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1. TOPOQRAPHIC SURVEY

1.1 ‘Avoilable Data on poographic Survey

A map of a scale of 1/50,000 prepared by the Egyptian Authori-
ties and aeriml-photos of scales of 1/25,000 and 1/50,000 talen
recently vere provided by the Survey Departmént, Ministiry of Diffence,

vhich cover the entire surveyed area.

The data on the bench marks in and arcund the surveyed area were
furnished by the said Depertment as well. . Each bench mark as shown in
PFig, 1.1, was confirmed in the field. The following bench marks were

utilized in the topographic survey.

No. of B.M. ' " Lecation . - Elevation
S . S - {m) above MSL :
B.M. - No. 1 - oMm3% - asrs 177,155
E32% - 22w -
B.M., — No, 2 N13° ~ 46'S 379.753
E32° - 28'w
B.M. ~ No. 3 3% - a9rs | 377.934
| E32° - 22'v

Source: Survey O0ffice in Ed-Dueim

1.2 ToEograEhic Survey

1.2.1 Checking the Existing Tépographic Map

A topographic survey was carried oul to check the existing topogra~
“phic maps of 1/50,000 in scale with l-m contour intervals prepared in
1935. Then the tbpagraphic'maps of 1/50,000.50319 with 0.5 » contour
intervals were prepared newiy wﬁich covered the whole Abu Gesaba area
of about 20,000 ha. PFor this purbose the folloving field survéys were

carried out.

~ Traverse survey over a distance of about 110 km in total along the

boundary of the project arca.

=)
K}
e



-~ Levelling survey along the above traverse route,

- Levelling survey of cross section with an interval of 100 m aslong

the traverse route.

Arbitrary coovdinates of traverse line were estgblished. Accuracy
of the levelling was so determined that the difference offsurveyed
values incurred through repetitions should be kept within + /7S km
(S = distance of levelling in km). At any section where the difference
of the values obtained had exceeded this limit, resurvey was carried

out to keep the diffeérence within the limit specified.

1.2.2 Topographic Maps for Mdajor Structure Sites

The plané_égrvey for the'proposed sites for major structures was
carried but.‘*Tﬁpﬁgraphic maps on a scale of 1/500 with 0.1-m contour
intervals were  prepared for desigh of the related structures for irriga—-
tion and drainage system. Total area covered by.the maps prepared

amounted to about 10 ha.

1.2.3 Surveys for Proposed Pilot Farm Site

The ﬁlane survey of the propoged site for the pilot farm was carried
out and & topographic map on a scale of 1/5,000 with 0.25-m contour
infervals was prepared, covering an are&'of'about 300 ha. In addition,
profile and cross section surveys of.inletrchannelifrém the White Nile

to the proposed pumping site for the pilot farm were carried out.
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II. METEOROLOGY

2.1 General

The Sudan hag a tropical continental climate, except for a narrow
ffinge along the Red Sea coasi where maritime climate generally pre-
vails. The climate is governed mostly by the seasonaly winds, namely,
{a) the dry horth wind which pre#ails throughout the year but lecks

uniformity, end (b) the moist south wind of maritime origin.

Based on the amount of rainfall which‘determines the density of
vegetation, the country is divided broadly into three major zones"l.

(Refer to Table 2.1)

~ the northern lipht-rainfall zone,with an average anbual rainfall

varying from O mm to 400 mm covering about one-third of the

" country.

~ the central savannah zone, which extends from latitude 15°N 4o

o, - ; : ;
10 N, has an average annual rainfall varying from 400 mm to

750 mm. This zone covers about one half of the eountry..

-~ the southern zone of heavy rainfall, with:ﬁxaverage annual

rainfall varyving from 750 mm to 1,500 mm. This zone covers

about one-sixth of the country.

The Abu Gasaba area is located in the northern light-rainfall zone.

The climate is notable for high temperature uhd low humidity.

_ The e¢limante can be broadly dividé& into fhree seasons, the dry
winter, dry summer and wet summer. The dry winter lasts three months
from December to February.which is charascterized by Low temperature.and
low humidity. The wet summer from July to September on which about
83 % of the annual rainfall is concentrated is characterized by high
température and high humidit&, while the dry summer from March to
November (excluding July, August and September) is characterized by

high temperature and low himidity.

/1 LAND AND WATE.R Dr'vu,ommm' AND USE

Prospective study of agricultural development for ‘the Democratlc
Republic of the Sudan, F.A.0., ROME, April, 1973,
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Meteorological data relevant to the Abu Gasaba ares are represented
by those recorded at Dueim station {Lat. 13=59'N, Long. 32-20'E, Alt.
380 m} and Kosti station {Lat. 13~10'N, Long, 32-40'E, Alt. 380 m).

2.2 Summary of Relevant Data

The data obtained ave the following:

Kosti station (Lat. 13°10'N, Long. 32°40'E, Alt. 380 m)

~ Monthly mean air temperature 1941 - 1975 (35 vears)
- Monthlv mean relative humidity . - do,~
- Mﬁnthly meon sunshine hours 1941 = 1970 {10 years)
~ Monthly mean wind_speed _ o = doi-
- Prevailing dirgctioﬁ - - do.-
- ﬁonthly mean.Piche evaporation 1941 -~ 1975 (35 years)
-~ Monthly mean rainfall - o, -

Ed-Dueinm station (Lat. 13°591N, Long. 32°20'E, Alt. 380 m)

~ Monthly mean air temperuiure 1941 = 1970 (30 years)
~ Monthly mean velative humi&ity - do, -

- Morithly mean wind speed - - do.~ .

-~ Prevailing direction 1941 - 1970 (10 years)
- Monthly mean Piche evaporation 1943 - 1970 (30 years)
~ Monthly mean rainfall 1902 = 1975 (74 years)
~ Daily rainfall _ - do.~

' B1-Obeid station (Lat. 13°10'N, Long, 30°14'E, Alt. 570 m)

- Honthly mean #ir temperature 1941 - 1970.(30 years)
~ Monthly mean relative humidiﬁy ' - doim
— Monthly mean.sunshine hours 1941 - 1970 {10 years)
- Monthly mean wind speed ' - dOe-
—~ Prevailing direction : o - d0, - ]
= Monthly ‘mean Piche evaporaiion 1941 - 1970 (30 years)
- Monthly mean riinfall . - do,~

17 - 2
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Wad-Medani station {(Lat. 14°23'N, Long. 33°29'E, Alt, 405 m)

- Monthly mean air_temperutufe 1941 - 1970 (30 years)
= Monthly mean relative himidity 1941 - 1970.(30 years)
- Monthly mean sunshine hours - do, =

- Monthly-mean wind'speed 1941 ~ 1970 {10 years)
~ Prevailing direction - do,~
= Monthly mean Piche evaporation 1941 - 1970 {30 years)
- Monthly mean rainfall'_ - do, -

«~ Monthly mean total radiation 1957 ~ 1976 (19 years)

Shambat (Khartoum) station {Lat. 15040'N, Long. 32032'E, Alt, 380 m)

- Montﬁly.mean total radiation 1957 — 1976 (19 years)

Main features of the climnte in Ed Dueim and Kosti are shown in
Tabie 2.2 and.Table 2.3, Detdiled records are tabulated in Annex XXI,
Becaﬁse_no daily rainfall recbrds are obtainable at the Kosti station,
" the rainfall dats obtained at the Ed Dueim station nre used for the

meteofological study in the project area.

2.3 Air Temperature

The general trend of seasonal variation is characterized by its
sharp variation in Ed hueim and in Kosti. There eiist two peaks_ih
seasonal variation,_one.in May and the other in.OcioBer. The.moﬁthly
meaﬁ'temﬁeréturé_is nbout 2900 on an annual average at the Kosti station,
1t rises to the.highest in May to about 3300; vheveas it falls to the
lovest in January to about 25°C,  The maximum ﬁohthl& mean témperatufe
during the summer season ranges frcm 11% totliOC,'while the minimum_
from 2600 to 25°¢C. During thé winter the maximuﬁ monthlf mean temperature

varies from 3300 to 3500 nnd.the minimum from 170C_tn 1800.

2.4 lelative Humidity

As a_genéral trend of seasonal variation in kd Dueim and in Kosﬁi,
the relative himidity rises sharply from May, attains the maximum in
August,ffnlls‘éharply +111 November and after that drops:graduailly to
the lowest in April. Generallj, the relative humidity at the Ed Dueim
station is higher than at the Kosti station throughout the yeﬁr; though

the difference is mrbout 2 % or 3 %. The monthly mean relative humidity

11 - 3



at the Kosti station ranges from 22 % to 71 % and is nbout 42 % on an

annual average. g

2.9 Wind

~ ‘fhe wind regime in the project area is characteristically marked
by the seasonal cyclas, North or Northeast wind, sharply reducing
the humidity, dominantly blows during the dry season wvhereas south or
southwest wind, during the rainy season. The monthly mean wind speed
ranges from 2.2 m/sec in the rainy season to 2.7 m/sec in the dry

season,

.2.6 gxgjjraﬁicn

_ The Piche evaporafion_is high in the dry season and low in the
rainy season., As a trend of seasonal variation, the Piche.evaporation
increases sharply from August, attalns the maximum in April, and
decreases shaxnlv t111 it reaches the minimum in Augu%t The anmual
average Piche evaporatlon at the Kosti station is about 12 mm per day

ranging from 10-18 mm per day in the dry season to about 6 mm ﬁér day

in the rainy season. Annual evaporation is assumed to be about

2,590 mm éﬁuiv&lent to 59 % of 4,380 mm of the annual Piche evaporation,

2,7 Rainfall

) The réinfuli éround the projebt areda is characterized by its high
1nten51ty resultlng from short duratlon of ralnfall, usunlly 2 to 3 hours,
Figures of the annual rainfall observed at the Ed Duelm station over
74 vears widely fluctuate between 101.1 mm end 606,0 mm, The aver&ger
annual rainfall is 296 mm, As genieral trend of seasonal variation;
rainfall.increhses.sharﬁly ffbm June, attains the maximum in August,
and declines abfuptly in October. The rainy season lasts épproxim&tely
three months froﬁ July.to September. About 83 %.of.the annual rainfall
is concentrated in the rainy season, recording 39 <4 of the annual rainfall
in August, The maximum daily rainfall recorded in 73 years at the
Bl Dueim: station was 101.8 mm on August 3, 1931. There are 26 rainy

days a year on the average.
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III. HYDROLOGY AND WATER RESOURCE

#

3.1 General Hydrology of the Nile

The general hydrology of the Nile is described in the report of the
Sudan Authority. 1 The hydrology of the Nile in this report is summarized

as follows.

The Nile is one of the most_femarkable rivers and is the second
longest river in the world., The length of its course from the source
to the sea is about 6,440 km. The Nile has an average annual flow of
84 milliard m3, measured at Aswan. This flow constitutes only 6% of the
total amount of rainfall in the Nile basin. The percentage contribution

of the inain tributaries of the Nile is as follows:—

Hun-<off
- (milliard m3)
Blue Nile 597% 50
River Atbars 13% 10
White Nile 28% 24
- Sobat 14% 12
~ Bahr EL Jebel 14% 12

During flood time, the percentage contribution of the tribuia?ies

ig as follows:-—

Blue Nile 68%

River Atbara 205

White Nile 10%
- Sobat 5%

- Bahr EL Jebel 5%

‘The White Nile is characterised by its rclatively uniform flow as
compﬁred with the Blue Nile and River Atbara. Its seasonal varintion
at Malakal, about 600 km upstream from ED-DUEIM, for the period of
1912-1962 ranges from 525 m3/sec to 1,215 m3/sec, whils the average
variation of the Blue Nile at Roseires for the same period ranges from

125 m3/sec to 6,200 m3/sec.

