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TANA DELTA IRRIGATION PROJECT

De Stichting voor Bodemkartering heeft een drietal bodemkarteringen uit-
gevoerd in het deltagebied van de Tana rivier in Kenya. Dit bodemkundig

onderzoek vond plaats in opdracht van het Ingenieursbureau HASKONING BV

te Nijmegen, die een feasibility studie verrichtte voor de Tana and Athi
Rivers Development Authority (TARDA) naar de verbouw op grote schaal van
geirrigeerde rijst.

De resultaten van het bodemkundig onderzoek zijn als afzonderlijke deel-

rapporten in deze studie opgenomen. Door de Stichting voor Bodemkartering

zijn aan het Ingenieursbureau de volgende rapporten ultgebracht.

1. Stolp, J. énd J.J. Vleeshouwer, 1981. Tana Delta Irrigation Project.

Reconnaissance Soil Survey, Soil Survey Institute, Wageningen. Report
no. 1609.

Dit rapport is verwerkt in het Interim Report dat door de opdracht-
gever aan TARDA is uitgebracht. De kaartbijlagen bij dit rapport zijn
alleen aanwezig in de bibliotheek van de Hoofdafdeling Karteringen
bij de Stichting voor Bodemkartering. :

2. Stolp, J. 1982. Tana Delta Irrigation Project. Semi-detailed Soil
Survey. Soil Survey Institute, Wageningen. Report no. 1627.

Dit rapport + kaartbijlagen is opgenomen als Annex 1 in Volume II
van de Feasibility Study TANA DELTA IRRIGATION PROJECT, door
Haskoning BV en Mwenge IALtd uitgebracht in oktobek: 1982 aan de Tana
and Athi Rivers Development Authority, Republic of Kenya. De kaarten

zijn door de Stichting voor Bodemkartering in concept -aan de opdracht-.

gever afgeleverd, die voor verdere afwerking heeft zorggedragen.

3. Stolp, J. 1983. Tana Delta Irrigation Project.,Semi4detailed Soil
Survey (Extension). Soil Survey Institute, Wageningen. Report
no. 1700. )

Dit rapport is opgenomen in Chapter 1 (Soil Survey) in Volume I van
de Feasibility Study - TANA DELTA IRRIGATION PROJECT (EXTENSION) dat
door de bij rapport nr. 1627 genoemde Consultants in augustus 1983

- aan TARDA is verstrekt. Een exemplaar van deze Feasibility Study
ligt ter inzage bij de afdeling Ontwikkelingssamenwerking van de
Stichting voor Bodemkartering.
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PREFACE

Within the context of a National Food Policy the Government
of Kenya wishes to develop an irrigated rice farm of 10,000 ha
in the Delta of the Tana River. As the Delta is flooded twice

a year, adequate measures have to be taken to protect the
irrigation areas.

During the years 1981 and 1982, a déf&iLed feasibility study
was carried out, in which technical, ecological, sociological

and economic aspects of the irrigation project are analysed
and evaluated. ‘

\
Various considerations and constraints, such as soil suita-
bility, topography, flood diversion and existing network of
natural drainage channels, river mofphology, irrigation lay-
out, ecological interface and méchanized farming, have led to
a design of three separate irrigated rice pdlders, each of
them enclosed by flood embankments.

The Final Report consists of nine volumes.
This volume (no. II ) contains :

Annex 1 : Soil survey
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THIS FEASIBILITY REPORT CONSISTS OF THE FOLLOWING
VOLUMES AND ANNEXES

VOLUME I : Main Report
VOLUME II Annex 1 : Soil survey
VOLUME III Annex : Hydrology
Annex 3 : River morphology
Annex 4 : Floodplain hydraulics
VOLUME IV . Annex 5 : Irrigation, drainage
"and flood control
VOLUME - V : Annex 6 : Agronomy
VOLUME VI Annex 7 : Farm mechanization
Annex 8 : Agro industries
Annex 9 : Organization and
management
VOLUME VII Annex 10: Infrastructure

Annex 11: Estate compodund

Annex 12: Implementation schedule

VOLUME VIII Annex 13: Animal husbandry
Annex l14: Environmental interface

Annex 15: Socio economics

VOLUME IX Annex 16: Economic and Financial

analysis
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PREFACE

A semi-detailed soil survey in the Tana Delta area was ‘
carried out in the period September-October by the Nether-
lands Soil Survey Institute at the request of Haskoning B.V.
Consulting Engineers and Architects, Nijmegen.

