\

DRATINAGE FOR SALINITY CONTROL V%
IN KIMORIGO / KAMLEZA TRRIGATION SCHEMES

By

(Nyaguti, P G e

B. Sc. Agricultural Engineering,
R

rUﬁiversity of Nniquil

A8 BREp) . ]
e edllSa rmpq
L.ka_\"fit BY ppa >
REIPY LisraRky i

A thesis submitted to
irtial fulfilwent of the
ister of Science in Agricu

the University of Nairobi in
requirement for the degree of
ltural Engineering.

September, 1990.



DECLARATION

hereby, declare that this thesis is my original work and
has not been presented for a degree in any other
versity.

N OTIENO NYAGUTI . Date

s thesis has been submitted with our
roval as the university supervisors.

PR, VENCUGICHUKT

(ii)



22242
2.2.3

2.2.4

2.2.5

2.2.6

. TABLE OF CONTENTS

INTRODUCTION

The prabilem 0. . ..o .00

Projeek justilication .1 ...:

The project objectives .........

LITERATURE REVIEW

Background information ....

Soil salinity in project area ...
Origin of salty soils in project area ...

Past reclamation and control measures

Soil salinity condition .

cccccc

..

Indications of salinity conditions in

the I3 td . .. io.

Salinisation due to irrigation ..

Salinisation from groundwater

L I T

2.2.6.1 Rate of capillary rise and critical

water table depth .....

2.2.6.2 Other factors influencing critical

2.2.7

2I 207‘
2.2.7.
Felols

y P O

2.3.

watertable depth

Effects of salinity and sodicity on

crops and soils ...
1 Osmotic effects ...
2 Crop tolerance to salinity
3 Toxicity effects ..
4 Dispersion effects ......

WBEOr NUBLIETY ot o

(i1ii)

LR I e

LI N I I O I I T

L T T I O R

L LI B R B I I R

PAGE

13
14

15

17

21

25
25
26
31
30
31



2.3.
2.3.2

2.3.

2.4

2.4,

2.4,

2

2.4.3

2.5

2.5.

2.5,

2+ 8.

3

3.1

3.2

3.2,
3.2.
3.2,

3.2.

3'3’

3.3.

1

Total salt concentration

Sodicity hazard .....

The adjusted sodium absoprtion ratio

L )

L I I I I B T )

Groundwater and salt balance

Groundwater balance equation

Solution of the groundwatcr balance

equationfiny. Rressick

LI I T I

Salt balance and leaching requirement

Calcic and petrocalcic horizons

Formation and development .

Forms or types of the calcareous

layer

L I ]

C I

L

C R

CC R ]

3 Calcium carbonate content of the horizons

1

2

3

4

2

3

.4

METHODOLOGY
Plan of action ..

Field work .......

Topographic survey ...

LA R R I R I T N R

Ground and surface water investigations

Soil investigations

Rainfall data collection

Laboratory investigations

Chemical analysis of surface and

groundwaters ...,

Chemical analysis of the calcareous layer

Soil chemical analysis

Soil textural analysis

(iv)

LR )

L I I

@ 4 2 20 0800000

LI I I

LR R T I I I T T

-

-

32
33
35
37
37

39
44
48

48

51

653

54
59
59
59
63
68

69

69
69
69
71



4 TOPOGRAPHICAL RESULTS

4.1 Topographical features and ground
COBLOMER 08 sl ok

4.2 Irrigation and drainage systen

4.3 Flood problem .......

LA S S A I E Y P R R

4.4 Relative elevation difference between
the river and project area ..

4.5 Discussion ........
4.5.1 Drainage situation in the area

4.5.2 Causes of surface drainage problems
in the project area .....

5 SURFACE AND GROUNDWATER RESULTS
6.1 Surface water investigations

5.1.1 Variation in PH and EC of the surface
waters . ......... e

5.1.2 Chemical analysis results (laboratory)

5.1.3 Quantity of irrigation water in the main
Kamleza canal ...,

EE LY A s s R A e Ee e s

5.2 Groundwater investigation results.
5.2.1 Groundwatler table contours
5.2.2 Depth to groundwater table ..
5.2.2.1 Depth to groundwater data analysis
5.2.2.2 Depth to groundwater table contours..

5.2.2.3 Variation of groundwater table depth
with time .......

LR B I R

5.2.3 Groundwater quality ...

b ALl BN S R N R A e e Y LR

6.3 Discussion .......

S8 889 0000800 ea

5.3.1 Irrigation water and possible influence
on s0il salinity in the project area

(v)

tigr s g R A Em s s a0 s e e e s

LA B R R I R

LA B I B

L B R I Y . .

LR B B A A I

LR B A e A I A R R

L G BE B B B T T I e, # s e e

L R A

LA R B A I A A R ]

LA B B B A R R R I R

.

L O O N Y

L I O R

72

80

82
85

85

86

89

89
90

91
96
96
99
29
99

101
103

107

107



6.2.5

-1 Types of the calcareous horizon

Causes of high groundwater table in the

projoct area ....

L I N I R I I I R

Causes of high groundwater salinity in

PEOJCCE. BCER Lhoivcie Poien 3

S 8 8 28 00 00858 4808888888808

Possible influence of high groundwater table
and salinity on soil salinisation in

Project Sren ... ..

% 2 9 8 888 s e e 00

L

Factors promoting capillary sanlinisation

in project ares ... i 0 ..
Possible remcdial measures
SOIL ANALYSIS RESULTS

The calcareous horizon...

Depth to the calcareous horizon S

Soil salinity and sodicity conditions

Soil salinity groups

Non-saline/Non-sodic soils

LI Y

L I S I

L R I A I

L A

L I B I I

L

LA B B T I

Non-saline, but sodic at some depth in

the profile ...

----- L S IR R I O T T e

Slightly-moderately salinc and sodic

rrofiike o souk o

L R T i .

Strongly saline/sodic soils A

Hydraulice conductivity

Discussion ....

The calcareous layer.

S % 400 e easeas

L B I Y

L

L I I I Y

..

LR N e L TR

U Y

LI I I

L I T I )

Soil salinity conditions and salinisation ....

Soil salinity/sodicity effects on
CropogRoNth Ly, .. his

Hydraulic conductivity discussions

(vi)

L R )

109

111

113

113

114

118
118
128
134
134

136

138

140
141
150
154
154

156

161

166



GROUNDWATER BALANCE CALCULATIONS

Introduction

a--u--oo..n-oo-o-to-on-nouooloacl

Sample calculation for Kamleza Central .. ... .

Groundwater balance calculation

(Kamleza South)

FTRE LD EA S ERE RS S NN B TN T E

Groundwater balance calculation

(Upper Kimorigo) el et S o P

Groundwater balance calculation

(Kimorigo Central)

Discussion L I e L B R AT o S e

SALT BALANCE

Salt balance

Discussion ... ... "5
ATPROPRIATE REMEDIAL MEASURES

Identified problems .......

Flood control

Surface drainage ....

ASSESSMENT

calculations

LB SRR B T O T Y

Field drainage SR i e S

CONCLUSION AND RECOMMENDATIONS

REFERENCES ..

APPERDICRE e .

APPENDIX A :
APPENDIX B

APPENDIX C

APPENDIX D

L I I S T

GROUNDWATER DATA ‘.
SOIL ANALYSIS DATA

- RAINFALL AND ET DATA
~ RATES OF CAPILLARY RISE

= K - DETERMINATION ....

- K - VALUES

(vii)

..

..

-

® 8 0 0 8 a0 00

LA B A B

L I I

L B A R A A N ]

l.llli.l.l.clc‘ao‘...ln..

L N N N N ]

b RN N IR N N T e

-oo-ou-n.:o-o--..aoo-uo--.

LA R I S Y

U I O I R R I e

L I T

L A I Y

® S 08000 s 0004 asaue

167
168

174

177

179

182

185

189

192
193
194
195
198
202
207
207
238

247
249

250
260



}

LIST OF FIGURES

Location map of the project area ......
Soil salinity map

Typical soil salinity profile under
capillary salinisation. ...

Potential profiles calculated for a
coarse textured soil under the influencec
of capillary rPisw. . ii:.c. i,k

Rates of capillary rise to the
surface for different soil textures.

Flow components of a groundwater
sub-system ......

L R L I T I I R

Water balance components of the root zone.

Well locations in the project area
(goid patbtaralen. FFd:a..

L O e I I I T S I

5-ft. Parshall measuring flume at the
the head of main Kamleza canal

L I I

Hydraulic conductivity points.

Soil sampling locations.

L R L I I I T I S S,

Topographical map of the project area

Longitudinal profile from Njoro Kubwa canal
Lo edge of Ruvu swamp. .

LA R A B B R I I T R R R Y

Longitudinal profile from end of kimorigo
scheme to outlet

L S S T R R T B R O R T T ey

0ld Kimorigo drain.

Lt L B I TR INC BT S IR S S-S PO S,

Flooding of farms in Kamleza North due to
excess flow in the main canal.

4 % % 00 08000098

Flood flow through a breach near the
head of the dyke....

.80, 0.8.80.8.8 0. 5.8 8,0,80.8. 8 488 6 6.8

(viii)

O O S T S S S S

L I S T T S

Page

12

16

18

19

38

45

61

63
G5
67
73

74

71

78

79

81



4.7 Overflow of the old Kiworigo drain during
flooda | i. ...

I...l.ll.‘l.ll.."l..l.....ll- 82

4.8 Longitudinal profile from Kamleza

L T T T N L PR B3
6l Graph showing variations in flows

in the moin Kamleza CANBL .« oo oocsocenes 95
6.2 Wateniable: contonr MBPalbwseisi dslemil o o050 98
5.3 Depth to groundwater contour wmap. ......... 100
5.4 Groundwater salinity map. .........0000.. A4 104
6.1 Discrete calcareous nodules obtained

Trommeldd D3 (Type X)ecviiioeoos AR D LR 121
6.2 Pieces of the nodular cemented layer

from well C3 (Kamleza Scheme (Type ;i o 1 SRR 123
6.3 Pieces of the massive encrustation from

walliBSE{Type IR el o A S 124

6.4 Pieces of the massive encrustation

Tromiald C6 (TyDn Wh) i ieiioitndedon e, * 125
6.5 Whitish-yellowish - brown calcareous

csartindPppe VBT B LL A5 ankesn Sawth . P 126
6.6 Depth to calcareous layer COREOUL: sidde v 130
6.7 Surface contour of the calcareous Layer,i.)... 132
6.8 Exchangeable cations in soils close to

the Lumi river (profile o.2)...cvvervnnee. 137
6.9 Intensive cultivation of bananas and other

crops close to the main Kamleza canal

(Kamleza North R I R S b s + ve s e s sl 137
6.10 Exchangeable cations at profile no.8

(Kamleza Loy 2 AR S S 139
6.11 Exchangeable cations at profile no. 10

(Kimorigo R ) O R L i vt os s 8550 nssen 142
6.12 Patchy and stunted cotton growth

(Kimorigo R ) e e b e st s e il wikase 142

(ix)



6.13

Exchangeable cations at profile no. 16

(Kamleza South)

L A A N N I N N N

Surface covered with white salt crusts
(near well €5, profile no. Cc6,

Kamleza South)....

TR SNy delee s e

Exchangeable cations at profile no 12

(Block C area)

LR I L I e e I R T I T T S P S PP ..

White salt crusts in between short

grass growth (Block C area) ...

LR R R R R R R N T T

White salt crusts on the side of well E4

(Block C area)

L R A I ] LT I T I N T T

Exchangecable cations at profile no. 12

(Ngutini)

Hydraulic conductivity locations

Ll L R B I R R N Y T R R i TS

Soil salinity changes indicated on the

existing soil salinity map

L T T I I I

Stunted maize and cotton growlth in a

salt affected patch in Marodo......

Hydrograph for
Hydrograph for
Hydrograph for

Hydrograph for

LR R A I R

well C3 (Kamleza Central)....
well B5 (Kamleza South)......
well E2 (Kimorigo Upper)....

well D3 (Kimorigo Central)...

(x)

145

146

147

148

161

164
170
175
178

180



LIST OF TABLES I

il
ABLE PAGE I!
il
1 Monthly average rainfall h
and potential evapotranspiration ........ 5 H'
Ky Report on chemical analysis .
of water sample (Lumi river) ............ /; |
|
.3 Chewmical apnalysis of groundwater f:
Lt 0 L o R R S T S 8
.4 The US salinity laboratory ‘
system for classification
of SRl TV Sl R S s e R 10 |
.5 Classification of fiecld
measurement of electrical
conductivity (ECZ.S) Biaieinte: = s sl ataieie s el & e 11
.6 Critical heights of capillary rise ...... 21
|
.7 Yield potential expected at the
EC-value indicated in the
Cabl@u A NI PRa LAY . .o v s S L T RO 27
.B Crop salt tolerance groups .............. 27 :
"
.9 Tolerance of selected crops g
Lo e ) e 2 0 k0t R A S SRS 29 $g
-
.10 Classification of the U.S 4
salinity laboratory for water ........... 33 }E
z
+17 FAO Guidelines for 4
irrigation water quality 2
appegivsale, Wilbh, deplh. oo e S e e 34 f
.12 Us salinity laboratory
classification for sodicity ’
hazard op, PI, Pl.. BiF. S B PO s (o) iy ik a wn w § 35 l
.13 Classification of RSC Values ............ 36 j
|
.14 Effective porosity ranges '
for different materials e S A e e 43 L
.15 Leaching efficiency factors ............. 47 '

(xi)




oy}
e

Variation of pH and EC in the
Kamleza Canal and Lumi River ......... i 90

Chemical analysis resulis of
VATIOUR surface SALAER .. .. . o ity 91

Discharge in the main Kamleza canal

at head of scheme (1/s) - 1989 ........ s -
Groundwater quality data .......... Sl et 106
Effective rainfall for Taveta ........... 108

Average monthly wateriable
levels at wells B5 and

ountlet (L2) .ihieeicsnsi e B oG e 116
Water levels in main drain

along:R2:%0:02 ..{ ... .. e el S e e s R 1Y
Types of the calcerous horizon........... 119

Soil salinity/sodicity
FEOUDSs UL o el AP SRR o e 135

Soil salinity/sodicity
conditions at profile No. 2
tbear lumi river) . ........ BT RN (e e e 41 . 136

Soil EC (mS/cm), pH and %

clay at profile No. B

(Kamleza South)....e.c...... S e e fue e a4 s 138
Variation of ESP (%), pH

and texture with depth

(profile No. 10, Kimorigo

CORSEEIE ¥ 07 o L s Je Stina BESRe s S L et 140

Variation of pH, ESP and soil
texture with depth at profile
Ro. 16 (Ramlexs Soutll. ..ot 143

The ESP, pH and texture of
80il sample from profile No. 12
(Bloek O sr6ade  Jivei ... .. g e 143

Variation of ESP, pH and texture
for so0il from profile No. 22
(REORERTY i ai SRS T oo e e e e IR b o 149

K-value and soil texbture of
CERRRBERLANE JMYOE S ey e 152



. 10

: k3

12

K-Values at given sites
in the schewe ..... .. F e

Variation of soil salinity

at the surface for various soil

textures with groundwater table

depth and palinity o (oL 4% % o ati

ECe-and ESP, values in the
rootzone (Kimorigo and
Kamleza Scheme)... ... «BELGENLSS 4qLL Ly

ECe-and ESP-value and influence
on crop growth (other areas) AR R

Summwary of results of
groundwater balance
calculations (Kawleza eNtral). o,

Summary of results of
groundwater balance calculations
(Kamleza South) S U S St SN

Summary of resulis of
groundwater balance calculations
(Kimorigo UPPRrY o 2aiai e . e A

Summary of results of
groundwater balance calculations
(Kimorvigo N o L

Sites for water and salt balances
and their characteristics PR e s g SR

Results of salt balance
calculations (steady state) ....,. A s

(xiii)

157

163

165

173

174

179

181

187

189



EC

C

LIST OF SYMBOLS

Cation exchange capncity

Critical watertable depth

Electrical conductivity

Elecirical conductivity of saturated soil extract
Evaporation

Evapotranspiration

Potential evapotranspiration

Exchangeable sodium percentage

Leaching effeciency factor

Awount of groundwater rise by capillaritiy
ITnfiltrating irrigation water

Total net groundwater flow

Net lateral groundwater flow

Matric suction head

Capillary conductivily

Hydraulic conductivity

Percolation below crop rootzone

do Discharge from groundwater table downwards through a

semi-permeable membrane

up Recharge to groundwater table from an aquifer through a

dr

semi—-permeable membrane

Discharge from groundwater table to open water surfaces

inf Hecharge into groundwater table from open water surfaces

1si

Lateral groundwatler inflow

lao Lateral groundwater outflow

(xiv)



Precipitation
' Rate of capillary rise
Rate of capillary rise
Drainable pore space
Height of capillary

rise above groundwater table

Critical height of capillary rise above groundwater

table

Change in groundwater table height
Change in salt content of the soil
sm Change in so0il moisture content

grw Change in groundwater slorage

(xv)



ACKNOWLEDGEMENT

First and foremost, T am most grateful to Mr. K. J.
Lenselink and Dr. F. N. Gichuki of the Dept. Of Agricultural
Engineering, University of Nairobi, for their supervision
and advice during the field study and writing of this
reportl.

I' am also greatly indebted to Lhe Netherlands
Goverunment, through the Small Scale Irrigation Development
Project (SSIDP), Ministry of Agriculture, for sponsoring my
MSc. course and project. I also wish to personally thank Dr.
Scheltema, Co-ordinator of SSIDP, for the encouragement he
gave me during the course of the study.

My sincere appreciation to the staff of the Soil
Physics and Chemistry Laboratory, University of Nairobi,
Kabete Campus and of the Mines and Geology Department,
Ministry of Environment and Natural Resources (Nairobi), for
assisting in the soil and groundwater analysis,.

I also wish to acknowledge the following: Messrs.
Olale, Kones, and Mwaringa of Provincial Irrigation Unit,
Coast, for carcrying out the topo-survey; Mr.Opiyo of Taveta
who was in charge of field staff during data collection;
Margaret and Betty for the typing of this report and Mr.
Odongo for the technical drawings.

Finally T would like to acknowledge my wife Mary
and children Evonne, Sammy and George for their patience in

tolerating my preoccupation and abscnce from home for long

reriods.

(xvi)



ABSTRACT

This thesis provides detailed information on the
irainage and soil salinity status of the Kimorigo/Kamleza
rrigation schemes and adjacent areas. In order to provide
nformation on the areas? drainage, a groundwater survey was
~arried out over an area of approximately 2400 ha.
‘mvestligations on the groundwater conditions consisted of
vatertable depth measurements and groundwater quality
malysis over a period of 10 wonths from October, 1988 to
July, 1989. Soil samples were collected from the field and
malysed for salinity and sodicity levels and also soil
-exture. The underlying calcareous layer was investigated
'ith respect to depth of occurrence below the surface, its
lope and form s0 as to determine its influence on surface
nd subsurface drainage of the area. Hydraulic conductivity
leasurements, using the augerhole method, were carried out
n several locations to help in obtaining field drain
pacings in areas or parts which may require subsurface
Irainage.

A topographical survey of the area was carried out so
's to deterwine the surface and subsur face drainage
onditions with respect to ground slopes and outlet
onditions. 1In addition, the topo-investigations were to
rovide a base wmap covering the two irrigation schemes and
djacent areas and finally to obtain ground elevations from

hich groundwater and the calcareous layer levels could be

letermined.,

(xvii)



A groundwater balance assessmenl was carried out for
‘our areas within the two schemes using the indirect method
o determine in quantitative terms the possible causes of the
subsurface drainage problem in the schemes.

From the resulls obtained, surface drainage problems
n the area can be attributed to flood flow and excess
recipitation during the rainy season. Overflow from canals
ind  excess irrigation also at times result in surface
rainage problems. Subsurface drainage problems are mainly
*aused by deep percolation from flood flow, excess
recipitation and irrigation and seepage inflow Trom higher
o lower areas. The groundwater balance assessment shows
hat the wel subsurface inflow frow irrigated to lower
rrigated or non-irrigated areas may be as high as the
vapotranspiration rate or higher.

Capillary rise from the shallow and salty
roundwater results in substantial salt Lransport to the
urface , aund hence high soil salinity conditions.
alinisation is wost pronounced in non—irrigated or fallow
and with high groundwater tables maintained by seepago
nflow.

Remedial measures to iwprove the drainage and
alinity status of the schemes include flood control,
rovision of surface and subsurface drainage facilities and

mproved water management,

(xviii)



1. INTRODUCTION

| The problcm

The problem affecling Kiworigo and Kamleza Schemes
>c Fig.1l.1), is one of land deterioration under irrigation
: to rising salinity and sodicity of the soils. Under the
Lty soil condition, low crop production has resulted.
erely salt affected parts have been abandoned by farmers.

Past reports on the area by Asol (1984), Berger and
lders (1983), De Ridder (1974), Farrant (1966), Kanake
982), Underhill (1955) and Van Alphen et al. (1979),
iicate that the development of salty soil conditions is
e to poor or inadequale drainage, especially after the
.roduction of irrigated agriculture, and this has promoted
pillary salinisation, more so as groundwaters in thec arca

> salty (Kanake, 1982; Van Alphen et al., 1979).

2. Project justification

The project is justified as no studies have been
nc on the groundwater conditions to enable quantification
the possible causes of the drainage problem mentioned
ove. Jt is only when the causes are known and
antitatively characterized that the appropriate remedial
asures can be rccommended, as supported by Dec Ridder
974) and Van Alphen et al. (1979).

The improvement of thc drainage conditions in the
hemes uand adjucent area is important for the
stainability of the irrigation schemes. It is through

ninage that excess salls are evacuated out of the soil and
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> long as leaching is sufficient, re-salinisation of the

0oils through upward salt movement by capillary action is

ontrolled. According to Farrant (1966), the schemes have an

mportance im the district and ncecd to be sustained in viecw

F 1 -

1) value of exisling installations;

b) hardship to plot holders, if no irrigation;

>) loss of local food production Jeading to district supply
difficulties;

1) loss of a source of local irrigation craft;

c) loss of a centre about which development could take
place; and

) Joss of an alternative to sisal, which is predominantly
grown in the area, should the price fall and hence
become uneconomical (which has happened in the past).

A study of the drainage condition is therefore
1stified to enable determination of appropriate remedial
casures.

'3 The project objectives

hec objectives of the study werc sct as follows: -

‘1) To document the current drainage problems in the schenes;
(2) To document the current salinity problems in the schemes;
3)

(4)

To quantitatively determine the cause(s) of the drainage

and salinity problems within the schemes tLhrough

groundwater and salt balance assessmenls; and

To recommend appropriate remedial measures for solving

the drainage and salinity problems.



2. LITERATURE REVIEW

1 Background information
) Location
The Kimorigo - Kamleza area is located in Taveta

vision of Taita-Taveta District, Coast Province (sec
g. 1.1),

The Njoro Kubwa canal and the Taveta Sisal Estate
rm the northern and western boundary of the arca . To the

st, the Lumi river forms the border, and to the south, the

ca borders the Jipe and Ruvu swamps as shown in Fig.l.1.

) Climale and vegetalion

The area belongs to the sub- tropical, semi-arid

‘imate with an average annual rainfall of 600 mm and this
distributed wmainly between two seasons. The long rains

cur from March to May and the short rains From November to
cember. The highest monthly mean precipitation occurs in
»ril and the lowest in July and August. Table 1.1 beclow
ows the average monthly rainfall figures fTor Taveta D.O.
cation No. 93.37/00 for a period of 43 years (1905 - 1914
)id 1920 - 1971) as obtained from Berger & Kalders (1983).

The temperature ranges from a mean monthly minimum of
3°C to a mean monthly maximum of 33°C, with an annual wmean
smperature of 22°c,

The potential evaporation averages 1930 mm annually.
n Table 2.1 the average evaporation figures are for Taveta
iter Development, Station No.93.37/110 for a period of 17

cars  (1964-19B1) as obtaincd from Berger & Kalders (1983a).



Table 2.1. Monthly average rainfall data (Taveta D.O
Station) and potential evapotranspiration
(Taveta Water Developmwent).

Montih J F M A M J J A S 0 N D TOTAL
Rainfall 39 45 106 139 65 9 | & 21 91 54 695
(1)

Eo (mmn)

Penman 175 175 176 150 140 135 135 145 165 185 175 175 1930

Source: Berger and Kalders (1983).

From the above table it can be seen that the
cvaporation cxcceds the mean monthly rainfall for all months
cxcept in April when there is a small surplus.

The vegetation in the arca is not wholly indicative
of what is expected for Agro- ecological zone V, that is:
bushland. This is becausc Lthe soil conditions have becn
altered by the &existing high groundwaler tables and
irrigation schemes. Along the Lumi River, there exists a
Riverine {forest. Between the river and Kimorigo Schene
(Block € area) the vegetation is mainly woody acacias and
salt-tolerant bushes, interspersed by short grasses which are
also salt-tolerant. On the swampy edges water loving plants
occur in abundance. In areas with high saline water-table,
Doum palm and wild date palm are found. The drier areas
around the hills are predominantly vegetated by drought-

recsistant acacias.
(c) Geology and physiography
The s0ils of the area are primarily developed on

calcarcous tuffaceous grits which arc of Pleistocene to

Recent Age (Bear,1955; Kanake, 1982). Part of the area




ever, falls in the floodplain of the Lumi river, which
1sists of Recent Alluvial silts and clays.
Physiographically, the area may be considered as part
the piedmont plain which forms the gap between the Pare
mtains, composed of Basement Systems Rocks, and the Mt.
] imanjaro Volcanic pile. Two hills, Eldoro and Kitogoto,
;e ubove the general level of the plain. The area is devoid
any marked natural drainage pattern, but it slopes gently

-2% slope) to the marshes surrounding Lake Jipe.

) Hydrology and watcr resources

i) Surface water

The main surface water source in the area is Lumi
ver from which Kimorigo schcme derives ilts water for
rigation.

The discharge of the Lumi river before the
morigo/Kamleza area averages 0.6 m3/s and it runs imn a
ecply eroded bed of approximate depth of 3.5 m. Just before

enters the Kimorige - Kamleza area, more watcr is added
-om the Njoro Kubwa group of springs (total discharge = 6
3/s) and this increases the discharge to an annual average
T 6.6 m3/S ( about 7 m3/3). The river in this section now
lows full and its water levecl is oftcn higher thanm the
irrounding land. Consequently, the adjacent lands exhibit
igh groundwater tables and are often flooded during high
lows. Flood discharge has been estiwmated to be as bigh as
50 m3/s (Underhill, 1955).

The quality of the river water is fairly good and
ould cause very low or no potential soil hazards. A

hemical analysis report of the water is shown in Table 2.2.



able 2.2: Repori on chemical analysis of water sample
(Lumi River, 1982)

lectrical conductivity (EC. at 25°C) 660 pS/cm
icarbonate 239 mg/l
arbonate a6 "
hloride S5 sy
ulphate ¢ By g
odium L g
otassium P
alcium " A
lugnes ium v S

ource: (Kanake, 1982)

ii) Groundwater

The groundwater level in the area varies between 10 cm
velow the soil surfacc in the southern swamps to about 1.5 -
.0 m below the surface in the northern seclors (dry season)
- (Kanake, 1982).

The quality of the groundwater in 1he area is not
sood. Chemical samples takenm in the past from various
locations show Lthat the water has a high degree of salinity
and sodicity. Tt also has a high content of bicarbonates and
yther toxic elements (Kanake, 1982), Table 2.3 indicates
that the EC varies betwecen 950 pS/cm and 16,000 PS/cm (640
ng/1 - 10,240 mg/1).



able 2.3. Chemical analysis results of groundwater sample

arameters Groundwater Sample no.

(1) (2) (3) (4)
H R, 2 9.0 9.0 8.8
C (pS/cm) 1400 16000 5500 950
odium (me/1) B.3 156.0 50.0 5.5
'ottasium (me/1) 0 X1 0.14 0.15 0.35
alcium (me/1) 2.8 2.7 0.7 1.3
lagnesium me/1 b,2 0.9 0.06 1.8
‘arbonates (me/1) 0.4 27.0 10.0 0.4
licarbonates (me/l) 9.2 62.0 40.0 5.6
“hlorides (me/1) 4.1 77.0 3.3 54l
ulphate (me/1) 0.35 4.7 0.05 0.03
vource: (Kanake, 1982)
.2 : Soil salinity in project area

.2.): Origin of salty soils in the project area

Salty soils in the arca were first noted to occur in
ircas with high groundwater tables near the Lumi River,
according to reports by Farrant (1966). Whcre high
iroundwater tables occur, soil salinisation is common as
upward capillary flow is able to rcach the rootzone,
oringing with it salts which are deposited on Lhe surface as
water is lost through evapotranspiration. It is therefore
bossible that capillary salinisation, promoied by the high
evaporative conditions in the project area, caused Lthe
sally soil copnditions in the high groundwater table areas

close to the river.



After the introduction of irrigation in the Block C

‘ca in the early 1940’s (see Fig.l.l), many areas developed
gh groundwater tables, a condition which enhanced
apillary salinisation. By the early 1950’s, severe saline
)d sodic so0il conditions had developed leading to the
yandonment of the Block C irrigation scheme.

Irrigation continued in the adjacent areas of Block
, but as noted by Underhill (1955), cxcess irrigation, in
e absence of adequate drainage, caused groundwater tables
) rise. At the time of the investigations (in 1954),
-oundwater was at a depilh of about 1.0 m from the surface.
nlinity and sodicity problems soon developed in these
~eas, which are no longer cultivated.

Investigations by Asol (1984) and Kanake (1982),
veanled the occurrence of maxiwmum salt conceniration at the
urface, in parts of the schemes, this being an indication
f capillary salinisation (Ayers & Westcot, 1985;
itzPatrick, 1987; Smedema and Rycroft, 1983).

As no improvements have been made on the drainage
onditions in the schemes to date, re-salinisation from Lhe
hallow and sally groundwaters continues to be a threat to
vreas presently under cultivation. Kimorigo Scheme, whose
pper areas have already been abandoned, appears to be
hrecatened most as a report by Asol (1984) indicates that

oth leaching and drainage are inadequate.

.2.2 Past rcclamation and control measures

A few attempts to improve the drainage conditions in
he schemes, have been undertaken in the past. The first

ttempt was the plan to install a 2.0 m deep main drain for

9



rigo scheme. This was, however, nol possible as the
rrecace of hard calcarcous layer beneath the topsoil
ed the drainage depth to only 1.0 wm (Farrant, 1966).
d drains neccessary for the control of salinity have
" been installed.

The second attempt was a proposed pilot project by
er and Kalders (1983), aimed at comparing the
bility of various field drainage methods, but as of now
project has never taken off. In the design of the field
age system, the authors did not consider the influence
ossible subsurface inflow which, according to De Ridder

4), may be substantial and therefore needs to be

stigated.

: Soil salinity condition

Soil salinity /sodiecity conditions in the area have
classified by Kanake (1982), according to the US
nily Laboratory Classification System. The

ification of salty soils according to this system is as
» in Tab.2:4%

e 2.4; The uB Salinitly Laboratory System for
Classification of Salty Soils ( USDA,1974).

ECe < 4 wS/cm ECe > 4 mS/cm
at 25°¢ at 25°C
ISP < 15% non-salinc ) soils saline soils

non-sodic )

saline ) soils
SP > 15% sodic soil sodic )

“e: Smedema and Rycroft (1983).
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For EC measurcments carried out in the field at a
il to water ratio of 1:2.5, the classification as given in

ble 2.5 below holds. These values are a Lhird of the ECe-

lues.

ble 2.5: Classification of field measurements of
electrical conductivity ( ECy 5 ; B

T o R e e . e e S S . S s < s W o S S s S s i i . i o i S o . i S . i

2_5(mS/cm) Classification

~ 1.8 non—-saline

3 =-22.7 slightly saline
7—5.8 moderatcly saline
b3

strongly saline

urce: MOA (1984).

From the results of the soil survey investigations,
noke (1982) prepared a soil salinity map according to the
ove classification. A simplified soils map consisiing of
ic major s0il salinity boundarics is shown in Figde. Y.

Out of the total surveyed area of 2165 ha, 530 ha
nsisted of non-saline, non-sodic 350ils; 1394 ha consisted

saline- sodic soils and 138 ha of sodic soils. From the
p in Fig.2.1l, non-salty soils occur in many parts of
mleza scheme and the central to lower parts of Kimorigo
*heme. The whole of Block C area, the Northern parts of
morigo scheme and the Ngutini area consisl mainly of
1\line and/or sodic soils. For the saline and / or sodic
'ils, the ESP-value in some places is as high as 90 %,

1ile the EC-valucs vary between 1.5 and 10 mS /cm.

11
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.4 Indications of salinity conditions in the field

Kanake (1982), mentioncd the existence of salty
etation in the salt affected parts of the project area.
earlier report by Farrant (1966) mentions the occurrence
salt puns in thc areas to the north of the schemwes. Field
ntification of salty soils in the area will form part of

investigations and therefore the various field

ntification methods are revicwed below.

Identification of saline soils in the field

Saline soils may be identified through some or all
the following ways;
- dark grey to greyish brown colours often with mottling,

 greatest being in the middle of the soil
tzPalrick, 1987 and Young, 1976).

white salt crusts on cxposcd surfaces (Smedema &
roft, 1983 and Young, 1976).
- damp, oily looking s0il surface ( due to hygroscopy of

ts such as Caclz (Elgabaly, 1971 and Smedema &
roft, 1983).

loose fluffy soil surface caused by the growth of long
dlc-like erystals of sodium sulphate (Young , 1976).