/1 Control and Use of the Nile Waters in the Sudan, Ministry of
Irripation & H.E.E,, Khartoum, June, 1975.
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The silt carried annmually by the Nile is about 110 million tons
.ns measured in Egypt. The rivers flowing from the Ethiopian Plateau,
especially the Blue Nile and River Atbara, are the main source of sild
in the Nile. The White Nile carries relatively less silt; This is
due to the fact that most of its silt is deﬁosited, on its way, at the
iakes, swamps, and marshes through which the White'Nile flows. &The
annual sedimentation loads at each month of the Blue Nile and River

Atbara are shown beiow.

River Annual Sedimentation Load Mechanical Analysis
Blue Nile 140 million tons Sand 45%, Silt 15%, Clay 40%
River Atbara 8.million tons Sand 52%, Silt 15%, Clay 18%

The data on soluble salts are available at several places as shown

belows:— : ;

Lake Victoria 80 p.p.m
Victoria Nile 100
Lake Edward 670
Leke Albert 390
Lake Tana_ 170

. Albert Nile 160
Blue Nile at Khartoum 130
White Nile at Khartoum 140
Nile at Cairo 170

The quality of water of the Blue Nilé.and the White Nile varies
from class ClSIL$during.the fiood  to CQSkLiafter recession of the flood.
The Blue Nile water is slightly .saline during most of the months of
the year except in,May.and June when the salinity rises to = médium
level. The White Nile water is also slightly saline.except in April,
'qu and June, In .gensral, dgta available on the chemieal composition
of the Nile watér show a low soluble content, a high Ca/Na ratio and a

low percentage of sodium. (Refer to Table 3.4)

3.2 Hydrology of the White Nile

3.2.1 River and Basin

The White Nile, the water source of the Project. is originated from

the Equatorial laekes on the lake plateau, flows through rocky rapids

/1: the classification by the U.S. Salinity Laboratory
Iir - 2. -
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extehding over a length of 170 km and thereafter through the swampy Sudd
regibh. After it emergés from the swamps, it is joined by Bahr EL Ghazal

on the west and by Sobat 6n the east. At Kahrtoum the White Nile joins

the Blue Nile which or{g{nates from the Ethiopian plateau. On the way

it is joined by River Atbars and pours into the Main Nile. (Refer to Pig.3.1)

_ Befofe the construction of the Jebel Aulia Dam located at about
50 lm ﬁpstreaﬁ from the confluence of the White Nile and the Blue Nile,
the flood of the Blue Nile used to ereate high rise of water forming
a natural reservoir on the reaches of the White Nile. During the period
"of flooding season, thée backflow of the White Nile redched as far as
Kosbi located at about 250 km upStregm from the Jebel Aulia Dam,; and the
high water level normally ranged from 374.50 m to 376.00 m above MSL.
The mﬁximum wvater level at Mogren (Khartoum) was recorded at 376.560 m
.above-MSL in 1917. Fig. 2.2 showvs the water level at each gauging sta-
_tion in both the rising stage nnd the falling stage ‘on the White Nile.
The offect of backwater evidently reached Kosti. The reaches of the
White Nile from Sobat mouth to Kosti are governed by the run~off from
Sobat hnd Bahr El Jebel{ The reaches from Renk to Mogren were subject
to the behavior of the Blue Nile.

Eversince the completion of the Jebel Aulia Dam in 1937, the hydro-
logic regime in the White Nile was subSLantialiy changed as shown in Fig.
3.3; lower reaches of the White Nile was ¢¢n¢crted'into an artifical
réservoir; _Normaily, the filling is ¢oqduéted in two phases, based on
the dam operation criteria. The first filling to 376.50 m abqve MSL is
commenced in mid-July; the second filiing to 3?7.2b o above MSL starts
in mid~Sep£embér. The water level of 377.20 m above MSL is 6ontinuously
mdintaihed until mid-February. The stored water in the reservoir is
gradually released from mid-February until the resor?oir is completely

emptied in the end of May. (Refer to Fig. 3.3)

The backwater of the reservoir reaches as far as Renk. The water

levels of the White Nile at Dueim are summarized as follows.,

T17 - 3



Before Dam After Dam Water Level WaterLével

Constructed Constructed - Magximum - - Minimum - o
Month (1906-1936) (1944-1976) (1966-1976) (1966-1976) . !
Jan. 373.40 377.46 377.72 377.22
Feb. 372.79 377.35 377.74 377.32
Mar. 372.39 376.92 37766 376.88
Apr. 372.21 375,63 377.48 374.92
May 372.21 373.82 376. 26 I72.72
Jun, 372.45 372.90 373.78 372.56
Jul. 373.12 373,66 375.94 372.78
Aug. 374.92 376.26 377 .34 374.66
Sep. 375.37 377.06 377.64 376.70
0ct. 374.74 377.40 377.65 377.32
Nov. 373.98 377.41 377.62 377.32
Dec. 373.74 377.43 377.62 377.24

Source: Ministry of Irrigation & H.E.E,
The relevant data are shown in from iable 3.1 to fable 3.3,

The features of the Jubel Aulin reservoir are summarized as followste

i i

- Full water level  377.20 m above MSL

~ 1st filling level 376.50 above MSL

- Length of reservoir 314 km _.

- Mean width of reservoir 4.2 km _

- Aren of reservoir 580,000 fedds (2,436 km=)
- Capacity of reservoir 3.1 milliard m?

3.2.2 V¥ater Loss froﬁ the River Reaches

-Accofding to the resulis.of ﬁhe studyZi by the Sudan Government,
the discharges at Malakel and Renk are as shown below.

Discharge (1928 - 1946[
(Upit: Milliard m3)

Jan. Feb. Mar. Apr, May Jun. Jul. Aug, Sep. Oct. Nov. Dbc. Total

Malakal 1.98 1.37 1.40 1.32 1.55 1.95 2.42 2.76 2,94 3.22 3.12 2,91 26.94
Renk 2.29 1.51 1.43 1.32 1.49 1.80 2.26 2.64 2.94 3,19 3.03 2.89 26.79 q

/1 Nile Water Jebel Aulie Reservoir Freliminary Investigations
Report Ne.l, Ministry of Irrigation & H.E.P., Jan., 1968, Khartoum
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Over the whole period for which the records are available, thexe

is no significant difference between the two.

significant iloss on the reaches {rom Malakal to Henk.

Therefore, there is no

Data on the discharges at Malakal and Mogren before the construc-

tion of the Jebel Auiia Dam are as shown below,

Malakal
Mogren

Loss

Discharge {1912 - 1937)

Nov. =~ May
(millidrd m3)
14.3
14.3

Jun. = Oct.
(milliard m3)
13.5
11.5
2,0

Total

(milliard m3)

27.8
25.8
2.0

Tt is evident that water loss takes place during the peried of high

water from Jﬁne to October which is estimated at 2.0 milliard m3 and

is conétituting the natural loss in the Jebel Aulia Basim.

The rosults of the study carried out by the Egyptian Authorities

tp'asseSS the total loss after the construction of the Jebel Aulia Dem

are as shown below.

{(Unit: milliard m3}'
Inflow Outflow Storage Capacily =, ount of
Period at Renk at Dam Diff Start End Storage Loss
Filling Jul.l7 ' _ _ L
to Sep. 30 6.30 2.53 3.7 0.44 3.83 3.29 0.38
Standing Oct.l . _ | o
to Jan. 31 10.78 8.99 1.79 3.83 3.79 -0.04 1.83
- Emptying Feb.l : _ :
- to May 5 4,80 "7.34 -2,54 3.79 0.13 ~3.66 1.12
Total 21.88 13,86 3.02 - - -(,3% 3.33

Prom the Sth May.to 17th July the river f1ows naturaliy and the natural

32

loss during this period is estimated at 6 mﬁ/day (0.21 milliard m”’ =
6 mm x 73 days x 48,000 ha) which has to be added to the figuxe of 3.33

milliard m2,
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Water loss on the reaches between Malakal and Mogren is summarized

below,

- tobal loss with full operation of the Dam = 3.54 milliard m’

- pnatural loss before the construction of the Dam = 2.00 milliard m>

- additional loss by the creation of the reservoir = 1.54 milliard "

3.2.3 ¥ater Quality

~ Two water samples of the White Nile at Ed Ducim were taken and
analyzed at the laboratory in Japan. The results are shown in Table
‘3.4, From its low electric conduqtiyity and low sodium content,'it
is evident that the ﬁater of the White Nile is suitable for paddy ir-

rigation, though PH values are rather high.

3.3 Water Resources

3.3.1 'PreSeﬁt Condition of Water Resources

The Sudan's water resources share of the Niie system according
"to the 1959 water agreement between the Sudan ahd.Egypt ié 18.5 milliaﬁd
m3 ot Aswan or 20.35 miiiiard_m3 at'Sénnur,'while_that of Bgypt is 55.5
miiliafd m3. The present waber consumption in the Sudan frdm the Nile
system including consumption by the ﬁrdject under constrncffcn is

18.259 milliard m3 as shown below.

River System - Irrigated Area Annua] Consﬁmpfidn
(ha) (milliard m”)
Biue'Nile”System 1,246,535 11.977 -
White Nile System 260,395 2.840
‘Atbars System . 156,237 ' ©1.839
Main Nile System 176,396 ) 1.603
Total 1,839,563 18,259

From the above table, the remaining share, of the Sudan is about
2.1 williard m3. This amount however is not sufficient ta meet the
water demand for irrigation development proposed in the short and

medium term plans in the éoﬁntfy as shown below.

/1: VATER RESOURCES OF THE SUDAN

A Report of the Sudan National Preparatory Committee for
the United Nations Water Conference, 1977.
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Proposed Irri- Required Annual

River System gation area Consumption
' ' {(ha) {milliard m3)
Atbara. (Upper Otbara &
Setit) 260,815 2.190
Blue Nile (Kenana, South
of Khartoum, Hehad 11) 596,388 4,800
White Nile 117,597 2.300
Total 974,800 9.280

Thus, it iz evident from the prospective plans that extra Nile
water required for the short and medium term plans is 9.3 ~ 2.1 = 7.2
milliard m¥., In addition there are 630,000 ha of cultivablé areas to
be irr;gated by the Blue Nile in the long term plans, requiring another

5 miiliard ",

3.3.2 Water Resource Development Projects

In order to meet the &nticipated demand for the prospective pro-

ject, a nunber of water resources development projects has been framed out.

« The first phdse of Jonglei diversion canal project to provide
an extra annual yield of 4.7 milliard m3,'and the second phase

of the project to provide 4.3 milliard m3,

~ An annual storage on the River Baro together with the training
and.bnnking.of'23 km of this river course to equalize its flow
and'prdvidé an extra annual yiecld of 4 milliard m3 presently

lost by spillage in the swamps.