This soil survey was made within the framework of the feasi-
bility study of the Tana Delta Irrigation Project. Haskoning
B.V. received the assignment for this project from the Tana
River Development Authority. The investigation covered an
area of approximately 11,000 ha, selected on the basis of the
results of a reconnaissance soil survey in March 1981.

The soil survey team consisted of J. Stolp (team-leader),
M. Bannink, G. van der Veen and J. Vrielink. A junior agro-
nomist, M. van Tongeren, employed by Haskoning, joined this
team, .

J.J. Vleeshouwer (project leader) visited the team during
the last week of September.

The cooperation and assistance of the Kenya Soil Survey and
of local authorities in the area is much appreciated.
Special acknowledgment is due to F.N. Muchena (Head of
Kenya Soil Survey), B.J.A. van der Pouw and H.M.H. Braun
(Soil Survey Specialists of the Kenya Soil Survey), 0.0.
Oswago (Tana River Development Authority, Soil Specialist)

; and Th.M. Kloppenburg (Lower Tana Village Irrigation Project,
| Minjila Hill).

The Director,

R.P.H.P. van der Schans




SUMMARY

The area covered by the semi-detailed soil survey for the
Tana Delta Irrigation Project is situated in the southern
part of the Tana River District in the Coast Province of
Kenya. It is mainly located in the floodplain of the Tana
River, roughly extending 11 kilometres north and 18 kilo-
metres south-east of the all-weather Garsen-Witu road (Fig.
2.01). The total area presented on the soil map is approxi-
mately 15,600 ha. It includes an area of approximately 10000

ha selected for the envisaged project during a previous
reconnaissance survey.

Much of the survey area is seasonally flooded and more or-
less subject to sedimentation of Tana River sediment; this
are is indentical to the physiographic unit Floodplain. A
second physiographic unit is Terrace land, comprising the
higher lying, non-flooded areas with soils developed on old
alluvial sediments.

The Floodplain consists of river levee land and river basin
land. ' ’

The general pattern of the soils is shown on the soil map
(MAP 1.01). Soils in the river levee land consist in general
of a complex of deep, usually stratified, and highly vari-
able soils with textures ranging from sand to clay. Four
different major soil units are distinguished, mainly on the
basis of differences in texture and topographical position.
Additional information about relief, salinity and vegetation
is given when relevant. : ' ‘

Soils in the river basin land are usually uniform and con-
sist of strongly cracking clay in the top metre. The soils
are first grouped according to differences in sedimentation
in:

deep basin soils (7,650 ha)

basin-over-levee soils (1,010 ha)
basin-over-terrace soils (460 ha)

basin soils association (140 ha)

W

Each group consists of one or more major units because of a
division over three classes of drainage conditions; moderate-
ly well to imperfectly drained, imperfectly drained and poorly
drained. The poorly drained area covers approximately half of
the area. A total of nine major units are distinguished which,
for the top metre, have in common that they are:

- non-calcareous

- neutral to moderately alkaline soil reaction.

The bulk of the soils in river basin land is non-saline to a
depth of at least 1 metre or more or, slightly saline from
70-80 cm onwards (8,330 ha). Salinity data of soil samples at
depths of 110 cm and 160 cm and of the groundwater indicate
that salinity usually increases considerably with depth

(MAP 1.03).




In general the exchangeable sodium percentages are below 6 in
non-saline horizons, though they are higher when soils become
more saline with depth. Slight to moderate saline horlzons
usually have a relatively high ESP.

Soils of the Terrace land are grouped in three major units.
Soils in the transition to the floodplain and low lying
"black" soils are of interest to the project. The subsoil
of the first unit however has a high degree of sodicity.
This soil material has a low structure stability under wet
conditions. Due to the clayey nature, and swelling charac-
teristics, the soils in river basin land have slow infil-
tration rates when wet. The hydraulic conductivity 1s also
low.

The soils have been appraised for large-scale irrigated rice.
The criteria applied in the land evaluation procedure are
summarised in Table 5.01, with assumptions concerning irri-
gability, drainability and prevention of salinisation
(Chapter 5.2). Each soil mapping unit is evaluated separately
and the results are presented in Table 5.04. A land suita-
bility map is presented as MARc¢L.02. The results can be
summarised as follows (Table &.iQ3).

Land suitability for rice

Suitability class Description of class Limitations Area (ha)

highly suitable none to minor 7910
moderately suitable slight to moderate 1100

marginally suitable moderate to severe 1380
NS unsuitable : - 5280

W N




INTRODUCTION

General

The Tana Delta area is usually flooded twice a year,
in May/June and November/December. During these times
the perennial Tana River overflows the levees or
breaks through its banks. Lower lying basin lands are
inundated to depths of up to a metre or more. Crops,
including rice planted with the receding flood, are
grown along the riverbanks. In total, less than one
per cent of the land area of the floodplain is cul-
tivated. A great deal of water is not used. In view

of the great need for areas that can supply large

amounts of flood for the increasing number of people
in Kenya, the Tana Delta area is likely to be of much
interest for rice production.