- (pseudo)-mycelia in the soil profile (Smedema &

roft,1983).

13



(b) Idcentification of sodic soils in Lhe field

For sodic soils , identification may be through :

- small dark (irregular) patches, referred to as slick
spols (Young, 1976 and Swedcma & Rycroft, 1983).
- columnar so0il structure with rounded tops in the

subsoil (Young, 1976).

the existence of a thin sandy A-horizon from which all

clay has been eluviated (Young, 1976).

Suline-sodic soils normaully show properties of botih

saline and sodic soils.

2.2.5. Salinisation due to irrigation

Salts are added to the soil with each and every
irrigation application. The amount of salts added by each

irrigation is the product of flow rate x salt concentration

x duration. Under conditions of inadequate leaching and

drainage, salinisation from irrigation will result.

The existence of salty soils in the Taveta schemes

indicates that the prevailing conditions favour the

accumulation of salts in the soils.,

Rycroft (1983),

According Lo Smedema &

secondary salinisation by irrigation is

likely to occur under conditions where the salt influx to

is high and/or the salt efflux from the

rootzone is low.

Lhe rootzone

High salt influx conditions prevail when:
(1) the climate is hot and dry nccessitating high
irrigation water supplies (and thus large quantities of

salts are added).

(ii) saline water is used.
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w salt efflux conditions prevail when:-

(1) insufficient water is used for irrigation leaving no
cxcess for leaching requircments (under-irrigation);

ii) the climate is hot and dry (low rainfall/high
cvaporation), so0o little excess rain goes into deep
percolation for leaching;

ii) drainage conditions are poor, allowing insufficient

percolation and drainage discharge.

The quality of irrigation water used in the schecmes
satisfactory and according to results obtained by Asol
984), the clectrical conductivity (EC) is approximately
25 mS/cm. However, even with good gquality water,
linisation is bound to occur if the salts are not lcached
d evacuated out of the soil by drainage.

Reports by Farrant (1966) and Underhill (1955),
ntion thal excessive irrigation is prevalent in Lhe area.
»wever, there is no supportive data. During the
'vestigations, an indication will be given on the
‘rigation cfficicncy.

Excessive irrigation, under the poor drainage
)nditions, is8 likecly to cause groundwater tablc rise and

us enhance capillary salinisation.

2.6 Salinisation from groundwater

Salinisation from groundwater (capillary
1linisation) occurs when salts brought to the upper soil
iyers by upward capillary flow of groundwater are left
chind as water is lost by cvapotranspiration.

The extent of capillary salinisation and the depth

t which salts accumulate arc governed by the rate of

15



pillary rise and the groundwaler salinity counteracted by

¢ lcaching intensity (by rain or irrigation water). For

pillary salinisalion to take place, a net upward movement

water (and salts) is a must. This often results in a
ximum salt concentration at Lthe surface followed by a sharp

op down the profile as shown in FaE." 202,

ECe in dS/m
10 20 30 40 50 60 70 B8O

T T T T T T T T T T T T gz T

1.2.2: Typical salinity profile for a soil under capillary

salinisation (Ayers and Westcot, 1985),

16
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2.6.1 Rate of capillary rise and critical wateriable depth

The amount of salts transported to the surfacc is
¢ product of rate of capillary rise x salt concentration x
iration of capillary rise. High rates of capillary rise
*ad to considerable salinisalion. It has been shown that
hile the upward capillary flow can reach to great heights,
1i¢c rate of flow generally decreases with increasing height
bove the watertable. Conscqucntly, the rate of upward salt
>vemenls, being proportional to Lhe rate of upward flow,
lso decreases as the distance betwecn the evaporation zone
= upper soil layers = rootzone) and the watertable
ncreases (Smedema & Rycroft, 1983 and Van Schilfgaarde,
976) .

The rate of capillary rise is therefore influenced
y the depth of groundwater and in addition the potential
radient between groundwater and soil surface, and the
apillary conductivity of the s0il in relation to the soil
oisture contenl (Verhoeven, 1979).

An expression relating the upward flux, V, with the
roundwater depth, potential gradient and the capillary
onductivity has been prescnted by Groencvelt and Kijne
1979) and Van Schilfgaarde (1976).

Starting wilh the stcady state flow equation
unsaturated flow), the upward flux, V, can be written in
crms of matric and gravity potential gradient, both

xpressed on a weight basis, in the form:

= ka5 (OheddmrTallpea it onnadsntatadibesrainaisss (2)
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re ky = capillary conductivity; hm = suction head and z =
ght of capillary above the water table.

The above equalion can be solved through integration
| solving the resultant integral for known values of the
billary conductivity, Kp+ A graphical solution for a
rse texlured soil is shown in Fig.2.3 which indicates the
e of capillary rise, VYV, at different groundwatertable

ihs and s0il matric suctions.

Z (cm) V 20 mm/day
90

il

Ky ""‘ 107 mm/day
N +10

= ] 1 1 |
o] 1 2 3 Bl
log hyy (pF)

.2.3: Potential profiles calculated for a coarse textured
s0il under ipfluence of capillary rise. (adopted

from Groenevelt & Kijne, 1979).
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In Fig.2.4, the variation in the rate of capillary
sc with watertable depth for different soil textures has

so been presented.

rn_r_n/dny
0 1 2 4
o A i B
CLAY LOAM
100
200
E
o
< 300}
<
a
@
(=]
Surface soil- waler
400 Potential =-16 bars
500
600 }

1g.2.4: Rates of capillary rise to the soil surface from
stationary watcrtables at different depths when the
s0il moisture pressure at Lhe soil surface is - 16

bar (adopted from Smcdema and Rycroft, 1983).

The two figures illustrate that as the groundwater
able falls, so doecs the rate of capillary rise. The height
bove the watertable at which the rate of capillary rise

ccomes too small for any significant upward salt movement
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s called the critical capillary height, Zc¢, and the
roundwater depth when Lthis occurs is called the critical
atertable depth, Dc.

The rate of capillary rise corresponding to the
ritical capillary height, Zc, has been given varied valucs
vy differenl researchers.

According to field studies by Talswa (1963), as
eported by Van Schilfgaarde (1976), an upward flux not
xceeding 1 mm/day was found acceptable. According to
cssler (1979), with saline groundwater, the critical depth,
1ould be the depth at which the rate of capillary rise is
css than 0.5 mm/day. A similar figure is given by Kenya’s
inistry of Agriculture report (Soils manual, 1984).

Values for critical capillary height, Zc, can be
1lculated afiter assuming an appropriate upward finx. ¥V, and
nowing the so0il’s capillary conductivity and the existing
otential gradient. Smedewa and Rycroft (1983) have
rescnted general indicative values of Zc, although they do
ot wention the upward flux, V, used. The values are in
able 2.6. These values are only true for uniform soil
rofiles and do not apply to stratified soils where the high
alues will geunerally be lower, and the low values may well
e increased (Smedema and Rycroft, 1983).

As can be secn from Table 2.6, coarse textured soils
ave lower values of critical capillary height, Zc¢, than
cdium textured soils such as silt loam. Medium textured
oils have relatively high unsaturated capillary
onductivity, and thus relatively high rates of capillary
ise compared with coarse or heavy clay textured soils (
cssler, 1979; & Smedema and Ryeroft, 1983). Consequently,

igher values of eritical capillary height, Zec¢, are
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ncvitable to reduce the relatively high rates of capillary
"ise to acceptable levels, such as 0.5 mm/day for areas with
aline groundwater and medium textured soils as in the

(imorigo/Kamleza arca ( sec Table 2.6).

‘able 2.6: Crilical heights of capillary rise, 2., according
to Smedcma & Rycroft (1983).

- Sand (coarsc - fine) Ze = B0 = 76 com
Loam sand, sandy loam Ze = 100 - 150 cm
Finc sandy loam, silt loam 2Ze¢ = 150 - 200 cm
Loam, clay loam, clay Zec = 100 - 150 cm

2.2.6.2 Other factors influencing critical watertable

deplth

Apart from the influence of soil texture on the
‘ritical capillary height, Ze, other influencing factors
hich also affect the value of the critical waltertable
lecpth, Dc, include:-

a) salinity of groundwater;

'b) evaporation rate of the surface (climate);
c) vegetation;

'd) groundwater recharge; and

e) leaching intensity.

‘a) Salinity of groundwater

As already mentioned, the rate of salinisation at

the surface is the product of flow rate and salt
oncentralion. Therefore values of critical capillary height,
A

» should increasec with increcasing groundwater salinity.

21
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cording to Elgabaly (1971), if there exists fresh
-culating groundwater, a depth of 50 cm can be tolerated by
1y Tield crops. With saline groundwater, in arid and semi-
id regions, the critical watertable depth is recommended to
» between 2.5 - 3.0 m below the surface (Elgabaly, 1971).
cording to this samc author, the critical salt
ycentration should be between 1500 - 3000 ppm (EC = 2.3 -
7 mS/cm) and for sodic groundwater it should not exceed 750
m (1.2 mS/cm). Smedema and Rycroft (1983), also mention
at very littlec salinisation will occur provided the salt
ncentration in the -upper groundwater layer remains < 1000

/1 (1.5 mS/cm).

) Evaporation rate

Evaporation of moisture from the upper soil layers
eates an upward moisture gradicnt leading to upward
pillary flow. In arid and semi-arid areas, the existing
¢h evaporation rates lcad to marked upward capillary flow
d consequently extensive salinisation (FA0,1971). The
1tertable depth in these arcecas should therefore be
intained below the critical depih, D¢, especially if the
‘oundwater is saline as mentioned under (a); above the
ntioned critical salt levels.

In areas with low cvaporation rates e.g. humid
cas the walertable depths may be higher, more so as Lhe

roundwaters are often fresh.
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-~ Vegetation

In bare soil water is lost only through evaporation

I the cvaporation zone is shallow (h kbl & 200 cwdoren

elated areas, water loss occurs through both evaporation

| transpiration and over a much dceper zone, about equal

depth to the main rootzone from which water is taken up

r transpiration (Smedema & Rycroft; 1983 and Van

ilfgaarde, 1976). The result is that in areas with

etation (grass or shrubs ) and no leaching (i.e. under

low), more water is losi and consequently more extensive

inisation occurs. This was shown to be true by studies

‘ried out by Balba (1976). However, with adequate

‘igation and/or rainfall to cause leaching, salinisation

cropped areas is reduced.
The critical watertable deplh with vegetation and no
\ching of salts is thus higher than for bare soil (Smedema

tycroft, 1983; Van Schilfgaarde, 1970). The actual value

cnds on the rooting depth and the other factors mentioned

this seclion.

Groundwater recharge

Wilh no groundwaler recharge (or subsoil water

ply), the groundwater table falls as more and more water
lost by upward capillary flow. The watertable depth may
1l to or cven beyond the critical watertable depth, Dec, at

¢ch point capillary salinisation becomes insignificant.

With groundwater recharge, water lost by upward

illary flow is replaced and the groundwater tables remain

th. This leads to continued transport of salts to the

23
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surface and to substantial salinisation if the watertables
rcmain high for prolonged periods.

The groundwater depth in areas with groundwater
rccharge (and saline groundwater) should thercfore be
mointained below the critical watertable depth, Dc¢, by
providing adequate drainage, or by eliminating the source of

Lthe subsoil water supply ( Swedema & Rycroft, 1983).

(e¢) Leaching intensity

Leaching of salts normally occurs during irrigation
or rainy scason. During this period the upward movement of
salts is much reduced, occurring only for limited periods,
i.e. in between two irrigations.

The reduction of the salt content in the soil
brought about by irrigation water or rain depends on the
quantity and quality of water percolating through the soil,
water conducting properties of the soil (e.g hydraulic

conductivity) and the moisture content of the soil

(Verhoeven, 1979).

According to Van Schilfgaarde (1976), a favourable

rootzone free of excess salts can be achieved by maintaining

a net downward flux sufficient in magnitude to prevent

excessive accumulation of salts in the soil solution. Even

with a high watertable, upward flow will only occur when

there is an upward gradient:; an appropriate irrigation

regime, in principle, can prevent such a gradient.

24
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7. Effecls of salinity and sodicily on crops and soils

Soil salinity and sodicity in various parts of the
ect area have resulted in low crop production, forcing
iers to abandon the salt-affected parts according to a
ri by Asol (1984).

The effects of salinity and sodicity on crops and
s can be categorised into three:-

Osmotic effects;
Toxicity cffects;

Dispersion effects.

7.1. Osmotic effects

High total salt conceuntration of the so0il solution
11ts in high osmotic pressures, making it more difficult
plant roots to extract water from the soil. The amount
vater absorbed from the s0il depends on the soil mois-

stress which is the sum of the soil moisture tension
osmotic pressure duc to dissolved salts (Michael, 1983;
ly, 1984).

The magnitude of osmotic pressure is linearly
ited to the clectrical conductivity of the s0il solution
| hence salt concentration). Shainberg & Oster (1978) and

lecma & Rycroft (1983) give the following relationship;
tic pressure (bars) = 0.36 x EC, (mS/cm) .

At low salt concentration the osmotic pressurc 1is
gnificant and water absorption depends more on the soil

sture tension. Enough water for plant growth is absorbed

» the s0il woisture tension is below 1 bar (Michael,
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3; Brady, 1984; USDA, 1971).

In saline soils (ECe > 4 mS/cm), the osmotic pressu-
is over 1.4. bars, from thc abovec relationship. If the
ls moisture tension is 1 bar, then the total stress beco-

2.4 bars, causing a reduction in plant water uptake. In
project area high ECe-values of 25 mS/cm in the topsoil
- 30 cm) werc obtained by Asol (1984). This would recsult
an osmotic pressure of at lecast 9 bars and a total stress
10 bars and above. Far much lecss water than optimal would
extracted from the soil and plant growth would be very
h more retarded; especially knowing that the permanent

ting point for many crops is at about 15 bars.

..7.2. Crop tolerance Lo salinity

The term "salt tolerance" indicates the degree of
linity a plant can withstand without being appreciably
‘ected in its growlh and deveclopment. For each crop a
rtain threshold value exists beyoud which crop yiclds
‘rease linearly with increasing salinity (Ayers & Westcol,
35; FAO, 1985; Jensen, 1983; Oosterbaan, 1987; Shainberg &
er, 1978). Crop tolerance tables exist indicalting the
> - values at yield potentials of 100%, 90%, 75%, 50% and

A table of crop lolerance for selected crops grown in
> schecmes is given in Table 2.7. .
Crops with similar tolerance can be grouped Logether

to 5 groups as shown in Table 2.8.
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ble 2.7: Yield potcntial expected at the RCe-value
indicated in the table, mS/cm.

ops 100% 90% 75% 50% 0%
tton 77 9.6 Y3 17 27
ize j S 2.5 3.8 5.9 10
ans 1.0 1.5 2.3 3.6 6.3
wpea 4.9 M g 7.0 9.1 13
ions L2 1.8 2.8 4.3 7.4
mato 2.5 3.5 5.0 7.6 13
bbage 1.8 28 4.4 7.0 12
ange 1.7 273 343 4.8 8.0
mon 1.7 PR 3.5 4.8 ~
ocado S 1.8 2.5 = -

ource: Ayecrs & Westcot (1985); Smedema & Rycroft (1983);
Shainberg and Oster (1978); Jensecn (1983).

lative crop Soil salinity at which
linity tolerance vield loss begins

ting ECe (mS/cm)

nsitive I

derately sensitive 12 3u=h 3820

derately tolerant 3.0 - 6.0

lerant 6.0 - 10.0

suitable for most
ops (unless reduced kDD
eld acceplable).

ource: Ayers & Westcot (1985): Jenscn (1983); Shainberg &
Oster (1978).
Asol (1984) found that the ECe-value in the crop
olzone (<100 cm) was mostly above 5§ mS/cm, for soils in
¢ central part of Kimorigo scheme. From Table 2.7, only

tton and, to a lesscr extent, cowpea can produce
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tisfaclory yields. The other more sensitive crops,

cording to Kanake (1982), arc grown in areas with low soil
linity levels and adequate lcaching. These areas are found
osc to the Lumi river and in somec parts of Kamleza schewme

cre ECe - values of less thanm 1 wmS/cm occur.

2.7.3. Toxicity effects

Problems due to toxicity are caused by a high

ncentration in the so0il solution of some particular ion
by the imbalance between two or more ions, harming plant
owth,

Most toxicily problems are related to excess up-
ke of sodium, chloride and boron. In the project area,
ly sodium levels have becn mnoted to be high. ESP -values

high as 90% have been reported by Kanake (1982). Symptoms
¢ Lo Na-toxicity appear as a burn or drying of tissues
rst appearing at the outer cdges of leaves (Smedema &
croft, 1983). Table 2.9 gives the tolcrance of some
ops grown in the schemes to exchangeable sodium percentage
SP) under non-saline conditions.

From the table, cotton and tomatoes stand out as po-
ible choices in arcas with ESP-values of less than 60%,
der non-saline conditions. Fruits are cxtremely sensitive

d would be restricted to areas with low ESP-values in

mleza (Kanake, 1982).

28



able 2.9: Tolerance of selected crops Lo exchangeable
sodium percentage (ESP)
conditions.

under non-saline

olerance to ESP and Crop Growth responsc
ange al which affected under field
conditions
xitrcmely sensitive Citrus Sodium toxicity
ESP = 2-10) Avocado sympltoms arc low
Dccidous ESP-values
fruits
ensilive Beans Stunted growlh at
ESP = 10 =-20) these ESP values
even though Lhe
physical condition
of the soil may be
good
oderately tolerant Rice Stunted growth due
ESP = 20-40) Oats to both
nutritional
factors and adver-
sc physical soil
conditions
olerant Cotton Stunted growth
ESP = 40-60) Tomatoes usually due to
Wheat adverse physical
Barley s0il conditions
ost Tolerant(ESP > 60) Grass 4

(Jensen, 1983; FAO, 1985).

So long as the ESP-values in affected scheme areas
rec not lowered, choice of crops will remain limited, mainly
o cotton. In less affected areas, care should he taken to

revent the ESP-values from rising too high.

29



7.4. Dispersion effeccts

A high exchongeable sodium percentage (ESP) results
dispersion of clay particles. This causes Lhe soil
icture to deteriorale, leading to poor soil physical
litions (Smedema & Rycroft, 1983; Verhoeven, 1979;
nberg & Oster, 1978).

That high ESP-values occur in the Taveta schemes is
lent from results of both Asol (1984) and Kanake (1982).
¢ high ESP-values have been particularly noted to occur
1eavy textured soils of the schemes (Kanake, 1982). This
1 wajor concern as problems due to dispersion are known
generally incrcase with the increase of easily
bersible c¢lay (Michael, 1983; FAO, 1985; Swmedema &
roft; 1983 )%

The poor physical soil conditions which result
n dispersion of soil colloids include:

) low hydraulic conduclivity due to a) blockage of pores
dispersed particles and b) also reduced size of soil

s due to swelling or wetting;

1) unfavourable s0il consislency; soils are hard to work

1 dry and plastic-slicky when wel;

1) low resistance to slaking which leads to the formation

surface crusts hampering the infiltration of water into
soil and the mechanical strength of the crust is likely

linder proper germination (irrcgular, patchy stands);

v) waterlogging, resulting from the general deterioration

the internal drainage characteristics of Lhe soil

ocialed with the above effects.
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.3. Water quality

The quality of both irrigation and groundwaters are
f prime importance because of their influence on the amount
nd type of salts added to the rootzone. Waters of poor
uality result in soil and cropping problems which reduce
iclds unless special management practices are adopted.

The suitability of water for irrigationm is not only
ctermined by its quality but aulso by other facltors such as
oil, crop, dirrigation, leaching and drainage conditions
Van Hoorn, 1971). The qualily of water may be considered as
uitable for a certain type of soil or erop but as
nsuitable for others.

The quality of both irrigation and groundwater are

ctecrmined by the following chemical characteristics of

he s0il solulion:

Total concentration of soluble salts, or salinity;
Concentration of sodium relative to other cations, or
sodicity;

Anionic composition of the water, especially the
concentration of HCO5™ and 0032“ anions; and

Concentration of boron and other elements that may be

toxic to plant growth.

References for the above numed four characteristics

nclude Swedema & Ryecroft (1983), Shainberg and Oster
1978), Van Hoorm (1971), FAO (1985).
The first three characteristics are briecfly

iscussed below as they are the most relevant to the study.
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.3.1. Total salt concentration

Soluble salts in water principally include NaCl,
dClz, MgClz, Nl‘12304, H]{SOQ, NQH03, KHOs, Hazc()s, NﬂHC(]s
ccording to FAO/UNESCO, (1973); Shainberg & Oster, (1978);
nd Smedema & Rycroft, (1983).

The total salt concentration way be expressed in g/1l,

c/1l, ppm or by the electrical conductivity (EC) in mS/cy at
5°C and gives an indication of the salinity hazard. General
lassifications exist with recgard to the salinity hazard
amely:

Classification of the U.S. Salinity Laboratory (Smedema

and Rycroft, 1983);

USSR classification (Van Hoorm, 1971);

Classification of Durand for North Africa (Van Hoorn,

1971 )4

Classification of FAO (FAO, 1976/85).

The classification of the U.S. Salinity Laboratory
s the one employed in Kenya and therefore the salinity
azard of the waters in the project area will be classified
n accordance with this classificalion. The salinity bazard
inder this classification is as shown in the Table 2.10.

Tt should be noted that this classification and the
thers mentioned can be utilized as a guide, bul should not
e uscd as a generalisation.

Walers of high salinity may be used for irrigation
n highly permeable soils, where drainage is adequate, where
rrigation water is applied in excess to provide

*onsiderable leaching and where very salt tolerant crops
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Table 2.10: Classification of the U.S. Salinity Lab.

Salt concenilration Salinity hazard

ECi (mS/cm)

< 0.25 Low salinity(Class - Cl)
0.25 - 0.75 Medium salinity(Class-C2)
0.76 - 2.258 High salinity (Class-C3)

> 2.256 Very high salinity(Class-C4)

Source: Van Hoorn (1971) and Smedema and Rycroft(1983)

sclected (Van Hoorn, 1971). This is the case in North
African countries where irrigation waters may have salinity
values of 2 wmS/em and above. TIn thesc countries, the
classification of Durand for North Africa is used. However,
this classification is not prescoted herc as it is not used
in Kenya. The USSR classification is also nol presented for
the same rcasons.

The classification of FAO is presented in Table 2.11
below. This classification seots higher limits than the U.S,

Salinity Laboratory and is presented for comparison

purposes only.

2.3.2, Sodicity hazard

The sodium conlent in water is very important, owing
mainly to its ecffect on the soil. A high sodium content in
the s0il leads to high ESP-values and tbhus results in

dispersion problems in other than sandy soils (see section
2.2.6.48);

—— — P L
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ble 2.11: FAO Guidelines for irrigation watcr quality

appraisal.

No problem
Moderate problem

Severe problen

urce: Smedeman and Rycroft (1983)

The sodicity hazard of irrigation (or groundwater)
given by the Sodium Absorption Ratio, (SAR - value)

cording to Van Der Molen (1979), Smedema and Rycroft
983), Shainberg and Oster (1978 .

R: = (Na")/((c;,‘?* B Mg2+)/2))0'5 Bl )

:re Na¥, CaZ+, Mg2+ represent thc concentrations of these
ments in the irrigation water (me/1).
The rclation belween the ESP-value of the soil and

* SAR-value is given below (Yan der Molen, 1979 and Van
rn, 1971).,

jl:1_00(—0.0126+0.01475SAH)/(1+(—0.0128+0.01475$AR)) vooel3)

The classification of the sodicity hazard according

the US Salinity Laboratory system which is used Dby the

1ya Soil Survey is presented in Table 2.12.
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ble 2.12: US Salinity Laboratory Classification (adopted
from Smcdema and Rycroft, 1978)

T TS TS e s e S . S s S S P o e W S s 0, W i s e o s .-+ . 5 s N s - A e S s S s -

»dicity Hazard SAR
W Class - 81 0 - 10

:clium Class - 82 10 - 18

Lgh Class - 83 g~ 26

'ry High Class - S4 > 26

adjl

The adjusted Sodium Adsorption Ralio (SAR

3.3
1c Adjusted sodium adsorption ratio can be expressed as:

& Rycroft,1983; Shainberg & Oster, 1978).

medema
T aq; ¥ (Na®/0(ca®" Mg2%/2)10:%) x (1 + (8.4 - pH ) ...(4)
lere pHe = (pKp'-pK.') + p (Ca2* + Mg?*) + p(AIK);
1d (pKz’—ch’) = Calts Mgz++ Na';
Ca?t+ MgZ*) = calts Mgt
r o 2- -
AIK) = 003 + HCOs :
p = concentration sum of;
AlK = alkalinity.
Lakes

All units expressed in me/l. The adjusted SAR
in soil water composition that

1to consideration changes
expected to result due to certain combinations of water
from the soil

e
11ts which either dissolve 1lime (Caco3)
idding Ca) or deposit lime from the 80il (reducing Ca). The
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sence of 0032_ and HCO3q can increase the sodium  hazard
irrigation water since they bring about the precipitation
Ca and to a lesser extent Mg in the soil, hence
reasing the relative awount of sodium in the soil
ution and therefore the ESP-value. (Smedema and Rycroft,
3). Previously, the Residual Sodium Carbonale (RSC) was

1 to assess the risk of the concentration of HCOah and

" in water. The RSC is given as below:
= (C0g% M7 HC0g™) ~ (Eaft 4 WPt L i iiiiin. (B)

All concentrations in me/l. The ratings are as

lows shown in Table 2.13 (adopted from Van Hoorn, 1971
lema & Rycroft, 1983).

le 2.13: Classification of RSC-values

(me/1) Watcer Suitability
25 Safe (no problem)

» - 2.5 Marginal (moderate)
.5

Unsuitable (scvere)
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.4 Groundwater salt balancc

For arecas with drainage problems, the assessment of

groundwater balance is of primary importance because;

1) the assessment enables the cause(s) of the drainage

roblem to be determined in Quantitative terms. This helps
) the selection of the appropriate remedial measures e.g.
fF the cause is determined as scepage inflow, then a cut-off

"ain may bhe sclccted (Kessler & De Ridder, 1980 and
zaboles, 1976).

') Lthe assessment also enables prcdiclions on the probable

‘anges in drainage status (or groundwater table conditions)

a given area to be made. The changes may be due to

1fluencing environmental factors such as rainfall or human

terventions such as irrigation, drainage and control of

looding. Based on the predictions made, the most

propriale control mcasures(s) can be selected in

yzaboles, 1978).

advance

As the projeclt area has drainage problems such an

sessment for arcas within the scheme is important.

4.1 Groundwater balance equatlion

The gencral expression of a water balance cyuation,

given by Kessler and De Ridder (1980) and Oosterbaan
987) is;

-0 =A R L R T T e R
ere, I = inflow over time period, t days
0 = outflow over time period, t days
A = change in water storage in t days
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In terms of the various recharge and discharge
onents, a more detailed equation can be written as

ows (see Fig. 2.5for the various groundwater flow

onents);

r':"c‘m)'*((:‘:'ulf"':“'dr)"r“‘l“'tl;fc“dt:)'*(‘alsi"c‘.lsn) g stgrw veed(T)

T ;Wf"ﬁ

Car change 1 storage A Sgrw i
— - — A Saratieahoge Jiow taungtities
e inflow. - ' «unconfined aquifer
. : g-oundwuter- outfliow.
077 rwq ﬂw////,l(gg{mg Fervios.
upwards flow. Qdo. | semi confined

i aquifer.

2.5: Flow components of a groundwater sub-system (

Kessler & De Ridder, 1980).
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Where,

(Pere - Cap) = the recharge - discharge conditions determined

by the water balance of the unsaturated zone.

(Qjpf ° Qgy) = the recharge - discharge conditions
delermined by 1lhe posilion of the water level
in the stream channel and open water courses
in relation to the water table.

(Qup - Qdo) = the recharge - discharge conditions determined
by thce polential metric head in Lhe underlying
semi confined aquifer ( see Fig.2.5).

{lei 'leo) = the recharge - discharge conditions

determined by the lateral groundwater
inflow and outflow across the boundaries
of the area under consideration, and

szgru = change in groundwater storage.
The dimensions for the above flow quantities can be
in discharge units of mm3/dny, mS/day, 1/s, ete, or in units

of discharge/area, mainly, wmm/day.

2.4.2 Solution of the groundwater balance equalion

The components of the groundwater balance equation
may be determined directly or indirectly to be able to solve
the equation. Direct methods of determining the componcnts
are oflen expensive, especially for the vertical and laleral
groundwater flow components, which requirc a lot of pumping
tests and field work to find reasonable estimates of the
Eransmissivity (KD - product of hydraulic conductivity of

transmitting layer, K, and the deptb of the layer, D)
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Kessler & Dc Ridder (1980) have recommended the use
of the indirecct method as it is leoss cxpensive and still
Zives a good indication of the magnitude of the groundwater

flow components. The principle of Lhe indircct method is

Lhat the area and time are chosen in such a wmanner that the

conditions of recharge, discharge and storage are uniform

ind quanlitatively known, except for one flow cowponent.

This component can then be solved from the equation. The

component thus found can subsequently be introduced into the

2quation for another unknown item provided the value of the

romponenl remains reasonably constanl. In general, lateral

sroundwater terms remain rather constant for different time

eriods, whereas percolalion and capillary rise usually vary

luring different parts of the hydrulogical year (Kessler and
e Ridder, 1980),

It is recommended that calculations be made for more

‘han one time period in order to have a check on the results

btained. Also, it is not always possible, nor nccessary Lo

olve all the individual members of the groundwater balance

qualion separately. Sometimes, depending on the problem

nder study, a number of members can be lumped, and Lhe net

alue be taken (Kessler and De Ridder, 1980).
Through the indirect method, the various components
ay_he dectermined as follows: -

i) gPerc—Cngz

his may be

determined by solving the water balance equation
f the

unsaturated zone expressed as;

Ut I3 - Reedl). - BF 2 (P 2 gap) i Disn . (8)
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vhere, R = precipitation; Ii = irrigation; R.off = surface
~unoff; ET = evapotranspiration; and /ASsm = change in soil

1wwisture storage,

'luring Lhe rainy season, the following equation may be used;

> = R -'ET.= R.off APV E T dancssnsssnnsansa (D)

1S [}Sam = 0 (s0il moisture at fTield capacity) and Cap = 0
as there is percolation). For a short period of iantense
‘ainfall, covering only a few days, é&Ssm = Cap = 0 (as in
*qn. (12) above) and Et can also be neglected during this

hort and wet period (Kessler and De Ridder, 1980),

-herefore,
' = R - Rl A e R e B R e L sl 1)
'he (P - Cap) term, may also be determined Ffrom the

roundwaler balance cquation, as shown in (b) below.

b) Total net groundwater flow

The groundwater fTlow componenis may be lumped
ogether so that their total net effect can be found from

he ground water balance cqualion, provided all other

iembers are known. The net effect may be expresscd as,

58 = (QISi-- 018“)" (Qup—Odo) ..... .....-.-...-(11)

'here, I’ss = total net effect of the individual groundwater

'low components.
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A period or area may be sclected such that (Qinf -
ir) term (from eqn. 9), is =zero, i.e. when the channel network
s dry or far away and does not directly influence tLhe
roundwater table of the selected area. The I’ss term may

hus be determined from;

»

ss = ASgm - (P~ Cap)MBOB0 . ... .. MB00)2)

or a period when /\Sgrw = 0,
*sa = (Capiy PNt ias

--ouolo-.-.--co-o-caa--(ls)

f both P = Cap = 0 (no rainfall or irrigation and a deep

ater table then;
I'ss = /\SEre ke, R A e RSl O - 9

c¢) Determination of change in groundwater storage (/\Sgrw)

According to Kessler and De Ridder (1980),

Z}Sgrw = PZSh R T S R e

herc p = drainage pore space (or effective porosity).
Through frequent recording of the groundwater table,

.¢. from wells, the valuec of Ah may be determined. The

ffective porosity, u, may be detcermined by:=
i) Estimatlion from the hydraulic conductivity, K, of the
articular soil according to Smedcma and Rycroft (1983)as,

- (K)0-5 o 8N EhE e aievetions . P aniving (10y,

- ~emwr e ST =
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(i3) Estimation from tables, giving values of different soil
textures from past experiments as below,

.

Table: 2. 188 Effective porosity ranges for different mate-
rials (after Johnson, 1966).

Material Range Mean
Clay oy - 2
Silt 3 - 19 8
Sandy clay P 7
Fine sandy 105 =32 |
Mcedium sandy 16 =32 26
Coarse sand 20~ 35 27
Gravelly sand 20 ~ 35 25
Fine gravel 17 - 35 22
Medium gravel 13— 126 23

Source: Kessler and De Ridder (1980)
(iii) Selecting a period of intense rainfall, such that,

P = P/ (D) wessurnke ERanbEE:in. Sotmn of wadie A1TDe

(all olher terms being zero),

(iv) If both P = Cap = 0 (no rainfall or irrigation and a

deep watertable), and the value of I’ss is known, then;
p = I'ss/ (/\h) v 8 ERONE L uDBEL i rutnds depeda. Fios, % (8

(v) If both I’ss and p are unknown, then they can be
determined from two different periods for which the supply
s known, assuming the values are constant over two periods,
a condition which is satisfied if the water table during the

Lwo periods is at the same elevation. By solving the two

43



imultaneous equations below, Lhe values of I’ss and u can be

ctermined.