~ The diversion project to provide 4 milliard m3 now lost in. the
Maocher Marshes through a canal from Machar, Adar to Melut on

the White Nile. -

«~ The cunstrucfion of storage reservoirs and diveréion'éanais to
conserve sbout T milliiard m? out of 14 milliard m3 currently

being lost in the swamps of Behr E1 Ghazal basin.

~ The projecct to provide an extra siorége caﬁdcity of sbout 4

miliiard m3 by heightening the Roseires Dam on the Blue Nile.
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When these water resource development projects would be launched,

it is evident that considerable amount of water resources can be dévéloped

and the stable water gupply fTor the agricultural sector can be secured.
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Table 3.1 Water Level before Jebel Aulia Dam Constructed

Station: ED DUEIM

Year Jan. Feb. Mar, Apr. May June July Aug. Sept. Oct., Nov. Dec.

1906 10.18 10,47 11,26 13.08 13,86 12,90 12,12 11.84
07 11.5% 10.75 10.47 10.35 10.33 10,37 10.99 12.07 12,90 12.25 11.84 11,62
08  11.06 10.56 10.21 10.02 10.01 10.08 10.67 13.42 14,10 13,32 12,28 11.94
09  11.80 11.24 10,49 10,35 10.50 10.80 11,49 13.45 14.12 13.49 12.56 12.25
10 '12.11 11.80 10.82 10.21 10.03 10.44 10.99 12.86 13.68 13,34 12,36 11.86
Pl 11.76 11.14 10,44 10.21 10.10 10.41 10.09 12.78 13,67 12.62 11.89 11.68
12 11.05 10.46 10.24 10.21 10,19 10.18 10.87 12,97 13.04 12.20 11.87 11.64
13 11.08 10.39 10.20 9.95 10.08 10.39 10.55 11.43 12.14 11.51 11,27 10.55
14 10,12 9.94 9.88 9.86 9.79 9.87 10.66 13.14 13.21 13.00 12,33 11.86
15 11.69 11.03 10.29 10.09 10.07 10.24 10.79 12.02 12.68 12.65 11.82 11.57
16 11.25 10.43 10.08 9.94 9.99 10,24 11.14 13.35 13.96 13.71 12.60 12.12
17 12.01 11.94 11.39 10,48 10.39 10.58 11,39 13.25 14,39 13.85 12.50 12.21
18 12,21 12.29 12.37 12.35 11,75 11.24 11.57 12.58 13.11 12.34 11.96 11.74
19 11.06 10.68 10.51 10:32 10.18 10.49 11.14 12.92 11.49 12.28 11.83 11.71

20 11.06 10.47 10.24 10.06 10,07 10.48 11.28 12.85 12.86 12.59 11,97 11.68
21 11.23 10.51 10.21 9.96 9.99 10.28 10.83 12.60 13.19 12,52 11.74 11.58
22 11.04 10.16 §.80 9.38 9.37 10.01 10.84 12.94 13.45 12.76 11.84 11.57
23 11.25 10.27 9.89 0.95 10.01 10.4911.22 13.21 13.46 12.74 11.83 11.72
24 11.39 10.56 10.08 10.09 10.34 10.26 11.00 12.77 13.44 12,41 11.86 11;52
25 11.40 10,49 10.11 10.05 10.17 10.40 11.06 12.47 12.77 12.31 11.75 11.66
26 11,12 10,34 10.09 10.06 10.07 10.50 11.07 13.16 13.39 12.61 11,90 11.78
27 11.67 11.00 10.27 10,13 10.07 10,17 10.95 12.67 12.90 12,30 11.46 11.14
28 10,35 10.05 9,92 9.91.10f25'10}66 11.50 13,04 13.23 12.22 11.76 11.66
20 11.38 10.54 10,25 11.04 10.30 10.90 11.86 13.48 13.89 13.14 11.99 11.72
30 11.55 10.80 10,30 10,10 10,16 10,29 11.14:12,87 12.93 11.99 11.46 11,17
310,53 10,12 9.93 9.87 9.89 10.10 10.76 12.63 13.30 12.57 11.84 11.65
32 11,15 10.31 10,10 10,03 10,06 10.47 11.11 13.04 13.47 12.57 12.01 11,95
33 12,03 11.68 10.68 10.37 10.25 10.41 10.81 12.48 13.51 12.78 12;15'12.00
34 11.75 10.90 10.41 10.18 10.26 10.45 11,38 13.14 13.65 12.76 11.96 11.85
35 11,76 10.95 10.43 10.33 10,35 10,70 11.71 13.47 13.69 12,98 11.97 11.79
36 11.50 10,76 10.49 10.19 10.22 10,49 11.38 13.04 13.77 12.65 11.71 11,54

Average 11.36 10.75 10.35 10.17 10.17 10.41 11,08 12.88 13.33 12.70 11.94 11,70

EL. 373,40 372.39 372,21 373.12 375.37 373,98
[1906 ] S 372079 372,21 372,45 374.92 374.74 373.74
SUES

Source: Ministry of Irrigation & H.E.E.
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Tabie 3.2 Water level afler Jebel Aulia Dam Construected

Station: D DUETM

Year Jan. Feb. Mar. Apr. May ~ June July Aug. Sept. Oct., Nov. Dec.

[y
WA

1937 10,98 10.36 10,19 10.05 10,02 10.47 11,25 13.28 13,58 12,86 12.90 12.89
38 12.82 12.22 10.61 10.12 10.15 10,40 11.80 13.70 14.14 13.55 13.37 13.39
39 13,37 13.35 13.23 12,23 10.61 11.06 12.36 14.22 13.99 13.76 13.87 13,90
40 13.82 13.34 11,68 10.14 10.08 10.24 10.82 13.64 14.69 14.32 14.38 14.36
41 14.25 13.46 12,02 10.12 9.94 10.39 11,80 14.17 14.77 14.79 14.60 14.63
42 14,68 14.35713.27 11,43 9.94 10.45 11.88 14.28 14.92 14.98 14.93 14.93
43 14.83 14.47 13.28 11.13 10.07 10.22 10.90 13.71 14.91 15.21 15.26 15.30
44 15.29 14.94 13.78 11.56 10.16 10.53 11.51 14.11 14.92 15.20 15.23 15,25
45 15.33 14.89 13,70 11.23 9,71 10.35 10.84 13.61 14,90 15.23 15.24 15.23
46 15.28 15.22 14,39 12,73 10.16 10.11 11,80 14.19 14.97 15.27 15.24 15.18
47 15.26 15.33 15.22 14.50 13.31 11.00 11.43 14.14 14.78 15.21 15.26 15.28
48 15,29 15.13 14.44 13.05 10.52 10.40 12.30 14.16 14.81 15.25 15,19 15.17
49 15.22 15,18 14.75 13.47 11.19 10.31 11.21 14,02 14.70 15,23 15.16 15.13
50 15.21 15220 14.65 13.27 11,08 10.49 11.39 14.09 14.86 15.19 15.20 15.16
51 15,21 15.16 14.35 12.58 10,02 10.16 10.84 13.63 14.84 15,13 15.14 15.13
52 15.2514.75 13.34 11.04 10.04 10.31 11.07 13.89 14.75 15,16 15.23 15.25
53 15.21 14.79 13.65 10.98 10.08 10.35 11.10 13.90 15.02 15.27 15.23 15.19
54 15,34 15.04 13.90 11.62 10.06 10.31 11.47 14.:29 14.86 15.27 15.32.15.39
55 15.37 15.38 15.00 14.19 11.90 10.47 11.47 14.12 14.88 15.39 15.41 15.38
56 15.40°15.44 15,09 14,04 12.58 10,91 I 14.52 14.84 15.42 15.41 13,39
57 15.42 15.36 15.11 14.68 13.85 11.74 11.37 14,00 14.86 15.33 15.41 15.42
58 15.34 14.88 14.11 11.76 10.21 10.31 11.37 14.04 14.83 15.37 15,45 15.37
59 15.43 15.22 14.56 12.99 10.52 10,43 11.02 13,98 14,66 15.33 15.36 15.44
60 15.50 15.41 14,76 13.35 10.98 10.44 11.23 14,03 15.15 15.53 15.52 15.55
61 15.56 15.24 14.28 11.86 10.41 10.25 11.67 14.32 14.67 15,38 15.50 15.63
62 15.7415.79 15.77 15.20 13.98 11.93 11.49 14,30 15.09 15.62 15.73 15.70
63 15.72 15.75 15,75 15.15 14.25 13.67 12.69 14,38 14.88 15.37 15.73 15.82
64 15.78 15.84 15.85 15.57 14.45 12.11 11.87 14.60 15.02 15.48 15.49 15.55
65 15.58 15.56 15,60 15.61 14.94 12.46 11.64 13.53 15.39 15.52 15,48 15.59
66 15.61 15.47 15.27 14.19 11.65 11.04 11.64 14,16 15.31 15,44 15,48 15.47
67 15.51 15.48 15,51 14,81 13.24 10.79 11.48 14,80 15.09 15.52 15.48 15.50

bJ
ey

- to be continued -
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Jan.

Year Feb, ~Mar. Apr. May June July = Aug. Sept.  Oct. Nov
1968 15.53 15.32 15.49 14.73 13.19 10.89 12.02 14.55 15.35 15.39 15.38
69 15.37 15,45 15.41 14.34 11.77 10.82 12.11 14.62 15.32 15.43 15.35
70 15.50 15.49 15.44 14,22 11.87 10,79 11.46 14.28 15.16 15.41 15.33
71 15.43 15.34 15.39 36 12.07 10,78 11.85 14.65 15.29 15.41 15.39
72 15.43 15.39 15.31 14,06 11.78 10.70 11.61 14.51 15.26 15.37 15.33
73 0015.39 15,37 .15.20 14.19 12.02 10.87 11.73 14.36 15,10 15.43 15,38
74 15,53 15.41 15,20 14,11 11.85 10.90 11.94 14.40 15.28 15.43 15.32
75 15.40 15.39 15.36 14.36 12.02710.81 12.17 14.56 15.51 15.54 15.45
76 15.34 15.46 15.34 14.79 12.79 11.04 12.19 14.52 15.28 15.41 15.40
average 15.42 15.31 14.88 13,59 11.78 10.86 11.62 14.22 15,02 15.36 15,37
EL. 377.46 376.92 373.82 373.66 377.06 177,41
] | . -
it%44j 377.35 .63 372.90 376.26 37740
1976
Source:

I11

11

Ministiry of Irrigation g H.E.E.
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‘Table 3.4 Wabter Quality of The White Nile

Item Unit No. 1 Point’d  No.2 Pointi?
pll : - ' 8.0 8.0
. . o ) ; A~ , 2
Klectrical Conductlvgty 1O mho/em 2.23 x 10 2.20 x 10
3 b o
Na me/’ f 0.97 0.97
ng/ [ 22.4 22.4
' me/ f 0.12 0.12
mg/ f 4,54 4.04
ca? me/ { 0.52 0.52
. mg/ 10.42 10.42
21 ‘
Mgg4 me s f 0.62 0.62
mgff ) .5
Total Cation e/ f 2.23 2.23
o - ome/f 0.64 C0.63
mgs f 22.61 22.27
a2 ce .
S0 me  f : 0.29 0.28
mg/ f 13.68 13.33
Alkatinity  mef 1.72 1.70
Tolal Anion me s [ 2.04 2.061
My mgs f 0.03 0.03
5102 _ mg/f 25. 31 25.31
Poj“" . ppm 0.02 C0.02
con O2 mg/ f 6.0 6.38
N()} mgs f 0.43 0.49