The Tana River Development Authority (TRDA) felt the
need of an inventory of the soil resources in the
Tana Delta area and requested a soil survey within
the framework of the feasibility study of the Tana
Delta Irrigation Project.

In September and October 1981 a soil survey team from
the Netherlands Soil Survey Institute carried out the
field work for the semi-detailed survey in an area of
approximately 11,000 ha, selected on the basis of data
collected during a reconnaissance soil survey (Chapter -
4.1). The semi-detailed survey had .to be extended

over a larger area because of the scattered nature

and the rough delineation of the areas which were
classified as highly suitable for large-scale rice
cultivation during the reconnaissance survey. ,

For reasons of map presentation unsuitable areas are
also included. The total area presented on the maps
therefore covers approximately 15,600 ha. However, the

main investigation was concentrated on the selected
areas.

Terms of Reference

The consultants proposal for the semi-detailed soil
survey was considered to follow the general norms and
practices for such a survey (Siderius, W., 1980). It
stated that a soil survey at semi-detail level would
be undertaken on - at least - 10,000 ha of an area
delineated after the reconnaissance survey.

The semi-detailed survey was to be carried out using
a map scale of 1:25,000. The base maps would be
derived from an "uncontrolled mosaic", scale 1:25,000.
The inspection density would be one observation per




15-20 hectares. Augering was to be done down to 200
cm and samples taken at five depths (20, 40, 70, 110
and 160 cm depth) for determination of pH and elec-
trical conductivity (EC) in a 1:2.5 (soil:water)
suspension.

Representative profile pits in major soil mapping
units were to be made to a depth of 2 metres and
augered to 5 metres, as far as soil conditions per-
mit. Soil samples were to be taken from the repre-
sentative pits and submitted to the National Agri-
cultural Laboratories (NAL) for analysis. Permea-
bility tests and infiltration tests were to be
carried out at approximately 10 selected sites.
Subsoil investigations were to be carried out to a
depth of 5 metres, if soil conditions would allow,
with a density of 1 out of 20 soil survey observa-
tions. Soil profile pits with augering down to 5
metres were included in these subsoil investigations
to approach this density. After completion of the
survey all original field notes were to be submitted
to Kenya Soil Survey (KSS).

Survey objectives

The objective of the semi-detailed soil survey was to
collect and evaluate data on the soil conditions of
the 10,000 ha and to determine the suitability for
large- scale irrigated rice.

The investigations resulted in a soil map and a land
suitability map for large-scale irrigated rice. This
report gives further information on the physical
environment, methods applied and comprehensive
descriptions of the soil mapping units, including
physical and chemical characterization. It further-
more gives a short account of procedures and physical
criteria used in the land classification.




LOCATION, GEOLOGY, HYDROLCGY AND GENERAL LAND FEATURES

Location and communications

The Project Area is situated in the southern part of
the Tana River District and a very small part in the
Lamu District, both in Coast Province. It lies between
latitude 2° 28' S, and longitude 40° 20' E.

The area extends from Sailoni, in the north, to
roughly a west-east line over Ngao up to the Abar-
farda, south of Moa. The western boundary is the Tana
River from Sailoni to Hewani, from there following
the former Tana River course (Mitapani) as far as
Gomessa in the south. The eastern boundary is mainly
the border of the usually slightly higher lying
Terrace land (Chapter 2.2). South of the Garsen-Witu
road the boundary coincides with a straight line from
the bridge over the Lango la Simba to a point approxi-
mately 3 km south of Moa village (Fig. 2.01).

The survey area is traversed by a road from Garsen to
Witu/Lamu. This road is an all-weather road, though
difficult to drive on after rainy periods. Apart from
this there are only tracks, mostly without any sur-
facing. Traffic by car during the rainy seasons is
limited or even impossible on these tracks.

The track to Hewani/Wema, extending northwards from
the turn-off at the all-weather road is maintained by
the Ministry of Transport and Communication, Depart-
ment of Roads, with a grader, but only as far as’
Wema. It permits car traffic up to that village.
Other tracks which connect the several villages in
the area are mainly foot paths and in some places car
traffic is not possible during the rainy seasons or
for some time after the flood has receded. These
tracks are usually concentrated on the higher lying
areas (levee land) near the Tana River or its former
courses, for instance the Mitapani. There are hardly
any tracks in the basin land. The few tracks there,
near Galili and Onkolde (Orma villages), are pre-
dominantly made and used by cattle, walking each day
from the village to the grazing areas and back again.