’ss = u /\h /(Z&t)l L AP e CHP)/(ZSt)l

R € L)
’ss = u Z&h/(lxt)z Bt ¢ CaP/(ﬁit)z

hese cquations will be used during groundwater balance

alculations in Chapter 7.

-4.3 Salt balance and leaching requirement

A salt balance can be prepared for a given area
nd/or for a given soil layer and also for different periods
f time. Quantification of the various components of a salt
alance can serve to indicate if salinity is increasing or
ccreasing,if measures should be taken wnd, ‘if so,; "'to
nantify such mcasures (mostly in terms of extra irrigation
ater and the drainage requirement),

As salinity problems exist in the crop rootzone of
he project area, a salt balance assessment, for the crop
ootzone, is of utmost importance. A salt balance equation
f Lhe crop rootzone can be derived from the water balance
qualion of Lhe roolzomne (unsaturated layer). Fig.2.6 shows
he various water flows into and out of the rootzone. The

ater balance of the rootzone can be written as

ncoming water = QOutgoing water + Change in moisture
torage,
¥ Ig %8 = ET+P+ASsm. s s reaive (20

44



iration. S
}f\ i P evapotranspiration (E)

v,

l rain(R) _ | evapOITim.

irrigation T
apillary flow from groundwater [ G) .
o el 9 deep percolation [ P)
watertable.
— = — ~=rr i T e’ TR (o
groundwater \

ig.2.6%

Water balance of irrigated land

Rycroft, 1983)

(Smedema

infiltrating rainfall,

infiltrating irrigation water,
groundwater rising by capillarity,
evaporation by crop or soil surface,
percolation below the rootzone,

change in the soil moisture content ( + or - I

45



By affixing the salt concentrations of the various

nflow and outflow water components above, the salt balance

juation becomes,

here, ¢ salt concentration of the water

(subscripts r,i,g,p refferring to rainfall,
irrigation,etc).
[SS = change in salt content of the soil solution in

the rootzone.

If the various components of the salt balance above
re known quantitatively, them the change in the salt
ontent of the roolzone can also be quantified. Under sleady

tate or equilibrium conditions, which is truc for averages

ver annual periods (Smedema & Rycroft, 1983), the change in

oth the moisture can be considered as =zero. In order to

chicve a constant salt content in the rootzone over a

imilar period, sufficient excess water can be provided to

r
s rainfall contains very little salt; Equations 20 and 21

Jassh out excess salts, consequently, Z&S =i~ liwo o =)

an therefore be written as (for steady state);

3 = (BT nyandipleng) S0t Sl Gae i, i 0454229

The term (ET-R), represents the net crop irrigation

equircment and (P-G), is the leaching requirement or the

dditional irrigation water that must be applied to maintain

he existing salt balance in the rootzone, i.e keep /A\S = 0.
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The sall concentration terms Cjs Cg» and Cp can be
replaced by ECi, ECg¢, and ECp respectively as they are
linearly related. The salt concentration or electrical
conductivity of the of the percolating water on average
cquals 1.5ECe (Lenselink, 1988; Smedema & Rycroft, 1983). By
incorporating the leaching efficiency factor, f, the salt
balance of the rootzone, under steady state conditions can

be expressed as;
(ET - R).1.5ECe ECg - 1.5ECe
(1.5ECe - ECi) (1.5ECe - ECi)
Values of the leaching cfficiency factor,f, depend

on the soil texture and structure, and the irrigation

method. Table 2215 gives f-values of different so0il

lextures,

Table 2.15: Leaching efficiency faclors

soil]l texlure f
loam, sandy clay loaw, silt clay loam 0.4. = 0.5
silt loam, sandy loam Q:5u= 0.6
(heavy)- clay 0L1{ =903
silt clay 0.6
fine sandy soil 047 -4:0.8

Source: Van Der Molen (1979)
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» Calcic and petrocalic horizons

(Petro)calcic layers are horizons of CaCDs
umulation which are mainly found in soil profiles of
d and semi-arid climatic environments. Calcic horizons
e discontinuous accumulations of CaCOg i.e. - are
emented, in mass, though nodules may be cemented (Wilding

al., 1983 and Ruellan, 1973). In the project area, these

ake (1982).

Petrocalcic horizons are continuously cemented or
lurated accumulations of CaClOg (Chorley, 1984; Brady,
}6; FitzPatrick, 1980; Flint et al., 1983; and USDA,
33). The terms often used to describe this layer are
iche (in USA); Croute Calcaire (or encroutement calcaire)
st (lime crusting or calcareous encrustation). As
itioned by Bear (1955) and Kanake (1982), most parts of

=

> Kimorigo and Kamleza Schemes are believed to be

lerlain by this petrocalcic horizon.

.1 Formation and development

These CaCO3 accumulations are believed to be relicts
m different climatic conditions in the Pleistocene to

ent Age as reported by Young (1976), Wilding et al.(1983)
| Bear (1955).

.

There exists three different mechanisms which have

'n put forward to explain how the accumulations have been

med., The mechanisms are:-
Downward leaching model;

Upward movement of calcium (bi)~carbonate rich
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groundwater; and

')  Lacustrine sedimeniation.

1) Downward leaching model

This mechanism, as named by Young (1976), involves a
‘ocess of salt movement and differentiation, occurring in
o stages. The first slage is referred to as primary or
differentiated salt movement (Chorley, 1984 and Wilding et
«» 1983).

The primary salt movement is assumed to occur during
*riods of limited precipitation and a consequent shallow
»isture penetration, when an undifferentiated movement of
] soluble salts takes place from the upper horizons Lo the
ower B- or C- horizons. These salts accumulate and
ventually precipitate in solid forms as the soils dry out.

During periods of uncommonly wet years, which are
scompanied by deeper soil moisture penetration, secondary
11t movement is assumed to occur. This involves the
raching away of the most soluble solid phase precipiltates
1d leaving the least soluble salls/components such as
alcite (CaC03). In this way, an horizon rich in CaCOa is
ormed, whereas the more soluble salts of sodium, potassium
nd magnesium may accumulate at greater depth, or may be
ranslocated vertically or laterally, or may be eventually
cached away from the regolith (Wilding et al., 1983).

For the first mechanism to hold, there must be a
eadily available source of Ca003 either from a calcarcous
arent matlerial (Flint el al., 1974; Ruellan, 1973; Wilding
t al., 1983 and Young, 1976) or from a calcareous dust fall
s in New Mexico (Wilding et al.,, 1983).
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Objections to this first mechanisms are:-

(i) Origination of CaCOg from calcarcous parent matcrial is
nol wholly irue as the horizons have been found 1o
occur over non-calcareous parcnt material (Ruellan, 1973)

(11) Weathering and ground lowering is a very slow process
in dry regions and thercforc the carbonates are not
likely to have originated from rock weathering (Young,
1976).

(111)" Leaching of soluble materials downwards is minimal in

dry regions because of the absence of percolating
waler and hence the guantilies of CaCOg4 could not

possibly have been leached (FAO, 1973 and Young,
1976).

(b) Upward movemeni from a calcareous groundwaler

This second mechanism which seems to have more
general suppori, assumes Lhat the carbonates originate from
groundwater rich in calcium (bi) carbonate (calcareous
groundwater) by capillary rise. So long as this water is
replaced by inward scepage then more and more carbonates
will be transported and accumulated near the top of the
capillary fringe (Chorley, 1984; Flint et al; 1974; Jackson
& Erie, 1973; Wilding et al., 1983 and Young, 1976).

Chorley (1984), supports this mechanism by asserting
that (petro) calcic layers (or 03003 rich horizons) appear

to be formed in areas of carbonate-rich groundwater where

sheet floods dry out, capillary rise occurs and the

watcrtable oscillates close to the ground surface.
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>) Lacustrine sedimentation model

In this third wmecchanism, there is lacustrine
*dimentation and evaporation, possibly with some subsequent
*distribution by leaching. This is supported by the fact
1at many calcretes occur in basin like situations with very

'ntle slopes (0.2-0.4%) according to Young (1976).

.5.2 Forms or types of the calcarcous layer

The form of occurrence of the layer is important as
t influences the movement of watler through the soil
ertically and laterally) and hence Llhe drainage status of
1 arca.

According to Ruellan (1973) and Wilding et al. (1983),
he CaCOg accumulations have been noted to occur in
{ferent forms or types although still falling under either

Calecic (discontinuous) or a Petrolcalcic (continuous)
rizon.

The differenl Llypes are often related Lo the stage
f the development process. According to Wildiong et
1. (1983), the decvelopment of the CaCO3 rich horizons, in
he presence of a ready source of CaCO3, reporltedly
rogresses in two evolutionary morphological sequences of
ur slages each. One sequence occurs relatively rapidly in
1terials of gravel and cobbles, the other occurs slowly in
on-gravely, sandy or loamy malerial. Botih sequences
nverge on their fourth stage on an indurated petrocalcic
>rizon wilb a lawminated, almost pure carbonale,

upper

ubhorizon. The stages of the development processes are as

~iefly discussed below;
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Stage (i

This consists of a diffuse accumulation with or
ithout pseudo-mycellium. The calcareous profile may be
escribed as weakly differentiated (Ruellan, 1973). For
ravelly material, this involves coating of pebble bottoms
ith carbonate and for non-gravely material, there exists an
orizon with a few filamentary deposits or thin ped coatings

f corbonatc (Wilding ct al.; 1983).

Stage (ii):

This is an horizon of soft concretions or podules
hard concretions) throughout the thickness of the profile
or non-gravely material (Ruellan, 1973 and Wilding et al.,
983). For gravely material, all pebbles are surrounded by
arbonate and there exisls a discontinuous or uncemented
arbonate accumulation.

In this second stage, thec horizon may be referred to
5 a calcic horizon (Wilding et al., 1983) or a moderately

ifferentiated calcareous profile (Ruellan, 1973).

Staye (iii):

This stage consisls of a ccmented layer (continuous
ccumulation) and is referred to as the Petrocalcic horizon
Ruellan, 1983), The thickness of the layer varies from 10
m to more than 2 m. The calcarcous profile at this stage can

e said Lo be very well differentiated (Ruellan, 1973). The

aycr may be:

1) non-platy;

R
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) Platy, i.e. a crust normally surrounding a non-plaly
lime crusting; or

) a compact slab situated on a crust and on a non-platy

lime crusting.
Lage iv:
This is the final stage and involves the desposition
one or more thick carbomate laminaec on top of the

trocalcic layer (Ruellan, 1973 and Wilding et al, 1983).

5.3 Calcium carbonate content of the horizons

The calcium carbonate content of the layers is

riable. According to Ruellan (1973), the carbonatec

ntents are as given below:

weakly differentiated; the accumulation is diffuse with,

sometimes pseudo-mycellium (carbonate content: < 40 %)t

) moderately differentiated: Lhere exists diffuse and

nodular carbonate; nodules can be soft or hard

(carbonate content: < 60 %).

i) very well differentiated: there exists a calcareous

crust, ( carbonate content: > 60 %).
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3 METHODOLOGY

This chapter is divided into three sections. The
irst part (Sec.3.1), cxplains how it was intended to
ichieve each of the four project objeclives as outlined in
hap.l, Set.uk.3: ¢Inl Seeiti3s2sondetndlsi of . the Ffield
uvestigations carried out arc presented. The laboratory
nalyses of samples collected from the field are presented

n Sec.3.3

3| Plan of action

In the following parts (i) to (iv), the plan of

iction for cach of the four project objectives is given.

i) and (ii) - Drainage and salinity data

The two objectives required that data be provided to
lescribe the existing state, extent and degree of the
lrainage and salinity problems in the projectyarcas To
'rovide Lhe dala, it was planned to carry out investigations
»n the groundwater and soil conditions.

The data on groundwaler conditions of the area

~onsist of ;-
- walcr-table position relative to the ground surface;
= fluctuations in the watertable levels ; and

groundwater quality,

The depth to groundwater data help in identification
>f areas wilth drainage problems, i.e., they show where
shallow groundwaler tables occur. Data on groundwater table

fluctuations help in identifying periods of high groundwater
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ble and thus show when drainage is required. The
oundwater quality data are important with regard to soil
linisation, especially when shallow groundwuier table
nditions exist.

The data on soil profile conditions included ;-

- s0i)] salinity and sodicity staltus;

- s0il texture;

= s80il hydraulic conductivity; and

- the calcareous layer (caliche).

Tt is dimperative to have data on the soil salinity
d sodicity levels due to the cffect of the two on crop
oduction. Information on the hydraulic conductivity of the
ils gives an indication of tlhe subsurface drainability,
©., a low hydraulic conductivity indicates poor or low
tural subsurface drainage capacity of the soils. Soil
xture data was required for Lthree wmain reasonsy’ (1)" %%
fluences the rate of capillary rise from Lhe groundwater
ble and thus the rate of salt transport to the surfacec or
otzone, (ii) the development of soil sodicity condilions
~ iufluenced by the soil texture, and (1i1) soil texture
fferences down the profile have an influence on the
>vement of water through the soil i.e., vertical or
rizontal drainage.

Information required on the calcareous layer was
Lh respect to its depth below the ground surface, extent,
ope, nature or form of occurrence and its thickness. These
>atures are likely to influcnce the drainage depth;
rection and slope of possible (field) drains and waler

vemenl through the soil (vertical or horizontal).

(&)
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In addition to the investligations on the groundwater
1d soil conditions it was important to study the arca’s

pography so as to :-

provide a topo-map combining both Kimorigo and
mmleza schemes on which to reference the soils and ground
ter data. The the existing topo-wap at a scale of 1:10,000
\ly covers a small part of Kamleza scheme;
gct present ground levels which would help in derivation
groundwater and caliche levels (a.m.s8.1.). This was to

able the production of the groundwater and calcareous

lyer contour maps;

determine the localion and adequacy of oullet conditions
r evacuation of (possible) excess water and salts from the
oject area; and

obtain addilional information regarding ground slopes;
cation of canals and drains; current scheme boundaries;
cpuge areas, and relative levels between the Lumwi river
d the project area to check on the possible influence Lhe

ver may have on the on the area’s drainage.

ii) Cause(s) of the drainage and salinikty probleus

The fulfillwent of the third objective required

at the possible cause(s) of the drainage problem (excess

oundwater) and high soil salinity be quantitatively

aracterised. To do this it was decided to assess Lhe

oundwater and salt balances of the area within Lhe

hcmes. Tt is only after the cause(s) have been identifiecd

d quantitatively characlerised that appropriate remedial

asures can be recommended, e.g. if the source of excess

ler causing the drainage problem is over-irrigation, the
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olution may involve education of the Tarmers on water the
ource of sults risc from the groundwater, Lhen lowering of
he groundwater table or providing adequate water Tfor
eaching to counteract salts brought to the rootzone by
apillarity flow may be the solution.

To determine the causes quantitatively meant Lhe
olution of the groundwater balance equalion. As mentioned
n Sec.2.4, the various terms of the cquation which needed
0 be determined were :-

- ( Puz Caphg,

( Qinr = Q)

=k Qup = Qgo) >
= Qyui - Qugo )+ and
The (Pi Caplosberm: o6 . dcthe supply to +tiLhe

roundwater table from the unsaturated zone could be
»tained in two ways:

A ) through solving the waler balance equation of the
nsaturated zone wheo all the other terms are
1antitatively known ( see sec. 2.4 egn. 11:). and

b) from Lhe groundwater balance equation during periods

hen the net groundwater flow, I”‘ and the change in
roundwater storage Sgrw, arc known (see sec.2.4 s eqn.
} Y.

The data to be collected for solving the two water
alance equations above included
— daily precipitation data,
- daily evapotranspiration data,
= change in the groundwater table hetight - h, as'a

measure of the change in groundwater storage,



The water balance equations were 1o be solved for
periods when only one of the components of the equations is
inknown. The unknown componenis included :-

nel groundwater flow, I”’ p
amount of idirrigation water applied at predetermined
times; this would lead to estimation of irrigation
efficiencies,
amount of infiltrated flood water, and

— the drainage pore space, y -

The salt balance assessment is to be carried out
assuming stcady state conditions. The amount of extra
irrigation water required to maintain favourable salt
conditions in Lhe rootzone will be used as an indicator of
the possible salinisation wilhout leaching ( sec Scc.
2.4.2)., With information on the groundwaler table and soil
texture, it will be possible to determine the approximatle
rate of capillary rise and the leaching efficiency. Also the
groundwater quality will be known from the groundwater
quality investigations. Average rainfall and cvapo-

transpiralion figures are Lo be obtained from Table 2.1.

(iv) The appropriate rcmedial measures

With data on the drainagec and salinity status in the
area and after identifying and quantitatively characterising
the possible causes of the drainage problem, then
appropriate remedial measures could be recommended, Lhus

fulfTilling the final project objecctive.
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2: Field work

Field work compriscd topographic surveys, grouund-
d surface water iunvestigations, and soil investigations as

tailed in the following sub-seclions.

2.1: Topographic survey

The survey was carried out in 5 months from
ptember, 1988 to January, 1989 with the help of 3 - Survey
sistants from the Ministry of Agriculture. The area was
vided into a grid pattern of 100 m x 100 m, using a
eodolite, ranging rods and two tape measures of 50 m
ngth each. The clevations of Lhe grid points were obtained

the use of Lwo automatic levels and levelling staffs.
e collimation method was used to find the reduced ground
vels of the grid points.

The total area surveyed was approximately 1500 ha
see Fig. 4.1 for the survey boundary). The allowable
sclosure during the topo- survey was 1 cm per Km. As a check
iring the survey period, several cross - sections were drawn
'd a cowparison made with the ground Lopography as seen in
e field. Where doubts werc cast on Lthe survey result, a

peal was done.

.2.2: Ground and surface watecr investigations

a) Groundwater investigations

Wells were sct up in the fTicld at a grid of 1000 m x

00 m, the longer side running to the parallel North-West
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Lo South-East road and the shorter length running
perpendicular to this road from Kamleza Scheme towards the
Lumi river as shown in Fig. 3.1.

The wclls were designated by a letter and a number
e.g A2 as shown in Fig. 3.1. In a few cases, some wells do
not fall under the grid of 1000 wm x 500 m. This occurred
when, (i) the well was previously existing, (ii) the well
occurred towards the end of survey area and the distance
remaining was Jless tham 1000 m or 500 m , and (iii) when
the well was set up later between two existing wells for
Turther study of groundwater quality and depth.

A total of 50 open wells were dug in the area for
the purpose of this study. In arecas where the caliche layer
was present, it was chiseled through. In addition to the
open wells, 11 augerhole points were set up ( 5 along the G-
linc and the other 6 in the area close to the Ruvu swamp as
shown in Fig. 3.1). The area covered by the wells and
augerhole points in this study is approximatecly 2,250 ha.
According to recommendations by De Ridder (1980), at least

40 wells should be set up for an arca covering between 1000

10,000 ha and therefore the 61 measuring points are

acceptable,.

Most of Lthe wells were set up betwecn September,

and December, 1988. The additional wells, in beltween the

grid points, werc set up al laler datces.

Groundwater data collected from the wells were:-—

1. Water level measurewents:- these were measured on a

weekly basis from 21/10/88 to 31/8/89, except during periods
of rapid watertable fluctuations (rainy season or during

hecavy floods), when at least 2 measurements per week werc

taken. The depth Lo water level was measured in cm by use
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a tapc wmeasure from a reference point at the top of the
11. The groundwater level (a.m.s.l.) was found by
>tracting the mcasured depth from the ground surface
svations known from the topo-survey.

Water qualily measurements:- samples were taken from
> wells and analysed for pH and EC ( mS / em ) in the
*1d by use of portable pH- and EC-neters. Measuremenis
re made at least once a month to monitor the changes of
linity with time. More readings per week were taken
enever significant changes occurred in the salinity. The

isurements were taken from Novewber, 1988 to August, 1989.
) Surface water investigations

This mainly involved the following

) Water quality weasurement comprising the pH and EC of
> waler as in part (a) above. The measurements were taken
before the rains in April, 1989 ; 2) during the rains and
after the rains to see whether the rains caused any
rked changes in the surface water quality. The waters were
cen from the Luwi river and Kamleza canal. The swamp water
ality was also checked in the month of June, 1989.
1) Flow meusurement in the canals and drains: A 5 ft-
rshall flume (permanent) was installed at the head of
nleza scheme in ibe wain canal to measure ihe incoming

ows. This was done in February, 1989. Flow maesurements

"e laken every morning and evening. A photo of the fluwe

shown in Fig. 3.2.
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"1g.3.3: 5-Tt. Parshall flume constructed in the main

Kamleza canal.

3B d 3mBO8E invesligations

1) Tnvesligation on the caliche layer:

Two sets of invesigations were carried out on tLhe
layer. First the depth to Lhe calcareous layer from the
surface was determined using Edelman soil augers (8 cm
dia.). The augering was done at all the topo-survey grid
points., The caliche level (a.m.s.]l.) was obtained by

subtracting the measured depth from the known grid point
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ound levels. This investigaltion covered the period
tober, 1988 to January, 1989,

The second investigation involved noting the form of
curecnce of the layer i.e., whether pervious, slightly
rvious or impervious. This was done during well
nstruction.

In addition to the above two investigations , a
tal of 22 samples of the layer from 18 locations werc

llected for laboratory chemical analysis.
Hydraulic conductivity measurcment

Jlydraulic conduclivity, K, was determined in the
eld using the auger-hole method ( Van Beers, 1963, and
edema and Rycroft, 1983 ). The equipment used for
Ltermination of the K-value in the ficld was obtained from
Jkclkamp Agrisearch Equipment, Netherlands.

The investigations were carried out in May-June 1989,
cn high groundwaler tables existed in the nreu‘after the
ravy rains and floods in April. The sites at which the

asurements were taken are prescnted in Fig. 3.3.
Soil sampling for laboratory analysis:

The soils in the area have been invesligaled at a
mi-detailed level by Kanake (1982). However, for this
udy further investigations were carried out to

vecifically note: -

) the influence of groundwaler depth and quality on soil

1linity at various locations;
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i1) the influcnce of topography on soil salinity. This is

ith particular recference Lo areas which receive subsurface

nflow (or scepage from higher areas);

i1i) the influence of the calcarcecous layer on soil salinity
.. in areas with a perched groundwater table, soil
alinisation may be more severe than in better or
ell drained areas;

iv) the influence of so0il texture on soil salinity-
odicity and drainage status, as differences in soil texture
ften influence the amount of salts retained in the soil
FitzPatrick, 1987 ). Infiltration of water into the soil is
Iso influenced by soil texture and thus the drainage

ondition; and

v) the differences in soil salinity levels in vegetated

nd fallow land.

Decisions of where to sample soils in the field were

ascd on the above factors i.e.

T different groundwater depth and quality; different soil

extures;different ground elevations (and slopes);

ultivated and Tallow lands.

A total pumber of 150 soil samples were collected from

4 locations in the project area indicated in Big. 3.4."The

4 locations were considered representative of soil

onditions around them. If a rcpresentative site was near a
ell, then the soil was sampled from the well.

For areas not near wells, a profile pit, measuring 1.5

1.0 m was excavated and thereafier soil samples were

~aken. In cultivated and high groundwater table areas, soil

amples were obtained by use of augers,
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sampling depth depended on the depth of occurrence of
caliche layer, and had a maximum of 3 m. Sampling down
profile was done according to recomwmendations by USDA
>4) and Elgabaly (1971).
The sampling intervals were determined as follows: -

Salt crusts (0-5 cm) were sampled separately;

For underlying soil layers, intervals of 15-20 cm were
used. However, Lhere were a few cases in which intervals
grcater 15-20 cm were used mainly based on homogeneity

in soil texlbural and/or colour conditions.

AL Jeast 1 kg of soil was sampled from each layer
interval) in the soil profile and placed in plastic bags
> so0il being well mixed) with Lhe date, depth and site
icated on the bag. The samples were collected in March

June, 1989.

.4: Rainfall data collection

Daily rainfall data were collected from the Kenya
aria Research Station at Kivalwa at the head of the
ject area near Njoro Kubwa canal (see Fig.4.1). The
nfall data were collected from October, 1988 to August,
J.

Data on evaporation were not collected from the
ld as therc was no evaporation mcasuring facility at the
Lion. Existing duta on cvaporation for the period 1965 -
2, i.e. 17 years, was obtained from a publication by

ger and Kalders (1983).
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.3: Laboratory investigations

The laboratory invesligations comprised water and

01l analysis as presented in the following sub-sections.

3.1: Chemical analysis of surface and groundwaters

To determine the cation and anion composition of the
urface and ground waters, samples of 3 litres were
ollected from the field in November, 1988 and May, 1989
alfter rains) for analysis al the Ministry of Water
evelopment Quality Laboratories at Industrial Area in
airobi. A total of 36 sumples were colleclted and analysed.
he samples were analysed for

- pH , EC (mS/cm) ;
- Cations Ca?t > Mgz+ polle Y wty
Anions €177, 80427 ,uHCO4™ ', €052,

3.3.2: Chemical analysis of the caliche layer

Samples of the caliche layer were analysed mainly to
ind the percentage content of Ca.The contents of Na, K,
£, and Fe were also determined. Analysis of the samples was
onc at the Mines and Geology Laboratories of the Ministry

f Environment and Natural Resources, Nairobi.

.3.3: BSoil checmical analysis

he soil samples from the field were analysed for:-

pH and EC (mS/cm) at 25°C :

69



Exchangeable cations Na+. K+. Mg2+, CaZ+ ( ino me/100g
s0i1l);

CEC ( in me/100g so0il ).
) EC - determination:

The clectrical conductivity, EC, was measured using
conductivity meter Bridge. A soil suspension of 1:2.5
oi)l:water ratio) was preparcd and EC readings taken after
. least 15 minutes of settling. The reading obtained was
corded and the room tlemperature noted. The EC- value was
ven converted to the standard tcmperature of 25°C by a

rrection factor as recommended by USDA (1954).
L1) pH-determination:

Soil pH-values were obtained from suspensions of
>il samples in water (1l:1 soil:water ratio) and in 0.01M
1C1 4 (1:2 soil:solution ratio). A Metrohm Herisan pH-
>ter, modcl E350B was uscd. Readings were taken after the

ixture had been allowed to settle for 30 minutes.

Lii) Exchangeable calions

Samples wcighing 5 g were leached with 100 wml of
mmonium acetate at pH 7.0, in stages of 25 ml each (4
eachings of 25 ml each).

A 100 ml of the soil leachate was then taken for the
nalysis of the exchangeable cations at the Mines and
cology Laboratories, Ministry of Environmenli and Natural

esources at TIndustrial area in Nairobi, with an Atomic
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\bsorption Spectrometer. The determinations of the
>xchangcable cations was done for single leachates only ,

.¢, not in duplicate.
(iv) CEC - deltermination

Since most of the soils in the area are alkaline, as
found by Kanake (1982), the CEC of the soils was determined
)y lcaching of 5 g so0il samples with 100 wl of 1IN sodium
icetate at pH B.2 as recommended by USDA (1954). During this
leaching exchangcable cations are replaced by Ma'-ions. This
nitial léuching was Lhen followed by a second leaching with
100 ml of 96% cthyl-alcohol Lo wash out excess sodium ions
‘rom the soil. Finally the so0il wus leached with 100 ml of
IN ammonium acetate at pH 7.0 during which the Na+-ions in
the exchange complex are rcplaced by NH4**ion3.The amount
Na™- ions in the final leachate was then determined using the
same AAS machine as for the exchaungeable cations above. The

“EC equals the Na-contenl determined in me/100g soil.

3.3.4: Soil textural analysis

This involved the analysis of the texture of iLhe soil

samples for the % clay, % sand, and % silt using the

hydrometer method (Brady, 1984).
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4 TOPOGRAPHICAL RESULTS

4.1 Topographical features and ground contours

Based on the topographical data collected, a
topographical map of the project area has been prepared as
shown in Fig. 4.1, The map covers the area siretching from
Lhe Njoro Kubwa canal in the north-west to the Jipe and Ruvu
swamps in the south. The Lumi River runs along ithe Easlern
side to the swamps in the South. On the Western side of the
schemes lie the Eldoro aud Kitogoto Hills and along the
Kenya-Tanzania border, flows the Ruvu River from the swamps
Lo Tanzania.

Between the Njoro Kubwa canal and Kimorigo village
there occurs a swampy arca shown by Lhe dotted lines in the
map. The size of the swamp varies, reaching a maximum during
the rainy scason and approximating Lhe dotted area.

On the topo-map are shown ground contours with a
vertical interval of 1.0 m covering an area of around 1200
ha. The area is nearly flat wilh ground slopes varying from
under 0.1 % in the Kimorigo, Block € and Ngutini areas to
slightly over 1% in parls of Kamleza scheme on Lhe hillslope
of Eldoro and Kitogoto hills.

The contours show that the gemneral direction of
groundslope and hence surface drainage is from the hilly
areas and Lthe upper areas in the North--West towards the
Block C area and eventually to the Jipe and Ruvu Swamps in

the South.

The longitudinal profile in Fig. 4.2 also

illustrates the variations in ground topography in the
project area from the Njoro Kubwa canal (point N), along the

North - West to South - East road to the edge of Ruvu swamp
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yoint S). In this Fig. 4.2, it can be noted that i) the
orthern swompy area near Kivalwa occurs in a depression at
00 - 2500 w, 1i) the ground slopc changes from 0.4 %
efore the depression (Q =" 150D . "mP Fo OUV'% in the
istance 2500 wm to edge of Ruvu swamp at poinst S, iii)
roundwater table slope varies almost the same as the
>pography (see Chap. 5 Tor details on watertable), and iv)
he caliche layer covers the whole of Kimorigo scheme (sce
hap.6 Tor details).

From the longitudinal profile in Fig.4.2, it can be
cduced that the arca can be drained by gravity as the
ullet point is lower than the project area.

.2 Irrigation and drainage systcem

a) Kimorigo scheme
The Kiworigo scheme occupies an area of 140 ha. The
ain canal serving the scheme originates from Lhe Lumi
iver. The total length of the main canal (includung two
ranches) is about 7 km long. There are 31 secondary canals,
paced at 150 m apart. There is currently no irrigation in
he schcme due to siltation and seepage problems in the main
aval. The main canal section between the river and the dyke
approximately 200 m) gets silted annually after flood flows
nd has become difficult for farmers to maintain.
'he drainage system in the Kimorigo scheme counsists of an B
km long main drain (the old Kimorigo drain (see Fig. 4.1)
ind 21 sccondary drains on the part above the road. The
econdary drains are spaced at 150 m apart and are on tLlhe

ipper side of the secondary canals.



The old Kimorigo main drain starts from the swampy
rea near Kivalwa and discharges into the Ruvu swamp behind
he Kitogoto hill as shown in Fig. 4.1. A longitudinal
rofile of this old drain from the end of Kimorigo scheme
point L1, near well D5) to the outlet at Ruvu swamp (pointi
2) is shown inm Fig. 4.3. From this profile (Fig. 4.3), it
an be noted that i) ground level at outlet is about 6.0 m
clow the ground level at end of Kimorigo scheme, and ii)
he water level at outlet is about 4.0 mw below the
roundwater table at point L1 (ncar well D5). As the water
evel at outlet point is lower than both the ground
levation and groundwatcr table of the project arca,
rainage of the area by gravity is possible. The average
roundwater table slope is about 0.1 % (also see Chap.5).

The bedslope of the drain is 0.1 % for a distance of
600 m from the end of the scheme and 0.7 % for the
emaining distance of 400 m to the outlet.

The New Kimorigo drain (8.9 Km), which is still
nder construction by Ministry of Water also discharges into
he Ruvu swamp upstream of the old Kimorigo drain outlet.
ul of the 8.9 Kw, 3.4 Kw are yet to be done (see Fig. 4.1).

Due to the inoperation of Kimorigo scheme for long
since 1966, see Chap.2), the irrigation and drainage
ystems arc rarcly maintained. All drains are in a poor
tatc being heavily silted and/or vegetated in most parts,
‘he photo in Fig. 4.4 shows a hcavily silted part of the old

imorigo drain (near the Kimorigo village).
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Fig.4.4: 0ld Kiworigo drain at head of scheme. In the
photo is a measuring weir under construction.

(Photo taken end of March before floods).

(b) Kamlecza schecme

From the tographical data, it has been found that
Kamleza scheme presently occupics an area of 431 ha and not
314 ha as inp Ministry of Agriculture rccords (an increase of
117 ha.). The main supply canal originates from the Mjoro
Kubwa canal and has a total length of about 9.5 Kn
(including the two branches). There are 32 secondary canals
nlong Lhe main canal. Excess water drains into Lhe old
Kimorigo drain. Howcver, as will be cxplained
later in Chap. 5, little or no irrigation water is drained

as it is insufficient.

There are no drains in Kamleza schcme and any excess

surface water normally ponds untill all of it has percolnted
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.4.5: Flooding of farms in Kamleza North due excess flow

the groundwater table. Any excess irrigation water in
Njoro Kubwa canal often recsults in high flows in the
leza canal, especially if it occurs at night and the
trol gate is not closed. The high flows overtop the main
leza canal and Llogether with increased seepage losses,
ult in surface water ponding in the Kmaleza North scheme
a (see Fig. 4.1). Such an incident was witnessed during
period Deccember, 1988 to January, 1989 and this is as
wn by the Photo in Fig. 4.5. This caused a lot of

age to crops as can be seen in the photo.

in the main canal.
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There is a lot of surface runoff from around the
doro and Kitogoto hills into the Kamleza scheme. However,
is surface runoff does not cause any damage as it getis
to the main canal and is subscquently discharged into the

d Kimorigo main drain.