: LL Water was sampled at El Goli, 65 km upstream from Ed Dueim,
% June, 1977 ] _

/2 Water was sampled at Um Jerr, i5 km upstream from Ed Dueim,
June, 1977 :
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Fig 3 | The Nile Basin
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Profile of the White Nile
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Fig 3.2

Yinow Egom

Anop e
{oye]
xonc
t:m_z
- /
ol
b
|
5 PN
= //
@! /
=H UTETEYSY &
= Dqp, / .
.m7 %pq AT
il
=
: wieng
2 _
| g .
% <
T DUTOToTy — /
oiny jege ’ A
:uhma.qbc. . M
i g iy o
S " o %
UG|}0AG| 5

el
oy

"SI 2ADGD W U

400 FOO 600 7O 8c0
km

300

Distance

1o C2Co

o

in

Y4nop 40d0g

P3¢ T
__vw“.c_oq,// A

400

in km

AN
— N
5 N
m ///”/. ‘. /d
h Avpd W, /
. /.,
) UTeTegs s
7 NN
S, |DGDY // % AN
o WY hY
= // _/..,_ //
l..ml N / ....._,
- wieng : /V.w / .
2 [
EID RN
3|3 333
w.:_.mﬁm...u . .f _.,,.., .
pliny aqer a_ VoL
. RS
o T o
3 2 5 5

1SN 3A0GD W O] UOI{DABIg

700 80O

600

200 300

100

Distance

117 - 1%



MSL_

in m._above

Elevation

Fig. 3.3  Water Level of the White Nile
Station

379.0 -

3780

3770

376.0

375.0

374.0

373.0

3720

3710

~——  After  Jebel Aulia Dom Constructed

———— Before  Jebel Aulia Dam Constructed

Ed Dueim

b ——

T P

I—

=

e L

Jan, Feb; Mar.  Apr  May Jun.  Jui. Aug. Sep,  0ct  Nov Dac.

111 ~ 16 -

A



 ANNEX IV

GEOLOGY AND SOIL MECHANICS







ANNEX TV

GEOLDGY ANP® S0I17. MECHANICS

Page
4.1 GROLOMY  wavaoreioenossssosnsannassessensensonnnesnsensnses V=1
4,2 S0il Mechanic Properties of Polder Dike Materials ......., IV-3
4.,2.1 Classification of Polder Dike Materials ....c.iiecnriren.. " IV=3

4,2.2 Property of Clay ... iirienirereinnsnnursnasrrorsssroness 1¥V=3

4,2.3 Property of Sand .. ciievvesnarecssrasesnssnscsssassnsvss 1Ved
4.3 801l Mechanics for ™lannirg of Pumping Station ........... IV-5
4,31 Bearing Canacity at Pumping Station ..iiveeerovinncaceas IV=H
4.3.2 Settlement of Pumning Station SR § A

4.4 Stability, Sel'tt.lement, Hrosion and Seenage of S
P0lder DIKE oo ve ittt seass  LVT

4,41 Stability of Polder DiKe ..v.iicvevevsnerosansnresssasse I¥V=T
4,4.2 Settlement of D0l1deT DEKE . .vvevsvvseioseionnaivioneens IVT
4.4.3 Frosion of Polder Dike v.ueiiviennnnen. tedeaessaresonsaas 1V-B

4.4.4 Seepage from Polder DIKe .i...vvscevsesatonssacsaaiasnns IV=9

4.4.5 Embankment Gf Polder Dil’{e 2580 LRANEEPEERR SO EPETALEOECE DD Iv"9

Tables

4.1 Summary of Soil Mechanic Properties of Soil lLayers ,.,.... IV-10

Fis;ﬁfes

4,1 Location Ma:p of Soii Mechanic Survey .....vsveteciscann. .o I\f—ll
4.2 Profile of S0il L. iiie ettt ittt st ianenaaes  IV-12
4.3(1)  Ground Water Level  .uuuesseeeeeesesesessreeessnnsnnnssanss IV=13

4.3{2)  Ground Water Level ..eeeeseseseesecseorsaneocosssnseensess IV=14



Figures

4.4 Cone.Resistancc OF GTOURA * v vvevevvnnrannsnsesnsanssaerenss
4,5 PMlasticity Chart of the Clay . v.ovieiriiiriverneroaransnss
4.6. Summary of Gradatién Anﬁlysis of the Clay L .vviinnererass
4.7 Cone Resistance of the Clay Comnacted under

Proctor's Standard EDergy e irs sttt s e

4.8 Proverties of the Clay Compacted under _
Proector's Standard Brergy ceeenieiasrerasonassrnsrsssnsnns

4.9 - Summery of Gradation Analysis of the Sand  ..vsen... raaians

4,10 "roperties of the Sand Comnacted under
Uroctor's Standard ENergy ...ceveeinivnerinisncncasnionsons

4.11  Stability Analysis of Protechion DHiKe ..vuiuieerevsveenssnn

4,12 Phreatic SUTFACE v ervrsrrsteseeeasasssoesnssovansssnnsces

Page

IV~15
Iv-16

v-17

1v-18

w-19

V=20

v-21

CTV-22

=23

Baimigs,



IV, GROLOGY ANl SOIL MECHANICS

4.1 Geology

The primafy formation of landscape in the Abu Gasaba Area has been
arisen from the thternary period with the fluvial sedimentation by

the White Nile.

Sdil layers in the project area are classified into four_layers,
namely, clay layer with water content remakably dried-(berein&fter named
as "dry clay" iayeyr), clay layer with water centent below its plastic
Limit (hereinafter named as "semi-dry clay" laver), clay layver with
water content above its plasbtic limit (hereinafter pamed as "plastic

clay" layer) and sand layer.

The "dry clay" layer, graj in colour, bccﬁpies the uppermost part
of soil profiles all over the projeét area. - The layer is O.8Im to 1.4 m
or more thick.benenthhthé upland between Abu Araki and El.”Sher. This
layer seéms just like a soft rock ﬁith plenty of cfacks:on its surface
and to be transformed into a soft clay with less trafficability in the

case inundated with water.

The "semi—dry'clhy" ldyer, gray in colour, was limitedly at the
point of 1.5 km- south from KL Mineidrib. The layer seems to be transi-~
tional laver from the "dry clay" layer to the "plastic clay" layer
which lies along the shore of the White Nile,

The sand layer underlies the clay layers all over the project area.
A part of this layer, the depth of 7.0 m to 8.5 m or 372 m to 368 m
ghove_MSL-in nlévatidn, seems to be compact saﬁd (ﬁereinafter named as
"compact sand" 1ayer). .Though the thickness of this "compact sand" layer
_:couldn't be cleared in this tield survey, it scemes to be considerably

thick, because this layer extends continuously under the ¢lay laver.

The location map of soil mechanic survey and the profile of soil
are shown in Fig. 4.1 and Fig, 4.2, respectively, Groundwater level
cof each survey poiunt is alse shawn in Fig, 4.3. Soil mechanic propert.-

ies of layers are shown in Table 4.1.
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So as to examine the drafficability of agricultural equipments in
the project area, the cone test was carried out on the margins of the -
surrounding small ponds, where the grotind. surfaces seem just like remould-
ed clay. The cone resistance are 0 to 1 kg/(.:.mz in depth of 0 to 0.5 n
and 7 kg/cm2 or more in de.pth of 0.5 to 1.0 m as shown in Fig. 4.4.
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4.2 Soil Mechanic Properties of Polder Like Mgterigls

4,2,1 Classification of Polder pike Materials

The clays of the thrée clay layers resemble closeiy_on their
physical property, as shown in Fig. 4.5 to Fig. 4.6. Therefore, all
clays in the projec% area are treated as a same materinl, ﬁhat is
to say a clay, in this report. Trom this standpoiﬁt, the materials

of the polder dike are broadly clasgified inte a clay and a sand.

4.2.2 Property of Clay

Soit mechanic test of the clay in the "dry clay" layer and the
"plastic clay” layer was carried out at the 1abor§tory in Japan. The
results are shown in Fig. 4.7 and Fig;r4.8. Therciay in the "semi-
dry clay" layer is supposed to show_intermediate progerties betwéen
the said both clays. Ail clays belong the same class on Lheir physical.

property classifications, CH in unified soil classification system,

Pfoperties of. the c¢clay compacted by the Proctor's standard energy

are mentioned below:-

- Cone resistance of the-clay iz greater than 4 kg/cm2 at

water comtent of less than 40 %3

- Fermeability of the clay is estimated to be vithin the order

of 10"7 in cm/seci

- Consolidation test data made on th9 c1gy compacted at water
content of 36 % is available which shows roughly the propefty

of consolidation of the clay at relatively wet side;

- While, the prcpertyzof consolidation of the clay at relatively
dry side is considered to show less consclidation setilement
and faster rate of consolidation than those of the test data,
because it shows larger dry density and permeability than the
test datas

~ Parameters of winimum ghearing sitrength under saturated, un-
‘consolidated and undrained condition, are estimated as cohesion

of 1.1 f/m2 and angle of friction of 0% and

e
Ko
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- Saturated density of the clay ranges from 1.70 t/m3 to 1.93 t/mj.

4,2.3 Property of Sand

From resulis of soil mechanic test as shown in Fig. 4.9 to Fig. 4.10,
properties of the sand compacted by the Proctor's siandard energy, are

mentioned follows:w

~ The sand belongs to SC on S-C in upified soil

classificationi

— The sand shows s cone resistance of 8 km/cm2 at water content
of 9.% %, and decreases it down to 4 km/cm2 at water content

of 18 %:;

— Permesbility by labor&toryntest is estimated at 6 x IO#é cm/sec
at water content of 9.5 % and 3 x 107 at content of 15.7 %,

nearly optimum water content:

~ Parameters of shearing strength at water content of 10.4 %
and 17.1 % is almost same and is estimated as cohesion of 1.0
t/m2 and angle of friction of 30° under saturated, consolidated

and drained condition? and

-~ Saturated density of the sand ranges from 2.06 f./m3 to 2.09 t/mj,
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4.3 Seil Mechunics for I’lamfing‘ojf‘ l:’_umping Station

i

4,3,1 Bearing Capacity at Pumping Station

Thy buse of the pumping station is placed at elevation of about

308 m nbove M3L, depth of 6 m to 9 m beneath grbund surface. Level of

the buse, therefore, will be located in the "compact sand" layer.

As the busic condibion l'or analysis on bearing capacity, the thick~

ness of the "compact sund” layer is estimated 4t 5 m as shown in the

following figure. This condition is congidered to be the most dangerous

For the design of the pumping statien.

