7m3. Supposing that this volume goes through a channel of 500m in length
by 0.4m in depth with a consta~t mean velocity of O.lms- l , the duration of the
flow will be about 6 days.

Of course, the flow is quite different in reality. This body of
water is spreading slowly through the plain and the depth of the moving sheet
of water decreases as time goes by. And each day takes away unrelentingly
about 1cm from thi s sheet of water (by evaporation and i nfi ltration) ... except
if it is raining again. Then this sheet of water will disappear or will increase
the level of a more or less considerable pond or will go on flowing northwards.

It would be interesting to get a better knowl edge of. th; s; pecûl iar
phenomenon and for this purpose, it would be advisable to set up a system all
along the Bor-Anyidi-Substation road including water level recorders and rain
gauges.

The runoff plot would profit by being impr-oved so as to know the
amount and intensity of rainfall and the flow discharge.
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8 - CCNCLUSIONS

These works which were carried out in 1980 in the Kongor area made
it possible to try new techniques in order to solve a rather unusual hydrolo
gical question. Therefore, we can draw sorne interesting conclusions which will
be used in the future.

li .1. - THE EQUIPMENT AND THE TECHNIQUES USED

III

This very recent technique showed that it was possible to make
without any expensive equipment a remote transmission of water level data·
using an adequate amount of daily collections in order to get a good knowledge
of the phenomenon measured.

On the contrary, it seemed that this system could be defective.
A telemetry station must not be set going in inaccessible places with the
conviction that it will operate adequately for months on end. In fact, tele
metry makes it possible to check the good operation of the station, however,
it is necessary to be able to make repairs when there is a failure. Such was
not the case for the Kongor area and we still do not know the reason fo~ the
fa il ures.

Therefore, a method for intervening in the defective stations will
have to be planned in the future and first of all the possible access to the
stations must be considered, which is not obvious.

This technique gave very interesting results, although the schedule
sampling was not totally carried out as a result of the difficult access. It
confirmed th~ filling phenomenon of the region situated west of the dike.

The remote sensing operation which made use of the images taken by
the Landsat satellite also gave excellent results in order to account for the
flooding.
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8. 2. - THE RESULTS OF THE ANALYSIS

The wholé works made it possible to account for the development of
the flooding in the Kongor area.

West of the dike, the ~round is first of all flooded by rain water,
then the flooding results from the Nil e.

East of the dike, only rainfalls lead to the flooding. The absence
of relief is the cause of a particular type of runoff which is called creeping
flow.

Unfortunately, the 1980 rainy season did not give birth to ~eavy

storms and no creeping flow could be observed at the Pengko Pilot Substation
which is, however, a privileged site in order to study it.

We could evaluate potential evapotranspiration at 1530mm/year
(4.2mm/day). Infiltration is not very important in these hydromorphic soils
amounting to about 10-7m.s- 1 •

Finally, we could realize that the storm lines which represent a
considerable portion of the rains falling on Central and Western Africa resulted
from the Sudd which is a large swampy plain including the Kongor area. Therefore,
we wonder whether the Jonglei channel will have no influence on the storm lines.

It was not possible to determine precisely the water level in the
zone situated west of the dike when there is an exceptional flood.

8.3. - WORKS TO CARRY OUT IN ORDER TO IMPROVE THIS STUDY

For this purpose, it would be h~peful to increase this study with
observations whose aim will consist in acquiring a better knowledge of the
creeping flow and in determining the level of the flooding resulting from the
Ni le.

Water gauges will have to be set up al ong the road Bor-Kongor when
it runs along the di ke and its water l evel will have to be observed at l east
once a week. The number of these stations is dependent only upon the local
conditions (to find observers) or the possible movements in the rainy season.
The setting up of 3 or 4 stations seems to be very adequate (excluding this
of Bor). A station (Kongor) could be equipped with a OTT R16 water level· recorder
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if the UNDP/OPE/PISU (~t Kongor) can check it ard change the diagrams. Another
station could be set up for the satellite telemetry. It would be very interes
ting to be able to connect these stations with a levelling network so as to
know the altitude of the water level at + 1cm.

3 water gauges were al ready sent up UNDP/Khartoum as soon as November
1980. It would be necessary; as far as-possible. to reconstruct the highest
water levels of the flooding in 1980. 1979. 1978. etc ... at each station. so
as to make a correlation with the highest water levels'of the Nile.

An hydrometric station proves to be necessary at Bor.·It will have
to be equipped with a OTT R16 water level recorder and the altitude of the
station will have to be determined with a precision of + 1cm in relation to the
gauge zero at Khartoum.

Of course, it will be necessary to get or evaluate the Nile ,levels
at Bor, Jonglei or Mongala from 1976 to 1981.

It is very difficult to make such a study because the creeping flow
is occurring completely at random.

We suggest, to go on operating the· Pengko Pilot Proj ect Substation and
even to set up the third telemetry station beb/een Anyidi and the Substation.

When there is a creeping flow, it would be necessary to be able to
evaluate the low surface velocities.

Ru~off plots which are already set up at the Substation by the
Pengko Pilot Project are an interesting system. It would be necessa,ry to improve
it by equipping each plot with a rain gauge recorder and by setting up, as.far
a.s possi bl e. a measurement method (PARSHALL fl ume) on the channel ~ri ng,i ng
water to the "hafir". The network of rain gauges will have to be increased
with 5 to 10 rain gauges

8 .3 . 3. - Pevr.tJ..c.u.laJc. J.,wcL<.e..6------------------

We will quote here

~ the installation of the meteorological station at Bor (Pengko Pilot
Project) including a Colorado tank and a liA class" tank on which a large-meshed
protective device against birds w~ll be set up. A KIPP and ZONEN pyranometer
linked to a single integrator would make it possible to know the global solar
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radiation. Mor~over, a THORNTHWAITHE evapotranspirometer could be set up.

- new samples concerning the Nile water, the water in the flooded
zones and rain according to a certain schedule. These samples will make it
possible to improve the isotopie analyses undertaken in 1980.

- it \;,ould be possible to increase the remote sensing operation'
with the analysis of two new scenes.

At first sight~ this additional study would cost about 20 OOO~ and
would be included in the p\ogrammes of the Pengko Pilot Project which·could a
chieve a considerable part of the logistics.
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