) Block C area

This is a formerly rice irrigaled area of 400 ha.
1e irrigation and drainage infrastructure are still
ident, only that they are silted and vegetated in most
irts. However, during the flood flows, they channel
oodwaler into the Block C and Kimorigo area and are thus a
*nace. In Fig. 4.1, only two main drains have been

dicated. The irrigation canals and olher drains are not

1own.

3: Flood problem

There exists a scrious flood problem in the project

rea. The floods, as mentioned in Chap.2, originate from the
Kilimanjaro area and occur during the shorl and long
1ins. The short rain floods arc of low magnitude and do not
iuse much damage. However, the floods which occur during
e long rainy season cause a lot of damage. These floods
srmally occur between the months of March and May, and for
few days only (flash floods). While there exists a flood
ontrol dyke omn Lhe project side of the river (see Fig.
.1), this dyke is 1ill-maintained and so are the flood and
torm drains on Lhe river and landside of 1he dyke
espectively. The floodwaters affeclLing the 5chemes pass

hrough a breach (brokenm area) of the dyke in the upper
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rrcas around Kivalwa (near Njoro Kubwa canal) as shown by the
photo in Fig. 4.6. The whole Kimorigo scheme and the lower
parts of Kamleza scheme are affected by these floodwaters.
The floodwaters affecting the Block C area also originate
Frow breaches in the lower parts of the dyke and are led into
the arca by existing old drainage canals and the storm water

drain on the landside of the dyke (See Fig. 4.1)

Fig.4.6: Flood flow through a breach near the head of the
dyke (Photo taken on 5/4/89 on the day of floods),
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As Lhe o0ld Kiwmorigo main drain is silied, its
harge capacity is rcduced. The drain therefore overflows
the floodwaters spread onto the adjacent lands as seen
Fig. 4.7. These floodwaters cause a lot of damage as

~ussed later in Sec.4.5.

COHIUN A0 ALISa3NlE

. 4.7: Overflow of the old Kimorigo drain during floods.
(5/4/89)

Relative elevation diffecrence between the river and

projcct area

From the topograhical data, il was found that the

ver lies at higher elevation thanm the adjacent lands of

projecl area as shown by the iwo longitudinal profiles
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Fig.4.8, from points A2 and A5 in Kamleza Scheme Lo the
mi River. The water level in Lhe river is also higher than
¢ ndjacent lands. Cosequently, it is expected that, 1)
erc occurs overflow from the river to the adjacent lands;
st sections between the river and the dyke were noted to

either waterlogged or swampy, except in areas where
rmers have copnstructed open drains and do cultivation
ter subsidence of floodwaters, i1i) there cxists subsurface
ow the river into Lhe adjacent low - lying areas, causing
£h groundwaler tables (Lhis is c¢vident from the two
ofiles; also see Chap. 5), and iii) overflow of the river
to the adjacent lands during floods is inevitable as the
ver already runs full in the project area.

In the second profile (Fig. 4.8 (b)), there is a
tubly wide low area between the river and well E5; this
s (is)probably the flood plain area before the dyke was
nstruected in the early 1970’s5. Also amother low spot
curs between well A5 and D5. Floodwaters from the upper
cas around Kivalwa normally pass through this low spot on
le way Lo Ruvu swamp. The watertable and calcareous layer
sitions shown in the two profiles are discussed in Chaps.
and 6 respectively.

The height of the flood control dyke which is about
0 m above the ground surface appears to be sufficient; no
oodflow was noted occurring over the dyke (sec Fig.4.6).
- is probably due to poor maintenance of the dyke that

vodwatcers huve wanaged to brecak through weak points in the

rke.
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4.5: Discussion

1.5.1 Drainsge situation in the area

The topographical resulls indicate that (i) surface
draninage from the area would be low due to the low ground
slopes (around 0.1 %), and (ii) the natural subsurfacc
drainage or gravitatiomal outflow from the area would be low
as the drainage base is high ( the area drains into the Lake
Jipe and surrounding swamps).

The prolonged surface water ponding in Kamleza North
scheme highlights the serious surface drainage problem in
Lhe projecet area (seec Fig.4.5).

Another important observation that was made during
the study is the change in the swamp boundary. In the
profile im Fig. 4.2 from Mjoro Kubwa canal to the swamp
cdge, il was found that the currenl swawmp edﬁe is about 600
m further inland (point S instead of S1). This can only be
true 1f the water levels in the lake are rising, encroaching
on adjacent land ( and encouraging swampy vegelation).
Underhill (1955) and Farrant (1966) have in the past
reported that water levels in Lhe Lake are rising, due to
high awounts of silt brought by the flood waters from the
catchment areas of the Lumi River in the slopes of Mt.
Kilimanjaro.

According to a rcporl by Kalders (1986), the water
level in the Lake Jipe has riscn by 1.0 m in the period
1954 to 1986 (32 years); an average of 3 cm/year. Further
veports by Farrant (1966), indicate that Lhe swamp arca has
increasesd from approximately 259 ha in 1906 to 3627 ha in

1965. A rise in the arca’s drainage base level will

adverscly affecet the drainage situation.
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5.2 Causcs of surface drainage problems in the project

areda.

The sources of excess surface water in the project
rea include i) floodwater, 1ii) irrigation water, and iii)
~ccipitation. Overflow from the river onto the adjacent
and between the river and the dyke can also be considered
s a source of excess surface water., By far floodwater can
> considered as the major causative factor of the drainage
~oblems, firstly, due to the wide area affected by floods
nd sccondly, Lhe amount of floodwater flowing over the area.

The flood results in siltation of canals and drains,
cslroys or washes away canals, and causes damage to farms
1d crops in the schewmes. The roads in the project area also
et destroyed. Villagers in Kimorigo often have to emigrate
o higher ground in severe flood incidences as their houses
ecomc flooded (some gel destroyed and have to be rebuilt).

After the flood flow over the farms which occurs
n early part of the cropping season (mid-March to mid-
pril), replanlting has to be done in most of the Tarms.
here the crops have not been washed away, the resulting
aterlogged soil condilions rectards growth and yellowing of
rops occur as shown by the photo in Fig.4.9.

In conclusion, the investigations have shown tLhe
nadequacy of the existing surface drainage and flood
ontrol facilities in the project area and there is need lLo:
i) Maintain and repair the dyke and Lhe existing drains so
s to improve the control of floodwater and any surface flow
rom cither rainfall and/or irrigation. Improvement of the
urface drainage status will also reduce amount of

ercolaled water to the groundwater table and thus a reduced
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Fig. 4.9: Yellowing of cotton crop under waterlogged

conditions in Kamleza South (May, 1989).

burden for subsurface drainage requirement., The completion

of the vremaining 3.9 km of the New Kimorigo main drainage
canal, with a discharge capacily of 2.5 mB/s will greatly

alleviate the drainage problems in the area.

(11) look into ways of improving the channel capacity of the
Lumi river, especially in its lower reaches where the water
level is at a higher elevation than the adjacent land (See
Fig. 4.5). With continued siltation, both the lake and

river water levels are bound to rise to even higher levels
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n the future worsening the drainage problewms in the area.
'here will be more flood incidences even at low flows and
ncroachment of adjacent land by swampy vegetation is bound

0 incrcase.

iii) Improve soil conservation measures in the catchment
»f the Lumi River in the lower slopes of Mt. Kilimanjaro so
s to reduce surface runoff. This may require the co-

»peration between the two neighbouring governments of Kenya

ind Tanzania.
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5. SURFACE AND GROUNDWATER RESULTS

5.1 Surface water investigation results

Investigations on the surface waters of the project
area consisted of (i) monitoring of the variation of the pH
and EC in (mS/cm) with tiwe, (ii) determination of the
cation and the anion composition of the waters, and (iii)

flow measurement in the Kamleza canal (see Chap.3).

5.1.1: VYaviation in pH and EC of the surface waters

The pH and electrical conductivity of the irrigation
water (EC) in Kamleza canal and the Lumi river werc
monitored between March and Junc, 1989 to check on any
variations due to aunual occurrence of heavy rains and
floods in April.

The results obtained are presented in Table 5.1 and
indicate that no major variation occurred in the salt
contcnt of the walers during the period March to June, 1989.
Floods occurred on 5 - 4 - 1989 and lasted 3 - 5 days.

The EC of the water sample from the Lumi river on
the day of the floods was found to be lower than in the
periods before and after the rains; this could be attributed

to dilution of the river water by the flood waters with a

lower salt concentration.

89

HE

CTOHIVN 40 ALISESA




». L: Variation of pH and EC (mS/cm) in the Kamleza canal and Lumi

River.

Date EC at 25C pH Commenls

27/3/89 0.256 8.3 before floods in
April.

5/4/89 0.23 8.2 day of floods

22/5/89 D32 B.7 after floods,light
rains.,

30/6/89 0.24 B.2 dry scason
(no rains)

or 20/3/89 0.22 T:9 before floods

27/3/89 0.20 81 before floods

5/4/89 0.15 8.2 day of floods

30/6/89 0.23 B.3 dry season

(no rains)

. 1.2 Chemical analysis results (laboratory)

The results of the laboratory analysis of the surface

aters are as shown in Table 5.2. The waters from Njoro Kubwa

anal, Kamleza canal and Lumi river have medium salinity and

ow sodicity hazards according Lo the US Salinity Laboratory

lassification System (Chap.2, Table 2.4). The RSC-value for

11 the walers is zero, hence there is no danger of

odification from the usc of the waters ( Chap.2, Tab.2.7).
The swawp water has a high salinity hazard but a

ow sodicity hazard. Although the sodicity hazard is low, the

SC-value of 9.3 me/l is high (see Chap.2, Tab .2 4l

ndicating that there is a danger of sodification should the

ater be used Tor irrigation.
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Table 5.2: Chemical analysis resulls of various surface waters.

Paramcteors Njoro Kubwa Lumi River Kamlcza Ruvu Kimorigo

canal, canal swamp Drain
pH 7.5 T4 7.4 8.6 9.2
EC,mS/cm 269 254 268 1696 2642
Ca,me/1 0.9 0.9 0.9 B2 0.6
Mg, ., g ih [ B 1.3 I3 0.4
Ko 0.3 0.5 0.6 12.3 16.3
Ma, ,, 0.1 0.09 0.1 0.2 0.7
™, ,, 2.0 Z3 2.1 3.4 1.0
TAs s i | 2.0 2.0 12.8 17.4
cl, ,, 0.1 0.3 0.08 2.5 8.3
SOg 0.09 0.) 0.1 0.9 0.5
SAR 0.3 0.5 0.6 9.3 23.1
RSC, me/l 0 0 0 9.3 16.4
Class C2-81 Cc2-S1 Cc2-581 C3-51 C4-84
NB: TH = Total Hardness TA = Total Alkalinity

The water from Kimorigo drainm is of the poorest
quality of all the surface waters, with a very high salinity
hazard (C4) and a high sodicity hazard (S4); this shows Lhat
the drain helps in removing salts from the area. The RSC-
value is also high, indicating the potential sodification

danger.

5.1.3: Quantity of irrigalion waler in the main Kamleza

canal

Water flows in the main Kawleza canal at the head of
the scheme were measured by mcans of a 5 ft. Parshall flume.
Flow data were collected from the second week of March, 1989
to cnd of July, 1989. The water depth measuremecnts at the
Flume were converted into discharge units (1/s) by use of

standard tables for a 5 ft. Parshall flume. The flows
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btained in 1/s as average ( from 2 daily readings) for a 24

our duration are given in Table 5.3.

5.3 : Discharge in thc main Kamleza canal at head of scheme
{ 1/s Y ~ 1989,

MAR APR MAY JUN JUL
= 156 43 136 236
- 146 43 72 250
T 146 < 43 63 242
= 112 55 0 243
= 457 68 0 235
184 43 68 0 263
112 97 104 57 221
82 205 57 205 270
B2 241 (71) 35 245
82 385 (316) 68 270
0 174 (145) 75 250
0 81 (184) 54 213
0 157 (87) 243 203
165 188 (62) 252 224
302 165 96 165 290
146 179 (84) 201 174
204 179 (47) 296 163
235 128 (145) 296 236
184 (125) (238) 224 300
266 (110) (47) %1 43 276
184 128 (110) < 43 301
184 (140) (158) 49 301
184 (140) (84) < 43 285
184 (145) (174) 341 311
146 (124) (174) 266 238
146 96 0 238 250
165 0 0 212 305
165 0 0 168 285
156 ¢ 43 0 205 250
174 < 43 0 247 224
174 0 186
47) = Flow determined assuming 96 % submergence, otherwise

ictual subwergence is 100 %. For all other cases without the
brackels, the submergence ratio is less or equal to 96 %.

92



The brackeled flows correspond Lo periods of
100 % submergence as a result of heavy growth in the canal
causing water back-up upto the flume struclure ( see
footnote at end of Table 5.3).

Irrigation mainly takes place in the months of
June to October when there is very 1little or no
precipitation (see Table C-1, Appendix C). Cotton, maize and
vegetables are the main crops grown under irvigation betwecn
March to July/Augusi. From September to December, only
maize and vegetables arc cultivated. From the data in Table
5.3, normal water flow in the cunal occurred during the
month of July, the average daily flow being 250 1/s. In the
months of Januvary to Mid-March, farmers carry out land
precparation and any water in the camal is mainly Ffor
domestic and livestock consumption. From mid-March there is
some irvigation but this halts with the onset of heavy rains
in late March to May.

The graph in Fig. 5.1 shows Llhe variations in
the daily flows in the main canal. Peak flows of around 400
l/s occurred when there were floodflows in the main Kamleza
canal. Two other high flows of around 350 1/s in May and
June are due to excess flow in the canal, possibly as a
result of high water levels in the Njoro Kubwa canal from
where Kamlcza scheme gels ils waler. Periods of zero fTlow ip
the canal correspond to times when there is canal
mainlenance and/or repairs.

The total scheme arca of Kamleza was found to
be 431 ha. However, the area under irrigation is lower tLhan
this due to either salinity or absenlee farmers (see Chap.6
for details on areas affected by salinity). The average
discharge of 250 1/s is not sufficient for the 431 ha.

Considering the month of October with the highest
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>vapotranspiralion of 4.8 mm/day ( see Table C-2, App.C),
during the irrigation scasons, the scheme water requirement
for a 24 hour daily irrigation with an average crop factor
of 0.9 and overall irrigation efficiency of 50 X 'is 0.9
| /s/ha. For 431 ha., the discharge required would be 388
1/s. The 250 1/s would be sufficient for 278 ha. Farmers
normally complain of insufficicnt water, especially those at

the tail end of the scheme, and the flow measurcment results

prove that this is so.
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.2 1 Groundwater investigation recsults

Investigations on the groundwater conditions of
he area comprised field measuremenl of the deplh to the
roundwater table and monitoring of the pH and electrical
onductivity of the groundwater. Samples of the groundwater
rom the field were also analyscd in the laboratory to
etermine ils cation and anion composilion.

The! detailed «results: on the! depth  to
roundwater measuremenits are presented in Tables A-1 and A-
» Appendix A for the period October, 1988 to August, 1989
10 months). The pH and EC-values measured in Lhe field are
n Table A-4 while the cation and anion composition data are
n Table A-5 of Appendix A.

Using the depth to groundwater data, two
roundwater maps were preparcd, namely, the groundwaler
able contour mwap and the depth to groundwaler conlour map.

salinitly map has also been prepared using the EC-data from
he field.,

An analysis of the groundwater conditions

mploying the above mentioned data and waps is presented in

he following scctions.

o ] Ground water table contour

A groundwater table contour map has been
repared for the last week of July, 1989 by drawing lines of
*qual watertable elevation. The water table levels
a.m.s.1.), were obtained by subtracting the depth to water
evel measurements of 28/7/89 from ground surface elevations

1L the observation points (see Table A-3, Appendix A). A
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otal of 52 observations poinis (41 open wells, 6 auger
1wles, and 5 river water levels have been used in the
reparation of Lhe watertable contour map (Fig. 5.2).

The date of 28/7/89 was chosen as it had the
iaximum nuwber of water table wcasurements. In addition, Lhe
late falls within the irrigation season; this makes it
) ossible Lo see Lhe influence of irrigation omn the
sroundwater table contours of the arca.

Groundwater flows from the Lumi river, higher areas
around Njoro Kubwao canal and also from the irrigated areas
»f Kamleza North, and converges in the central parl of Block
C and thereafter flow southwards to the swamps as indicated
)y the flowlines in Fig.5.2. There is also direct flow of
groundwater from Kamlcza North Lowards the Ruvu swamp.

Groundwaler slopes along the flowlines have been
calculated, the highest slopes being found close to the Lumi
tiver, averaging 0.4%. Lowest groundwater slopes, ranging
bctween 0.08 - 0.12 % occur in the Block ¢ and MNgutini
ireas, and also in the upper parts of Kimorigo scheme and
the adjacent areos of Kamleza scheme. The central to lower

arcas of the schemes have groundwater slopes of around 0.2 %.
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.2.2: Depth to groundwater table

.2.2.1: Depth to groundwater table data analysis

Using data on the depth to groundwater table ( Table
-1, Appendix A ), a depth to watertuble contour map and 10
cll hydrographs (App.A), have been prepared. The depth to
roundwater table contour map is to help in identifying
ireas with drainage problcms since it shows the relative
atertable depths in various parts of the project area. The
vell hydrographs enable identification of periods with
ritically high watertables, when additional drainage may be
‘ecquired. In addition, by noting the dates when there is
recipitation, irrigation, floods etec, on the hydrographs ,
't is possible to relate the change in groundwater table to
ne or more of Lhe possible causes, such as excess
»recipitation and derive certain characteristic values such

1s the drainable pore spacc.

5>.2.2.2 Depth to groundwaler table contour map

From the depth to groundwater table contour map in
Fig.5.2, the relative water table depths in various places
in the project area during the last week of July, 1989 can
bc described. In the northern arcas close to the Lumi river
and around ihe swamp belween Kivalwa and Kimorigo scheme,
the watertable depth is under 0.5 m. Beltween the swampy area
and the upper parls of Kimorigo and Block C areas, the

watcrtable varies from 0.5 — 1.0 m.
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In wmost parts of Block C arca, ithe watertable al
this period lies in the range 1.0 - 1.5 m, except in areas
~loser to the river where watertable depths under 1.0 m
oCccur.

In Kimorigo scheme, the watertable deplh varies from
under 1.0 m in the upper areas to 1.5 m in the central
areas. Towards the end of the scheme and in the adjacent
Ngutini area, the watertable depth is greater than 2.0 m.
'he depth to the groundwater decreases closcer to the swanps
and becomes less than 0.5 m from the surface at the swaump
edge.

Watertable depths in Kamleza scheme vary from under
0.5 m around well B2 in Kamleza Morth to over 2.0 m in the
higher areas around the Eldoro and Kitogoto hills. In most
parts of the scheme, ranging from the northern to southern

areas, the watertable depth lies belwecen 1.0 and 1.5 m.

5.2.2.3: Variation of groundwater table depth with time

Well hydrographs representing 10 locations are
presented in in Figs. A-1 to A-10, appendix A. The
hydrographs represent different parts of the project area.

In the upper arcas around Well EO, (Fig. A-1),
groundwater tables remain close to the ground at around 0.25
m almost throughout the year. This is attributed mainly to
subsurface groundwater supply from the river and from tLhe
higher arcas around the Njoro Kubwa canal, as shown by the
flowlines in the watertable contour map, Fig. i
Similarly, subsurface inflow from the river maintains the
groundwater table in most parts of the Block C area at 1.0 m

beforc and after the rains. In April, the grondwater table
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ises to the surface and remains under 0.5 m from the
surface for upto two months ( sce Fig.A-10).

In Kimorigo scheme, flooding and precipitation
~ause high groundwater tables in the months of April and
fay. Subsurface inflow from the irrigated areas of Kamleza
North, particularly in the mounths of June to August, causes a
sroundwatcr table rise during Lhis period (see Figs. A-2 and
A-3, App.A).

In Kamleza scheme, groundwaler table changes are
influenced mainly by dirrigation water and excess
precipitation in the wmonths of April and May. The highest
groundwater tables are however caused by percolation of
excess irrigation water. Notable periods are the months
of December — January and Junc Lo August ( see Figs. A-6 to
A-9, App.A ). In the southern parts of the schewe, subsurface
inflow from the upper irrigated areas often causes high
groundwater tables and this is particularly the case in the
months of July and August when the grouundwauter table stays at
a constant level of 1.0 m from the surface ( see Fig.A-8,
App.A ). In the lower parts of Kimorigo and Ngutini, deep
groundwater tables greater than 2.0 m often occur. Changes in
the groundwater table are mainly caused by excess
precipitation and to a lesscer cxtent by floods as in Llhe
lower parts of Kimorigo scheme (see Fig.A-4 ). The partly
constructed New Kimorigo drain prevenls flood flow over the
areas in Ngutini and thus the little change in waler table
position after the floods.

The lowest groundwater tables in the whole of the
project area occurred in the months of February and March, a
period of low precipitation and litile if any irrigation as

it is mostly land preparation that is being undertaken.
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Groundwater quality

Groundwaters from different parts of the project
re sampled and analysed for the salinity level (EC);
tion and anion contents of Na', Caz+. Mg2+,_K+, Cl .
HCOSH and 0032‘); and aulso the total hardness (TH).
s of ithe data obtained is presented in the nexlt two
\phs.

The groundwater salinily data monitored at different
ls (times) are presentcd in Tables A-4 and A-5,
ix A. A study of these tables reveals the wide
Lons in salinity occurring in the project area. The
e varies from 0.34 wS/cm at well B2 in January, 1989
za Scheme) to 88:6 mS/cm at well E4 in July, 1989
:n Kimorigo Schemwe and Block "C" area).

The relative variation in salinity with place is
rated by Lhe groundwater salinity wap (Fig.5.4 ).
e salinity values for the period Oct.,1988 to July,
ave bcen used in preparing the salinity map. Low
water salinities under 2 mS/em occur in most parts of
1 scheme and also in areas close to the Lumi river.
5 Kimorigo and the Block C areas, there is a nolable
se in the groundwaler salinity level. The groundwater
ty level in wost parts of Kimorigo for the period
es B mS/cm and above wilh extremely high salinity

of above 30 mS/cm around well E4 between the Block C
morigo area. The higher salinity of the groundwaler in
morigo and the Block C arca can be attributed to a
le net inflow of groundwater ( and salts ). The water
contour map in Fig.5.1 shows that the two areas ( Block

Kimorigo) recieve groundwater inflow from the Lumi
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river and Kamleza scheme).

In the southern parts of Kamleza scheme and the
Ngutini area, salinity levels are also high, being over 30
mS/cm around wells A5, A6 and BB6. These areas also receive
scepage inflow from the higher arcas and Figs. 4.1 and 4.5
(Chap.4) show that this is so.

The sodicity levels of the groundwaters also vary as
shown by the SAR-values of 24 wclls in Table 5.4. Low
sodicily levels of under 10 occur in the areas with low
groundwater salinities such as Kamleza scheme. The SAR-
values range from 0.5 at well D4 to 410 at well F5 in the
Block C arca. The cause of the high sodicity levels are

discussed later in Sec.5.4.
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Table 5.4 : Groundwaler quality data

EO 9.8 3420 37.1 C4-54
D1 gi2 2880 30.4 C4-54
Dl 8.0 15548 20.2 C4-54
cl 8.1 6240 48.3 C4-54
El B.8 5400 Y122 C4-54

Kimorigo scheme area

D2 8.4 14400 59.4 C4-S4
E2 8.8 6480 59 C4-84
D3 7.6 768 1.1 C3-81
E3 8.7 15600 111.5 C4-54
D4 9 2040 0.5 C4-S1
D5 8.0 5400 16.5 C4-S2
E4 9.1 9120 162 C4-54
E4 8.2 69944 183 C4-54

Kamleza scheme area

c2 7.8 2040 116 Cc3-82
C3 9.0 3720 211 c4a-54
c4 1.6 2487 4.5 Cc4-81
CH 8.0 6720 36.1 C4-S4
n5 8.5 6480 2 C4-54

Block C arca

F2 8.4 32400 121 C4-84
F3 9.2 6000 97.4 C4-s4
F4 8.6 5520 122 C4-84
F5 g5 9360 410 C4-54
Ngutini area
B6 7.9 36000 36 C4-S4
EG B.3 11000 46.3 C4-54
D6 8.0 11760 44 .6 C4-5S4
F6 8.0 2040 9.5 c3-51

106

[ %

SENN AT ALSa s



5.3: Discussion

5.3.1 Irrigation water and possible influence on soil

salinity in the project area.

Investigations on the quality of Lhe canal and river
vaters reveal that the waters have low salt content and are
‘herefore suitable for irrigation. Provided that there is
sufficient leaching and drainage in the irrigated areas, no
salinity problems associated wilh the river and canal waters
are expected in the long run. Howcver, leaching and
Ilrainage arc inadequate as has been mentioned in the
litecrature review (Chap.2). It is therefore possible that
since the inception of the Kimorigo and Kamleza schenes,
salinisation due to irrigation could have occurred. An
estimate of salt deposited by irrigaltion water can be
estimaled once the cropping pattern, crop watcer requirement
and effeclive rainfall in the projeclt area are known. This

has been done below as follows:

(a) Cropping pattern

Crop production is wainly in the months of March -
July when mainly cotton and maize are cultivated. During
August, there is harvesting and land preparation for the
second scason, which starts from September - December and
the muin crops grown are maize and vegetables. January and

February are periods of harvesting and land preparation.
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) Crop water requirement:

¢ potential evapotranspiration can be obtained from Table
1 through multiplication of the potential evaporation by

8. For the cropping seasons, the ETP’s are:

rch - July - 974 mm
plember - Dec. : 1120 mm
ytal ETP : 2094 mm

nsidering an average crop factor of 0.9, the crop water
.quirement becomes 1885 mm for the two cropping seasous.

« cffeclive rainfall as calculated by Berger and Kalders,

1983), for Taveta are given in Table 5.5 below:

le 5.5: Effeclive rainfall for Tavela.

mih J F M A M J J A S 0 N D

ff.R 31 3¢ ¥ 70 "93"%05l 7 H Ry 6 26 68 38

Taking into account the effective rainfall for the two
ropping seasons, the irrigation water requiremenl afler

wpplying an efficiency of 0.5 becomes:

rop waler requirement - Eff. rainfall = (1885 -370)/0.5 =

130 mm.

The amount of salts brought by irrigation water per

year can Lhus be estimated. Considering irrigation water
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ality of 0.25 wS/cm ( = 160 ppm = 160 mg/l ), the amount of
1lts deposited in the soil per ha. is 4848 kg ( 4.848
nnes). If these sults are not removed from the soil, then
ey will accumulate and eventually result in salty soil
nditions unfavourable for crop growth. Kamleza irrigation
hcwme has been in exislence for 27 years (1963 - 1990). The
tal amount of salts brought by irrigation water over this
rriod and deposited in the so0il approximates 130 tonnes/ha.
From field investigations al different sites of the
‘hemes, it was found that the rootzone depth never excecds
| cm, whether for cotton or maize. Considering an average
11k density of the soil as 1400 kg/ms, the increment in salt
ntent over the 27 years in the 50 cm depth would be 1.8 %.
According to reports by Elgabaly (1971), and El-
1ijaili and Ismail (1971), salt conlent of 1 % in the so0il is
juivalent to 23.1 mS/cm. Therefore, a salt content of 1.8 %
yuld be equivalent to 42 mS/cm and this salinity level would
: unfavourable virtually for all crops. This is supported by
rar (1971), who mentions in the same report that a salt
ontent of 0.5 % in the soil rootzone is too high for most
rops. The so0il results presented in Chap.6 indicate that

igher soil salinity levels do actually exist in the scheme,

.3.2 Causes of high groundwaler table in the project area,

From the results on groundwater table conditions, it
an be said thal most parts of the project area are poorly
rained. Groundwater tables remain high or close to the
round for long durations indicaling that natural suhaurface
lrainage outflow from the area is low. The low groundwater
lopes of around 0.1 % in most parls of Lhe area confirm the

ow natural or gravitational outflow from the area.
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The sources of excess water supply to the groundwater
able in the project area arec precipitation,irrigation,
loodwaler and seepage inflow from the Lumi river and also
rom high to low groundwater table areas. Groundwater supply
rom precipitation and floodwater occurs mainly in the months
f April and May. Supply from irrigation happens normally
uring the irrigation seasons, with a peak in the months of
unc and July when there is very little precipiltation.

Subsurface inflow from the river occurs throughout
he year to all the adjacent low lying areas on the project
ide. This inflow from the river is the cause of lhe swanmpy
onditions between Kivalwa and Kimorigo (the northern
wamp). Fig.4.4 shows high groundwatler table conditions
tarting at around well DO, the edge of the swamp. The waler
able contour in Fig.5.2 also shows flowlines from the river
nto this swampy area. In Fig.4.5, Lhe waler elevation at
he river is seen to be higher than the watertable elevation
f the adjacent lands in the Block C area, confirming that
here is subsurface inflow from the river. In Chapter 2, it
yas reported that the failure of the Block C scheme was duc
o waterlogging and salipity problems. Konowing thal there
'xisls seepage inflow from the river, waterlogging was
ncvilable in the absence of adequale drainage.

Groundwater balance assessment presented in Chap.7,
ives an estimate of the mnel subsurface inflows, especially
vithin the Kimorigo and Kamleza schemes. The influence of
"loodwater on the groundwater water table can be said to most
pronounced., Immediately after floodwater flow over the area,
sroundwaler tables remain high for long durations as already
reported. Flood control is therefore important to reduce its

influence on the areas groundwatcr system.
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3: Causes of high groundwater salinily in project area

As mentioned in Chap.2, high groundwater salinity
rrigated areas is oflen associnted with i) low rainfall
high evapotranspiration and thus little percolation to
¢ groundwater refreshment, ii) seepage inflow which
itably brings with it some salts, and iii) poor drainage
itions which result in low sall efflux. In the project
» low rainfall and high evapotranspiralion conditions
t, tbus promoting the dcvelopment of high groundwater
nity conditions. Differcunces in groundwater salinity in
project area can be attributecd to differences in seepage
ows, amount of leaching by irrigation water and drainagce-
itions (rainfall and evapotranspiration being the same).

In the irrigatcd arcas, relatively low groundwater
nities occur and this is due to regular refreshment by
olaling irrigation water and also sufficient groundwater
harge away from these irrigaled areas causing evacuation
xcess salts. Similarly, low groundwater salinity in the
ions closest to the river can be attributed to constant
h sufficient groundwater discharge from the river and
e excess salls (see Fig.h.2,watertable contour).
*ver, with increasing distance away from the river
rds Lhe low-lying and nearly flat area of Block C area,
‘e is a notable increase in the groundwater salinity. As
be seen from the watertable comtour map in Eig.bh+2;
‘e is seepage inflow into the Block C area and this
ibly brings in wore salts than what is discharged away,
tlting in the noted high salinity levels. The relatively
‘T groundwater slope in the Block C area thanm at the
>r, is an indication that the outflow from the area is

Lhan the inflow, high capillary rise occurs and salts
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nccumulate on the surface and in the groundwater.
1ilarly, the low groundslopc in the Block C area also
icates low mpatural drainage oulflow and would encourage
umulation of salts in the groundwater.

In the central part of Kimorigo scheme betwcen wells
and D4, groundwater salinity is relatively lower than in
acent areas which also receive seepage inflows e.g., the
er areas of Kimorigo scheme ( see sec.5.3 ). This means
't the drainnge discharge from Lhe central area is better
in in the other adjacenk arcas. On the other hand, there
11d be some fresh groundwater supply from below ( a deeper
1ifer ). This is possible as the groundwater salinity
iains low whether or nolt there is precipitation or seepage
om Lhe irrigated areas of Kamleza North.

The high groundwater salinity around well C3 in tihe
1tral part of Kamleza scheme, despite regular refreshment
m excess irrigation waler, can only be true if there is
peded drainage. The underlying calcareous layer is
pervious and perched groundwater occurs (see Chap.6).
cumulation of salts in-situ is therefore possible resulting

high groundwater salinity. Similarly, in the southern
eas of Kamleza scheme around wells B5 and €5, the high
ounwalter salinities can be attributed partly to
cumalation of salts in-situ due the occurrcnce of an
pervious calcareous layer at shallow depth (see Chap.6),
d partly to seepage inflow from higher irrigated areas
inging with it salts. In the Ngulini area around wells A6
d B6, the high groundwater salinities can be attributed to
epage inflow from higher areas and to poor drainage

nditions, and thus low salt cfflux from the area ( see Fig.

2).
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.4: Possible influence of high groundwater iable and

salinity on soil salinisation in project area.

As the sally groundwaters occur alt shallow depth,
pillary salinisation is cxpected to be substantial,
ccially ip unirrigated areas where for most parts of the
ir there is very little rainfall and thus minimal leaching.
er the rains and floods, groundwater tables remain at high
vels for long durations and thus re-salinisation from
oundwater may occur, negating the leaching effect of the
ins. A salt balance assessmenlt, incorporating capillary
e from the groundwater is presented in Chap.7.

In Chap.2, it was mentioned that salty groundwater
uld not stay in the rootzone for more than 48 hours to
*venl injury to crops. The results on the watertable depths
ow Lhat it takes upto 2 moniths for the watertable to fall
low 0.5 m as shown by the well hydrogaphs. Injury to crops
11 therefore be inevitable. While it was mentioned in
ap.2, that the critical saliniltly for groundwater should
> between 2.3 -~ 4.7 mS/cm, it can be seen from the results
esented that higher groundwater salinities do occur and at
bLhs less than the critical depth of between 2.5 - 3.0 m.

is for certain that substantial capillary salinisalion

Curs.