Ground Surfuce

T Vi
S VA —Z
Load of i’un;pinb; Stution ¥ =1.8 l;"m’_3
Sl e . LT " Sund ' 4
g ’ - R P 2.1 t/m’ C="0 t/w?
= LIS ) . ' i ' © e ) :
" . . : s v =31.,5

Clay 3:1'.8 t/'m“'_

=2.0 't-/ml
F0°

Long term allowable beuring capacities of the sand and the clay

(qiil & (1112) are genevally calculuted by the 1'0&10ﬁing formulas,

respectively.

{oc-(:-m- 4 g '-jyl-n-,\.', ;yznur-(,\:s; e: 2,}

qa, =

o fie

qa_ ___%.(14 ]l;;'x”’)(l , HFUF)(F}.". X-C 4 T.UY"U?)

2
where,
H depth to the boundary between sand and clay
br

depth to the base of pumping station
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" B&L : ench side length of a rvectangular base (B & L), B=15" & L=35"

Y&l densitics of soil below or wbove bhe depth of the base,
1 submerged unit weight is used for the soil under ground water

[ 1+ 1.0 + 0.3

lhe-Mal |-~

B+ 05-007

C : cohesion

Nc,'N{, & Ng: Dbearing cépucity Factors which are functions of
internal friction angle,
Ne =25 Ny = 15 Nq = 20

Results are as below,

qa = 91.1 t/m2 qa, = 15.3 t/m2

Long term mllowable bearing capacity of the pumping station is
15.3 t/m2 because allowable bearing capacity is adoplted low value
between ones of.the upper sund layer and the lower clay layef. From
the result of this calculation, long term allowable bearlng capac1ty

of the pumping station is expected to be at least 15 t/m .

4.3.2 Settlement of Pumping Station

When the "plastic clay":layer extends under the sand layer, settle-
ment of the sandzlayer will increase correspohdihg to the thickness of
the sand layer. It is necéssafy;to carry dut more -detailed survey by
boring in the stage of the detail design, Accdrding’to the assumption
that the "plastic clay” layer of 5 m thick will extend under the sand
layer of 9 m thick at the pumping station, the conéoiidation gsettlement
of the "plastic clav"'layor wili be agssumed to be about 5 cm. Totul.
qpttlement will be assumed to be less than lO cm in addition to 1n1t1&1

settlement of both layers.,

On the other hand, differehtial gebtlement of the pumping station
might be occured, though settlement of each parts might be small in the

case that the "plastic clay“ layer is not so thlck
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4.4 Stability, Settlement, frosion and Seepage of Polder. Dike.

t.4.1 Stability of Polder Dike

It is the most unstuble against the sliding thal the polder dike
of the ¢lay materials will be constructed on the foundation which is
occupled by the thick "plastic clay" layer. -As mentionad in the lnter
subscction, it has been féund that consolidation of the dike or foundan
tion of the cloy materiunls will be progress very slowly. Ffom this
viewpoint, the elffective increase of the shearing strength by consoli-
dation will wchieved in the long. term more ﬂhun 20 years, Initial
 Shearing strength, therefofe, must be taken in the analysis of stebility.
The stability analysis dgainst failure along slip circles is carried out
~using the shearing sirength parameters of € = 1.1 t/m2 and #§ = 0.
From the result of stahility unalysis, the cross section of lhe polder
.dlke with the safety factor of 1.2 om its sliding has beeﬁ designed asg

shown in Flg. 4,11,

"In genprul. ﬁhen a dike is built by sand materials with non~cohesion
and constunt Flow is 00?1ng out from a dike gslope, & local fallurp some~
tlmes accurs around the cozing point and develops 1nto plplng. However,
this fﬂllure never 0Ccurs on the dike in the preject area because the
sond mnterlullls expected to have thL_COheSLOH of 1.0 t/mz. Therefore,
the failure pﬁttérn of the dike consfructeﬂ by the sand material is u
génerﬁl.failure that the s{ubilit; qhaiysis against failure along slip
circle can be applied. ‘The dike of the sard material which bas the
same dimension mentibned.ﬂbove_is much more stable because it has the

shéaring strength parameters of ¢ = 1.0 t/mz and # = 30°

'4;4.2 Settlement of Polder Dike

Jince initial sctitlement of dike will finish by the end of construc-
tion, correctional embankment for seltlement can be made during under
construction. Only setltlement due to conselidation, therefore, is

anapiyrsed in this reporct.

Seitlémdnf due to consolidation (Sc) and the relation between time

{t) and dégreé of consolidalion are cglculatud hy'Lhe following formuls,
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e & e = void ratio corvesponding to vertical stress on soil
before and after loading

I} = dreinage path
Cv = coefficient of consolidation

: time factor which is a function of degree of consolidation

3
1

Value of eO, e and Cv are referred to data sheets.of consolidation

“test in the appended soil test data.

The result of calculation is summarised as follows;

~ the dike which has the height of 4.5 m and the foundation occupied

by the "plastic clay" ldyer in 6.5 m thick:-

The settlement of the dike and the total settlement of the
'dike.and its foundation is estimated at 12 cm and 45 cm,
respéctiveiy' ‘The progress'of the settlement is very slow,
that is to say, it takes more than‘20 years after constructioﬁ
of ‘the dike for settlement to reach to 30 % of the Pinal

settlement.
- the dike which has the height of 2.5 m and the foundation occupied
by the "plastic clay" layer in only 1.5 m thick:-
The total;seitlement of the dike and its foundation is esti-
mated at 10 em and it takes 0.8 years by 30 % of the final

‘settlement.

4.4,3 Erogion of Polder Dike

The dike in the Project.ahea is éﬁpﬁOSéd to be eroded by wave of
the White Nile and wind. Though some protection materials are available
for the dike, for ékample, rock, bﬁg filled with soil, conecrete, etec.,
oné of the most'econqmiéal protecﬁipn methods for erosion may be to

enlarge the ﬁidth'of the dike.

v - 8
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The crest width of the proposed polder dike will be enlarged.lm longer toward
the river for the protection aguinst the erosion by wave., An effective
width agrinst erosion will become clear by the survey on erosion of dike

constructed first.

4,4.4 Seepage From Polder Dike

The maximm coefficient of permeability of the dike made of the
sand material, is expected around 1 x 10_3 em/uee, From the fdllbwing
assumptions, the maximum seepage flow discharge was estimated at about

- 2,000 m3/day,

- The seepage flow is constant because the water level of the

White Nile is kept at the high water during half a year.
~ The phreatie surface is shown in Pig. 4.12.

~ The length of the polder dike of the sand material on the tract

is about 2.% km.

This seepage water is again used for irrigation with the

surplus water for irrigation.

4.4.5 Embankment of lolder Nike

For dikés such as thdsé'cnnsiructed.in the hrdject area, a
bulldozer is generally used for cnmphctidn.” From the condition that
cone resistances of soils in thd.Prhjecf aTen are estimated at more
than 4 kg/cm2 except for the awamps, » hulldnzﬁr with the veight of
15 % to 20 t can run on ihe grdﬁnd. The usual cﬁmphction.by a bulldozer
that is a weight of 15 to 20 t, the 1ift of 30 cm and compaction times
of 4 to 6 is recommended. It is desirable that the exact Qbmhactioh
-energy required for embankment construction which correspuﬁds to the
Proctor’s standard energy is judged in a test run embdnkment.to be done

at the enrliest stage of the tirst conslruciion phase.
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Table 4.1 Summary of Soil Mechanic Properties of Soil Layers

semi~dry plastic

So0il layer dry clay clay clay sand
fine (p ©0.074 mm) Craction (%) 90 90 85 - 93 14 - 22
J_iqﬁid limit (%) 61 103 66 — 94 20 - 29
plastic limit (%) | 25 28 22 - 30 12 -~ 13
Japan unified soil classification CH CH CH 5C - B8C
natural water content (%) 13 22 26 - 39 - 10 ~ 13
wet deﬁsity * (t/mB) 1.6 1.8 1.8 1.8—2;0
saturated density A (t/mj} | 1.9 1.9 l.é 2.1
shgar'st-reﬁgm Lz_. (4 /m%) | | 7-5 5-10 1-5 .
coefficient. of permeab:i'li.ty 1x 107 1« .}_0"6 .1 X i0"6 1072 2 107°

{cm/sec)

cone resistance (kg/cm2) 15 7 4 8
angle of internal friclion ( “ - - - 33.5 - 35

éi Values assumed in reference to densities of compacted materials.

/2 These correspond to the cohesion in undrained condition.

IV - 10
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Fig.4.4 Cone Resistence of Ground.
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FOR REPORTING

Fig4.9. Summury of Gradation Analysis of the Sand| wou e mevorn
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V., SOIT. AND LAND CLASSTRTCATION

5.1 Procedure of Works and Work Progress

5.1.1 Field Survey

The field'works were carried outl by the use of the contour map on
a scale of 1/50,000 along with the serial pholographs on scales of
1/25,000 and 1/50,000 provided by the Government.

The exploratory pits were set up at 120 locations in total as the
representative sites of the major soil groups in the project area.
The pits were dug to a depth of two meters. Soil profiles deeper than
two meters were checked by hand augering at the major locations, Be-
sides; hand augering tests at 66 locations were additionally carried

cut to confirm the extent of the soils.

The profile descriptions were basically in accordance with the

procedure defined by U.S.D.A., Seil Conservaetion Service, 1973.

In the course of profile examinalion, about 150 soil samples were

taken from the major herizon or layers in various soil groups and then

‘their pH and EC were measured at the site. Besides, the intake rate

and permeability of soils:were"measured on evaluating'the irrigabiiity
and drainability'of the soils. - The measurement was mede by means of

dry auger-hole method undex uncompressed and undrained conditions,

The procedures ¢f field works are listed in Table S.1.

5.1.2 Laboratory Works

On the basis of the results of the profile examinmation énd pH'and
EC measurements, some 80 represgntative soil samples (30 locations)
were selected and sent to Tokyo for the chemical and phyéical analyses,
In the laboratofy, the items in Table 5.2 were examined in accordance

with the methods approved in general,

5.1}3 Procedure of Soil and Land Capability Classification

-As requested by the Soil Survey Department. in Wad Medani Research

Cooperation, Hinistry of Agriculture, Food and National Lesource, Sudan,

V-l



the soils were grouped in accordance with the Soil Taxonomy compiled

by U.S.D.A,, Soil Conservation Service, 1973.

g

In reference to the Soil Taxonomy, the following terms of soil
features were used for the soil classification in the Gasaba plain.
1) Parent materials or lithological materials;

a) Recent alluvial depositions, having more than 60 % of clay

matrix and & few percent of fresh organic matters or humus,
b) 0ld alluvium, having more than 60 % of clay matrix and a

small percentage of organic carben.

2) Climatic vegime particulerly on the earth temperature, such as
Thermie, Hyperthermic, etc.

3)  Diagnostic profile features;
a) Surface horizon,

.~ Soils in each group have different soil colour, humus con-

“temts and siruciures.

e

b) Subwsurface Horizon, lying within 150 cm below the grbund

surface,

- Crackiﬁg.in the prbfiie which mainly depends on the moisture
regime, co-rélating with thé terms of sﬁrihkage and sﬁelling
characteristics of soils, _

- Gleyic horizon affected.by the surface water stagmation.

« Gleyic horizon affected by the groundwater fluctuation.