Cutlines occur in the adjacent area, east of the
project area. They were prepared for a Shell-BP oil
exploration programme in about 1960. They are not
used by the local people and in certain places have
become overgrown. As no villages, except for Moa, are
present in the eastern part of the area, these
cutlines are the only motorable tracks that connect
this part of the area with the all-weather road. High

speed is frequently impossible because of many
elephant prints.




Geology, hydrology and general land features

In geological reports the delta area of the Tana
River is mapped as recent alluvium with bands of
older sand and clay ridges. The survey area consists
largely of recent fluviatile deposits of the Tana
River; sand, silt and clay sedimentated during the
biannual flooding.

The bands of older sand and clay ridges, that were
deposited during various oceanic phases (Tertiary,
Holocene) and becoming progressively younger towards
the coast, border the recent alluvial plain. Because
of their slightly higher elevation they are indicated
here as Terrace land*. The eastern boundary of the
surveyed area coincides with the transition from the
recent floodplain to this Terrace land. Sediments of
this Terrace land are also found in the surveyed
area, in Terrace inliers (remnants of erosion proces-
ses) or in the subsoil. The latter are covered by
recent fluvial sediments. The Terrace material
usually consists of sandy clavs to clays which are
predominantly saline and sodic.

The recent fluvial deposits, being the main parent
material for the soils in the surveyed area, are
predominantly non-saline and non-sodic within 100 cm
depth. Deeper than 100 cm salinity increases to
strongly saline in places.

The physiography of the Tana Delta is presented in
Figure 2.02. The survey area for the Tana Delta
Irrigation Project is largely situated in the recent
floodplain of the Tana River. The two main physio-
graphic units are River basin land and River levee
land. Another main physiographic unit is Terrace
land, occurring as the adjacent higher lying area and
as higher lying inliers in the floodplain. Figure
2.03 gives a cross section through the Tana Delta and
the relation between physiography and major soil
units. In the northern part of the area the recent
Tana River levee land is considerably higher than the
adjacent basin land at the east side.

At several places the Tana River has breached through
the natural levee, but has subsequently resumed its
original course. The relating deposits of these cre-
vasse splays (or floodplain splays) are found in the
adjacent parts of the plain in small levees.

The use of the term Terrace is a restricted one here.
In principle this denotation should not be confined .
to higher lying alluvial areas. The recent fluviatile
plain may be considered to be a terrace too. '




The former gully in this splay is often still distin-
guishable. In the village of VWema the houses are
built on the borders of such a former gully. The
other villages are also located on these crevasse
splays deposits.

Mear Hewani, the Tana River flows in a south-westerly
direction to Garsen. According to verbal information
of local inhabitants the main course of the Tana
River up to about a century ago was running from
Hewani in a southerly direction. The levees of this
former course, called the Mitapani River for conve-
nience, are also considerably higher than the adja-
cent basin land in the project area, east of it.

The former course is still present as a deeply
incised river bed through which water is transported
only in the flood season. At the end of the dry
season large parts of it are completely dry. In the
Mitapani River levee land cut-off meanders are
present, some of them as oxbow lakes. Point bars are
also a common feature. Except for these features,
which are confined to the former activity of the
Mitapani River, other drainage ways are also present.
These are a few gullies that connect the meander-belt
area of the Mitapani River, through its levee, with
the basin area. Floodwater flows through these
gullies into the basin area. They also act as drains
when the floods recede.

Crevasse splays, as described for the Tana River
levee land north of the Garsen-Witu road, are also
distinguished in the Mitapani river levee land. One
large and complex area of crevasse splays occurs
approximately one kilometre south of the Garsen-Witu
road. Several hundred metres north of this area an
elongated crevasse splay is present¥*,

These areas and also the higher lying surrounding
areas are used for temporary settlement. The villages
of Onkolde and Galili, more to the south, are also
situated on crevasse splays (Fig. 2.04). The crevasse
splay of Gomessa village in particular shows the
considerably higher. position in the landscape. The .
difference in altitude with the near-by basin land is
1.5 to 2 metres. Sinkholes are a common feature in

the areas of crevasse splays. They also occur in the
Mitapani River levee land, in particular in the vi-
cinity of former river courses.

These areas are mistakenly indicated as areas belonging
to the Terrace land with mapping symbol TOu in the
reconnaissance soil survey.




South of Galili, near Gomessa, the major part of the
levee land of the Mitapani River extends southwards,
In this area a deeply incised gully connects the
Mitapani River course with the basin land east of it
(Fig. 2.05). Near Gomessa a cut-off branch of the
Mitapani River, or the older course of the Mitapani
River, continues in a south-easterly direction.

It has built up a natural levee whose extent decreases
with increasing distance from the beginning. Crevasse
splays of minor importance can be distinguished,
sinkholes are almost absent. This river course,
called Abarfarda River for convenience, has a notable
eastern direction ove a length of approximately eight
kilometres. The Abarfarda River then continues in a
south- easterly direction. This river has developed
large meanders, the meander-belt however shows no
cut-off meanders (e.g. oxbow lakes). The related
deposits are in general fine textured, indicating a
relatively low carrving capacity for sand/silt, when
the river was acting as a perennial river. The river
course is still present though partly filled in and
overgrown by brook forests.

Another former part of the Tana River system is the
Lango la Simba system in the eastern part of the
project area. Though a former Tana River course,
there is no longer any visible connection with the
recent Tana River system. In the area north of the
Garsen- Witu road an almost completely silted up
river course can be distinguished. It extends from
the forest, east of Hewani, in a south-easterly
direction to the Lango la Simba bridge on the Garsen-
Witu road. North of the forest the river course has
almost disappeared because of silting up.

The Lango la Simba is important for the transport of
the floodwater flowing into the basin area in the
vicinity of Sailoni and for the transport of the
excess rainwater from the Terrace land. Approximately
one kilometre north of the bridge the course of the
Lango la Simba is clearly visible, the related
natural levee however is small or absent. South of
the bridge the river levee land of the Lango la Simba
is more or less covered with clay (basin clay). The
Lango la Simba meanders are silted up to some extent.
Unlike the Mitapani River the Lango la Simba shows
many deeply incised gullies which cut off and connect
the meanders. The Lango la Simba therefore is to be
considered as a gully drainage way for excess flood-
water,.




The extent of the river levee land of the Lango la
Simba decreases from north to south. In the area
south-east of Galili the deposition of (basin) clay
has covered the levee sediments and s0115 are mapped
as basin-over-levee soils.

The River basin land is either enclosed by the above
mentioned river levee lands or is found between the
river levee land and the adjacent Terrace land. The
basin lands are inundated by the annual floods for a
variable duration and to a variable depth, depending
on the topographical position. The soil consists of
heavy clay with often more than 50 per cent of the
particle size fraction less than two microns.

The area adjacent to the river levee land is modera-
tely high lying, flooded for a short time or shallow-
ly inundated though not with each flood. Gullies or
drainage ways are usually absent in these areas,
except for some major ones that connect the low basin
area -with the courses in the river levee land. In
addition one can distinguish a moderately low lying
area, exposed to flooding every year, but usually dry
for a large part of the dry season except for small
shallow depressions and gullies.

The central parts of the basin land are low and
longest flooded, usually more than 80 to 100 cm. A
network of shallow gullies and shallow depressions is
present in most areas (Fig. 2.06). The shallow
gullies run into wide, often not very deep gullies
that ultimately run into a river course or major
gully.

The soils of the basin land consist predominantly of
clay (to 2 m depth); deep basin soils. At the transi-
tion to the Terrace land in the south-eastern part of
the project area the basin clay is deposited over
Terrace material (basin-over-terrace soils).

Also in the south-eastern part of the project area
basin clay is sedimented over levee material: basin-
over-levee soils. The area with the levee-subsoil
starts from the Lango la Simba levee land approxima-
tely three kilometres north-east of Galili and con-
tinues in a south-easterly direction.

The levee-subsoil area of the western branch of the
Lango la Simba along Galili ijoins the above mentioned
basin-over-levee area approximately two kilometres
north of the Abarfarda River course. From there a
shallow, meandering old river course in a southerly
direction indicates the area with the levee-subsoil.




South of the Abarfarda levee land the basin land is,
as far as is known, part of an extensive plain
without major river systems. It appears as the
transition from the fluviatile to the more estuarine
area. In some places small gullies are present,
filled up with sand and usually covered with clay up
to 30 cm thickness.

Adjacent to the gullies the typical basin clay
profile is present on a slightly higher 1level.

The Terrace land in the area north of the Garsen-Witu
road borders the low basin area; south of the road it
joins the Lango la Simba levee land for approximately
five kilometres. From the place where the levee-subsoil
starts, the transition form the basin land to the
Terrace land is vague and relies more on properties

of the soil (old alluvial-sodic material at shallow
depth) than on geomorphological features.
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