3.5: Factors promoting capillary salinisation in project

arca.

Among Lthe factors which can be considered as
fluencing ecapillary salinisation include seepage 1inflow,
aching and drainage and the bhigh evapotranspiration over

infall in the area. Seepage inflow from the river into the
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ow-1lying adjaccnt arcas on the project side ensure
1intenance of high groundwater tables for most parts of the
ear, promoling upward capillary flow and hence
alinisation. Inadequatc leaching, especially in unirrigated
irts as in Kimorigo scheme allows accumulalion of salts in
he soils. Poor or inadequate drainage result in low salt
fflux frowm the area, and this is evident from the high
roundwater salinities in various parls of the projecct area.
tgh groundwater table conditions for long durations are
Iso indicative of poor or inadequate drainage. Re-
alinisation is therefore certain Lo occur in the area under
be prevailing drainage conditions.

The high evapotranspiration rate over rainfall (1900
m and 600 mm respeclively), certainly ensures a net upward
all movement by capillary rise, especially in areas with
tgh groundwater tables as alrcady mentioned, thus promoting

apillary salinisation.

5.3.6 Possible remedial measurcs

In order to improve the drainage conditions in the
roject area, it is important that measures to either reduce
he groundwater recharge and/or increase the discharge of
'xcess groundwater from the project area should be
ndertaken. The groundwater recharge cowponents include
) subsurface inflow from higher areas, ii) percolating rain,
1i) percolaling floodwater, and iv) percolating irrigation
vater.,

0f the four mentioned groundwater recharge

omponents, influence of floodwater on the groundwater table

s the wmost widespread, covering many parts of the project
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a ( sec sec. 5.2 ). The resultant high groundwater tables
long durations promote capillary salinsation.This calls
the need to control the floodwater flow over the area to

luce the recharge to the groundwater Lable as mentioned in
\p.4. Surface drainage in the project area is also
\dequate, with ponding surface water being common, thus
sing high recharge to the groundwater systewm. The need Lo
sLall additiownal surface drainage canals to enable quick
scharge of excess surface water from the area is thus
~ommended. The completion of the main Kimorige drain will
ratly belp in alleviating the surface drainage problems.

Mcasures Lo improve Lhe subsurface drainage
1dditions in tLhe schemes include provision of adequale
bsurface drainage facilities for rapid removal of excess
sundwater, and also to lower the groundwater table to below
¢ critical water table depth. A means of demineralisation

the groundwater to lower its salinity level can also be

nsidered.

The depth to which the groundwater table in the
hemes c¢an be lowered depends on the water level at the
tlet (Ruvu swawmp). For the month of November, 1988, the
ter level at the outlet was found as 706.8 m (a.m.s.1.).

well B5H, the water level was 708.8 m (a.m.s.1l). The
stance betwecn the two points is 1800 m, and the
oundwalter slope then was 0.1 %. As the groundwaler levels
well B5 are known for all the other months upto August,

89 ( see Tables A-1 and A-2, App.A), the water levels at

\c outlet can be approximuted by subtracting 1.8 m from the

oundwater levels of well B5. The results are as shown in

wble 5.6 ( also see watertable contour map in Fig.5.2 for
cation of well B5 and the outlet point, L2). The surface

levation of well B5 is 711.55 (sec Table A-3, App.A).
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Average monthly watertable levels al well B5 and

Outlet-{L2)~

ruth Watertable Watertable Water elevation
depth at BH elevation at BS at outlet.
) 0.92 710.6 708.8
) 0.89 T10.7 708.9
1.24 T10.3 708.1
F: 0.63 710.9 709.1
4 0.12 711.4 709.6
n 0.6 711.0 709.2
l Q7 710.8 709.0

The highest waler level at the outlet occurred during
e monlh of May, 1989 and was 709.6 m (a.m.s.l.). This water
vel can be cowpared with the desired water levels in the
in drain for parts of Kimorigo and Kamleza schemes at
ints D5 ( end of Kimorigo scheme), D2 (start of Kimorigo
heme) . The ground surface elevations at wells D5 and D2 are

2.94 and 715.77 m respectively. Applying the minimum slope

0.05 % , water levels in the drain can be determined. The

sulls are shown in Table 5.7.

The waler elevalions in the drain become 3.27 m at

te D2, 1.94 m at D5 and 1.05 w at B5. The resulils indicate

at il 1is possible to have dcep field drains greater than

=4

5 wm depth around site D2 in Lhe upper areas of Kimorigo

d Kamleza schemes. In the lower arveas, the field drain

PLh will be less than 1.9 m around well D5 and less than
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e 5.7 : Water levels in main drain along D2 to L2

tion Distance Elcvation Slope
(m) m(a.m.s.1) %
el (L2) 0 709.6
0.05
1800 710.5
0.05
2800 711.0
0.05
5800 2.5

wm around well B5. Control of capillary rise through

allation of deep drains in the lower areas of Kamleza

me is thevefore difficult due to lack of sufficient head.

rccommended waler table depth for preventing capillary

into the rootzone lies belween 2.5 - 3.0 m. (D5)

m (B5H).

and

The recharge to the groundwater table due to
ssive drrigation can be reduced through improved water
ribulion and application. Only the correct awount of

‘v al the right Lime should be applied to avoid over-
gation and thus high recharge to the groundwater table.

gh water should also be applied to ensure Lhat sufficient

hing of salts occurs.



6. SOIL ANALYSTS RESULTS

Results of soil investigations 1in the field arc
hted here in three sections. The first sectiom is on
.alcareous layer, Lhe second on the soil chemical and

ral analysis and the third section is on hydraulic

ictivity.

The calcareous horizon

Investigations on Lhe calcareous layer comprised
.rmination of the naturec of the layer ( whether
ocalcic or calcic ( see Chap.2). A chemical analysis of
layer was also carried out to give indicalions of the
onate countent and relate to the percentages represented
ec.2.5.3, Chap.2. In addition to determining the nature
‘he layer, Lhe depth of occurence of the layer too was

-rmined. The results arc presented in the next two

sections.

].1: Types of horizon in Lthe project area

Two main types of the calcareous layer were found to
st in the projeclt area, pnamely, calcic and pelrocalcic
.izons. The calcic horizon occurs mostly outside the
leme areas, especially in areas towards Lhe swamps and
;er Lumi, and in the Block C and Ngutini areas. However,
yse to the river and near the southern swampy areas, no
lcic or petrocalcic horizon cxists.

The petrocalcic horizon is found in almost all parts

Kamleza and Kimorigo schemes, occurring in different

rms. Some horizons are pervious while others are
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cly impervious.
In the areas around Kilogoto hill, no calcic or
lcic horizon was found al depths of 3 - 4.5 m (around

). However, calcareous nodules and small concretions

r in the profile.
Eight different forus were distinguished. TIn Table

e wells at which the various forms occur are given.

.1: Types of Lhe calcareous horizons in Lhe project area.

» Form of occurrence Well no.
discrete nodules D3 , D4
cemented nodules wilkh holes B2

cemenled layer of nodules

(impermeable) A2, .B5, €3
massive encruslation C2wpbE, D2, B2
with fine pores (single layer),

semi-permeable

massive encrustation Ccl, c4, Cc6, Db
with fine poves of 2-3

distinct layers,s—-permeable

massive encrustation B4, C5

with no pores(single layer),

impermeable

earthy CaCO4 layer D6, D7, E4, F
(calcic horizon)

earthy CaCO3 horizon Ebr BB aliLs ED
underlain by a layer of

sands and pebbles
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Discrete nodular layer ( Form I)

This type of CaCO3 accumulation is found in the
tral part of Kimorigo scheme from well D3 to D4. It
sisls of discrele calcareous nodules (hard
centrations). These nodules resemble calcareous
faceous grils obtained around Lthe lower slopes of Mt.
imanjaro. Fig.6.1 shows the nodules obtained from well D3
1 depth of about 1.7 n.

The nodules have holes in them. The shape can be
cvibed as bolryoidal (bears resemblance to a bunch of
es ).,

Porosity of Llhe layers is very high at Lhe two wells

to the discontinuity of the nodular horizon. As can be
v in Fig 6.1, the nodules have minimal earth between them
within the holes. Deepening of well D3 to find out what
ars further down the profile was prohibited by too wuch
cr at shallow depth (=1.0 m).

At well D4, the nodules were coated with more earth,
opposed to the nodules found at well D3 mentioned above.

nodules started at a depth of about 1.0 m and as the

>

P T L e e s At

th increcased to 2.4 m, Lhere was a notable increase of
I concenlrations of CaCO3 or nodules. In addition, the

portion of sand and gravel particles increased betwecen

~ 24 Wy

The CnCO3 content of the nodules is 49 % at well D3

' 0

55 % at well D4. The gemneral carbonate conlents for nodular

centrablions was menlioned in Chap. 2 as less than 60 % 5

ch agrees with the contents obtained.




'ig. 6.1. Discrete nodules, obtained from well D3 (Type I).

B 1 Nodular layer with holes (Form ITI)

This form was found at depths of around 1.0 m at
vell B2 in Kamleza scheme. It consists of a cemented layer
>f modules with holes in them. The porosity of the layer is
as high as for Type I. Pieces of the layer also bear
ressemblance to those of Type I. As at well D3, it was not
possible to investigate what lies at greater depths due to
too much water below 1.0 m.

The CaCO4 content o -this "layere aive Bl Srwhich is in
agreement with other values for a cemented layer, which are

normally greater than 60 % (see Chap.2).
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(€C) : Nodular layer with no holes ( Form JIII)

This Lype occurs in Kamleza scheme around wells A2,
C3 and B5. Tt consists of nodules cemented together forming
a continuous impermeable crust (nodular encrustation).
Perched water occurs on top. At well A2, the layer started
at a depth of 2,1 '#; at C3,°1.5 = and at B5, 1.B m. Fig. 6.2
shows pieces of the chisselled layer from well €3 in Kamleza
schemce. From the photo, it can be seen that some reddish
carth appears on the surfaces of the nodules. This is an
indication that previous to the devclopment of the cemented
layer, some earth was present and this was not completely
displaced during the cementation process.

The thickness of Lhe layers varied; 50 cm at well
AZ; 75 ecm at well €3 and 65 cm at well B5. The CaCOg
contents were 64 % at well A2 and 55 % at well B5.

Concretions and nodules occur bolh above and below
the layer. The ones above the layer are covered by a mixture
of whitish Ca003 and reddish brown earth. Underneath, the
nodules are coated wilh whilish CaCOg. Waler occurs
immediately underneath the cemented layer in all these
wells., Deeper down the profile, smaller and softer nodules

are more abundanl as are gravel and sand particles.
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Fig.6.2:Pieces of the nodular cemented calcareouslayer from

well C3 in Kamleza scheme (Form I1II1).

(D) : Massive encrustation with fine pores (Forms IV and V)

Types IV and V are similar in Lthat they are both
massive encrustalions wilh fTipne conlinuous pores filled with
so0il. Type V¥V occurs in lavers wof ‘2 or 3, while Typc 1V
accurs as a single continpuous horizon. Fig. 6.3 shows
chiselled picces of the encrustation from well D5 in
Kimorigo scheme,

Due to Lthe fine pores filled with soil, these two
types of layers are pervious, though not as pervious as typecs
I and TI. TIn places where the layer occurred within tLhe
wabter—-table zone such as in the upper areas of Kimorigo
scheme and the adjacent parls of Kamleza scheme, waler was

observed to ooze as the layers werc chiselled through.
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This type of layer was found to occur at depths
cen 0.8 m at well C1 to 1.75 m at well C6. The thickness
he Type IV pelrocalcic layer varied from 45 cm at C2 to
cm at wells D1 and D2, Each layer of the layercd
ocalcic horizon (Type V) was betweem 10 - 30 cm thick.

Below the layer there is a discontinuous accumulation

odules in a thick paste of whitish CaCOz. Deeper down the

6.3: Pieces of massive cncrustation from well D5 (Form

VD

ile softer concretions, sand and gravel particles are

d, as e.g. at wells C4 and D5.

The CaCO3 content was 65 % at well D1 and 59 % at
. D5.
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) ¢ Massive encrustaltion with no pores (Form VI)

This Lype occurs around well C5 in Kamleza scheme
osc to the main drain. This is a massive encrustation with

» pores and is therefore impervious. When chiselling

rough, it breaks into large pieces of solid rock as shown
 Fig.6.4.

There are nodules occurring above and below tlhe
iyer, thosc below being covercd with a thick whitish
aling of CaCOg . The nodules above also have coatings of

1003 but net as wmuch.

ig.6.4: Pieces of massive the encrustation from well C5



Due Lo the impermeability of tLhe layer, a perched
itertable is often found ( sec Chap.5), TImmediately below
1¢c layer there exists confined groundwater. The CaCOq

ontent was 62 % at well B4 and 44 % at well C5.

i) : Earthy Ca003 ( Calcic horizon) -Type VIT

This 1lype of calcium carbonate accumulation consists
f discontinuous soft and hard concentrations (nodules) in a
ayer of whitish - yellowish - brown earth as shown in Fig.

5.

(%]

Whiltish- yellowish- brown calcareous earth (Type

VYiii)s

"18.6.
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The top soil in mosl places with such calcic horizons
black heavy clay. The earthy layer starts at about 1.0 m
wells B4 and F2. The thickness of these layers was 75
(E4) and 100 cm (F2). An indurated nodular layer of
»ut 10 em occurs al the bottowm of the calcic horizons at
pLlhs of 1.5 m at E14 and 2.9 m at F2. A water table often
‘urs within this calecic horizon.
Similar horizons are found around wells D6 and D7
L h an induratced layer of nodules below the horizon. The
ickness of the calcic horizon at the two wells is 120 cm
1 70 em, respectively.

Below the indurated nodular horizon, discontinuous
cumulations of nodules are found which give way Lo a

>file wilh more sand and gravel, particularly around wells

and D7.

)¢ Earthy CaCOq horizon underlain by a sandy /pebbly layer
(Form VIIT)

This type bears resewblance to type VIT in that both
ve a similar calciec horizon. The only difference is that
= caleic borizon is nol underlain by an indurated nodular
yer. Instecad, this calecic horizon gives way to a zone
nposcd of sand particles and smoolh rounded pebbles which
e wainly black in colour at wells E5 and F5 and whitish at
11z E6 and E7.

Groundwater mostly occurs in this pebble and sandy
vizon. The overlying soil is predominantly black heavy clay

wells E6, E7 and F7 with dcep eracks of upto 50 cm below
e surface. Around well E5, Lhe soil overlying this calcic

rizon has a dark grey colour and is loamy.
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The presencc of the smooth rounded pebbles is an

dication that at one tiwme in Lthe past sediments or rock
agmenls were transported from some olher location, eitlher
water or wind, and deposited here. In the process of
ansporlalion, the rock fragmenlts became swooth and rounded

lint et alcy 0872

1.2 Depth to the calcureous horizon

The depth to the calcareous layer was determined at
c grid of 100 m . x 100 = mentioned in Chap. 3. From the
llected data, two maps were prepared; firstly, a conlour
p of the elevalion of the Jayer and, secondly, a contour
p shpowing the depth to the calcarcous layer below the
ound surface. It should be noled that:
): Tn some places, there was no petrolcalcic horizon or
liche, but an accumulalion of discontinuous nodules as
D3 and D4 ( See Sec. 6.1.1 ).
1): In some other places also, Lhe layer of discontlinuous
dules occurred above a pelrocalecie (caliche) horizon.
ere the nodules were large or close together, the
corded depth was less than the actual depth. At
11s A2, C3, and C5, the recorded depths were found
» be less. by 0:468. B.50 .and 0,35 m, rvespectively.
rge nodules measured upto 30 cm long x 20 cm wide.
would have been therefore fitting to add these to
corded depths; but; (a) the auger way miss hitting such
dules, and hence get actual depth, and (b) there was no

y to Tind out whether the auger had hil a nodular layer or

e b asmimsa Y s e PO, Lol UMY R L e e AR W TR S & W



uch cases.

Outside Lthe Schewme arcas, most parts were observed to
ave a calcic horizon (an earth layer composed mainly of
oft concentrations and relatively few nodules or hard
oncentrations). While aungering, it was assumed that there
ould be a petrocalcic horizon underneath. However, this was
nly found to occur around wells F2 and E4 as mentioned in
ec.6.1 (F). The depths mcasured in mosl places were
hercfore erroneous and only presented the depth to which
he auger could penetrate decpending on the hardness or
ompactness of the underlying layers. The maximum augered
eplh at which no hard layer was struck was 4.26 n. The
reas wilh calcic horizon have therefore been left oul while
aking a contour map.

The olher area lefl out, but which occurs within the
cheme is in Kamleza South around well A5 and other section
lose to the two hills. At well A5, no hard layer was found
't a depth of 4.3 m, although sparse nodules were found. The
ugering depths, in most parls ranged from 2.5 - 3.5 m.
irealer depths were prevented by the hardness of the soil
black clay soils). No petrolcaleic horizon was encountered
it these depths.

Two contour maps have been drawn: (1) Depth to
~alcaveous layer (Fig. 6.6) and (ii) the surface contour of
‘he layer (Fig. 6.7). Longitudinal profiles in Fig.4.2 and
1.8 (Chap. 4) also show the relative depth of this layer at
yarious points.,

The depth to the calcareous layer contour map in
Fig.6.6 revealS the following:-

(1) The layer is deepest in areas near Lhe hills where

depths of 2 m and above occur. Other places where the layer
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ccurs beyond are at wells A2 (2.5 w) and the section between
clls C3-D3=D49 (Z2.30 m).

ii) TIn Kamleza Schemc, the layer is mostlly found at depths
f 1.0 -=2.0 m, with upper partis having large areas with the
ayer between 1.0-1.25 m. In the Central part the layer
aries between 1.50 -1.75 m, except around well C4, where
he layer occurs at depths between 1.0 m and 1.25 m. The lo-
er parts have Lhe layer occuring in the range 1.50 - 1.75 m.
iii) Tn Kimorigo Scheme, thc upper parls are mostly
nderlain by the layer at depths less than 1.0 m. The
hullowesl depth in Lhis parl of the scheme is 0.5 m. Along
he road, the layer has been found to occur at a depth of
.35 m (See profile in Fig. 4.2). In the central parts of
he scheme the layer is found at depths of 1.0 -1.5 m, witlth
epths grecaler than 1.75 m occurring in a section between
'3-D3-D4 (See (i) above). In the lower parts, the layer
ccurs from under 1.0 m to 1.25 m, the shallowest depth
eing 0.70 m, in this part.

The coptour map shows that the layer slopes away
from the hilly and higher areas towards Kiwmorigo and the
swamps. The slope direction is therefore the same as fTor the
topography. The contour lines are rather rugged around well
'3 in Kamleza Scheme (Central Part). This is probably due
to the existence of nodules on Lop of the calcareous layer.

The slopes of the layer have been calculated and
found to average 0.25 % in the upper parts of Kimorigo and
{amleza Scheme. The central and lower parts have slopes
averaging 0.06 %. The lower parts of Kamleza scheme have
slopes of about 0.3 %. Higher slope values of upto 2.5 %
occur in some parts where grealt difference in depth to the

calcareous layer occur wilhin short distances.
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Profiles in Fig. 4.2 and 4.8 show Lhat the elevation

[ the layer varies in a similar manner as the topography,
xcept in a few cases. One of thesc can be seen in the
rofile of Fig. 4.2 as a dip in the calcareous layer.
owever, the explanation here is that a calcic horizon is
ountd here and has been made very soft by the presence of
igh groundwater table throughout the year (Lhis portion
orms Lhe Northern swamp). Where Lhe dip or valley occurs,
he depth of augering was 4.30 m and nmo hard layer was
truck. The calcic horizon commences al 1.50 - 1.70 m and
xlends beyond 4.30 m (maxiwum augered depth). The sand
racltion increased wilh depth.

The other two profiles in Fig 4.8 also show the layer
ccuring deeper beyond the scheme towards the river. The
ame explanation as above applies, except thal at well T2, a
hin pelrocalcic horizon was struck at 3.0 m. There is no
ard layer al E5 and F5. Only sand and black pebbles are
ound underncath the calcic horizon. (see Sec.5.2.1).
clween A5 and B5, the layer was not struck at deptlhs
elween 2.5 - 3.5 m. Penetrotion was prevented by soil

ardness. At A5, no layer was found al a depth of 4.3 m

lepth of well AS5).
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Soil salinity and sodicity conditions

Soil salinity groups

A total of 150 soil samples from 24 locations in the
'ct area were analysed to determine the soil pH, EC,
exchangeable Ca, Mg, Na, and K , and the so0il texture.
results obtained are presented in Table B, Appendix B.
location where the soils were collected are shown in
3.5, Chap.3.

From the results obtained, soils with similar
11ty and sodicity conditions have been grouped together.
ge EC-values (1:2.5) have been calcaulated considering
»>tzone depth of between 50 to 70 cm. The depth range was
'n after finding that the two major crops in the area,
on and maize had rooting depths of under 50 cm. The
hted average EC-value in the rootzone has been
1lated using the sampling intervals as weights. In the
manner, average ESP-values over the rootzone have been
1lated. The so0il salinity classification has been done
ccordance with Table 2.2, Chap.2, while soil sodicity
sification is in accordance with Table 2.1 of the same
er, I

In all, four groups were made, namely; 1) Non-
e, non-sodic soils, II) Non-saline, but sodic in depth,
Slightly - moderately saline and sodic, IV) Saline -
c soils;

The soil profiles in each group are represented in
e 6.2, For each group |, except group iV, a
>sentative profile has been selected and discussed in
text under this section. In group IV, three subgroups

been forwed. Each subgroup shows a distinct variation
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' salinity with depth down the profile. The first subgroup,
a), counsists of soils showing a maximum salt concentration
t the surface followed by a sharp drop down the profile.
he second subgroup, (b), consists of soils also depicting
aximum salt concentration at the top ,but ithe decrease down
he profile is gradual. The final subgroup, (c), consists of

0ils bhaving a maximum salt concentralion at mid-deptih.

ble 6.2 : Soil salinily and sodicity groups.

il group no. Soil profile Representative
pit mno. profile
Non—saline, 25 8,215 2

non -sodic
Non--saline, 1,7,8,18,20,23 8
sodic in depth

T Slightly—-moderately 10,14 10
saline and sodie

Saline - sodic

(a) 11,12,13,4,24 12
(b) 5,9,16,17 16
(e) 19,21,22 22
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2.2 Non-saline, non-sodic soils - (group I)

These soils occur closc to the Lumi river (levec
i1s), in areas of Kamleza scheme close to the main
"igation canal and in the southern parts of Kimorigo
ewe around well D5 (also see Fig. 3.5 for soil sawpling
*ations). Both the EC- and ESP-values of the soils are
s  indicaling non-saline, non-sodic s03l1 conditions as
wn in Table 6.3.

Fig. 6.8 indicates that Ca2'- and Mg2+-ions are the
rinant cations in these soils, a condition which is
iracteristic of non-saline soils (See Chapter 2). These
1s arc intensively cultivated as shown in Fig. 6.9 , the

in crop being bananas,

»le 6.3: Soil salinity and sodicity at profile No. 2

(close to Lumi River).

11 depth EC ESP pH
1) msS/cm % 0.01 M CaClz
) - 60 0.3 5.3 8.1
) = h 0.2 3.1 7.9
} - 120 0.2 2+2 147
) - . 168 0.3 2.4 8.0
) 0.6 2.5 7.9

Le: Groundwater depth at 1.5 m (March, 1989).
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Intensive cultivation of bananas and other crops

to the main Kamleza canal (Kamleza scheme).
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2.3 Non-saline soils, but sodic al sowme depth in tihe

profile ( group I7)

These soils occur in the upper project area around
e Mjoro Kubwa canal; in northern and southern parts of
mleza schewme and in some areas close Lo Lhe Ruvu swamp
ee Pig.3.65)%

The soils are non—-saline as shown by the EC-values
Table 6.4, Non-sodic soil conditions occur in the top 60
deplh. Beyond which they are sodic upto a deplh of 160
s as shown in Table 6.4,

The deplhs at which the high ESP -values occur have
relatively higher clay content than the overlying soil

yers, as shown in Table 6.4.

ble 6.4: Soil EC (mS/cm), ESP (%), pH and % clay fear
profile no. 8 (Kamleza Nortlh).

1l depth EC ESP pH % Clay
m) mS/cm % 0.01 M caC 12

0 - b 02 =B 7.4 9
5 = 20 0.4 Sl T 9
0 - 40 0l &) Tl 31
0 - 60 0.3 2ol T8 36
0 80 0.3 18 T .5 i
0 100 0.3 20 /8 33
0 - 120 0.3 21 Tangd 30
'0 - 140 e a3 1.6 16
0 - 160 0.3 25 7.8 25
0 180 0.3 5 7.9 28
() 200 0.4 o B2 39
te: Groundwater: Avcrage depth = 2.5 m and average

EC = 0.7 mS/cm (0Qct.1988 to July, 1989).



A high clay content favours the accumulation of Na' -
ns (see Chapter 2). It is therefore possible that over tLhe
ars, Nat-ions have heen retained in the eclay-enriched
yers after coming into contact with either irrigation or
oundwater.

. e ! 2+ 2+ . . ;

The dominant catious arc Ca and Mg as indicated

Fig.6.10; As favourable soil conditipns exist in the

psoil (top 60 cm depth) , these so0ils are also

tensively cultivated, like the so0ils of Group I above.

Depth (cm)

0-6
§-20
20 - 40
40 - 60
60 - 80
80 - 100
100 - 120
120 - 140
140 - 160
160 - 180 -
180 - 200 =8 ;
4] 10 20 30 40 S0 60

Cation Content (me/100g Soil)

IBMca: Mg [ INa N K

1¢.6.10 : Exchangeable cations at profile no.8 (Kamleza

North).
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6.2.4: Slightly-moderalely saline and sodic soils (IIT).

These soils ocecur in the unirrigated parts of central
Kamlezu and Kimorigo schemes, and also in Ngutini area
adjacent Lo the lower parts of Kimorigo scheme. The
represenlalive soil profiles are nos. 10 and 14 in Fig.3.5.

To most of the central sections of the two schemes,
strongly saline conditions exist in the top 10 ew layer of
lhe soil below which slightly to moderately saline
conditions are found. Al profile no.10, the EC-value
decreases from 11.6 mS/cm in the top 10 cm to under 5 mS/cm
tn the underlying layers as shown in Table 6.5. Similarly
strong sodic conditions exist in the top 10 em, which
decrease Lo moderately sodic conditions in the subsoil, as

also indicated in Table 6.5.

Table 6.5: Variation of ESP (%), pH and texture with depth
(profile No. 10, Kimorigo Central).

Soil depth EC ESP pH Texture Class
(cm) (L2255) % 0.01M CaClgy
0 - % 11065 20 6.8 Silt loam
5 — 3 4.9 11 7.3 Loam
30 -~ b4 4.3 10 6.9 Silt loam
50 - -70 3.6 12 eD Loam
70 - 90 2:3 12 e u
90 - 110 16 12 7.9 "
110 - 138 18 12 7.8 L
130 - 150 0.8 11 8.0 Clay loam
150 170 0.6 12 8.0 b
170 - 190 0.5 10 5.1 #
150 - 2148 0.5 12 Wivi o i
Groundwater : Av.depth = 1.1 w and Av.EC = 1.3 mS/cm

(Oct., 1988 --July, 1989).
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The occurrence of a maximum salt concentration at the
ir face poinkts at a net upward movemecnt of salts towards Lthe
rlace, which then gel deposited as water is losl through
vapotranspiration, i.e. there is salinisation from
-oundwater by capillary action (see Chap.2). The
roundwater salinity is under 2 mS/cm in this central Lo
wer area of the two schemes. With the groundwater table at
v average depth of 1.1 m below the surface, it is possible
r capillary rise to reach the surface for a loam soil (
or a loum soil, maximum height of capillary rise is in the
inge of 1.0 - 1.5 m; see Chap.2).

The cation composition in the so0i1l profile is
llustrated by the bar chart in Fig. 6.11. As in ithe previous
Jo cases bolh Ca’ and Mg+ ions are dominant, although there
s a notable increase in the Na'~ ion contenl in the top
ayer,

Patchy growth of cotton and white salt crusts are a
ommon feature in these slightly-moderately saline/sodic

oils as exhibited by the photo in Fig. 6.12,.

.2.5: Strongly saline and sodic soils ( group IV)

As earlier mentioned, these soils have been divided

nto three subgroups of dislinctly different salinity

rofiles; they are presented below as (a) to (c).

a) Very high surface salinity only (maximum salinty at the

surface followed by sharp a drop in the subsoil)

These soils occur in parts of Kimorigo and Kamleza
chemes and al the swamp edges. The EC-value at the surface

as found to be above 60 mS/cm for all the soil samples
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0 -10 B | BSS

10 - 30 -1 & NS ¢

30 -50 RIS

50 - 70 B9

70 - 90 RS XS

90 - 110 S5
10 - 130 . S
130 - 150 1 BB
150 =~ 170 5
170 = 190 S|
190 - 210 | Nl N o ot

0 10 20 30 a0 50 60 70
Cation Content {me/100g Soil)
MR c: [ IMmg | INa Bk

.6.11: Exchangeable cations at profile no.10 (Kimorigo

Central).

6.12: Patchy and stunted cotton in central Kimorigo

scheme (note the white salt crusts).
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lysed, the maximum EC-value being 92 mS/cwm at profile no.3

ar well DO at the swamp cdge).

The sharp drop in salinily below the surface crust
illustrated by the EC-values presented in Table 6.6 for
file no.16 in Kamleza Soulh scheme. Similarly, the ESP-
ue of these soils is highest in the top 3 cm and suddenly
rcases to a more or less constant value lower down, as
wn in the Table 6.6. The very high concentration of salts
the surfacec is indicative of capillary salinisation as
‘eady mentioned in Sec.6.2.3, and this is possible as the
rage groundwaler level occurs at 1.0 m and capillary rise
1 reach Lhe surface for either clay loam or silt loam
turc for which ithe height of capillarey rise is greater

ain 1.0 m.

le 6.6: Variation of pH, ESP and s0i]l ilexture with deplh
(cm) (profile No. 16, Kamleza South).

Texture

h EC ¢332.5)7 pH ESP E %S1i %C CLASS
3 63 9.2 100" 17 46 37 SiL/CL
20 B.9 9.0 35 35 52 13 Sil
40 2.3 B.7 36 34 35 3] CL
- 60 23 B.9 42 34 35 31 CL
B0 2.4 B.9 4] 38 35 27 i
100 25 9.0 40 40 35 2> L

- 120 pl L5 9.0 43 38 34 28 CL
130 2.4 8.9 38 34 & 39 CL

undwater: Av.depth = 1.0 m; Av.EC = 7.6 mS/cm and SAR = 36

The Na'-ion content of these soils is much higher
an in the soils already discussed. In Fig.6.13, the Na'-ion

dominant throucdhout 1he nrafile Thie eceit+tnnatimam “a trua



alues indicatc Lhe sodic or alkaline conditions of these
oils (Table 6.8).

In all these areas wilh strongly saline and sodic
oils, the groundwater salinily is grealter than 2 mS/cm, cg.
t profile no.16, the averauge EC-value of the groundwaler was
.6 mS/cm duripg the project period (see footnote in Table
.6 above). Wilh groundwaler tables often occuring ail
hallow depth e.g. at an average depth of 1.0 m for profile
0.16, capillary rise is able to rcach the surface, resulting
n considerable amounts of salt tLransport to the surface
rom the sally groundwater and thus the high so0il salinities
esulls can be easily understood ( see Table B-3, App.B for

oil analysis results).

Depth (cm)

0-3

3-20
20 - 40
40 - 60
60 - 80
80 - 100
100 - 120

120 - 130 i t_ : i
4] 50 100 150 200 250
Cation Content (me/100g Soil)

lc: EEmg [N Sk

Fig.6.13: Exchangeable cations at profile no.16 (Kamleza

South).
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The result of the high saline and sodic conditions is

arren patches covered with white salt crusts and exuberant

1lly vegelation, wmainly Suaeda monoica ( See photo in Fig.

14 )

Cultivation is rare in these areas, although some
armers Ltry cultivating cotton, despite the stunted and
atchy growth. There is no irrigation in this area,
nd thus: ledching of:lsgalts is only by rainfall and

loodwater,

"ig. 6.14: Surface covered with white salt crusts. (near

well C5, profile No. 16, Kamleza South).
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b) Saline-sodic soils with a gradual decrease in salinity

down the profile.

These are black heavy c¢lay soils which occur mainly in
he Block € area and in the adjacent areas of Upper Kimorigo
cheme., Tn contrast to the saline-sodic soils discussed under

a) above, these soils have relatively higher ESP-value,

hich remain fTairly constant throughout the profile (Table

.7). The EC-value of the top layer is lower bui still high
nd it decreases gradually down the profile: from 26 uS/cwm

n Lhe Lopsoil to 16 wmS/cm at 120 cwm depth as shown in Table

T

ble 6.7: The ESP, pH and texture of soil sample Trom
profile No. 12 (Block C, area)- Group IV(b) soils.

pth EC(1:2.5) ESP pH Texlure

m) % 0.01 M CaCly %S  %Si %€ Class

0 - 5 26.0 98 8.5 23 1 48 29 CL
5 - 20 20.8 " .1a0t 91} 8N 20 L

0 - 40 19.5 1007 9.4 25 /%0 55 c

0 - 60 20.0 100* 9.5 31 35 34 CL
0 - 80 1.0 D02 o) 1 0.8 42 .22 36 CL
0~ 100 16.5 95 9.6 26 26 52 C

0 - 120 18,5 100* "'9.% 2523 52 C

0 - 140 7.5 99 9.6 26 16 56 C

0 - 165 6.8 59 9.2 29 5 66 c

5 2.0 58 9.2 64 14 22 SIL

roudwater : Av.depth = 1.2 m  and Av.EC = 43 wS/cm and
SAR = 162( Oct.,1988- July, 1989).