¢) Topographic conditions, ﬁar£icularly on the micro-relief

charaéterized by the Gilgai formation,

As for the land suitability classification, "Manual for Land Suit-
ability Classification for the Agriculture, Part II, Guidelines for
Soil Survey Party Chiefs, Wad Medani, 1976" was applied in order to
contribute to the national programme of Suwian on the land clesgificetion -
for agricultural development which has been now undertaken by the

Government. . : S L : ggl
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In this land elassification, rice is selected as thé specific crop,
and full mechanization and irrigation operation are foreseen in the

future development conditions in accordance with the project objectives

"requested by the Gevernment of Sudan. With the realization of the above

conditions, the land features were'evaiuated.by the present soil and
land conditions, and thereafter, degrees of land potential for the rice

production were formulated in the Land Suitability Classification Map.

In the project area, the following soil features and land categories

are essential factors on evalusting the land suitability for rice pro-

duction.

(1) Heavy soil textural quality

(2) Siightly to moderately stirong alkalinity

(3) Very low permeability and low intake rate

(4}  Relativety deep grdundw&ter

{5) Deficiency of orgenic matters aﬁd nitrogen

(6) ‘Free from salinity problem and soil toxicity

{(7) Very gentle undulﬁﬂion and/or nearly flat topography
(8) Gilgai micro-relief in certain extent

(9) Free from dense vegetation and other land covers

5.2 General Conditions of Soils

‘The soils in the Gasaba plain are derived from the old clayéy_
altuvium deeply deposited by the White Nile. The clayey aliuvium genefnlly
inéluding clay fractions 6f more than 60 % of soil and a few percent éf
humns throughout the profile and such conditions uniformly extend all

over the pluih.

Aecording to the information obtained from the local.inhabitants,
almost all the lands in the Gasaba plain had been extensively cultivated
by the local inhabitant without serious problem of floodingnof the White

Nile and its tributaries,

Eversince the.éompletion of the Jebel Aulia Dam in 1937, however,
all -the lands in the plain have been submerged seasonally from August

to thorond_of_ﬁarch. Under such circumstances, most soils in the



Gasaba plain are grouped in the Vertisols under the arid climateséi
except some nnrrowiy developed lends covered by the Entisols along the
rivers, A greater part of these Vertisols has been pubt under the pro-
cess of the hydromorphic weathering caused'by‘the wvaterlogging and

rising groundwater.

According to the soil taxomony system by U,S, Department of Agri-
culture, the 4 soil groups in the Gasaba plain are identified as in the

fbllowings.

The soils of group I and II are correlated with the Vertisols in
Order, the Torrerts in Suborder, the Typic Torrerts in Great Soil
Gfoup, the Peleustellic Torrerts in Subgroup, and then the former
soils are correlated with the.Very fine clayey-Mixed-Teeply cracked~
Hyperthermic~Peleusbollic Torrerts and the latter soils are.correlated
with the Very fine clayey«Mixed—ShallowLy crécked—Thermic—Peleustollic

Torrerts in Family at the lower category of s0il classification.

. While, the both soils of group IIT and IV are correlated with the
Entisdls in Ordera. Then, the soils of group III are corrglatéd with
the Agquents in'Suborder, the Fluvagquents in Great Soil Group, the Vertie
Fluvaquents in Subgroup, aﬁd the Very fine c1ayeyaﬁixedaThermic-Veitic
Fluvaquents.in Family, and the soils of group IV are correlated with
the Fluvents in Suborder, the Udifluvents in Great Soil Group, the
?erﬁic Udiflu#ents'in Subgroup, and the Fine clayey-Mixed=Thermic-

Vertic Udifluvents in Family.

The development of these identified soil groups is shown in Table
5.4 and 5.5.

To speak in general, the. soils of the Gasaba plein are very fine
clay in texture, mild to moderate in alkalinity, relatively poor in
humus, rich in mineral elements, free from salinity and chemical toxic~

ity, high water holding capacity end very low permeability.

/1t The Gasaba plain is characterized by the "Arid climate”, having
summer rain apd warm winter (Al.}), according to the schematic
classification on the zonal climate in Sudan which is defined
in Land Suitability Classification for Agriculture, Part II,

Wad Medani, 1976.
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"It is noteworthy that the mosi Vertisols have common specific
characteristics of making cracking'aﬁd gilpai micro-relief on the surface

vhere the 1ands are dried up.

5.3 Soil Classifications

5.3.1 Soil classification

On the basis of the remarkeable soil features the soils in the Gasabas
plain are broadly classified into four soil groups. (The diagnostiec
,characteristics and profile features of each soil group are shown in

Table 5.3.)

5.3.2  Msin Soil Features of Each Soil

(1) Soils of group I and II

Both the soils of group I and II are idenbtified with the Peleustollic
Torrerts in.Subgroup. These soils are ﬁhe Vertisols generally developed
under arid and/pr semi-arid climapic conditions, They are derived from
old alluvium of the White Nile and have scil matrix colour ranging
between 10 YR 3/1 (biownish black) and 2.5Y 4/2 (black grayish yellow)
fhroughout the upper profile of 100 cm deep; 60% or more clay are con-
tained in soils of all horizoms or layers to a depth of 150 c¢m or more;
intersecﬁing slickensides are shown on parallpl—piped.strucburnl aggr9m

gﬁtes of profile; gilgai micro~relief is formed on the surface of land.

Soil crackihgs as the most remarkable characleristics of the
Vertisols develop densely in the profile. The depth of cracks varies:

from 30 em to 100 cm or more, depending on the soil moisture contemts,

Earth thermal regime of soils might be direﬁtly influenced.by
valer stﬁndihg_and.ibs.iong duration, Adco?ding to thé.mpteological
date obtained from the Kosti Meteologidal station, the carth therm#l
~regime in these soils is caiego;ized into Thermic (anpuai-SOil Llemper—
'afuré'ét a dépth of 50 cm is ranged between 15°C nndIZQOC) and Ilyper=-

“‘thermic (22°C or more).

Based upon their general features; the ééils of group I and II are
identified with the following Families at the lower category of classifi-

cation.



(1}-A. Group I ... Very fine clayer-Mixed-Deeply cracked-Hyperthermic

Peieustollic Torrerts.

{1)-B. Group II ... Very.fine clayey-Mixed-Shallowly cracked, Thermic-

Peleustollic Torrerts.

(1)uA. Group 1 ... Very fine clayer-Mixed-Deeply eracked-Hyperthermic~
Peleustollic Torrerts.

The soils of this group develop over the lands in the vicinity of
Abu Araki and Um Jerr islands. In the Gasaba plain, the soils are ohly
found spottily on the old remnant levees with elevation of 376.7 m or
some more. Most lands are sparsely covered by acacia scrub with some
cover grasses. The lands are mostly free from the flooding or very

shallowly submerged in a short period when the White Nile is high in flood.

The horizon sequence is A11/A12/A13 or A2 with diffuse and/or unclear
boundaries in common. The surface soils (All} are brownish Black to'brownish
‘gray in colour, very fine elay in texture, coarse sub-angular blocky in
structure. They gradually change to the A12 horizon which is heavy clay
in texture with few and fiﬁe lime concretions and.very coarse blocky in
structures. The soil colour, whén moistehed, is mostly similar to or
siightly darker than_that of -the All horizon in general. “The Al3 or A2
horizon occurs at the depth of 120 to 150 ch and its,thickness is more
thep 100 cm common. The soils of the Al3 and/or A2 horizon are brownish
gray (10 YR 5/1) to dark gfeyish_fellqw (2.5 IR 4/2) in colour; heavy clay
in textﬁre and maésive in structure, Below the Al3 aﬁd/or A2 horizon, &

very cbmpact sandy 1ayer underlies in géneral,

‘Generally speaking, ihe soils of this groﬁp are very compact.and firmly

consolidated throughout the solum except thin top soil with rather friable

consistence due to self-churning and self-mulching specific to the Vertisols,

‘They have very hard to extremely hard when dry, while friable and soft when
wet. They have very high water holding capacity, vhile their permeability

i : . - ~6 . ,

igs very low ranging 1.5 x 10 > em/sec to 7.1 x 10 cm/sec and their basic

intake rate is very low.
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_As for the chemical prbperties, the soils are slightly alkaline
wivh pH values rénging between 7.8 and 8,4 throughout the profile.
Toial organic carbom is 1.0 % or less in the All and Al2 horizons and
0.5 % or 1ess'in the lower horizons. LC values are mostly less than
1.0 m, mho/cm/25°ﬂ throughout the profile. Cation exchange capacity
ranges between 35 and 50 m.eq. and its capacity is moétly saturated by

the bases, in which calcium is dominant.

(1)~B. Group II ... Very fine_clay«Hiked~Shallowly cracked-Thermic—
Peleustollic Torrerts

The soils of bthis group extend over the land where the elevation
ranges between 376.2 m and 376.7 m. The lands are, more or less, sub-
mergéd with stagnant flood waler from August to the end of March. Since
the soils mdstly hold favorable moisture level for vegetation during'the
dry period, all the lands of this soil group are denseiy covered by

short wild grasses.

They have AL1/AL2/A2g hofiion sequence, in geﬁeral. In both the
All and Al2 horizons with a depth of about 60 cm, the soils heve brown-
ish ‘black to grayish yellow cdlour when wet; weakly subangulaer blocky_
structures. Their texlure is'heavily fine and Lhey are.firmly_éompacted
and consolidated. Cfacking_is génerally shallower than 60 cm in depth.
The A2g horizon to e depth of 200 cm or more is a gleyic horizon in-
fluenced by =& seasonal fluétuﬁtion.of groundwater table and inciudes
mAny disfinct.ferrﬁginous mottles (10YR 5/6 to 5Y 6/6) aﬁd some fine

mangenese concretions,

Regarding the cheﬁical'pro?efties, the soils are moderately
alkaline ranging beiween 8.0 and 8.5 in pH“values throughout the profile,
while their EC values are mostly less than 1.0 m.mho/cm/25°C,'indicafing 
they have no serious salinity problehs at present. Total organic carbon
is estimated at 3.5 % in their surface soils, while less than 0.5 %

in sub-soils. Cation exchange capacity is about 40-45 m,eq., which is

mostly saturated wilh bases, Nitrogen is deficient in these soils.

As for the hydfodynamic features, the soils of this group have s high

water hoiding capacity, but very low permeabiliiy of 1.8 x 1070

cm/sec
to 2.4 x 107 '

em/sec and low besic intake rate,



In the light of soil features, both the soils of group I and 11
correlated with the Peletollic Torrerts are iusable for the irrigeated
rice cultivation providing proper irrigatibn farming practices could be
applied satisfactorily. The other common tropical and/or semi~tropical
crops can be also grown on these soils by applying adequate farming

practices.
(2) Grbup'III «.. Very fine clay-Mixed=Thermic=Vertic Fluvaquents

The soils of this group are primarily wet soils which mainly extend
over the low lying area where the water deeply stands for & months from
August to March. The terrain of the land is nearly level with partial
depresgion. At present, most of the land is covered with swampy grasses,
such as reed {Phragmites communis TRINIUS}, reed-mace (Typha L.) sedge
(Cyperus rotundes L.) etc. amd water hyascinth (Eichhornia KUNTH) in the

depressed land.

They are also originated from the old alluvium of the White Nile,
The soils are wet or moist all the time,'an& then, glei;étion is proceédg
ing throughout the profile due to high'groundwater level., Their horizon
sequence is Al/A2g/A3g in common. _The'Al horizon is usually less than |
5 cm in_thickhess. The scoils in this'ho?izon'are somevhat dried and
véry shallowly cracked in the dry’seasbn, The A2g:h6riion is elso thin,
5 to 10 em in thickness. The soils is generally put under strﬁng.rem
ductive cqnditions, and then, shows greenish gray (5G 5/1) colour.
The Alg horizon is usually deeper than 200 cm. The soil is olive
(5Y 5/4) té grayish olive (7.5Y 5/2) mixed with gray (51 5/1)
in coloﬁf when wot. Ferruginous mottlings are found very rarely in

this horizon,

_ Throughaﬁt the profile, the sqilsiconsisf of #ery clayey compacted
matrix. The consistence of the soils is'relatively friable when wet,
while very hard when dry. Their permeability is as low as from 1.3

x 1078 cm/sec to 7.3 -x 1077 cem/sec in common,

As for the chemical features, the soils are slightly to moderately
alkaline ranging from 7.7 to 8.5 in pH value and have no serious salinity

problems at present. Organiec matters or humus content in the surface
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soil is about 5.4 % (8 3 % of organic carbon) on an average, but the
content abruptly decrcase Lo 1.0 % or less in the subesoils, Cation
exchange capacity is ranged from 40 to 46 m.eq. per 100 gr of soil, and
most of the soils are fully saturated by bases in which calcium sccounts

for more than 50 % of the total.

The poor natural drainagé condition is the biggest constrainb'upon
the crép'producLion in Lhis area, In effect, however, the cultivation
of rice can be done profitably provided ihat flood control and drainage
systems would be well facilitated and adapted irrigetion farming prac-—

tices could be properly performed.

(3) Group IV ... PFine clayey-Mixed-Thermic-Vertic Udifluvents

The soils of this group arc the recent alluvial soils which have
no diagnosiic characteristics oxcupb heavv clayey Lexture aml a verv
small content of fresh organic matiers in the surface 5011 on profllo
These soils are mainly developed narrowly along the White Nile. The
land of these soils is usually flooded deeply for about 9.5 monihs from
August te the néxt.mid;ﬁpril. For only about a shorﬁzperiod of 2.9

months, the land is covered by velvel grasses,

In usual; the surface soils have dark brownish colour (10IR 3/4)
which graduaily changes to yellowish grav.lz 3 Y 5/1}) with the depth.
Fhe soils have mild to modernte alkallnlty ranging from 7 8 to 8.5 in
pH values no serious sa11n1tv proble at present (EC values is less
than 0.5 m, mho/cm/25 C)., Total organic malter is estimated at a few

percent of the soil.

In the terms of the earth'temperaiure, the soil is in the thermic
regime. Their permenb1i1ty is very'low ranging from 1.3 x 10 -6 cm/sec
to 1.9 x 1O7 -6 cm/se(. The molsture relaining capacity is generally

high throughout the profile.
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5.4 Land Classification

i
i

5.4,1 Specification of Land Classification

The degree of. land suitability of the project area is exemined in
accordance with the "Manual for Land Classification for Agricuiture,
Part II, Guide Line for Seoil Survey Party, Wad Medani, 1976." In this
exnminafion, the lands are graded with emphasis on- their capability
for machanized and irrigated farming under the condition of prnjedt

implementation.

Of all the specification of lend evaluation defined in the above
Manual,thé following factors are taken up'as the essentials on evaluat-

ing the land suitability in the_pfoject area,

1) inundation (i); limitation caused by seasonal flooding

2) topography {t); limitation mainly by the unsuitable land elevaetion

for the economical gravity irrigation.

3) alkalinity ()} limitation due to alkaline reamction of soil. No

sodic constraint exists in the project ares,

4) fertility (f); limitation due Lo deficienmcy of nitlrogen and
organic matters in soils,
5) VYertisolic - . : -
feature (v); limitation due to high contents of clay in soil
matfix whiéh‘have'iafge'swelling_éharactériética
and friasble, very plastic and very sticky comsist-
ence vhen wet, while shrinking qharacterisﬁics and

very hard and very firm consistence when dry.

Among the five conditions in ‘the above, inundetion (i) is the big-
gesat limiting factor on the agriéultural de#elopmént in the project
area. In order to successfully develop the'objéctive area, high.capital

investment will be required'fbr the flood protection.

Topogréphic constraint is the land elevation of more than 376.7 m
where is unsuitable for the economical éravity irrigation. "It is con-
sidered that the gilgai micro-relief in the area is not so serious

problem for the preparation and arrangement of rice field.
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As for the chemical constraints {a) and (f).of.soils, it is con-
sidered that the derficiency of the fresh.organic matters and nitrogen
can be supplemented by the application of manure and chemical feftilizers.
However, it is noticed that those fertilizing efficiency, especially of
.nitrogen, will be reduced owing to the diammonification.proceeded wi th

alkaline reaction of soils.

Vertisolie (v) conditions are generally accepted to the usable for
rice cultivation. However, the farm mechanization will be restricted,
to some remarkable extent, due to specific unfavourable characteristics

of soils.

Some agronomic constraints such as climate of low humidity (¢},
and successive wetness or low permeability are found in the project
area. As far as the rice cultivation is concerned, however, these con-
ditions will be negligible for this land classification because Lhese
conditions would be improved by the proper application of adapted
farming technics practically. Condilions of sﬁéh erosion hazard {e),
salinily problem (s), surface gravel and stoniness (g),_limitétion of
.éffective soil depth and stoniness in subwsoil layer {d) are absent or

negiigibie in the area.

Taking_in£0 account the éuil and land conditions mentiéned in the
above and alsu int§ considération the pjaﬁt'physioiogiCal characteristics
of rice, the terms of land.classifiéation and their specific degree cor-
responding to the land suitebility classes are established and summarized

in the following Table 5.6.

5.4.2 Land Classification’

On the basis of the above specifﬁcation‘bf;land suitabiliﬁy, Lthe

lands of each soil group are evaluated as shown in Table from 5-9 to 5-12,

In this land evalualion, all the lands in the objective area esti-
mated into highly (S1) to moderatély suitable (S,) for irrigated rice
cullivation, in the tight of the soil.cheﬁical and physical'chaf&ctér-
iétics. Yhile, in view of their usabiliiy for farm méchanizafion,

their tand grades might be down into moderately (S,} to marginally
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suitable (Sg)lin land grade due to limitation caused by the soil having
very hard consistence when dry, asnd very plastic and very sticky cone
gistence when wet. Besides, from the irrigetion engineering point of
view, the land having elevation at more bthan 376.7 u is estimated into
economically unsuitabte (Nj) for gravity irrigation. In the low lying.
area, the land which is expected to alse be marginally suitable (83)

in grade because of high capital investiment required for fléod protec-
tion aud/or rather expensive management caost for surface dreinage during

the cropping season.

:Witﬁ the comparative'land evaluation in the sbove, the lands in
the objeétive area are classified into four land suitability classes

as shown in Table 5.7 and 5.8.
There is no Class 5;: Highly suitable land in the objective area.

Class S53 Moderately'éuitable land is the land which is expected
to be.sufficiently high productivity and profitability.
There are moderate limitations mainly caused by alkaline«réaction and
vertisbiic'dhar#cteristics of soils., Both factors are likely to reduce
erop vield and ﬁo increase reéurfent cost for_production and cohserva—

tion of soil and land.

‘Class Syt Marginally suitable land is the land which can be also
expected to have sufficient product1v1ty for the deflned rice cultlva»
tlon, although there are limitations which in aggregate con51derah1y
reduce the crop yield and/or increase recurrent cost for productlon ‘and
soil conservatxonr Seasonal 1nundat10n (i) inclusive of inland flood-
ing due to low lying topography is the biggest constraint in this land

class.

Class Se: Conditionally suitable land is the land which is also
expected to obtain sufficient crop yield in the defined land use, if
the flood ccntrol is properly made by d1k1ng. In reality, however, it

would requlre a large capltal investiment for thls purpose,

Class N;: Currently unsuitable iand is the jand in which the land
productivity is also expected rather high tc be similar to the land in

Class'Sz. Héwever, topographic condition is unsuitable for the gravity

v-_lz'
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irrigation system specified in this development plan,

graded in this class is precluded from the arable land.

V=13

Thus,

the land



Table 5.1  TPield Works

Work items

Work quantity

Procedure of works

Profile Survey

- by pit

— by auger-hole
Samplings

PH Measurement

EC Measurement

Permeability
Measurement

- 120

locations -
samples -

- 151

- 151 samples -

- 151 samples -

20 locailions -

locations -

Digging pit te a depth
of about 2 m

Augering to a depth
of about 1.5 m

Samples were taken
from 57 locations

Glass eléctrode meter
method with 1:2.5 soil-
water suspension

Electrode meter method
with 1:5 soil-water
extraction

Dry auger - hole method
using 1:0 m deep and
15 ¢m diameter borehole




Table 5.2 Laboratory

Works

Test'itéms

Work quantity

Test method

10.

Electric Conduc—
tivity (ECy)

Ekﬁhangéable
Nat and K'

Exchangeable
Catt and Mgtt

Catlion Exchange
Capacity

Totai Carbon or
Humus

Total Nitrogen

. Available Phos—

phate

Specific Gravity

-Parficle Size

Analysis

Permancnt

‘Wilting Point

(pF = 4.2)

80

B0

80

80

80
80
80
10
10

10

samples

samples

samples

samples

samples
samples
samples
samples
samples

samples

Electrode meter method
with 1:1 soil-water
extraction

Atomic absorption spec-—
tro-photo-meter method

with leaching exiractliocn
by 1IN - ammonium acetate

Atomic absorpbion spec—

tro-meter method with
leaching extracticen by
IN -~ sodium chloride

Centrifugal method ﬁith
leaching extraction by

"IN — ammonium and sodium

acetate

Tyurin's chromic acid
oxidation method

Micro Kjeldahl's method
Truog's method with 1:100
soil —- 0.025N sulfuric
acid extraction

Pieno meter method

Pipet method

Centrifugal method




Table 5.

3 Soil Features of Each Soil Group

So0il features

Soil Groups

Group [

Group: L1

Group LI1

Group IV

Lithological
Materials

Texture

Seil Colour

Crackings
Moisture
Regime

‘Special Soil
Formation

Micro-relief
_Earth Thermal

Regime

Permeability

01d alluvium

Heavy clay
Brownish
gray

(1.5 % of

hunn s )

Wide & deep
Dry
catt accuma-

lation

Gilgai

.'Very high
(22°C or

more)

very low

01d alluvium

Heavy clay

Browvnish

black

(6.5 % aof
huim s )

Wide & rather

deep

Dry

Ca++ accumi-—
lation
Gilgai

high

(1500-220C)

very low

014 alluvium

Heavy clay
Gray

(5.4 % of
humu's)

Narrow &
shallow
Wet
Gleization
high

(15°c-229C)

very low

Recent alluvium

Heavy c¢lay

Yellowish

gray
(1.9 % of
humus)

Narrow &
very shallow

Wet

high
{15%-22°C)

very low

¥ - 16




25

Toble 5.4 Soil Groups in Highor.Categories
(GROUP)  ORDER SUB-ORDER  GREAT SOIL GROUP SUB-GROUP
1 Vertisols Torrerts 1) Typiec Torrerts Peleustollic-Torrerts
[i ‘Do - Do- " Do } ‘ Do
III . Entisols __Aquvnts 2) Fluvaquents .Vertic-Fluvaquehts
Y Do Fluvents 3) Udifluvents Vertic-Udifluvents
Note: 1) Torrerts are the Verlisols which develop under the arid
and; or semi-arid climatic conditions. They are classified
into Grumusols defined by the U.S. D A, standard in 1938 and
modified im 1951. s

2) AQuentsjarp the wet Entisols. They:are‘considefed Low Humic
Gley soils in the 1938 U.S.D.A. classification and modified
in 1949, '

3} Fluvents are the Entisols formed in recent wate1dep031ted
sediments.. They were called Alluv al soils in the 1938
classification defined by U.S.D.A. :

Table 5.3 Soil Groups in Lower Categories
(GROUP} SUB GROUP SOIL FAMILY : S EXTENT AREA (ha)
I Peleustollic - Very fime clayey, mixed, 5,240 (26.2%)
Torrerts " hyperihermic, deeply cracked
) soils
It Do —~ Very FPine clayey, mixed, 9,640 (48.24)
thermic, shallowly cracked
soils
TIr Vertic - Very line clayey, mixed, 3,920 {19.6%)
Fluvaguents thermic soils '
IV Vertic ~ Very fiuo.clﬁycy, mised, 1,200 ( 6.0%)
Udifluvents Lhermic¢ soils
TOTAL . 20,000 (100 %
CNotP}' 1) :Cradking'conditions are”tentatively classified inio_(a)'

_deeply c¢racked - cracking’ depth . deeper than 60 cm.and (b)

‘shallowly cracked - cracking depth shallover than 60 cm.
}Larth Lemperature 1uglme iw assumed on the basis of the

air temperature at Kosti Station, 50 km far from the Gusaba
plain,
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Table 5.7 Land Suitability Classification-

Soils .4  Order Ciaés Sub-class Unit

Peleusbollic | Unsuitable  Currently

Torrerts (1) ' {(N) unsuitable (Nl) N1 tav t (4)
Pelcustollic. . Suitable Moderately

Torrerts (2) () suitable (S?) Szav a{2)v(3)
Vertic Suitable M#rginaily ) o

Fluvaquents : {a3) . suitable (83) S3wiav W(3)i{3)a(2)v(3)
Vertic  Suitabld Conditionally

Udifluvents {s) suitable {S¢) Scwiav W{¥)i(d)a(2)v(3)

Note: .Greafcr part of the Peleustollic Torrerts (1) will be

included into the Class S,

Table 5.3 Land (lasses and Their Proportional Extent

Proportional

.ﬁ£ﬁi' extent
(ha) (%
Class S2: Mﬁdefafely suitable land - .13,180 - 65.9
Class 83: Ma?ginallj suitéble Tand . 3;920 _ 19.6
Class Sc: 'Cohd}tionally suifahle Land 1,200 . 6.0
Class Nl:. Cufrenﬁly unsgétabke land l,?OO 8.5
Total 20,000 100.0
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Table 5.13 Test Results on Soil Physical Properties

Pit No. - Particle Size Distribution .
& coarse fine /1 Specific
Horizon gand sand 8ilt clay Texture_ gravity
(%) (%) (%) (%)
6-1 5.2 20.7 11.3 62.8 Swt 2,54
2 2.8 21.5 12.6 63.1 Swt 2.54
3 3.3 19.8 14.5 - 62.7 Swt 2.65
A 4.1 20,3 19,9 62.7 Sut 2.71
13-1 4.7 19,5 10.5 65.3 Swt 2.65
2 2.6 - 20.7 11.3 65.4 Swt 2.71
3 3.3 21.1 10.6 65.0 Swt 2.69
18-1 3.7 23.3 9.6 63 .4 swi 2.71
2 2.5 20.9 10.4 66.2 . Swt 2.68
27-1 4.1 21,5 14.3 60.1 Swt 2.64
2 3.1 20.1 13.9 62.9 Swt 2.73
3 4.0 22,0 12.9 61.1 Swt 2,71
53-1 4.8 24.4 11.7 - 59.1 Swt 2.65
2 ' 4.0 17.9 11.2 66.9 swt 2.73
3 : 3.0 22.6 12,8 © 61.6 Swt 2.81
551 5.4 23.6 10.6 60.4 Swt 2,53
2 3,2 20.5 10.5 65.8 Swt 2,71
3 4,2 22.7 11,3 61.8 Swi 2.65
63-1 2.8 21.4 17.7 58.1  Swt 2,76
2 2.9 18.9 29.1 49.1 Swt 2.80
67-1 _ 4,8  21.3 13.5 60.4 Swi 2.63
2 1.5 20.7 12.1 63.7 swt . 2.71
72-1 5.6 22.4 10,6 61,4  Swi 2.73
2 3.1 20.7 9.5 66.7 8wt 2.75
3.7 24.5 15.7 56,1 swi 2,59
82-1 3.6 24,2 13,4 58,8 8wt 2,62
2 2.7 21.7 4.1 61,5 = ‘Swt 2.7
3 ; 2.5 20,6 ~12.9 64.0 . 8wt 2.75

Note; /1 Classification specified by International

{Tommerup method)
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Table +.1: Test on Moisture Equivalent

" Pit No. & Dbulk  Field .  Moisture Wilting  Air-dried

" Horizon density - capacity equivalent point condition

L - (pP=2.0)  (pF=3.0) ~(pP=4.2) ~ (pF=6.0)
16--1 114 61.7 47.2 33.8 7.1
2 1.7 65.9 - 49,8 38.0 8.0
3 1.1z 64.5 - 48.4 36.9 6.6

4 1.0 64.3 45.8 38.8 119

30-1 . 0.97. 60.1 49.3 46.0 7.6
2 1.17 75.5 52,9 38.0 8.1
3 '-1.'17 . 5 6?-2 . 64-7 V 40-8 ] : o 804
631 1.14 72.1 36.9 31.6 6.3
2 1.8 55.3 . . 45.5 34.0 6.9

Note: Figures in moisture content are weighted percent

e
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Pable 5.15 Tost Results on Inteke Rate and Permeability

S0il Group

& Pit No.

Intake Rate

Poarmeability

27
53
67
82
83

Group 1I: Peleustollic Torrerts, Very fine clayey-Mixed-Thermic~Shal-

13
i8
72
81
89

Group 11I: Vertic Fluvaquents, very fine clayey~-Mixed-Thermic soils

6
63
66
79
80

' Group IvV:

{cm/hr)

Group 1t Peleustollic Torrerts, Very fine cluyeynﬂixed4ﬂypertﬁermic~
Deeply cracked soils

5.29
3.50
2.60
2.10
1.80

lowly cracked soils

24.4
21.9
24.4
19.4
17.8

12.8
10.1

7.2
12.9
12.9

(cm/sec)

1,561 x 1072
8.735 x 10™°
1.022 x 107
1.004 x 1077

6

7.126 x 10

2.471 x 3070

2,216 x 10
2.471 x 10
1.965 x 10

1.805 x 10"6

)
-6
-5

1.301 x 1078

1.026 x 1072
7.276 x 1077
1,309 x 107°
1.311 x 1078

Vertic Udifluvents, very fine clayey-Mixed-Thermic soils

13,6
12.8
17.8
19,2
18.7

1.901

v~ 26

1.382 x 107°
1.306 x 107°
1.805 x 107°
1.947 x 1070

x 1078

£ a
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Table 5,17  Renolts of 8511 Chenicel dnalyges

Pit No. & Exch ble Bases (ae/i00g) Av.
Horizen e T o/t Humas W cen Y Te X ¥ Forsl B.S.D. P #2 05
(%} [¢3] (%) (Hz0} {=e/200g) . [£5] {a.mhosfen}  (eg/2004)

11 9.2t 0.6 12.2 16.0 7.9 57.0 43,4 20.1 3.26 n 70.9 124 LT3 6t
2 .20 0,20 0.0 0.3 8.9 44.3 2‘5-5 ) .ltl.l 1.6 4.5 “AT.T 108 0.45 4.5

3 tr tr 8.8 41.8 5.3 5.38 117 .73 2.6 104 0.80 38.0

. te o 8.3 6.8 21.8 .19 0.59 5.32 313 10 151 5.2
a1 @.93 ) 103 16 1.6 39.9 23.8 141 2.02 1.7 A 104 103 4.8
2 0.32 .02 16.0 0.4 8.7 41.2 5.8 12.8 0.8% 3.54 4.8 14 ! D.41 11.9

3 te . 8.6 19.2 24.6 10.5 0.58 5.80 4.5 106 o.76 239

4 tr tr T..g 3.9 23.6 .3 0.50 .48 39.% Pl RN 2.18 183
71 0.59 0.04 1.8 Lo 8.6 24,7 19.8 6.45 1.6 0.81 8.7 16 .67 15.6
2 te ir 8.9 26.9 2 5.26 0.26 2.00 2.5 e 0.65 4.6

b ] tr . tr 9.2 T4 4,78 2.04 0.20 1.37 B.4 114 9,35 42,4
81 158 a1s 10.5 2.1 7.0 a2 23,6 B3 . L% 0.81 W, % o.58 2.2
2 o.70 0.05 14,0 2 7.3 3.9 25.3 12,9 0,13 1.29 9.5 100 0,94 5.7
) e te 8.4 41.8 71 1.0 0.91 z2.42 4.6 102 o.56 5.1
13-1 1.17 008 ) 4.6 2.0 B.1 49.4 31.5 17.4 2.28 1.92 $3.1 107 0.88 5.1
2 0,20 .02 0.0 0.3 .4 48.1 30.1 17.4 1.5 3.14 52,3 19 . 0,93 7.2

3 Ar ir 8.5 £6.7 30.5 16.3 .43 3.22 31,5 e .1-17 7.7
14-1 1,42 2,11 12,9 2.4 8.0 46,9 32.2 16.8 2.80 3.92 55.7 119 1,61 1.2
2 ¢r i ’ 8.3 55.7 35.7 18.9 LSt 162 60.2 108 0.86 5.9

3 tr tr . 2.6 .. 54.5 ‘)4‘-0 17.9 1,50 5.6 58.6 108 ) 0.75% 7.3
18-1 ) 1.51 0,12 12,6 ?._E- 8.3 43.1 2.5 13.3 .1.63 1.9; 45.4 113 1.0% 15.4
2 0.49 0.0l 16,3 0.8 a1 6.2 30 7 La 10 ST 04 0.83 12.6

H r.ag Q.03 4.8 .8 ’ 8.8 47,6 32.2 ’ 10.8 117 5.64 45.8 109 1.45 2.6

4 Q.4 3.0} 14.8 .8 8.0 4.4 -33.4 10.3 1.00 8.38 . 38.1 .l.l.ﬂ. 4,50 1l.i
13t 0.96 0.62 19.7 1.7 5.1 6.9 374 15.7 261 129 " saa 124 0.77 1t.1
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