To Fig. 6.15, the dominance of Na' -ion throughout the
wrofile is evident. The likely source of the Na'-ions is

he sodic groundwater which has a high SAR-value as shown by

the footnolte below Table 6.7.

146



Depth (cm)

0=5
§-20
20 - <0
40 - 50
60 - 80
80 - 100
100 - 120
120 - 40
140 - 165
165+

L ; i L
60 80 100 120 140
Cation Content (me/100g Soil)

Mc: Emg [CNa SSk

igure G6.15: Exchangeable cations al profile no.12 (Block C

arca) for group IV (b) soils.

The surface s0il condition is often characterised
y a puffy or fluffy crust of white salt. In some places
hile salt crusts can be seen occuring betltween short grass as
hown in Fig. 6.16. Soil pits also often have their sides
overcd with white salt crusts as illustrated by ithe photo in
"1¢.6,17; this is a clear indication of the extrcme salinity

nd sodicily conditions in this arca.
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lgurc 6,16: White salt crusts in between short grass growth

( Block C area ).

igure 6.17: White salt crusts on the side of well E4

(Block C).
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) Saline-sodic soils with maximum salinity

at mid-depth depth.

These soils are predominant in the Ngutini area to
e south of the schemes. The soils are characterised by a
ximum salt concentration at some depth in the profile. This
s shown by the EC-values in Table 6.8, for the so0il from
ofile No. 22, The ESP-values are relatively low in the top
»il,as alseo indicated in Table 6.8. Similarly, the cation
ntents are highest at this same depth of maximum salt
yncentration ( Fig.6.18).

The occurence of higher salt concentration at a
irticular depth is normally an indication of the depth to
1ich salts are leached, or the depth to which capillary rise
rom the groundwater reaches. In this MNgutini area, the
~oundwaters occur at deplhs between 2.0 - 3.0 m, exceptl in
reas close Lo the swamps (Sec Chapter 5, Section 5.2).

1ible 6.8: Variation of ESP, pH and texturc for soil from
profile pit No. 22 (Ngutini).

cpth RC{1:2.5) ESP pH Texture

C ) mS/cm %8 %Si %c Class
0 - 10 0.4 3.8 7.6 27 44 29 CL
0 60 4.0 79.0 8.0 29 28 45 C

0 - 105 14. 100" 8.1 21 42 37 CL
05 140 8.8 100" 8.5 21 12 67 C
40 - 160 3.8 100" 8.4 37 25 38 cI,
60 - 200 .. 3.7 83.0 8.9 53 9 38 SC
00 -~ 250, ).,2 100% 8.6 73 19 8 SL

roundwater : Av. depth = 2.5 m; Av.EC = 8.1 mS/cm and
SAR = 46 (Oct.,1988 - July,1989).

149



A hcight of capillary rise of 1.0 w will therefore
ssibly cause salt accumulation at around 1.5 m depth below

= surface.

Depth (cm)

0-10

10 - 60

60 - 105

105 - 140

140 - 160

160 - 200

200 - 2585

| ; i
60 80 100 120 140
Cation Content {(me/100g Soil)

WMEc: Eomg [Na NSk

£.6.18: Exchangeable cations at profile no.22 (Ngulini).

3: Hydraulic conductivity

The results of the hydraulic conductivity (K) tests
om 39 locations are presented in Fig. 6.19. Two sample
Jculations of how the K-values have been obtained are
escuted in App. D. The first sample calculation is for a
wogenous soil profile while the second is for a layered
1) (heterogenous). The augerhole and water table depths,
pth of saturaled layer and the depth to the impervious
wyer  indications are also given in Table D1 App.D.
gerhole depths varied between 100 cm at site D2-5 Lo 293
I at site D3 (see Fig.6.19).

In Fig. 6.19, the K-values can be seen Lo vary from

> low as 0.009 wm/day to 17.4 wm/day al site D9. Low K-
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1es occur where the transmilling layer is clay texture
in parts of Block C and the upper areas of Kimorigo
ewe. In Table 6.9, the K-value and the s0il texture of

transmitting layer are given (see Sec.6.2 for the

ails on soil texture).

le 6.9 K-value and soil texture of transmitting layer
ation Texture of sall K- Values
layer m/day
(profile pit no.4) clay 0.06
(profile pit no.3) clay 0.2
profile pit no.9) loam/clay 0.03
profile pit no.12) clay 0.8

At sites E2, DO and €3, the K-values lie within the
ommended rvange for clay soils (See Tauble D-11 App D).

At sitec E4, the K- value of 0.8 m/day appears out of

range for clay soils. However, at this site, calcareous

ules are presenl in the soil profile, which may increase
- porosity and hence the pevmcability.

At site C3, the saturated layer is partly loamy and
Lly clayey, which may explain the low K-value. Also, the
Is around this site have bhigh ESP values, which could
¢ caused dispersion of the clay particles and thus poor
meability.

Towards the river and ncar Lhe southern Jipe and
'u swamps, the heavy clay soils arc underlain by a black
dy layer of high permeabilily. The K-values were found 1o
'y between 2.7 and 17.4 m/day (See Fig. 6.19).

In the scheme areas, where loam and silt loam soils
> predominant, the K-values oblained lie within the normal
ge as shown in Table D-1, App D. 1In Table 6.10, K-values

sites with known soil textures are presented.
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The high K- value at sitec €5, which is out of range
‘or eilther clay loam or loam soils, can be attributed to the
rescnce of calcareous nodules in the so0il profile above the
mpervious calcareous layer. The porosity of the soil

round this area is therefore high (see Sec 6.1 also).

fable 6.10 : Soil texture and K-values at selected sites(in
the schemes).

_.ocation Texture K-Values (m/day)
)3-5

profile no. 10) loam 0.6

>2-D2

profile no. 5) Jouam | I ¢

15

profile pit no. 17) Clay/silt loan !

C5

‘profile pit no, 10) Clay Jloam/loam j &

Differcnces in K- values within short distances can
also bec seen at site B5 in Fig.6.19. The K-value differed
appreciably within a distance of 20 m e.g. 0.16 m/day at
well B5 and 1.2 m/day. At 80 m away, the K-value was found

as 1.9 m/day.

6.4: Discussion

5.4.1: The calcareous laver

From the prescnted data on the calcareous layer,
some ideas can be formulated with respect to origin,
influcnce on groundwater flow, and groundwater quality. In

Chap.2, sec.2.2.6, Lhreec possiblc mechanisms explaining the
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rmalion of the calcareous layer were given. Of the three,
e second mechanism cuan possibly explain how the calcareous
\yer in the schemes was formed. As summarised by Chorley
1984), calcareous layers can be formed in areas of
\rbonnte rich groundwalers where sheet floods dry out,
here capillary rise occurs and where the water table
scillates close to the ground surface. From investigations
W the surface and groundwater conditions in tLhe Kimorigo
vd Kamleza schemes it was noted that:
i) sheet floods do occur in the area,
i) the groundwaters arc rich in the (bi)-carbonate salts,
ii) the groundwaters do occur at shallow depth and
capillary rise can rcach the surface as evidenced by
pronounced capillary salinisation of the soils (sce
Sec, 6.2).,
v) There is seepage inflow frow higher areas which replaces
water lost from the groundwater Lable by capillary

rise.

The semi-arid climate in the area ensures that
vaporation exceeds rainfall, so Lhat there is, on the long
un, a net upward flow of water and salts from the
yatertable below. In addition, as the area is close to the
olcanic Kilimanjaro mountain, il 1is possible thal
~alcareous dustfall has been a major source of CaCOgz, as
vas noted in New Mexico ( Wilding et al., 1983).

Bear (1955), also supposcd Lhat the calcareous layers
in Lhe Taveta area originated from the grouundwatcr through
‘apillary rise. He further noted that the maximum thickness
»f the layers was between 2 - 3 ft, i.e. 60 - 90 cm. Our

sbservations on the thickness of the layer in Sec.6.1.2 are
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vithin this range.

The influence of the layer on groundwater flow varies
with the type of the layer. Wherc the layer is pervious, as in
the central parts of Kimorigo schewme, druinnge conditions
are good and groundwaler salinily is low (see Chap.5). Where
the layer is completely impervious as in the central and
lower parts of Kamleza scheme, perched groundwater is found.
As drainage is restricted,the groundwater salinity in these
areas is high ( see Chap.5). Waterlogged conditions also
result after heavy rainfall or floodflow as vertical
drainage is restricted as shown by the hydrograph for well
B5H,in Fig. A-8, App.A.

1t should be noted that while Llhe layer is bound to
restrict both vertical and horizontal groundwater flow and
thus possibly result in shallow groundwaler tables,
groundwater depth position in the area is generally low even
in areas without the petrocalcic horizon. This is because
the drainage base is sel mainly by the swamp levels.

Spacing of field drains is dependent amongst other
factors, on the depth of the underlying impervious layer.
The shallower the depth, the closer the drain spacing
(smedema and Rycroft, 1983). To avoid too close a spacing of
drains, the impervious layer should occur at a depth of at
lcast 1.5 m from the surfacc ( MOA, 1984 ). In the schemes
the layer occurs at depths of even less than 1.0 m and this
may be an obstacle to the installation of field drains as a
high number of drains will be expensive to conslruct and

maintain (see Chap. B).
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4.2: Salinity conditions and salinisation

Before carrying out investigations on s0il salinity
n the Kimorigo-Kamleza area, it was mentioned thal the maip
bjective was not to show that salty soils exist, as this is

lready known ( see Chap.2 ), .but to relate the soil

alinity in different parts of the area to influencing
actors like:

- groundwater depth and quality,

- rate of capillary rise,

- groundwater flow,

- soi1l texture,

- calcareous laycr,

- leaching and internal drainage conditions.

The soil salinity conditions at the surface are
siven in Table 6.11 for various so0il textures and undev
nown groundwater condilions of deplth and salinity ( average
satertable depth and salinity belween 0ct.1988 to July,
'1989). The topsoil depths are shown in the table.

In Chap.2,Sec.2.2.5, it was mentioned that the
.xtent of capillary salinisation and the depth at which
salts accumulate is governcd by the rate and height of
capillary rise and the groundwatcr salinity, counteracted by
the leaching intensity. In the non-irrvigated areas, the very
high salinity at the surface suggestis that there is
capillary salinisation (see Tables 6.5, 6.6, and 6.7). This
shows that leaching by rainfall is insufficient and thus a

net upward movement of salts occurs.

156



Table 6.11: Variation of soil salinity at the surface for
various soil textures with groundwater table
depth and salinitly.

Average Average BC(1:2.5)

Profile Soil GW depth GW salinity at soil surface Texture
no. Depth { = i) ( mS/cm ) ( mS/cm )

3 0--2 .3 3:d 92 clay

5 0-2 1.0 8.0 72 loam

9 0-3 1 .0 2.7 i g loam

10 0-10 1.4 1.3 12 loam

11 0-3 ¥ 2.9 22 clay loam
12 0-5 .2 45.0 26 clay

13 0-5 1.0 9.0 14 clay

15 0-30 1.9 3.2 0.4 loam

16 0-3 152 T8 63 loam

17 0-5 1.8 3.5 68 silt/clay
22 0-10 2.5 9.0 0.4 clay loamn

fhere the groundwaler table is lJess than 1.5 m from
the surface, maximum salinity exist at the soil surface as
shown in Table 6.11 or at least within the top 0 - 50 cm,
indicating that capillary rise is able to reach the rootzone
or the surface. As the groundwatér Lable falls to beyond 1.9
and 2.5 m, soil salinity at the surface is considerably
lower, as shown in Lhe table. The zone of maximuw soil
salinity instead occurs deeper in the profile (see Table
6.10), showing that at the two depths of 1.9 and 2.5 m,
capillary rise is not able to rcach the surface or, if it
does, the rate of rise is s0 small that insignificant
amounts of salt get transported to the surface. These two
depths are close to the recommended critical watler lable
depth of 2.5 - 3.0 m ( see Chap.2 ).

The highest salinity at Lhe surface within the

project area occurs where there is waterlogging, like in the
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vamp edges, and this can be attributed to relatively high
ates of capillary rise and hence sall Lransport to the
irface (see Table 6.11, profile no. 3). Soil tLexture also
auses differcences in capillary salinisation at the surface.
t about the samc groundwater tuble depths, medium textured
oils exhibit higher so0il salinity at the surface than fine
exlured s0ils, even with lower groundwater salinities. This
an be seen by comparing soil salinity results of profile
05.16 and 12, 11 and 10 and also 17 and 13 in Table 6.11.
he higher salinities at Lhe surface can be attributed to
igher rales of capillary rise for medium textured soils
han for finer textured soils.

For soils of the same texture, groundwater table
epth, and hence the rate of capillary rise, appears to
oniribute more to s0il salinity at the surface than the
vroundwater salinity level ( eof. results for profile nos.5,
» 16 and 17 ). Differences in groundwater salinity do not
ccessarily result in higher or lower salinity conditions at
he surface. Similar results have been obltained by Elgabaly
1971).

High so0il salinity in the area is generally
ssociated with seepage inflows which maintain high
roundwater tables for prolonged periods and thus enhance
apillary salinisation. The Block C area, the Upper and
entral parts of Kimorigo scheme and the southern areas of
amleza scheme and the adjacent Ngutini areas, where high
03l salinity conditions exist, all receive seepage inflow
rom areas with higher groundwater Lables.

Where the groundwater table is perched duc to an
mpervious calcareous layer, as at profile no.9 in

Kamleza

cheme, poor sall efflux condilions result in higher
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oundwater salinities than similarly irrigated areas in
ymleza scheme, Salinisation therefore occurs in between
‘rigations und this has led to high soil salinity despile
»ssibly sufficient leaching by irrigation water. Perched
-oundwater also occurs in the southerm parts of Kamleza
heme ( see Sec. 6.2 ).

Where mon-saline soils occur, bolh leaching and
nternal drainage can be said to be sufficient. This is the
1se in the idirrigaled areas of Kamlcza schewme where excess
rrigation water causes sufficient leaching of salts.
lequate internal drainage ensures evacualion of excess
alts in tLhe groundwater and, as rcported in Chap.5,
roundwatlter salinities in most parts of Kamleza scheme are
ow. Under inadequate leaching, capillary rise from cven
aler of relatively low salinity, as at profile no.10 (
imorigo Central ), can lead to high soil salinity levels
sce Table 6.11). Where drainage conditions are poor, as 1in
he Block C arca, groundwater tables remain high for long
urations after a sudden groundwater table rise. As noted in
hap.5, the Block C area continually receives subsurface
nflow from the river Lhroughout i1he year, which ensures
aintenance of high groundwater table conditions.

The so0il salinity results obtained by Asol (1984),
or the central part of Kimorigo scheme (near profiles no.l0
nd 11), also reflect the presence of capillary
alinisation, although his salinity levels are lower. This
ndicates that salinity levels have risen, which could bhe
rue as no measures have been taken since then Lo prevent
alinisation, i.e. there have been no improvements in the

eaching and drainage conditions.



The soil salinity boundaries drawn by Kanake (1982)
longer hold, because somc of the areas indicated as
ing non-saline or slighlly saline soils, particularly in

southern parts of Kamleza scheme and the adjacent
lini areas, now have strongly saline and sodic soils, as
ustrated by profile nos. 16, and 17 (see map in Fig.
0). This too indicales that soil salinity levels have
en. Siwilarly, in parts of Kimorigo scheme, like around
file nos. J0 and and 12, the salinity levels are
siderably higher. The rise in salinity levels can be
ributed partly to irrigation and partly to upward
ement of salts from the shallow and saline groundwater

e Chap. 5).

.3: Soil salinity/sodicily effects on crop growth

EC-values in the rovotzone can be oblained by
tiplying the weighled averages in the rootzome by a factor
3 (sec Sec. 6.2 and Chap.2). The rootzone depth

sidered is in the range 50 - 70 c¢m. Tables 6.12 and 6.13
ve the ECe- and ESP-values in the rootzone depth. The
.cussion on the cffeects of the soil salinity and sodicity
wditions on crop growth is presented in two parts :-

l Kimorigo and Kamleza Schcmes;

3) MNgutini, Block C and swamp edges.

) Kimorigo and Kamleza Scheme

The ECe-and ESP-values for Kimorigo Scheme in Table
12 reveal thal only in the lower areas the salinity and

dicity levels are low enough to enable cultivation of a
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de variety of crops, excepl sensitive ones (see Table
9). However, as there is no irrigation in Kimorigo Scheme,
ly the relatively drought Ltolerant cotlon is cultivatled
Lthis lower part of Kimorigo scheme, which forms
proximately 18% (25 ha ) of the total scheme area.

The remaining areas of the scheme in the upper and
ntral porltions have too high ECe~ and ESP-Values in the
otzone, such Lhat even the sall Lolerant cotton would
oduce little or no yield ( see Table 2.8 and 2.9 ). These
per and central areas of Kimorigo scheme are largely
cultivalted and only short grasscs are Tound. In a
all portion of the central area around profile no.10, it

possible to cultivate cotton, but with a reduction of
me 50 % in the yicld (scc Table 2.8). Cotton is actually
own in these areas, and a patchy growth does occur as
own by the photo in Fig. 6.12.

It is possible that with leaching, resulting fromn
infall and floodwalers during the rainy season (March-
y), lower ECe-values may temporarily occur in tLhe
)otzone. However, high groundwater tables for long
rations aflcr the rainy season increase soil re-
linisation and the benefit of leaching may be lost.

In Kamleza scheme, areas with high ECe- and ESP-
lues which would significantly affect crop growth, occupy
proximately 25% (= 75 ha) of the total scheme area. ECe-
lues are as high as 60 mS/cm in lthe rootzone and no crop

owth would be expected.

162



ble G.12: ECe~ and ESP-Valucs in the rootzone
(Kimorigo and Kamlecza Schewes)

ca Average
ECe ESP
msS/cm % Possible crops

worigo Schewne

per : Profile No. 4 24.6 17 No crop
nlral: Profile no.1l0 18 12 cotlton
Profile no.1l 35 47 No crop
swer : Profile no.l5 3 6 All except sensitive
crops

mleza Scheme

wilh : Profile no.8 0.8 2 All crops
Profile no.5 14.3 43 coltton with

nlral: Profile no.9 42 39 no crop

>uth : Profile no.16 21 41 no crop
Profile no.17 60 58 no crop
Profile no.l8 i B 9 all crops

Salt tolerant bushes and grasses are predominant in
yese areas, The remaining 75% of Lhe scheme area have low
Ce- and ESP-values in the rootzonc such that even sensitive
rops can be grown. Crops which were observed in Lhese areas
nclude fruit crops (lemon, avocado, mango), food crops
maize, bean, cowpea); vegelable (cabbage, kale, onions,
omatoes) and coltton as a fibre crop.

In the section close to the river and also the areas
djacenlt to the Njoro Kubwa canal (profile nos. 2 and 1
espectively), salinily and sodicity levels are low enough

o cnable cultivation of even sensitive crops.
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(11) Mgutini, Block C and Swamp Edges

In the upper areas of Ngutini cotton can be
cultivated as the ECe-valuc in the roolzone is 10 mS/cm.
However, the high ESP-Value of 66% may cause stunted growth.
Fig. 6.2]1 shows stunted cotton and maize growth in a saline
and/or sodic patlch.

The areas abounding Kimorigo Scheme have similar soil
conditions as in the lower areas of Kimorigo and cotton does

very well (see Table 6.12).

Fig.6.21: Stunted waize and colton growth in a salt affected

patch in Marodo.
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parls of Ngutini adjacent to Kamleza

ECe-

The lower
cme have soils with very high and ESP-values which
not allow any crop growth. Salt bushes and grasses

inate in these lower areas of Ngutini.

The Block C area also bas soils with very bhigh ECe-
that would prohibit

Lhe rootzone
the

| ESP-values in

in Lbe lower areas of Ngutlini,

tivation of crops. As

dominant vegetalion are salt bushes and grasses.

On the swamp edges, exireme salinity and sodicity

ditions also exist and Lhe waterlogged condition appear tlo

our the growth of Wild date and Doum palmus.

ECec-and ESP-Value and influence on crop growth

le 6FEF:
(other areas).
Avecrage

a ECe ESP Comments

ITINI

er: Profile no.22 10 66 cotton can be grown
e Profile no.19 55 80 no crop

ck C

15 o As for Upper Kimorigo Scheue

‘tral: Profile no.12 61 100 no crop

cr

VAMP_EDGES

60 86 no crop

:Profile no. 3



6.4.4: Hydraulic conductivity discussions

The data in Sec. 6.3 on hydraulic conductivity give a
pointer Lo the varying internal drainage conditions in the
area. In the Block C area, the low hydraulic couductivities
of less thanm 0.1 mm/day reflect poor intermnal drainage
conditions. The salty conditions of the soil and
groundwalers in the Block C area can be attributed to the
poor internal drainage ( due to low hydraulic conductivity )
coupled wilth the low groundwaler slope in the area, leading
to low salt efflux. In terms of reclamation of the soils in

the Block C area and the upper parts of Kimorigo scheme, the

low K-values would result in i) very close spacing of

drains, and ii) low Jleaching efficiency and thus very high

amounts of waler required for lecaching.

In the cgntral parts of Kiwmorigo scheme and most
parts of Kamleza scheme, the K-values are higher than in the
Block C and the upper areas of Kimorige schewe, indicating

relatively better internal drainage conditions.
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7 GROUNDWATER BALANCE CALCULATIONS

7.1: Introduction

Groundwater balance calculations in this chapter are
to enable quantification of the various sourcés of cxcess
groundwater in the project area. The Lheory and pertinent
formulas have becen considered in Chap. 2. Once the sources
are quantitatively kpnown, then appropriate remedial measures
can be recommended as earlier mentioned in Chap. 2.

Four areas within the two schemes have been selecled
for the groundwater balance asscssments, namely; Central and
Southern areas of Kamleza scheme around wells C3 and B5 and
the Upper and Lower arcas of Kimorigo scheme around wells EZ2
and D3.

The main sources of groundwater supply in the area,
which arc often the causcs of high groundwater tables or
drainage problems, are excess irrigation and precipitation,
floodwater and scepage inflows (see Chap. 5). Changes in
walertable levels, Z}h » fTor the four selected areas are
rcpresented by well hydrographs in Figs. 7.1 to 7.4 at
wells €3, B5, E2 and D3, respectively.

In order to rclate the groundwater table changes
either rainfall or irrigation, 10 - day rainfall totals have
been plobtted above the hydrographs. Arrows have becn
included in the figures to illustrale dominant percolation
or capillary rise.

The precipilation data used in the waterbalance
calculations are in Table c-1, App.C and the

cvapotranspiration data in Table C-2, App. C.
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The unknowns Lo be deltermined from Lhe water balance
caleculations arc net subsurface inflows (I:s)‘ amount of
percolated water (Perc), amount of irrigation water (Irr)
and the drainable pore space (P)‘ Irrigation efficiency
estimates have been made by comparing the expected crop
water requirement for a given period with the awmount of
irrigation water calculated from Lhe water balance for the
same period.

For none of the four selected areas, there is
direct interaction between the water level in the Lumi river
and the groundwaler table. Consequently, the discharge term,
(Q30f ~ Qge) in the Groundwater Balance Equation (eqn. 10),
is zero. Also, due to the nearly flat topography (low
groundslope) surface runoff is considered negligible in the
following calculations.

A sample calculation has been presented for the area
around Well C3 in Central Kamleza scheme. For the other
areas, calculated values or results have been given in
tables. However, for every area, a brief explanation is

given of how the results have been obtained.

Tods Sample calculation for Kamleza Central

Five different cases of groundwater balance
assessment, using the indirect mecthod, have been selected.
The first case involves the determination of tLhe net
subsurface inflow, I;5» and the drainable pore space, u,
which are both unknown. ITn the next three cases, the

calculated values of Igg» and u are substituted in the
groundwater balance equation to enable determination of the

other unknowns as explained later. In the final case, the
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1el subsurface inflow, T_ ., is determined from the

sroundwater balance equation, all other terms being known.

case 1 ¢ Calculation of mnet subsurface inflow,1’ . and the

drainable pore space.P.

The net subsurface inflow and the drainage pore
space have been calculated for Lwo periods during which the
supply (Pere - Cap) and the change in water table (Z}h) are
known. The two periods are 10/4 - 14/4/89 and B/5 - 15/5/89.
'he groundwater table at the slarl of the two periods is at
1 depth of 90 cm below the surface (sce Fig., 7.1).

For the two periods there is percolation due to
excess preecipitation over evapotranspiration causing a
sroundwater table risc. The soil is supposedly at field
capacity, hence there is no change in the soil moisture
content (ZSSS- = 0)., Capillary rise is zero as there is
percolation of water Lo the groundwater table. There is no
irrigation, hence Irr = 0 and runoff is negligible as
1lready mentioned.

For the first period of 4 days from 10 / 4 - 14 / 4/
B9, the amount of percolation can be found by using eqn. (8)
or (9) and substituting Pr = 37.5 mm (from Table C-1, App.
C) and Et = 16 mm ( from Table C-2, App.C ). One thus

ohtains; P = R - ET = 21.5 mn.

Applying egn. (18), and substituting Perc = 21.5 mm, Zlh =
225 mm and é}t = 4 days from Fig. 7.1, one finds

.
L}

I’ss = 225 P FE REID § 8 7. e R s SR o
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For the second period of 7 days from 8/5 - 156 / 5 / 89, Pr =
41.0 wmm and Et = 25.2 mm and by substituting these valucs

into either eqn.(8) or (9) one finds; P = 15.8 mum

By applying egqn. 18 and substituting Perc = 15.8 mm ,Ah =

150 mm and At = 7 days ( from Fig. 7.1 ) one finds for this

sccond period;

I'ss = 150 p/ 7-16.8/7 7T .ioovvinnn, (i1)

As the watertable clevations are similar during the
iwo periods, the valucs of Llhe drainmable pore space and the
nct subsurface inflow are assumed constant (sec Chap. 2,

Sec.2.4). The two equations (i) and (ii) can therefore be

solved simultaneously, giving;

Pz 9 X and IT’as = -0.32 um / day

At well C3, the s80il texture in the range of
watertable fluctuation during the two periods is sili loam
(sec Table A-2, App. A ). From Table 2.4.1, the value of the
drainage pore space for silt loam is in the range 3 - 19 %.
The calculated value of 9 % therecfore looks acceptable. The
negalive I . is an indication that the outflow from the area
is morc than the inflow. This soon causes a fall in waler

table as can be scen in Fig.T7.1.

The period considered for the water balance

assessment is 4 / 12 - 9 / 12 / 88B. There is percolation due
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o excess irrigation. The awount of percolated waler, Perc,
an be determincd by using eqn (15). By subatituting,‘y = 9
) X3 = - 0.32 mm/day, [&h= 800 mm and At = 5 days (from

ig. T7.1) and Cap = 0 one obtains, P = 73.6 mm.

Applying egn.(8), and substituting Perc = 73.6 mm, and

ET = 22.5 mwm (all other terms = zero), we getl,

‘or the 5 days ( 4/12 - 9/12/89), the crop walter requirement
vould be about ( 56 x 0.9 x 4.5) = 20.25 mm, where 0.9 is the
verage crop coefTicient factor, Ke¢, and 4.5 is the average
wonthly evapotranspiration for the month of Dccember.

The irrigation application efficiency, Ea, can be

ralculated as

En = 20.25/96.,1 x 100 ="21 %

Normally Ea is about 40 - 50 % for many surface
rrigation methods (Michacl, 1983). The calculated
:fficiency is therecfore about half of the normal figure, an

ndication of poor water managemenlt (or excess irrigation).

Case 3:

The period considerecd here is 7/7 - 14/7/89. There is
percolation resulting from irrigation. By substituting
lge = = 0.32 mm/day, = 9 % and Ah = 350 mm and At = Tdays
into eqn.(12), one finds, P _= 33.7 mm. The awount of

irrigation water can be found by applying egn (11), and
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ubstituting P = 33.7 mm and ET = 24.5 mm (all other terms
cing zero) and one finds, I; = 58.2 mm

'he calculcated irrigation efficiency in this case is 38 %.
casc 4

The period considered here is 21/7 - 4/8/89, and similar
conditons apply as in case (3), cxcept ET = 49.6 mm and
Ah = 150 wm and At = 14 days. The calcualted, Perc and Irr
- Lterms and the application efficiency, Ea, are presented in

[able 7.1 using eqs. 8 and 12, respectively.
Case 5:

This covers the period from 4/8 - 31/8/89. The
groundwater table is constant, (A h = 0). The lateral
subsurface inflow, I’ss , must therefore be equal to the
capillary rise which in turn equals Lhe ET - rate (all other
terms being zero), which is 3.7 mm /day for the month of

August.

able 7.1: Suwmnary of resulils of groundwater balance
calculations (Kamleza Central).

Period N I’ss P Cap (P — Cap) Ii Ea

% mm/day 1o mn/day  mon/day mm %
0/4 -14/4/89 9 —). 32 21.5 0 5.4 0 -
/5/-15/5/89 9 =03 38 15.8 0 213 0 "
/12-9/12/88 9 =0CE 3.6 0 14.7 96.1 23
/7 14/7/89 9 -0, 32 {4 P 0 4.8 58.2 38
1/7-4/8/89 9 “0. 32 18 0 1.4 68.3 65
/8-31/8/89 » 3.7 0 31 Bast a7 0 i
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7.3: Groundwater balance calculations (Kamleza

South).

In Kamleza South (around well B5) marked changes in
groundwater table occured due to irrigation and
precipitation, as illusiraled by hydrograph of well BSH, Fig.
T.2.

The values of the drainable pore space, u and the net
subsurtace inflow, I'ss, havec becen estimated for periods 7/4
10/4/89 and 9/12~-23/12/88. These two values have
subsequently been used in groundwater balance calculations
for other periods, where thcy are assumed to be about the

same. The results are presentcd in Table 7.2.

Table 7.2: Groundwater balance calculation results (Kamleza South )

Period o I’ss P Cap (P '— Cap) I3 Ea
(%)  mm/day mn  wm/day mm/ day mm %
;;;;1;;;);; 3.1 0 100.56 0 m____;é.5 0 =
9/12--23/12/88 - 147 0 i By ¢ =1.:7 0 =
13/1-27/1 9.1 147 69.5 0 5.0 100.5 56
11/8--18/8/89 9.1 | %4 24.5 0 3.5 50.4 47
23/6-3/7 - 3.6 0 3.6 ~3.6 0 -
14/7-28/7 9.1 6.3 0 3.5 -3.6 i 1 =

(a) Estimation of the drainage pore space u.

To calculate the drainable pore space, u, a period of

heavy rainfall, 7/4 - 10/4/89 was selected. Eqn. 16 applies
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and, u = P //Ah, where Ah = 1025 wm (from Fig. 7.2), and

P = Pr for the period (see Table C-1, App. C).

(b) Estimation of the nmet subsurface inflow, I’

The period considercd was 9/12 - 23/12/88. During
this period the groundwater tuble is constant. The mnet

subsurface inflow is found using Eqn.13, i.e¢, I’ss = (Cap - P).

The (Cap - P) term is deltermined by using Egqn. 9
where, (P - Cap) = (R - ET), the wvalues of R and ET
being obtained from Tables C-1 and C-2, App. C. There is no
change in Lhe soil moisturc content as water lost from the

s0il is replaced from below by capillary rise.

(e) Estimation of P and Ii

Using the u - and I’ss - values from (a) and (b)
recspectively, the amount of percolated water, Perc and
irrigation water applied, Irr, have been estimated for the
periods 13/1-27/1/89 and 11/8-18/8/89. Application
cfficienciecs, Ea, have been calculated by comparing the
expected crop water requirements with estimated amounts of
irrigalion water applied during Lhe two periods.

The amount of percolated water is determined from
Eqn. 12 and the irrigation water applied from eqn. 8. There
is no change in the so0il moisture content, ASS‘ = 0 and

since there is percolation, Cap = 0 too.
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(d) Estimation of I’ss

During the period 23/6 - 3/7/89, the groundwater
table stays constant and the net subsurface inflow, I’ss, is
equal to Lhe capillary rise which in turn equals the ET -

rate over the period.

(e) Estimation of I’ss

For the period 14/7 - 28/7/89 , therc is a rise in
groundwater table attributed to subsurface inflow. For the
groundwater table to rise, the subsurface inflow must be
greater than the evapotranspiration rate and consequently the
capillary rise. The s0il moisture content remains unchanged
as any water lost from the so0il is replaced from below by
capillary water.

By assuwing Lhat the ET-rate approximates the
capillary visec over the period of groundwater table rise, an
estimate can be made of the net subsurface inflow, I’ss by
using eqn. 12, and substituting u = 9.1 %, Ah = 275 um ( from

Fig. A--T, &pp. A),] Cap = KT (= 3.5 mm/day for July) and
P = 0.

7.4: Groundwater balance calculations for upper Kimorigo

In this area, the main sources of excess groundwater
arc subsurface inflow, floodwaters and excess precipitation
in the months of April and May. The variation in groundwater
Lable position is shown in Fig. 7.3. Groundwaler balance

calculations have been done for Ltwo periods; 3/2 - 24/2/89
and 4/8 - 15/9/89.
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For both periods, the nel subsurface inflow equals
the difference between precipitation and evapotranspiration.

The results are shown in Table 7.3.

Table 7.3: Groundwater balance calculations Upper Kimorigo

Period I’ss (P — Cap)
(mm/day) (mwm)

3/2 - 3/8/89 4.3 -89.4

4/8 - 31/8/89 e Y O -100.6

7.5: Groundwater balance calculations (Kimorigo Central)

The cenilral area of Kimorigo receives subsurface
inflow from the irrigated arcas of Kamleza North (See Fig.
5.1, Chap.b). This seepage inflow causcs the groundwatler
tables in this area to risc and stay at around 1.0 m depth
from the surface for long periods (see Fig. 7.4).

Changes in groundwater depth also result from excess
precipitation and floodwaler, during the months of April and
May. Four groundwater balance calculations have been donc to
find estimates of net subsurface inflow, the drainage pore
space, percolated floodwater. Results are presented in Table

7.4. The fTollowing notes relate to the calculation of the

data presented in the Table.
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Table 7.4: Summary of results on groundwater
balance calculations (Central Kimorigo)

Period p I’ss P Cap (P -Cap)
(%) ( mm/day) (mm) (mm/day) (mm/day)
7/7 -31/8/89 - 3.5 0 3.0 -3.5
23/12/88-6/1/89 - 2.0 = - 2.0
7/4-10/4/89 9.6 0 B8.5 0 29.5
23/6--10/7/89 9.6 6.9 0 3.6 -3.6

(an) The drainage pore space, u

This has becen calculated for a period when thcre is
intense rainfall (7/4 - 10/4/89). The e value 1is
calculated using eqn. 14, i.e. u = P /Ah

The amount of percolation is obtained from egn. B or
9 and equals precipitation, all other terms bcing zero. The
value of Ah can be rcad off from Fig. 7.4. The 9.6 % shown
in Table 7.4 agrees rather well with the 9 % for Kamleza

Central and the 9.1 % for Kamleza South.

(b) Net subsurface inflow, I’'ss

Threc periods have becn considered. During the first
period (7/7-31/8/89), the groundwater table remains at the
same level, and for this to happen, tLhe net subsurface
inflow, I’ss, should be equal to Lhe capillary risc which in
turn equals the ET-rate (all other terms being zero), which
is 3.5 mm/day.

During the second period, 23/12/88-6/1/89, the
groundwater table also remained constant. The net subsurface

inflow thereforc eguals 1he difference between +the
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rercolation and capillary rise, (Perc - Cap), which in turn
equals the precipitation minus evaporation ( R - ET ), all
other terms being zero.

For the third period, 23/6 - 10/7/89, +therc is
subsurface inflow from Kamlezn scheme causing a groundwater
table rise. Going by thc same argument as in Sec.7.3 (e), an
estimate is found of the net subsurface inflow by using

cqn. 12 and substituting the u — value, from (a) above , Ah

400 mm (from Fig. 7.3) and Cap = ET (from Table C-2, App. C).

7.6: Discussion

From the groundwaler balancec calculations, it is
evident that there often is substantial subsurface inflow
from higher irrigated areas lo lower lying areas i.e., from
Kamleza North to Upper and Central areas of Kimorigo, as also
shown qualitatively by the arrows in the walertable contour
map in Fig. 5.2. The net subsurface inflow is initially
higher than Lhe evapotranspiralion rate and causes a risec in
the groundwater table. As the water table rises, the
subsurface inTlow reduces until 31 equals the
evapotranspiration rate and the groundwater table becomes
conslant.

The subsurface inflows are undesirable as the
resulting high groundwater tables promote capillary
salinisation. With estimates of the inflows wade and 1bhe
groundwater flow directions and slopes known (see Chap. 5,
Sec. 5.2), it is possible to design cut-off drains and
properly locate Lhem. For example, in the case of subsurface

inflow from Kamleza scheme Lo Kimorigo scheme, a cut-off
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drain can be located along Lhe road between ihe Lwo schemes.
This cut-off drain may also scrve the purposes of discharging
cxcess surface flows or as a main drain for Kamleza schene.

Although some acceptable estimates of the irrigation
efficiencies werc made (around 40 %), ithe very low irrigation
efficiency of 23 % in Kamleza Central indicates that there is
no strict irrigation waler management in the scheme. In Chap.
1, flooding of farwms in Kamleza North was rveported ( sce
rhoto in Fig.4.8 ) which too is a pointer to poor irrigation
water management. During the investigations it was not
uncommon to comc across irrigation waler flowing even in
uncultivated plots, an example being the area around Well B5
in Kamleza Soulh.

A low irrigation efficiency means high amounis of
water lost to the groundwater table, the consequence of which
is a groundwater Lable rise in the irrigaled and adjacent areas
and an enhanced capillary salinisation. The water managcment
in the schecme therefore needs to be improved and this will
not only resull in reduced recharge to the groundwater table
bul the irrigation waler thus saved can be used in other mnon-
irrigated areas. Where additional irrigation water is
required for leaching, low irrigation efficiency is
tnevitable. However, in such cases, there should be provision
of adequalte drainage to ensure the evacuation of tihe extra
lecaching water. As already noted in the previous chapters,
drainage is inadequate in the project area and the low
cfficiencies, at the moment, though desirable for leaching of
salils, only exacerbate the drainage siluation.

Percolation from excess precipitation and floodwater
is high due to low run—-off. When there is intense rainfall

over a short period as occurred in April, 1989, percolation
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is high causing groundwaler tables to rise to the surface.
The percolation to the groundwater table can be reduced
through construction of surface drains to channel away ponded
water. The influence of floodwalter on the groundwater table
can be rcduced through flood control measures (see Chap. 4).

In Chap. 2, Sec. 2.2.1, it was mentioned that Berger
and Kalders (1983) ncver considered subsurface inflow in
their fiecld drainage design as they assumcd that it was
negligible. The results obtained in Llhis chapter prove that
subsurface inflow is substantial and cannot be neglected in
the design of field drainage, except when it is prevented
from entering the ficld through installation of cut-off
drains as mentioned above. Although no groundwater balance
has been made for the areas close to the river , it is
cvident frowm the groundwater table contour map in Fig.5.2
that there is subsurface inflow from the river to the
adjoncent low —lying areas. The high groundwater tables in
areas close to the rviver, 8s shown by the hydrograph in
Fig.A-1l, App. A, is due to Lhis subsurface inflow (also refer
to Chap. 5).

The values of the drainable pore space calculated (9
- 10 %) lie within the expected range for silt loam soils as
indicated inm Table 2.15,! Chap..2:

Values have been calculated of the capillary rise
ranging from 1.7 wm/day to 3.7 mm/day. The rate of capillary
rise as mentioned in Chap. 2, decreases with increase in
depth of the groundwater table below the surface. The soil
texture also influcnces the rate of rise. The valuces

calculated appear to be within acceplable limits.
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8. SALT BALANCE ASSESSMENTS

B.1. Sall balance calculations

In Chap. 6, it has been shown that capillary
salinisation exists in various parts of the project area.
This a net upward salt movemenlt could be counteracted by
lcaching water, washing salts down again. In Chap. 7, it has
been shown that capillary rise may be as high as the
cvapolranspiration rate in arcas wilh shallow groundwaters
and a net positive subsurface inflow (seepuge). It could thus
be useful to have an idea of the magnitude of Lhe leaching
requircment, so Lthat one can assess if leaching as a
manangement pracktice can solve the problem. If so,
quantification would provide a basis fTor drainage design at
the same [ime.

Considering steady state conditions, a sall balance
can be made to determince the extra icrrigation regquirement in
various locations needed Lo maintain favourable sall
conditions in the rootzone by using equation 24 (Chap. 2).
The parameters which are required for the waler balance are
Ft-rate (E); the rainfall amount (R); the rate of capillary
rise (G); the groundwater quality (ECg); the irrigation water
quality (ECi); the allowable so0il salinity level in Lhe
rootzone (ECe); and the leaching efficiency factor (f).

The values of the evapolLranspiration used (E) and
rainfall (R) have been obtained from Tables C-1 and C-2 in
App.C. The rate of capillary rise (G), has been determined
by reference to Fig. 2.3 and TablerC-3.,: App. C, which show
the rate of capillary rise for different soil textures at
diflferent depths. Informalion on the so0il textures is in

Table B, App. B. For our case, the maximum rate of capillary
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rise, on average, 1is taken as the maximum average
cvapotranspiration, which is 4.23 mm/day ( annual average).
Average waler table depths have been obtained by reference
to Tables A-1 and A-2, App. A. The groundwater salinity
averages have been obtained by reference Lo Table A-4, while
the leaching efficiency factors have been obtained from
Table 2.15 (Chap.2). The rootzone depth considered is 50 cm
( sce Chap.6).

Fight sites have been considered for the assessment
and the details of the average groundwater quality, ECg,
average waler table depth (W), soil texture (st.) above the
water table, the estimated capillary rise,G, based on the
waler table depth and Lhe soil texture, and finally the
lecaching efficiency factor,f, arc presented in Table B8.1.
The hcight of Lhe rootzome above the water table (H) is also
indicated.

Three sample calculations of salt balance |,
considering steady state condiltions are presented below for

sites E3, D3 and C5.

Sample calculation (1) - site E3

Data

Average annual ET = 1544 wmn ( from Table 1.1)
Average rainfall, R = 595 mm ( from Table 1.1)
Capillary rise, @ 3.5 mm/day = 1277.5 wm/yr

(from Table 8.1)

Average groundwater quality,ECg 13 mS/cm (from Table 8.1)

Allowable ECe (crop rootzone ) = 4 mS/cm ¥
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NB: ¥ - the allowable ECe for 75 % yield polential for wmaize
and some vegetables as shown in Table 2.3, Chap. 2).
Substituting the above figures and f = 0.4 (from Table

8.1),into egqn. (24), as below,

Table 8.1: Sites for waler and salt balances and their
characteristics.

Site ECyg Texture W H G f
wS/cm (m) () (m/day )

5 3.8 silL/C 0.9 0.4 4.2 0.4

pit no.l7)

3 A § L 0.9 0.4 3.2 0.45

pit no.9)

5 1.6 1, 146 0.5 4,2 0.4

pit no.l18B)

3 1.3 L {23 0.6 4.2 0.45

pit no.10)

2 1.6 ¢ 0.85 0.:35 0.3 Q.25

pil no.4)

3 13 CL d ihie 0.8 3.5 0.4

(pit no.ll) ;

| 43 C 1.2 0.7 4.0 0.4

(pil no.l2)

"3 7.9 Cc 0.8 0.3 4.0 0.256

(pit no.13)

(E-R).1.5ECe G. (ECg - 1.5ECe)
T.I = —mmmmm—meee—- Al T R e e it e e e
(1L.5ECe - ECi) (1.5ECe ~ ECi)
onc obtains; T = 6363 mm and P = 5086 mm (from eqn.22).
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Sample calculation

(2) = mite D3

The data is the same as above except that RECg = 1.3
mS/cm, F = 0.45 and G = 4.23 mm/day = 1544 wm/yr. Using
eqn.(24), we get; T = -604 mm and P =

= 323 wmm.

This shows Lhat irrigation water
there

is not needed as
is already cnough

waler brought
table by

from the groundwater
There

capillary rise. is ulso no need for leaching

as (P-G)

is mnegalive.

The results Tor other sites are given
in Table B.2 below.

Sample caleculation (3)

site CH

Data is same as for

the two cases above except that
ECg = 7.6 mS/cm, G = 4.2 mm/day, and f= 0.4. By subslituting
these figures into equ. 24, one obtains; I = 3549 mm, and by
using eqn.22, P = 4144 mn.

The resulils of the sall balance calculations for Lhe above
and 5 othevr sites are given in Table 8.2 below.
in the Table are the leaching ratio

lecaching requircement

Also shown

(100 x P/1) and the
(100 x (P-G)/I).
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Table 8.2: Results of salt balance calculations (steady

state)
site TP PG P/IxI00 (P-0)/Tx100
IV ol e R e
c3 231 826 -718 = =
C5 3549 4144 2600 117 73
D3 -604 -9 ~16356 - %
E2 9546 10141 8597 106 90
E3 6363 5085 3808 80 60
E4 25962 26473 25013 102 96
F3 5890 6401 4961 109 84
NB: T ORI g e LGSR 80 VEEIRS (AR yeds) vl Lh €1 and
P = total deep percolation (mm/ycar)
G = capillary rise from groundwatert (mm/year)
8.2 : .Discussion

From the salt balance calculations, it can be seen
that the amount of (extra)-irrigation water depends on Lhe
salinity level of the groundwater, Lhe rate of capillary
rise, and the leaching cfficiency (other factors being
equal). In the area between Block C and the lower parts of
Kimorigo scheme around well E4, where the groundwater
salinily is very high, Lhe amount of irrigalion water
required for maintenance of favourable salt conditions in
the rootzone is epnormous; 25,962 mm/year. Without this
amount of water applied, then capillary salinisation is
bound to occur. However, such annual amounts of waler are

out of the question; proper measures would include lowering
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of the groundwater table, improving the drainage and a
rigorous reclamation programme, after which more normal
annual leaching requirements would be needed.

Tu the upper areas of Kimorigo scheme where both the
groundwater salinity and the Jleaching efficiency are high,
irrigation water requircments are high , although less than
al well E4 due to the lower groundwater salinity level. In
areas whcre the groundwater salinity is less than 1.5ECe,
irrigation waler requirements arc relatively lower and as at
well D3 in the central part of Kimorigo scheme, where the
groundwater salinity is 1.3 mS/cm, mno idirrigation water is
required; the capillary rise from below can be considered as
"rainfall from below"” providing the net irrigation water
requirement. It was noted maize and banana crops did well in
this area despite there being no irrigation. At wells C3 and
B5 in the central and southern parts of Kamleza scheme,
irrigation waler requirements are also low as the
groundwater salinity is less than 1.5ECe.

In the central areua of Kimorigo scheme, towards the
old Kimorigo drain around well E3, the incrcase in
groundwater salinity results in higher amounts of irrigation
water for maintenance of favourable salt conditions in the
rootzone. From the groundwater salinily map in Fig.5.4 show
that most parts of the central aonod upper areas of Kimorigo
scheme have ECg- values greater than 8 mS/cm. The watertable
depths are also often less than 1.5 m from the surface ( see
Table A-2, App.A). As there is no irrigation, salinisation is
cxpected to be pronounced and the high soil salinity
conditions at profile no.ll1 ( around well E3), prove that

this is so ( sece Chap.6),
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In conclusion, it can be said that salinisation is

bound to continue in most parts of the area unless there is

adequate lcaching and draipage. Groundwater tables need to be

lowered to reduce capillarity into the rootzone and as noted

in Chap. 6, the groundwaler tuble depth should lie al not

less than 1.5 m from Lhe surface. Decision on what measures
Lo tauke in various parts of the project area are givcn

the next chapter.

in
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9 APPROPRIATE REMEDIAL MEASURES

9.1 Identified problems

From the information provided in Chapters 4 to 7,
some remedial measures can be recommended to solve the
problems afflicting idirrigalion development in the
Kimorigo/Kamleza area. In Chap. 4, two problems were
identified; flood and surface drainage problems (which lead
Lo surface water ponding for long durations ). In Chap. 5,
subsurface drainage problems were noted to exist in many
parts of the schemes; high groundwater tables do occur for
long durations; water al tiwes is present for upto 3 months
in the rootzone. The groundwaters were also noted to be
saline and/or sodic and their occurrence alt shallow depths or
within the rootzone leads to capillary salinisation as
reported in Chap. 6. ITn Chap. 7, groundwater balance
calculations have indicated that seepage inflow from higher
to lower areas, excess precipitation and irrigation, and
floodwaters are the major sources of excess groundwater in
the two schemes. The salt balance assessment further points
to the need of providing other measures in addition to extra
irrigalion water (leaching requiremenl), especially in areas
wilh shallow and sallty groundwater, because too high amounls
of drrigation water would bhe needed to maintain favourable
sall conditions in the rootzone. Moreover, any extra water
needs Lo be removed 1o prevent the further rise of the
groundwater table.

The measures recommended in order to help alleviate
the drainage and salinity problems in the area are given in

the following sub-seclions.
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3.2 Flood control

Flood flow over Lhe arca was noted to originate from
the Lumi river, through broken parlts or breaches in the
river’s flood dyke and also around the dyke. It was also
noted that the flood and storm drains adjacent to the dyke
irc vegetated and silted. Based on these findings, the
mcasures which need to be undertaken to prevent flood flow

over the area would include:

(a) Repair of all broken parlts of the dyke, especially the

nain brokem part at the head of the dyke (see Chap. 4);

(b) Desilting and clearing of vegetation in the flood aund
storm drains so as to increase evacualion of floodwaler and
also to prevent backing up of floodwater, which finds its way

nround the dyke;

(c) Exlcending the dyke further north to reduce chances of
flood flow around the dyke. This may involve Lhe construction

of a further 500 to 1000 m length of dyke.

The height of the flood dyke, which varics between
1.0 - 2.0 m along its course appears Lo bec sufficient as no
flood flow was noted to occur over the dyke. However, with
the many broken parts, a firm decision on the adequacy of
the dyke height can not be made at the moment.

While the above may be the immediate measures to be
undertaken to solve the surface flooding problem, further

investigations may need to be carried out to
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(a) find ways of increasing Lhe Lumi river channel capacity
in its lower reaches where the water level in the river is at
a higher elevation the the adjacent land (see Chap. 4). This
may involve desilting and clearing of swampy vegetation. This
will result in a higher channel capacity and thus a possible

rcduction in flood flow onto adjacent land.

(b) find ways of increasing the discharge from lake Jipe
through the Ruvu swamp to Tanzania. A higher discharge will
lead to possible lowering of the Luke water level ( and hence
the drainage base of the project area). This will in turn
result in iwmproved drainage of adjacent areas. A clear

channel of the Lumi river in its lower reaches will reduce

flood flow.

(¢) find ways of diverting some Tlood waters {o either flow
directly to the Ruvu swamp by-passing Lake Jipe or divert
the flood water to the Lake Jipe through a channel before
the Mjoro Kubwa springs. However, this may in turn result in

flood problems in other areas.

9.3 Surface drainage

Surface water ponding is common in the projecl area
aflter oceurrences of flood flows, high preciplitation,;
excessive irrigaltion or canal overflows. Measures which need
to be undertaken to avoid these surface ponding problems,

apart from those mentioned in Scc. 9.2 are

(a) Completing the New Kimorigo drain; the remaining length

is 3.4 km. The drain is designed Lo carry a peak discharge
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of 2 m3/a at o slope of 0.056 % and is 2.5 m deep ( Bergecer
and Kalders, 1983). This drain was intended to serve an area
of 2000 ha stretching from the Njoro Kubwa canal area to

Mgutini in the south (also to collect water from field

drains).

(b) Tf the above drain may not be possible in the next one or
tlwo years, due to lack of funds, then the old Kimorigo drain
can be desilted and clearcd of vegetation Lo help in

discharge of excess surface water.

(¢) Installalion of a wmain drain between Kimorigo and Kamleza
schemes (along Lhe road, see Fig.B.1) for dispossal of excess
surface and subsurface water from Kamleza scheme. This drain
should start from around well D2 upto well D5, a length of 3
km, before joining the old Kimorigo drain ( see Fig.8.1). As
noted in Chap. 5, there is sufficient head between point D2
and the oullet at Ruvu swamp and this mwain drain can be as

deep as the New Kimorigo drain (2.5 m).

(d) Tnstallation of collecltor drains in the schemes Tor
disposal of excess surface and subsurface water from the
schemes and discharging into the main drain. The collectors

will also receive water from field drains (see next seclion).

9.4: Field drainage

Capillary salinisation as already menlioned in
chapter is pronounced in many parts of the project area. In
order {o prevent capillary salinisation, a net downward

movemenlt of excess water and salts should be ensured. This
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can be achicved through provision of adequale water for
lcaching ( see Chap. B). The excess water and salts must then
be evacuated out of 1he so0il by providing adequate field
drainage. The amounts of extra irrigation water required as
already eslimated through salt balance assessmentl
calculations ( Table B.2, Chap.B) are extremely high for some
locations. In order to reduce the amount of salts transported
to the surface by upward capillary flow, the groundwater
table should be maintained al deplhs greater than 1.5 m from
the surface as shown in Chap.6. However the occurrence of the
calcarcous layer at shallow depths, less than 1.5 wm in many
places may be hindrance to maintaining Lhe waler table at 1.6
m below the surface.

From the invesligalions and the groundwater and salt
balance assessments, the following information ueeded for

design of field drainage system is availabe:

i) depth of the calcareous layer within the schemes,
1i1) K-values at several locatlions,

iii) drainable pore space ,
iv) leaching requirements (for current situation),

v) estimate of irrigation cfficiencies and thus an

estimate of expected irrigation losses, and

vi) wnet subsurface inflows.

However, before carrying out a field drainage design,

more investigations arc necessary Lo establish:

i) the depth to the impermeable layer, especially where the
underlying calcareous layer is perviuos as in the central

parts of Kimorigo scheme.
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ii) the K-value of the semi-pervious calcareous layer ( any
design at the moment in places where the semi-pervious layer
exists will assume thal the layer is impervious or has a

K-value less than 1/10th of that of the overlying soil).

11) K-values in many olther places in the scheme as the
determined K-values only give an indication at a few
locations. Differences may exist within short distances as
was wiktnessed around well B5 (sce Sec. 6.3). A K-map would be

advisable.
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10. CONCLUSION AND RECOMMENDATIONS

The results obtained of the drainage and soil
invesligations in the projecl area lead to the following

conclusions;

1) Duc to the low ground slopes, both surface and subsurface
drainage of excess water is slow, This often leads to
surface water ponding and high groundwater tables for long

periods.

i1) The main sources of excess surface water are floods,

precipitation and overflowing waler from irrigation canals.

i1i) The wmain sources of excess groundwaler supply ( and
thus the causes of the drainage problems ) are floodwater,
precipitation, irrigation and seepage or subsurface

groundwater flow.

iv) Roth surface and subsurface drainage are poor as
witnessesd by surface water ponding and high groundwater
tables for long duration, calling for the need to install

more surface and sub-surface drainage channels.

v) The high salt content of the soils originates from the
groundwater i.e there is salinisation from groundwater (

capillary salinisation ).

vi ) A low irrigation efficiency of 2] % as estiwatecd from
groundwater balance assessment i3 an indication of poor

watcr management, especially in areas where salinily is not
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ct a scrious problem, where extra irrigation water is

equired for leaching.

ii) Wherc the calcareous layer is impervious, vertical
enetration is restricted, leading to perched water
ables. The groundwaters in such areas are saline and

apillary salinisatbtion is pronounced.

iii) There is enough head between the end of the scheme
nd Lhe outlet at Ruvu swamp to enable evacuation of excess

urface and subsurface waters.

In order to alleviate the drainage and salinity

roblems in the area, the following recommendations are

iven

) Repair of the flood conlrol dyke and the adjacent drains
5 necessary to prevent flood flow into the area.
ilhout the control of floodflow over 1he area, Lhe

lrainage problems will persist.

) The surface drainage problems, particularly in the the
Limorigo and Kamleza schemes, can be solved through
nstallation of additional surface drains and proper

minkenance of the existing ones.

A cut-off cum storm drain is required between Kamleza
ind Kimorigo scheme close to the Kimorigo canal. This drain
i1l cutoff seepage flow from Kamleza scheme towards

{imorigo. In the two schemes, collector drains will be

equired.
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¢) The northern swampy area between Kivalwa and Kimorigo
should be drained to reduce seepage inflow into the upper
arcas of Kimorigo schewe. The New Kimorigo drain on

completion will be able to drain this swamp.

d) Subsurfuace drains /open drains are needed in the schemes
for groundwater table control and evacuation of excess water
and salts from the area. At thce momwent, there are no such

drains in the schemoes.

e) Water managemenlt in the schcemes needs Lo be improved.
The right awount of water alt the right time should be
applicd to avoid excessive losses Lo the groundwater. Some
extra leaching waler may be necded, but this should be done

in a planned way. This will require an irrigation schedule.

f) A sbrong scheme committece is required to ensure Lhat
canauls and drains are maintaincd properly. In the case of the
dyke and the main drains, cither the government should
provide funds for maintenance or farmers also pay some fee Lo

offset part of the mainlenance cxpenses.

g) Reclamation of the upper areas of Kimorigo scheme and the
Block C areas are not advisable duc to i) the high EC- and
ESP-value of the soils,ii)low hydraulic conductivity and
shallow depth of the calcareous layer which both would result
in very closely spaced drains and very high leaching

requivementsas shown in Chap. 8.

h) Due Lo fairly good drainuge conditions in the central

part of Kimorigo scheme, the so0ils can be reclaimed through
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leaching and ensuring that ficld drains are provided to

evacuate the excess salls out of the area.

i) Tn Kamleza scheme, Lhe affecled areas in the northern
area adjacent to Kimorigo scheme are nol recommended for
reclawation due to the high ESP-values and the shallow depth
of the calcarcous layer which would require closely spaced
drains. Similarly in the lower areas around wells C5 and B,
both seoil salinity and sodicity conditions are very high in

the roolzone and thus reclamation would be difficult and

cxpensive,

3) In the cenlral areas of Kamleza scheme, where sally
patches are found as a result of the impervious calcareous
layer, further salinity problems can be prevented through
rcgular leaching of salts and provision of field drains to

evacuate the excess salts from lhe area.
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TABLE A-3: GROUND ELEVATION OF WELLS

WELL NO. ELEVATION (m - a.m.s.l)
A2 716.66
A5 713.67
A6 710.55
B2 716.30
B3 719.01
B4 716.39
B5 711.55
BG 710.34
B7 710.13
co 717.52
c1 717.32
c2 716.28
c3 715.45
c4 714.81
c5 712.01
c6 711.05
c7 710.87
Do 716. 86
D1 715.77
D3 714.85
D3-5 714.49
D4 714.08
D5 712.94
D6 711.88
D7 711.06
D8 710.20
DY 708.85
EO 716.74
EX 716.23
E2 715.26
E3 714.33
E4 713.09
E5 713.03
E6 711.93
E7 711.37
FO 716.85
Fl 716.09
Fz 715.33
F3 713.65
Fa 713.16
F5 711.862
FG 710.83
F7 711.08
G2 715.17
G3 715.04
G4 714.15



TABLE A - 3 CONT’D

G5 711.60
H2* 711.62
na ¥ 713.83
Ha* 714.48
H5 X 712.16

N.B. X - Bank level at the river



= 4 : GROUNDWATER EC AND pH

. e ———————————————————— ] = ————————————— - — — - — ——

+WELL NO. | DATE : EC PH
122-JAN-B8¢ sD.59 | B.45 09-NOV-88 36.70 : 7.40
+22-APR-89! 0.69 ! B8.50 !:!B6 t126-NOV-88: 36.70 | 8.31
'11-MAY-89: 0.67 ! - 13 ‘07-DEC-88! 36.10 ! 8.18 !
28~ JUN=AS N D.88 | " 6.32 I} 106-FEB-89: 27.30 ! 8.22 |
T e e P mm———— P mm————— b t129-MAR-89: 37.70 ! 8.51 |
‘ : H i 104-MAY-89: 36.20 | 8.40 !
:08-DEC-88: 32.60 : 8.42 ! 125-MAY-89 37.10 ! B8.62 i
¢ 10-MAY~89% 37.20: 8,725 it { 14-JUN-89! 39.10 | B8.44 |
: 18-MAY=B89% :49.120. 1% : 8213 !} 126-JUN-89: 39.10 ! 8.18 |
122-MAY-89! 27.40 ! B8.43 |l=-=-cemmm e
104-JUN-89! 51.00 : 8.45 !!B7 ! 13-DEC-88! 29.90 : 8.06 !
: : : £ {06-FEB-89! 16.70 ! 8.32 !
Pl R R 4 {22-APR-89! 1.00 ! 8.18 !
' : ; i { 25-APR-89% 0.40 ! ‘9.26 |
108-DEC-89! 22.40 ! 8.37 :: 104-MAY-88: 9.00 | 8.62 |
1 00=FEB=89% 12 :27 »! - Bab5: || 122-MAY-89! 14.93 ! 8.08 |
1 29-MAR=-8B9 5 18,50,  BaSL, 11 127=JUN=89} 1437 1 ‘Ba70,
'22-ARR=89L: B.63, B.80. !} ' 14-JUL-89% 15.20 ,! 8.56 !
1 25-APR=8%; 6.24' 1 8.97 i : i : :
oO4-MAESERL 9,38 . 8.92_ .11
122-MAY-89! 11.61 | 9.02 | l---—cececeeccemcceccce—————a
104-JUN-89! 23.60 ! 8.78 iB7-750 : : i :
127-JUN-89: 24.10 ! 8.80 ! ' 12-JUL-89% . 8408%) 72344 &
128=JON~-881 0 .88 |« 8,32 1 i : ' :
1 14-JUL-89, 23.80 | 8.86 |i-=—==—==-- A o St N P R o :
——————————————————————————————— iCl 109=-NOV~=88% . 6.0%,0 8590y
: i ; 2 107+DEC=B8}. - 6804 ' 962%7 |
{22-NO¥=89% "+ 1.15.:!  B:06 > }: 106~-APR-89:  4.58 ., 26.1, |
1 25-NOV-88 . 18t hal : BagSRy § . 1 11-APR-891 14348 9a0Fs |
1 24-JRAN=89% 0536} : BaH68B7 |} i 15-APR-89. 1z384n: 908 %
t22-APR=891, 0.764: 9.22: i} 1 17-APR-89: 14698 '78347
« 24-APR=89%« 0,78+ : B.88 g || i 18-APR-89. 157840 (TaB83% |
1 11-MAY-=893 - 0,78 1 B8.68, :i 1 20-APR-89! o724 \Baldg |
:22-MMY=B9%: 02761 95139 §4 :21-APR-89. LaTdat B oD i
128-JUN-89! 0.82 ! B8.76 !! !22-APR-89! 1.78 ! 9.31 |
117-JUE=89¢ ' 0.81:!:  8.894 1} 123-APR-89. 2a63 0 1Bad by 4
——— ) m——— gl = Y b e i 1 25-APR-89! IS DR - A T
: : : ' 127-APR-89! 1.98 | 8.34 !
'09-NOV-88: 6.15 ! 8.44 ! 128-APR-89! 2.04 ! 8.53 |
: 25-NON=8B8L . 5,94 ,.! . 8.30, i} 1 Z9~APR~89y « 4dallnl HBDH0,
107-DEC-88: 5.97 : 8.10 ! '01-MAY-89! 1.94 ! 8.47 !
1 06-FEB=89&, 3,33, . 9.18, i 102-MAY-89. 14694 8glly |
¢09-MAR=-HG: = . 3.44 1 9.04 .. 102-MAY-89. 1469, Balk,y i
: 29-MAR=H9 4 512 . 9,16 . 103-MAY-89. 1460 q: 19400 |
+ 14-APR-89! YieZ2Gac o 96k 3 104-MAY-89. 1a73pnl BgBlyg |
1 24-APR~-B9% . 2.58 % 9.56, 1| +05-MAY-891 2.71p0 194095 3
+06-MAX=HB95 . 2.455) . 961, i 109-MAY-89:  2.06. ! .9.01
106-MA¥=89%. 2.45.! ., 9,61, ! 1 22-MAY-89 ! 1:35 29 05 1
t13-MAY=89% 282 ! . 9.45- |} 1 25-MAY-89! 1321 908"
:18-MAY-89:  3.14 ! 9.38. ! 127+JUL~89% 10346941 B493 4
1 2Z2-MRY=HS9% 24 .10} . B.BL, !: : : i
104-JUN-89:  4.00.: 9.40 . :: : i :
128-JUN=-89} . 4.47 ! 9,21 i : i i



4 CONT'D

DATE : EC | PH | IWELL NO. | DATE : EC | PH |
:09-NOV-88 1.52 7 -89 . 3iC5 : : ‘ :
1 23~NOV=RB e 1.5 s 8.23 ) 109-NOV-88! 6.38 | 8.80 |
+07-DEC-88:., . 1.60 ! 8.23 ! 122-NOvV-88: 5.13 | 8.66 |
+24-JAN-89! 1.24 | 8.38 ! 125-NOV-88. 5.14 | 8.54 |
+17-MAE=88:..0.75 2, 8.10 , ! 107~-DEC-88:: ¢ 5.40 ¢ 8.69 0
+30-MAR-89: 1.42 |, 8.30 ! 123-JAN-89: 5.81 : 8.22 |
108-APR=88},,1.00 &y 8.13 | i109-MAR-89: 6.11 | 8.43 |
+21-APR-89: 0.90 : 8.83 129-MAR~B89:s¢ 5.65 riy B. 96 , &
125-APRaAS8 .~ 0.88 iy B8.56 34 1 14-APR-89: 11.05 | 8.63 |
+ 11-MAY-89: 0.68 : 8.34 | {25~-APR~89.1s g 7.65 5z B 64 4o
+11-MAY—-#9..,1.00 2. 8.76 ; 106—-MAY-89! 11.19 | 8.62 |
‘ : i 13-MAY-89! 4.46 | 8.84 |

—————————————————————————————— 1 22-MAY-89:! 10.39 | 8.79 |
: : : i 104-JUN-89: 10.35 | B8.76 .
:22-APR-#89::2,0.88 3, 6.52 1 28-JUN-89: 9.01 ! B8.47 |
' 30-APR~89... 0.87 i» 8.67 , 127-JUL-89: 10.85 | B8.69 |

————————————————————————————— 1 1C6 i 18-NOV-88. 14.60  7.77 |
: } ‘ HH 126-NOV-88. 13.64 | B8.47 |
109-NOV~B8.,,3.50 42 8.92 ;4! :07-DEC-88: 13.40 , 8.22 |
1 22-NOM=88.1. 4 2.92 4: 9.1%13 ¢a! 108-JAN-89! 11.60 . 8.42 |
107-DEC=88.s0 2.93 35 9.3 45! 1 29-MAR-89: 15.10 | 8.23
1 24-JAN-89) 2.94 ! 9.35 1! 1 21-APR=89.15 ¢ 9.78 g B.8F. 7
t09-MAR=88 80 :2.79 40 9.29 44} 125-APR=89i503.60 44 8.67 03
:30-MAR~-89: 2.46 ¢ 9.30 ! 125-MAY-89: 11.65 | 8.69 |
:17-APR=883152.31 %9 9.39 01! 104-JUN-89: 18.18 | 8.42 |
122-APR=895:02.33 iz 9.54 ) 1 27-JUN=B88:3 21.20 79 B.52 ;3
1 25-APR=88:12.38 8, 9.43 274 126-JUL-188::22 .50 4 8. 30 74
s 17<J0HRADE 5 2. 28 07 1958 0§ |~ cmmnacacc cmiun apamin sl - ade e ey :

————————————————————————————— FH(»7; : b : '
: : : i 122-NOv-88: 16.21 | 8.91 |
1 21-APR-89: 0.44 .. 8.59 . !. 107-DEC-88: 19.40 : 8.70
1 30-APR-89! 0.42 | B8.46 | 108-FEB-89: 14.85 | 8.82 |
¢ 17-JUL-89: 0.49 ! 7 a5 1 01-APR=89.8 5 7. 67 g 9. 43 5 2

————————————————————————————— ' 1 21-APR—8533¢ 3. 91 51 8.1 9
: : : Va +25-APR-89: 14.29 | 9.05 |
 18-NOV-88: 2.52 | 8.85 i) 104-MAY-891 13.20 : 9.19 |
1 23-NON=BB 185 2.52 % B.68 741 127-JUN-89: 21.60 | 8.52 |
.07-DEC-88: 2.57 ! 8.90 ! 126-JUL-89 26.00 | 8.71 |
123-JAN-89! 2.64 ! B8.74 |-~ mrmmmrescem— e e e - :
109-MAR-S8B s 2.1 &y 8.62 14 1C7-1000 : : '
129-MAR-89: 2.81 ! 8.67 . 106-JUL-891818.50 | 7.60 .
' 14-APR=88 s 2.06 572 B.58 43 126-JUL-89: 18.30 : 7.92 |
{25-APRSB9. 0 2.25 ;s B .49 17 : i
+ 17-JULY-8: . 2.59 &« 8.59 4! : :



A -4 CONT'D

0-MAR-89!

1-APR-891
12-APR-89!
15-APR-89!
1 17-APR-89:
: 18-APR-89!
120-APR-89!
+21-APR-89.
122-APR-89!
123-APR-89!
124-APR-89!
125-APR-89!
1 26-APR-89!
1 27-APR-89!
128-APR-89!
1 29-APR-89!
{01-MAY-89!
102-MAY-89!
103-MAY-89:
104-MAY-89!
105-MAY-89!
{09-MAY-89!
122-MAY-89!
1 27-MAY-89!
106-JUN-89!
1 14-JUN-89!
120-JUN-89:
117-JUL-89:
127-JUL-89:

09-NOV-88!
109-NOV-88!
109-NOV-88!
107-DEC-88!:
1 26-JAN-89.
106-FEB-89!
1 29-MAR-89!
+11-APR-89:
1 12-APR-89!
i 14-APR-89!
1 15-APR-89!
+ 17-APR-89,

COVOLOULOOLOOYVOYOLOLOLOVYDYLRPODOLOYYLR OO

Do EoWwooDoo Do

oL

—— i —————————— i ————————— -

1 20-APR-89.
121-APR-89!
122-APR-89!
123-APR-89!
124-APR-89.
126-APR-89!
1 27-APR-89!
1 28-APR-89
1 29-APR-89!
i01-MAY-89!
102-MAY-89.
103-MAY-89!
{04-MAY-89!
105-MAY-891
106-MAY-89.
109-MAY-89.
112-MAY-89!
1 18-MAY-89.
126-MAY-89!
104-JUN-B89!
106-JUN-89!
i 14-JUN-89!
120-JUN-89!
1 28-JUN-89.
107-JUL-89!
117-JUL-89!
127-JUL-89.
1 25-NOV-881
107-DEC-88!
129-MAR-89!
106-APR-89!
1 12-APR-89!
i 14-APR-89!
i 15-APR-89:
1 17-APR-89!
i 19-APR-89!
1 20-APR-89!
121-APR-89!
1 22-APR-89!
1 23-APR-89.
124-APR-89!
126-APR-89]
127-APR-89!
128-APR-89!
i 29-APR-89!
101-MAY-89!
102-MAY-89!
103-MAY-89!
105-MAY-89!
109-MAY-89!
1 12-MAY-89!
1 18-MAY-89.
1 26-MAY-89.
104-JUN-89!

3.03
3.04
3:02
3.04
3:23
3.28
3331
3.00
4.02
4.49
4.74
4.49
3.79
4.51
3515
3.68
2.02
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A\ -4 CONT'D

e ———— - I ———— e et

NO. ! DATE ! ge1 'WELL NO. ! DATE : o by iy
106-JUN-89! 1.90 : 8.50 !!D4 109-NOV-88: 1.32 : 8.20 !
: 14-JUN-89! 1.69 ! 8.72 ! 124-NOV-88: 1.49 ! 8.65 !
126-JUN-89: 1.45 ! B8.16 ! 107-DEC-88: 1.69 ! 8.30 !
128-JUN=89: 1.30 : ' 8.42° :! 123-JAN-89: 1.66 : 8.35 !
107=-JURBRS . 1338015 aia%t 1} 109-MAR-89! 1.29 ! 8.39 !
:117-JUL-89: 0.81 : 8.99 ! 129-MAR-89! 3.71 ! 7.98 !
127-JURRER RS 183008, 28gg8 14 {01-APR-89! 1.64 ! 8.46 !

e - R o 125-APR-89: 3.13 ! 8.45 !
: : : ' 117-JUL-89: 1.34 ! B8.46 !
{09-NOV-88! 14.40 ! 9.40 }}==-==—mmmmmm e
!23-NOV-88! 12.19 ! 8.52 ::D4-500  :13-MAY-89! 0.92 ! 7.90 !
!24-NOV-88! 12.39 : 8.73 ! 112-JUL-89! 0.77 | 8.46 !
107-DEC-88! 11.46 : 8.69 !!D5 09-NOV-88  3.59 7.74 !
1 24-JAN-89! 7.86 ! 8.75 !} 1 18-NOV-88: 3.28 ! 8.30 !
{09-MAR-89! 10.40 : 8.41 ! 125-NOV-88! 3.20 ! 8.37 !
! 30-MAR-89! 12.04 ! 8.52 !} 107-DEC-88! 3.15 ! 8.45 !
{08-APR-89! 0.90 : 8.04 ! 123-JAN-89! 3.31 ! 8.31 !
!12-APR-89! 1.08 : 8.87 ! {09-MAR-89! 4.02 | 7.93 !
1 20-APR-89! 1.78 ! 8.93 ! t30-MAR-89: 3-27 ! 8.21 !
:21-APR-89! 1.74 ! 8.97 ! 126-APR-89: 1.81 ! 8.54 !
1 26-APRRAST’ 27127:" o%02' i} '13-MAY-89: 2.70 : 8.35 !
!04-MAY-89! 2.89 ! 8.91 ! 122-MAY-89! 3.04 ! 8.82 !
' 11-MAY-89: 3.26 ! 8.96 !! 104-JUN-89! 3.31 : 8.72 !
! 18-MAY-89: 4.72 ! 8.92 ! 128-JUN-89! 3.61 ! B.55 !
106-JUN-89) 12.83 ! B8.49 ! 126-JUL-89! 3.62 ! 8.29 !
107-JUL-89! 16.56 ! 8.23 !! : : : :
1 17-JUL-89: 13.45 ! 8.91 l=mmmmm - :
127-JUL-89! 12.68 : 8.89 !!D6 109-NOV-88! 8.96 : 7.99 !

————— e 126-NOV-88% 8.86 ! 8.70 !
: : : i3 !13-DEC-88! 9.96 : 8.61 !
:09-NOV-88: 0.71 ! 7.63 !! '03-APR-89! 8.91 ! 8.35 !
122-NOV-88: 0.63 ! 8.08 ! {26-APR-89! 4.91 ! 8.60 !
:07-DEC-88! 0.88 : 8.49 !! 126-MAY-89% 9.20 ! 8.69 !
123-JAN-89! 0.92 : 8.24 ! 104-JUN-89! 9.32 ! 8.81 !
:09-MAR-89! 1.55 ! 7.92 ! 126-JUN-89) 10.19 : 9.72 !
!01-APR-89! 0.83 : 8.40 ! 127-JUL-89) 11.93 | 8.48 !
{ 12-APR-89! 1.30 ! 8.35 ! :
120-APR-89! 1.81 ! B8.51 !l=-—c-mmmeeeilooliatioaiiecoancbeciaas
'26-APR-89! 1.89 ! 8.57 !:D7 126-NOV-88! 11.15 ! 9.00 !
{ 12-MAY-89! 1.81 ! 8.69 ! !13-DEC-88! 11.46 | 8.89 !
' 18-MAY-89: 1.72 ! 8.53 !! 103-APR-89: 8.91 ! 9.45 !
1 17-JUL-89¢ 1.01":' 8417’ !} {04-MAY-89! 7.13 | 9.41 !

————— R e T R 127-JUN-89: 11.05 ! B8.65 !

o ! ' : 1l et e ——————————————— :
'03-APR-89! 1.75 ! 8.61 :iD7-1000 : : :
!12-APR-89! 1.42 ! 8.64 !! 106-JUL-89! 18.56 ! 7.92 |
:20-APR-89! 1.53 ! 8.83 !! 127-JUL-89! 16.83 : 8.09 !
126-APR-89! 1.39 ! 8.66 )=====m==mmememmeeoieomeoloalolio :
!18-APR-89! 2.01 ! 8.79 !iD7-1700 ! : : :
117-JUL-89: 2.29 ! 8.49 !! 106-JUL-89! 24.50 : 8.05 !

' 120-JUL-89: 14.86 : 9.21 !



DATE : EC !
: : : {E2 109-NOV-88: 4.78 ! 8.83 |
118-NOV-88: 2.58 ! 8.26 ! '23-NOV-88! 5.50 ! 8.96 !
t25-NOV-88: 2.83 ! 9.21 !! '!24-NOV-88! 4.95 ! 9.48 !
{07-DEC-88: 3.02 ! 8.92 !! t07-DEC-88: 6.72 : 9.50 !
t20-MAR-89! 6.12 ! 9.44 ! 107-FEB-89: 7.58 ! 9.60 !
129-MAR-89: 4.30 ! 9.74 !! {09-MAR-89:! 15.17 | 9.61 !
126-APR-89: 2.83 ! 9.22 !! {30-MAR-89: 14.07 : 9.81 !
'126-APR-89! 2.84 ! 9.18 !! t17-APR-89: 0.94 : 9.28 !
126-APR-89! 2.82 ! 9.06 ! ' 27-APR-89:, 3,21 3 & 10. !
t26-APR-89: 2.87 ! 9.12 !! !12-MAY-89! 13.67 ! 9.27 !
t01-MAY-89: 2.58 ! 9.22 !! ' 16-MAY-89: 14.24 ! 9.25 !
t02-MAY-89! 2.70 ! 9.36 ! '22-MAY-89! 13.85 ! 9.28 !
103-MAY-89! 2.84 ! 9.42 !! 127-MAY-89: 14.21 ! 9.43 |
'04-MAY-89! 2.92 ! 9.31 ! 106-JUN-89: 14.88 : 9.32 !
t05-MAY-89! 2.93 ! 9.35 ! 1 14-JUN-89: 15-98 ! 9.50
'09-MAY-89! 2.92 ! 9.30 ! 129-JUN-89! 22.60 ! 9.30 !
122-MAY=89' 3.13 ! 9.62 !! 112-JUL-89! 22.60 : 9.30 !
!27-MAY-89: 3.04 ! 9.32 ! 114-JUL-89! 13.63 ! 9.21 !
t06-JUN-89! 3.25 ! 9.20 ! 117-JUL-89 10.95 :
1 14-JUN-89! - it . S 9.37 4k~ : H
120-JUN-89: 3.18 ! 9.09 !! : :
117-JUL-89! 3.37 ! B8.56 !l=---——mmmmmme—mmmmmmmmmmmmmm—— e
127-JULNe. 3.57 ! 8,87 '1'E3 : : : :

------------------------------ : 109-NOV-88: 14.42 ! 8.43 |
: : : ' '124-NOV-88: 15.58 ! 8.97 !
'09-NOV-89! 3.81 ! B8.86 ! {24-NON-88! 30.50 ! 8.78 !
‘{18-NOV-88'! 6.31 ! 9.40 !! 107-DEC-88! 16.60 ! 9.37 !
t07-DEC-88! 9.03 ! 9.58 ! '124-JAN-89: 12.91 ! 9.50 !
' 20-MAR-89! 11.70 ! 9.58 ! {08-FEB-89: 11.28 ! 9.29 !
r20SRABBo: < 281 ‘9,71 . t30-MAR-89: 21.70 ! 9.51 !
1152000 Reg: 0252 19239, ! ' 17-APR-89! 6,72 ! 9.42 !
' 17-APE=89: '0.57 ! 9.24 %! 127-APR-89: 11.08 ! 9.17 !
' 19-APR-89! 0.65 ! 9.10 ! 1 12-MAY-89! 8.40 | 9.46 !
!20-APR-89 0.64 ! 9.27 ! '16-MAY-89! 8.93 ! 9.40 !
t21-APR-89! 1.97 ! 9.55 ! 122-MAY-89: 9.14 | 9.48 !
'22°KPR=89" 0.72 . 9.31 i 127-MAY-89: 9.54 ! 9.45 !
t265RbR=00t "' 0.85 . 9.33. !! 106-JUN-89: 10.38 | 9.38 !
{27-APR-89! 3.01 ! 8.95 ! !14-JUN-89! 10.56 & 9.70 |
128-APR-89! 3.54 ! 9.04 !! 107-JUL-89! 10.44 | 8.96 |
101-MAY-B89 ! S48 9.29 i 117-JUL-89: 10.95 | 9.21 H
102-MAY-89! 6.28 i 9.46 !}
‘03-MAY-89! 7.72 ! 9.56 l=mmmmmmmmmmmmmm e :
‘04-MAY-89! 7.02 ! 9.40 !!E3-500  :27-MAY-89! 34.70 ! 8.50 !
!09-MAY-89! 7.50 ! 9.52 ! 107-JUL-89: 36.00 ! 8.34 !
i 10-MAY-89! TaBL Q03 i 117-JUL-89! 39.80 | 8.90 :
122-MAY-89! 8.24 ! 9.62 ! : :
t26-MAY-89! 9.02 ! 9.72 limmmmmmmmmmmmmm e :
127-MAY-89: 5.53 ! 8.82 !:E4 ‘09-Nov-88: 8.32 ! 8.89 !
127-JUN-89: 5.04 ! 8,62 !! {24-Nov-88: 5.13 | 9.14 !
: ' '107-Dec-88! 8.66 : 8.94 !
: ' {08-Feb-89:! 12.20 ! 8.65 !
: ' 129-Mar-89:! 19.02 : 8.83 !

o 8 o e SR o e v A e ¥ 117-APr-89: >20.00: 8.90 !



=4 CONT'D
« DATE : EC. | PH | IWELL NO. | DATE ‘ EC | PR
D:20-APR-89: >20.00: 8.53 ! E? : : H :
+27-APr-89: >20.00: .8.72 | 118 Now: 880 Fuas (0 Td s
:05-May-89: 70.60 | 8.46 ! {13 Dec-88:¢ 7.31 ! 8.85 |
:16-May-89. 56.80 | 8.70 | 126-Jan~891  3.:35 1 B.:93 ° |
:22-May-89. 36.50. ! ,9.08. | 103-Apr-89: 4.43 ! 9.05 |
1 27-May=89L 12.2D,} 8,51, i 121-Apr-89: 4.05 | B.92 |
:06-Jul=895"T0,70 : "'8.42 | 127-Apr-89. 1.97 & 938G
114-Jul-89: 79.80 | 8.70 . 116-May-89! 6.28 | 9.20 |
t14-Jul=-89: 92.00 | 8.90 | 104-Jan~-89% 7.03 § 9.23 |
:27-Jul=8493"68.60" i "9.11 | 114-Jan-89 6.92 | 9.38 i
—————————————————————————————— 120-Jan=-89) @#.76 & 9.28
: 19-MAYBSINTH .72 | "8Y81' | "FO ; : : '
‘1 26-MAY-8971%18.32 | "9.13 "  !! 163-Apr=-89% 1.35 9511 ' §
i127-MAY-89! 18.48 ! 8.96 . t17-Apx=89:% | B, 91 s Bi84
1 17-JUL=89S4E2 .97 . | S8.87 1. 123~Apr=89. 0,99 % 9.08
1 26~JULi=H9 1628 ~~8298 "~ 122-Apr-89: '1.00 @ 9.04
: 1 23=Apr—-8%i " 1.21 § 9:90 =i
—————————————————————————————— : {125~-Apr~89% 1.21 ¢ 9.00
: : : Hir t27-Apr-89: 0.98 | 9.09 |
:09-Nov-88: 23.00 | B8.26 . 128-Apr-89: 1.00 ; 8.98 |
:18-Nov-88: 23.00 ! 18.26 . 129-Apr-890 " 1.03 ¢ 9.18 |
:25-Nov-88: 21.10 ! 8.51. 1. t01-May-89: 1.39 | 9.36 .
107-Dac—=884, 20.70. % +B:a22 . {02-May-89% " 1.19 ¢ 9,35
:08-Fab=897 5.50 | 8.47 .. 103-May-89: 1.08 ¢ 9.34 .
103-Apr-89: 4,59 | 8.02 ! 104-May-89: 1.03 : 8.98 .
+14-ApE=@gi 2.81.: 9.07, i22~-May-89% 1.16 { 9.07
'21-Aprafial. 1.p0 i .B.15. 1. 127-May-89: 1.02 | 8.64 |
' 27-Apr =m0 EG .55 ¢ 8,78, i 20-Jan-89! 1.29 | 9.38 |
t12-Ma e . 2B L BT T T T S T T .
s 16-May=g9 #s1Z 05" { “8.r8"' ¥l 118-Nov-88; 10.05 [ 9.3% |
127-May~-893"13.82 1 "Bs52 ¢ 0 125-Nov-88: 9.67 ! 9.32 |
104-Jan-89: 14.56 | B8.86 1! 107-Dec-88: 10.74 | 9.43
i 14-Jan-891#47.07 ' | 188 247 ° |} i107-Feb-88! 10.11 | 9.69 |
128-Jan-89% 18.23 | 8.78 1 i20-Mar-88% 12.14 | 9.72 |
: 130~-Mar-88, 8.56 | 9.92 i
—————————————————————————————— P i12-Apr-88) '1.31 | 8.65 .
: ' H L {14-Apr-88: 0.91 | 8.87 |
+18-Nov-88: 10.26 | 8.03 | t15-Apr-88: . 1.42 | 9.29 |
113-Dec-88: 10.45 | 8.67 : {17-Apr-88! 1.48 | 9.26 |
1 26-Jans@natad.22: ! 1BEIS | & 121-Apr-88. 0.68 | 9.49 |
' 21-APr—8851.4.49:! 1BEB9 ! 1. 122-Apr-88: 2.06 ¢ 9.53 |
1 16-May—-88:s . 5.73 . ! ;8:86; i. t123-Apr-88, 2.10 | 9.00 |
126-May—-881,.6.46:] 9.27 : !. 125-Apr-88: 2.37 [ 9.55% .
127-May=8B.is 6.5 ! 18:81: :; 127-Apr-88: 2.39 : 9.48 .
104-Jar=l81 6.97 1 _.92.02 1. 01=-May-881 1.21 i 9.43
106-Jan—-88: 7.80 ! ,8.99 . 102-May-88: 1.49 | 9.49 |
126-Jan-88: 9.70 | 9.09 ;! 104-May-88. 1.44 | 9.46 |
126-Jul=a8%. 14.53.1 879, i1 i 12-May-88! 2.04 | 9.44 |
' i v22=May-88:. 1.3900.9.26 3
' v ¢206-May-88. 1.49 ¢ 9.11
: i 127-May=-g8:" 1.92 7 9.56" 1



:LL NO. ! DATE : EC | PH |
3 :09-NOV-88: 5.33 | 9.12
125-NOV-88! A i 1 - e
«07-NOV-88: 14:2 ! 9.79 |
‘UI=-FEB-89: 4.05 ¢ 9.59
130-MAR-89! 15.88 ! 9.66 !
+12-APR-89! 0.67 ! B %
+30-APR-89: 3.88 ! 9.45 !
¢ I2-MAY=89! "9.34¢"% 9.54 '}
2 ] : ] :
109-Nov-88! 31.40 ! 8.25 !
123-Nov-89: 30.70 ! 8.77
107-Dec-88: 32.40 | 8.79 |
s 12=ADr=89:'"1.89°% 8.40 1
+28-Apr-89: 4.47 | 9.07 |
SPETHAY~89: “g. 13" 9715 |
i30-Sep~B89: ""34.4"7 8.71 !
: :18-Nov-88:! 9.60 ! 9.05 !
+25-Nov-88: 10.75 ! 9.38 !
107-Dec-88: 13.50 | 9.38
+07-Feb-89: 22.80 ! 9.43 !
:30-Mar-89: 13.11 ! 9.01 !
A T=RBF~89! 118 I 9.41
sSO=RARF-89; 1.22 7 9.61
5 : H : :
109-Nov-88! 9.47 | 7.47 |
124-Nov-88: 8.26 ! 9.56
126-Jan-89! 3.79 % 9.46 !
ssu-Mar=g9:-"9.13 "' 9.60 1
Sia=Mavy=§9, 17,22 % 9./99 |
t28=Jan-89! 18.20 % 9.52 ¢
6 ‘ ' : :
@8 =Rpr-88: 1.59 ' 7.9%1 |
AT ADr=88T 1,31 8.85 =
i26=Jan-89: 1.55 ! 8.05 |
s26-Jan-89: 1.55 ; 8.05 |
«SU=RDY-HG9: 0.54 ¢ 8.58 |
126-May-89! 0.8 | 8.88 |
28-Jan-89! 1.01 : 8.82
6-500 +14-Jan-89! 87.40 | 8.75 |
7 :22-Nov-B88: 7.55 ! 8.92 |
126-Jan-89: 8.27 . 8.80 |
:20-Apr-89: 2.61 ¢ 9.13 |
:30-Apr-89: 17.30 : 8.92 !
128-Jan-89! 18.03 ! 9.02 !

224
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APPENDIX C

RAIHFAIL DATA AT KIVALWA MALARIA RESEARCH STATION
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RAINFALL DATA

Table C - 1
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LE C-2: AVERAGE EVAPORATION DATA (mm) - TAVETA.

J F H A K J 1 A $ 0 N D

175 175 15 150 140 135 155 145 led 165 175 175
140 140 140 120 112 108 108 116 132 148 140 140
4.5 5.0 4.5 ‘ 3.6 3.6 30 5 i’ W1 4.8 4.7 4.5

arce: Berger and Kalders (1983)

BLE C-3: MAXIMUM DISCHARGE OF CAPILLARY RISE IN
MM/DAY FROM GROUND WATER

Soil 50 75 100 150
Clay 1.0 0.6 0.2 0
Clay loam »5.0 4.0 3.0 1.0
Loam >6.0 >5.0 »>5.0 4.0
Sandy loam >5.0 1.0 Q.3 0
Sand >5.0 3.0 1.0 0.2

yurce: MOA (1984)
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APPENDIX D - HYDRAULIC CONDUCTIVITY

) Hydraulic conductivity determination

Hydraulic conductivity was determined in the field
ing the augerhole and the inverted augerhole methods.

th the augerhole method, the hydraulic conductivity may be

1 lculated for three different cases:

) In areas where the augerhole reaches the petrolcaleic or
aliche layer as shown in Fig.l1-1, the formula used

cording to Van Beers (1963) and Eijkelkawmp (1983)

.
b 5

(H + 10r) (2-y/H) y
Li) In areas where the impermeable layer is at a depth
S > 1/2H, the formula used is;
= 4000r2 % dy/dt =0

(H + 20r)(2-y/H) y
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r = radius of auger -hole, (cm),
H = depth of hole below the ground water table,
Yy = distance between groundwater and the average

level of the water in the hole for time interval dt,

(s),

s = depth to impermeable layer, in this case
caliche,

dy = the rise of water level in the hole during

measurement, (cm),

dt = time interval, (s).

'iii) For arcas with layered soils, a graphical method can

be used (Van Beers, 1963).

[n the'dingrﬂm,

i = depth of the augerhole, (cm)

y = depth of groundwater level, (cm)

j = tape reading at groundwater level, (cm)

yo® = tape reading of water surfacc elev - at t= 0

't = tape reading at different water surface elevation
at times t = 0

o = distance between groundwater level and the
elevation of the water surface in the hole after

removal of water at tLhe time of the first

reading, (cm).

I, dy, r - remain as before
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Impermeable layer

g.D-1: Diagram showing the various parawmeters in the

1ger— hole method of determining hydraulic conductivity.

S Layered Soil :The diagram in Fig.D-2, shows the

‘rangement for hydraulic conductivity measurement in a

yered soil.

If the hydraulic conductivity of the upper layer is
1 and the lower layer Kz, then the rate of rise in the

'¢p hole is given by the equation overleaf;
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= i gnir-imerzenor! Kpios @on der—bem—dm bk, AV (24)
1 Co c2.. ©o Co/Cqy -

The value of Ky is computed from dy/dt in the shallow
ole (1), and the C-Value for Hy and yy,» are obtained from
raph in Fig. D-3 (a).

(2) (1)
77 N 77 227 N \s 777 TS
v, Dy 7 T by v GW.L.
Al Al
A !
D %
02

Heavy Clay Soil

'/

ig.D-

A ST 777

2: Augerhole arrangement for determination of

hydraulic conductivity in a layered soil.



The Co5 - Value corresponding with Hg and ygp, is also

cad from the graph in Fig.D-3 (a)

o-value is obtained from the graph

), using D and Yo - The

ecause only horizontal

graph

flow has

SR -

for which S > 1/2H. The

in Fig.D-3 (b) where S =

0

Lo

wole. The lower layer is considered

Van Beer, 1963).

is

be

used in this case,

taken into the deep

impervious in this case

B). Estimates of hydraulic conductivity.

Estimates of hydraulic conductivity for different

01l Lextures as obtained from Swmedema and Rycroft (1983) and

"AO (198B5),are given 1in Table D-1

below. In Table D-2, an

nterpretation is given of the hydraulic conductivity rates.

Table D-1 : Hydraulic conductivity estimates in m/day.

coarse gravelly sand
nedivim sand

sandy loam

(very) - fine sand
fine sandy loam

clay loam

loam

heavy clay

medium clay

811t loam

gravelly silts to loams

.02
.05
.001
.002
401

1

P

3.5

3

0.5
0.6




—range m/day Class
s Excessive
4 =G Very rapid
1 =5 Mod. rapid - rapid
0.1 - Mod. slow
0.0 . 1 Slow
< 0.04 Very slow

urce: FAO (1985).

Soils with K-values above 1 m/day are described as
ving good to very good drainage. Those with K-values
tween 0.1 - 1 m/day have fair internal drainage and those

th K-valucs of less than 0.1 wm/day are poorly drained.

mple calculations

Non- layered soil, augerhole upto calcareous laver

The location considered is at well B5 in Kamleza
uth scheme. The data obtained during the field measurements
e in Table 6.1 below. The calculation procedure and the

rious dimensions are in Fig. D-1, App.D.
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servation No. K-B5 Location: Kamleza Schemc
D = 183 ' =.60.4
W= 28 WL AN |
H = 155 S IS
1
t dt dyt
0 100.0 Yo - 100.0 cm
10 99.6 0.4
20 99.2 0.4
30 98.9 0.3
40 98.5 0.4
50 98.1 0.4
60 97.17 0.4
dy 23 243

In order to calculate the K-value, eqn.22 is used ( see

p.D ). The value of y is obtained as follows;
= Yo — 1/2 dy, where Ygudz yn' - W
By substituting the values of yo’ = 100 em , W =
4 cm and dy = 2.3 cm from the above table, we get y =

.45 cm.

Using eqn. 22 and substituting r = 4 cm, dy/dt = 0.038,
= 155 cm, y = 38.45 and y/H = 0.248, we get:

K = 0.17 w/day or 0.2 m/day
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K-calculation in a layered soil

The data used is for site G2 in the Block C area

're the underlying subsoil, was fouund to haviug a higher K-
ue. Details of dimensions and parameters are given in
cendix D, Fig. D-2. The topsoil is heavy clay of thickness
cm thick. The texture of the subsoil is fine black sand.

'lc 6.2 contains the field data measurements.

The values of vy and y9 are calculated as in case (1).

> values are
= 36.25 cm and Y9 = 24.8 cm

K - values are found as follows: -

The value of Kl z Cl ¥ (dy/dt)l'( see App.D ).
With dy/dt = 0.0018, the value of Cy can be vead from
.D-3, App.D, and is found as 6.6. By substituting Hl1 = B89

and r =4 cm from Table 6.2, and ¥yq = 36.26 (from above),
get,

Kl = 0.0018 x 6.6 = 0.012 m/day
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Table 6.2: Field data from site G2 ( Block C )

bservation No. G2 Location: Block C Schene
““““““ WA b abdd Tl ol i W L L BT
h = 141 Woy = 83.3 Dy = 185 "2 = B3.9
‘1 = 52 X = 4 wz = 52 T = 4
!1 = 89 S PRl Ui Hy = 133 S > 1/2H
1 yty’ dyty toy yty’ dyg’
0 120.1 0 112.0
60 119.95 0.156 156 108.5 3.6
120 119.8 0.15 30 105.4 3.1
80 139..7 0.1 = e
40 119.6 0.1 (dy/dt)z = 6.6/30 = 0.22
300 119.5 0.1
60 119.4 0.1 yols = 120.0 cm
120 119.3 0.1
180 119.2 0.1 Yo2* = 112.0 cm
40 j i O | 9.1
00 119.0 0.1
dy/dt)y = 1.1/600 = 0.0018 E

) The value of K2 can be obtained by using eqn.23, App.D.

i) Using dyl./dt2 = 0.22 and H2 = 133 cm, the value of
C2 = 6.4 from the graph in Fig.D-3.

ii) Using D =H = 103 cm and (dy/dt)z = 0.22, the value of

Cg from the graph in Fig.1l.3(b) is;
Co = 8.5cm, (S =0)
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ii) By applying eqn.23, and substituting Cg = 8.5,

¢y = 6.8, Cy = 6.4, dy/dt)z = 0.22 and Ky 0.012 m/day,
we get,

260
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3LE D-1:

HYDRAULIC CONDUCTIVITY VALUES

Ka = Hydraulic conduclivily of upper layer, (m/day).

Kb
D

W
S
H

"o

I

Hydraulic conductivity of underlying layer, (m/day).
Depth of the augerhole, (cm)
Depth of ground water level, (cm)

Depth to impermeable layer, in this case, caliche (cm).

Depth of augerhole below the groundwater table, (cm).

261

ite H W D S Ka Kb
(cm) (cm) (cm) (cm) m/day w/day
5-A6 97 93 190 >1/2H 13
AG 111 34 145 >1/2H 0.9
B5 92 49 141 0 0.2
rofile Pit BS 155 28 183 0 1.2
5-B6(near drain) 113 40 1563 0 1.9
BG 163 47 210 >1/2H 0.5
B7 111 96 207 >Y/2d - 0.9
Cco 136 50 186 >1/2H 0.6
I-CO 135 a8 L8B3 21/2H ' 4.5
Cc3 94 80 174 0 0.03
4-C5 49 141 190 0 2.0
Cc5 1056 62 166 0 11.0
5-C6 86 67 153 0 3.4
Cc6 94 86 180 0 2.0
C7 80 138 218 >1/2H 2.6
)0--1000 117 176 293 0 0.3
DO 108 15 118 0 0.2
) 1-DO 168 23 191 0 1.06
D1 94 86 180 0 0.03
)2—C2 58 G5 123 0 R
D3 113.5 48 161. >1/2H 0.8
)3-5 118 73 191 Y1128 0.6
)7-1000 136 141 277 >1/2h 0.6
7--1000 125 20 45 >1/2H 3:2
" 217 20 210 >1/2H 17
EO 187 10 207 dY/2HC 1.8
R2 86 44 130 0 0.06
E3 124.5 60 184. >1/2H 0.4
E4 B0 56 136 0 0.8
FO 175 12 187 >1/2H 2.0
Fl 136 141 277 >1/2H 2.7
F2 59 96 155 >1/2H 0.05
" 190 96 280 >1/2H 0.03
F3 187 10 207 >1/2H 0.01
Fa4 197 93 190 >Y/20 0.7
G2 89 52 141 >1/2H 0.01
i 133 62 185 >1/2H 8.7
G3 110 120 230 8 ol sl
G4 97 73 170 >1/2H 0.8
G5 121 Ve 194 210200 0.8
NB:



