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“TABLE II-6 PURCHASRS OF RAW MACADAMIA HUTS

DISTRICT/ 1979 1980 1981 1982 1983

SECTOR
MURANG'A 58 ng 46 50 48
NYERT | 132 155 185 190 170
MERU 157 185 220 250 ‘240
KIRINYAGA 174 204 243 265 266
EMBU 150 175 210 240 230
' MACHAKOS 41 49 16 50 60
KIAMBU 25 30 35 25 36
FACTORY 91 126 15 215 195
TOTAL (ton) 828 973 1,160 1,285 1,245

PRODUCER PRICE

PER KILOGRAM 1.90 2.10 2.20 2.30 - 2.80
(shs). . ' ' '
EXPORT (ton) 165 160 180 240 215

Source: Kenya Nut Co. LTD. 1984



TABLE III-1.

1. Main Area of Extension

(1)

TRAINING PROGRAM

Central P, : Kiambu/Muranga/Nyeri/Kirinyaga
(2) Eastern P, ¢t Embu/Meru/Machacos -
(3) Coast P. : Taita-Tabeta
(4) Rift V. P. : Kitale
(5) Nyanza P, ! Kisii
(6) Western P, ¢ Kakamega/Bungoma
Total

2. Training Courses at Center

(1) A course {One week) : .
- Provincial Crop Officers {PCO)
~ Distriet g " {DCO) -
(2) B course (Two weeks) o
~ Divisional Extension Officers (DEO)
(3) C course (Three weeks) x
- Loeational Extension Off'icers  (LEO}

(3) D

(5) E

Diastrict Horticultural Officers (DHO)

eourse (One week)

Farmers Training Center Offices (FTC)

course (Temporary)

" Selected Farmers/Others

3. Training Schedule

12 Districts

6 x = 12
12 x2 =24
Total 36
12 x 5-6 = 64
Total 64
12 x° 10 = 120
Total 120
12 x 4 = 48
Total 48
12 x 40 = 480
Total 480

Months

Years

JFMAMJ JASOND 75t 2nd 3rd Bth 5tn Total  Remarks

A PCO/DCO- - 9 9 9 3 ;35
B DEO - - 16 16 16 16 64
C ' LEO/DHO - o 24 24 24 24 120
D FTC/D.N - - 12 12 12 12 48
E Selected ' T
' Farmers (Temporary) 96 96 96 96 96 U32 Total 748
FTC: Farmers Training Center

D.N:

District Nursery



TABLE ITI-2 ESTIMATED OPERATION AND MAINTENANCE COST (Rsh '000)

(A)  Staff Salaries Grade No, Unit cost Base cost
Manager . : (L) 1 60 60
' Researcher (A0) (K) 7 50 350
Asst. Res. (TO) (G/H) . Y 30 210
Tech. Asst. (TA) (F) 9 -30 . 270
Subordinate (SS5) (A/B) 20 15 1300
Excutive Asst (G/H) 1 30 30
Clerical Officer (D/F) .2 16 32
Accountant Clerk {D/E) 2 1 28
Copy typist : (E) 3 16 48
Watehmen/Tel.ope/ (c) T 15 105
Driver
Messenger (B) 2 8 16
" Hostel Inspecto (F) " 20 _ 20
Cook : (E) 2 16 32
Sweeper (B) 2 B 16
Sub-total - 66 - 1,517
Housing allowance (15%) - - 228
Total : S - - 1,745

(B) 'Reéeabph and Exﬁeriment

Plant and equipment : _ 100
Farm and equipment _ _ _ - B0
Laboratory materials _ 100 -
Fuel for machinery . ' .50
Books and information : ce - .30

Total | | - 320

() Tréining

Travel allowance (100 persons) | 200
Grafting materials : _ 30
Teaching materials : 15
Fuel for vehicles 4o
Total _ 285

(D) ‘Operation and Maintenance _ .
Electricity 120

Travel allowance for staff : 90
Transportation/Communication _ 4o
Stationary (L.S.) - .- - 15
Maintenance of Centre 80
Miscellaneous other charges _ A 60 -

T - 10
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FIG. T1T-1

RAINFALL MAP IN SOUTHWEST KENYA
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' Fig., M—2 - Or-ganizétion ‘of Agrlcultural Department
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ORGANIZATION AND MANNING

Fig., M—3
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Fig, I—4

TRAINING AND SEBDLING FLOW DIAGRAM
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FIG. V-3 SINGLE LINE DIAGRAM
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FIG. V-4

TELEPHONE WIRING AND PIPING SYSTEM
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" APPENDIX I-1
| Minutes of Discussions
MWHSH?{OFAGRHKMﬁUREANDlJVESTOCKDPVELOPMENT (1 ef 1)

KILIMO HONg%

CATHEDRAL RGAD
P.O: Box 30028, NAIRORI
25th Jan. 19 44

'}rrel'?{ﬂ;mnlns: YMIN AG"_, Nnil‘ﬁbi
ATelaphone: Nairobi 720030
When replying pleaxe guote
COFTA/T6/14

and date

- MINUTES OF DISLUSSIONS ON BASIC DhSIGN STUDY FOR THb_
PROJECT FOR IMPROVLWENT OF THE NATIONAL HORTICULTURAL
'RFSIARLH STATION TN TﬁE RbPUBLIC CE KENYA

In response to the request made by the Government of the
~Republic of Kenya for the Pro;ece for Improvement of thh
National Horticultural Research Station in Thika, in the
Republic of Kenya ( hereinafter:referred'to as " the Projectﬁj,
the Govefement of Japan, through Japan Internatlonal
Cooperation Agenty (JICA}, has di spatched a survey team headead
i by br. Yutaka3MACHIDA, Chief of Second Breeding Laboratory,
FruiE_TreeeReseérch Stafidn, Jeganese Ministry of Aorledltdre
Forestry and Fisheries (‘heloine#t"§ referred to ae.”tne F“dm“)
to LOﬂdUCt the basxc dEngﬂ study on the Project from: 7

17th Jaﬂuury te 16th Feerdry, in 1984

The Team hés:earried out a field survey and had a series

TS T AN (AT AT T e T T T A
e e,

“of discussions with Kenya authorities concerned of the

. Project.

As a result of the survey and discussions, the Team and Kenya

" authorities concerned have agreed to recommend te their

TR,

respective Governments that the result of the qurvey ard_

discussions aLtached herew;th %houl be examlned toward the

realization of the Project.

R

NAIROBI.EST%xJANU RY, 1982

iz

A.K. KIRIRO

/h’l 1_0("

Dr. Yutaka Machida =~ - o for: PERMAMENT SHCRETARY

L =

i e S A e R

Head of Japanase Survey Team.

g

5]




Tc]egramms “MIN AG " Nmmbl

Ref. No,

- _ | {2 of 11}
MINISTRY OF AGRICULTURE AND “IVESTOCK DEVELOPMENT

 KILIMO HOUSE

Telephone : Nairobi 720030 CATHEDRAL ROAD
When replying please quoty PO, Box 30028 NAIROBi .
]
‘ 19
and date

ATTACHMENT -

.

The obgectlve of the Japwnece Grant Aid Programma is

to provide necesgary bulldings, faCillthu and equmpnent
for ecstablibhing a nut develbpment centex { hereinafter

re{ered to as'"the Center“), mainly Macadamia Nut in
the Natlonal Hortlcultural Research Station in Thika.

The purpose of the Project is to improve the activities

. of the'National'ﬂorﬁicultural:Research Station by means

of establishment of the Center.

The Coqter is d1rec*1y under 'he Drrerfor of Agriculture

L

in the Ministry of Agriculture-and Livestock Development .

The organization chart of the Center is shown in A ANNEX I

The ecuting body for the implemeﬂtétioh of'th¢ Project
in Keryan side are the Crop Produvtlon pivision and

the SbLyntlflc Resparrh Dlv 1on on behalf of the

Permanent Secretary, Mini stry of Aorlculture & Livestocw!

Development.

Thu.bropOSEH site of the Project is'the'lénd in the
National Horticultural Research Statlon in Thika
{hereinafter re‘@rred to as "the Pro;@rt Slte“)'.

The Project Site is shown in ANNEX II. The zoning plan
of the Centéf is shown in ANNEX ItL. . ‘

The objectives of the Center are:

6.1 To serve as a center for production. and

distripution of improved nwi seedlings, especially
Macadamia Nut.



T eiogrmnms

Rel. No.

:MHWSTRY(ﬂ:AGRKXHEUREANPIJVESTOCKDEVELOPMENT

“MINAGY, Nairobi
Telephone: Nairobi 7200630 .,
When replying plesse quote

(3 of 1)

KILIMO HOUSE
" CATHEDHRAL ROAD
P.O. Box 30028, NAINOAT

and date

10.

10

6.2 To serve as a training center for promoting
manpower to improve-and'develop nuts cultivation,
especially Macadamia Nut.

6.3 To serve as a résearch center for breeding,
agronomy. s0ils, plant nutrition and plant

protection of nut crops, mainly Macadamia Nukt.

The Team will convey to the Government of Japaﬂ the
d051r0 of the Government of the Republic of Kenya that

the former takes necessary measures to cooperate by

=

providing the buildings and other items listed in

ANNEX IV within the-écoperof apanege econoinic

cooperation programme in grant form.

The Team w111 convey to the Govcrnment of Japan LhL

de51re of the Gove[nmenL of the Republlc of Kenya tn\L

"Techn1¢al Cooperatlon Programme is needed for the smooth

and effective operatlon of the Center on and after the
establishment. |

The Kenydo authoritleo concerned have underetood and_
conflrmed Japan‘s GLaot ALd System explained by the
Team which includes a pr1nc1p1e of use of Japange
COnoultant firm and a Jdpaneee general contractor for
1mplementatﬁon of the Pro;ec\,v

The Konyan authorltles concerned have COnflrﬂed the

" Governiment of the Republlc of Kenya will take neceesory

measures as 115Led in ANNEX V on condltlon that thao qrant

hy the Goverrment of Japan is EXLEWd*d to the Pro;ee_.

aid. .



| - 4 of 11
MINISTRY OF AGRICULTURE AND LIVESTOCK DEVELOPMENT & )

Telcgramtﬁ;: “MINAG":, Nairobi
. Felephone: Nairob, 720030
When replying please quote

" Ref. No.

KILIMO HOUSR:
CATHEDRAL ROAD
PO, Box 30028, NAILO:1.

19

and date

ATTACHMENT cont.

1i.  The Kenya Government side reguests the
7 Team to consider advising the former on
the estimated local gosts and external costs

of the project as soon as poszsible.



(5 of 11)

COLTRIoRd LI T
zo_tﬁblg S|

. BroImE Oy—
IRONRPY Oy ]

({RoTvasI

Lo
NS NN

o %

BHNYRL ¥ Nols NELd |

CNOILY Bvdodd @ L
L AONOEsy Oty

[ NovEvacrd Ja=suan

L Y ES 92
o RO TG

e e ———— o —

__ m.tza@u.vd.

AL PYNYIN Fumhﬂu& i

SHEANED

oQquJ{}m T _IOIWIIVIIVIN ._.um,no.mm. —
ﬁZL.JD.A.Mm Fd=A LS A9 $5AA7 -

e =0

SIS IALD
— ] melazeaozd

=S

A .wmp.r;fioj 40 Yd(kwmumn.wu

rM\/rQPrﬁm..u RILHR L S2INAYY
. IRV AP35 0a

SN 20 HoLradQ —
qud,mm a3 e MQLUMEA —
SATD A0 o) —

IELUTRWG S
NO LU VTN F TN

X Droxsals

LT ETY

= T A S

EERENES

=L do

THOLSEINREO T T T XANNY



(6. of 11)
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MINISTRY OF AGRICULTURE ARD LIVESTOCK DEVELOPMENT

Telegeamuns: f'MlNr\G ", Nairobi

KILIMQ HOUS™S
Telephone: Nawrobi 720030

CATHEDRAL ROAD -
When replying please ¢grote P.C. Box 30028, NAIROBI
Ref. No. . . — e 19 —
and date : '

 Items requested by the Government of the Repﬁblic éf Kenya the

cost of which will be borne by the Government of Japan:-—

1.  Main Building
(Administration)
Director's room

other offices

(Training)
" Class. room for 50 persons
Class room Ffor 16 persons

o
Store reoom for teaching materials.

{Research) o
Léborafqriesuféf.
Breeding/processing

Agronomy ' _
Soils/Plant NMutrition
PlénE'PfoféCtiQn '
Cold fébﬁ o

sSample room
Fn@»:ﬂ-;';ii,.wcia..-:-azﬁ;,

'Smali Library

2. .  Arrex Bullding ( supporting facility)

Store for eguipment/chemicals/fertilizers
n '

a

Garaos for farm machipery



S o (9 of 11)
MINISTRY OF AGRICULTURE AND LIVESTOCK DEVELOPMENT

Telegramms: "MINAG;', Nairobi

KILIMO HOUSE
Telephone : Nairobi 720080 CATHEDRAL ROAD
When replying please quote ¥ S rabata, P.O. Box 30028, NAIROBY
. AR o _ e
Ref. No. _
‘ " and dage '
CANNEX IV (conti.)
3. Nursery
Grafting facility
Green houses
Shed houses
4. Experimental Farm ( about 4 ha)
5. Irrigation and drainage system { including Intake

structure from Thika River for Experimental Farm) .

6. =Ciean yater éubply'ﬁyStéﬁ

7. 'Sdme'heCaSééry‘ééuiﬁmenti

‘8. Special fence agé;hst wi}d animais.
9... Dormitory

10. Others



o - | R . : (10 of 11)
MINISTRY OF AGRICULTURE AND LIVESTOCK DEVELOPMENT '

Telegramms: “MINAG", Nairobi
Te]e}3i1_011e: Nairohi 720030
When replying please quote

Reif, No,

CKILIMO HOUBE
CATHEDRAL ROAD
P.O. Box 30028, NAIIOBI

19

and date
ANN EX V

Follbwing'arréngemenﬁs are required te be taken by the
Government of the Republic of Kenya.

1. To carry out site preparation such as clearing and

leveling before commercement. of construction works.

2. 7o construct the gate and general fence in .and aroﬁnd
the site and develppthe landscape in the site. To
construct 'wind-break.

3. To prov1de LaCllltl 5 for dlatrlbutlon of electrlc
_water supply, drainage, telephone lines and other
incidental facilities Lo the site..

4. To furnish general furnitures ( office tables and
' chai"s, cabinet and otherb) except those whlch are

laboratory and training uses.

5. 'To bear the commlss.lons (Adv151ng comm1551on of

Author ity to Pay and Paymmnt ‘commission) to the Japanese

foreign exchange bank for the banklng services based.
'upon the Banking Arrangement. '

6. To éxampt Japanesérhationals from customs duties,
internal taxes and- other fiscal levies which may he
imposed in Kenya with respert to the’ supply of the

. products and services under the verified contracts

7.7 To ensure prompt unloading and customs cléarance at
ports of disembarkatior in Kenya. '

A~ 10



| | (11 of 11)
MHWSTRY(NZAGRKKHTUREANDiJVESTOCKDEVELOPMENT

Felegramms: “MINAG", Nuirobi

_ KILIMO HOUSE
Telephone: Nairobi 720030 CATHEDRAL ROAD -
When replying please quote P.O. Box 30028, NAIRORI
Ref. No. : 19
and date
CANNEX Y € conki.)
8. To accord Japanese national whose services may be

veguired in conneclion with the supply of the
preducts and the services under the verified contract
“ruch fécilitiés as may be necessary for their'entry
'into Kenya and stay therein for the perfbfmancé of
t‘;..hei © work. o
9. To maintain’ and use properly as:effecﬁivaiy theas
Facilities constructed and equipment purchased
under the.Grant. o '

10. To bear'ail the'expéhseé cher'thén'those to_be
borne by the Grént,_ﬁccéssafy'for'constructiqn of
‘the facilities as well as for the transportation

and the installation of the equipment.’

A- 11



APPENDIX 1-2

TRAM MEMBER LIST
(January 15 = February 17, 1984)

‘Name

Designation

Organization

MACHIDA, Yutaka

ONODA, - Katsuji

KOBAYASHI, Keisaku

OCHI, Hirotaka
SOEJIMA, Masao

SASABE, Keiji

Team Leader

Coordinator

Consultant Team
Leader, Agronomist

Irrigation’EngineéP
Architect

Hydrologiat '

Fruit Tree Ressarch Station,
Ministry of Agriculture,
Foredtry and Fisheries, Japan

‘Basic Design Diﬁiéiéﬁ,
‘Grant Aid Department,

Japan International
Cooperation Agency

Chuo Kaihatsu Corporation

n. " "

A - 12



A: Dr. Machida, Me.
B: Mr. Kobayashi, Mr, Soejima

C: Mr, Ochi

D: Mp Sasabe

APPENDIY I-3

STUDY TRAM ITINERARY
(January 15 = February 17, 198&)

Onoda

MALD: Ministry of Agrioulture and Livestock Development
MOW : Ministry of Works, Housing and Physical Planning

Date Stay
Jan. 15 (Sun) (A} Leave Tbkyo
16 (Mon) (B.C) Leave Tokyo
17 (Tue) Nairobi (A.B.C) Arrive Nairobi
18 (Wed) S (A.B.C) Courtesy call to Embassy of
: Japan, JICA and DPpt. Director of
‘Agri., Meeting w/MALD on Grant
- Sysatem and Inception Report
19 (Thu) . " (A.B.C) Meeting wlﬁlnistry of Flnance
_ Meeting w/MALD
20 (Fri) o (A.B.C) - Nairobi - Thika
:  Fie1d survey on the Project Site*'
21 (Sat) o (A.B.C) Nairobi-Thika B
' o =Fleld Survey on ex1sting fa01lity ;
23 (Mon) s (4.B.C) Meeting w/MALD on Project
o framework sto.
24 fTue)' Nairobi (A.B)  Meeting w/MALb;:
L Thika (C) Nairobi - Thika
25 (Wed) " (A.B)  Preparation of minutes
: (C) Land survey : .
“26 (Thu) L (A.B) Exchange of-signatures on the
- - minuytes
(C) - Land survey
27 (Fri) : (A) Leave: Nairobi
Nairobi (B) Visit USAID, IBRD, MOW
Thika {c) Land survey
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Date Stay
28 (Sat) Nairobi (B) Collect data & information
' Thika (¢) Land survey :
30 (Mon) 1 1]
31 (Tue) Nairobi (D) Arrive Nairobi |
: (B) Collect data & information
Thika (C) Land survey
Feb. 1 (Wed) Nairobi  (B) Collect data & information
. Visit KARI (Muguga), Forest
_Nursery (Ngong), NDFRS
. (Katumani), ICRAF (Machacos),
. . NAL,: AIC and soil survey
. (Kabete), ete. Visit Central
. Province Office & District
. Agricultural Offices: (Kiriyanga,
. Muranga, Nyeri, Kiambu)
. Meeting w/MOW
Thika: {C.D)  Land survey,‘waﬁer resourece
. survey, Collect data on
+ ‘hydrology, hydraulies,
e meteorology and
11 (Sat) _ infrastructures
13 (Mon) Nairobi (B.C.b)' Courtesy call to Embaésy of
o Japan, JICA
14 (Tue) " (B.C.D) Meeting w/MALD on the study
15 (Wed) u (B.C.D) Farewell luncheon, Visit Kenja..
Nutas Co. (KNC)
16 (Thu) (B.C.D) Visit KNC Nursery, Leave Nairobi
17 (Fri) (B.C.D) Arrive Tokyo
2 £ 2 & ® %
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“APPENDIX Il

" CONTACT LIST

(January 13 ~ February 17, 1984)

1. Ministry of Agrioulture and Livestook DeveIOpment
KILIMO HOUSE P.0 BOX 30028 Nairobi TEL. 720030/1—9

wom L=

. KIRIRO

KIMARL

. MUEMA

. KAMINCHA, Mrs

=2 T Q=
* - L]
= v 2 R

J. J. ADALA
C. N, GATHUNGU

S. GACHANJA

. M, NZUBE
ECHESSA

AYA, Mrs

. W. NQUNDO, DR.

_ DAVID N. MUNGAI

P, K. KUSEWA

Deputy Secretary of Finance
Deputy Director of Agriculture
Head Officer, Horticultural Crops Branch

Senior Agriculturél Officer, Hortlcultural
Crops Branch

- Senior ResearchIOff1Cer

Deputy Director, National

Horticultural Research Station,

“Senior Research Officer, National Horticultural

Research Station, Thika
Under Seoretary'(Administration)

'Senior Planning Offlcer _
;Deputy Director,_Agrlcultural Informatlon Center

Deputy Director, Agricultural Research Dept.,
Kenya Agricultural Research Institute (KARI)

_ Agroclimatologist Kenya 5011 Survey

Director, Katumani Dry Land Farming Resear'ch
Station

Ministry of'Fihance'and Planning

C. N. MWANGEMI

Senior Assistant'Secretary

Ministry of Environment and Natural Resources

MATIRU

LEOPARD M. MWEKE
E.E.R. ANTAQ

' Conservator of'Foresty Information and Extension

Services, Forest Department

Forest Assistant, Forest Dept.

Forester, Foregt Dept.

Miﬁistry of Works, Housing and Physical Planning
MOW P.0. Box 30260 Nairobi TEL: 721022
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K. N, DUNN
G. N GITONGA

R. BROWN

J. TAYLOR
J. A, LINTURIRI
D. Q. NYAMUNGA

K. M. WANGAI

D. 0. OMOLO
J. OHARA

Other Authorities

KABAYA

RUARAKA

PETER K. NJOGU

C. NDUNGU MBURU
J. K. KANJAGUA

JOHN GITHUKA

Other Organisations
KEVIN CLEAVER

WAMBGO KURIRA'

D. K. AUDERE .
T. DARNHOFER, DR

P. G. VON
CARLOWITZ, DR,

A. DAVID LUNDBERG
S. MASE -
Y. SATO

-J. SAKABE

- Chief Architect

Chief Quantity Surveyor
Chief Architect

Chief Structural Engineer

Chief Pldmbing Engineer
Chief. Electrical Engineer
Cost Planning Officer
Eleotrical Engineer
Architect

Chief Engineer, Minlstry of Water Development,
Muranga

Survey field HQ

Horticultural Crops Officer, Kirinyaga
Distriet Office

Land Devélopment Officer; Central Province Office

:District Agricultural folcer Muranga Dlstrict
‘Office

Reg1stry In Charge, Kiambu District 0fflce

‘Seetion Chlef Central Agrieulture

Regional Mission in ‘East Africa (R.M.E.A, )
The World Bank (IBRD}

Internatlonal Council for Research in
Agroforestry { ICRAF) -

'Proaeet Manager, ICRAF

Agro-climatologist, ICRAF

Senior Forestry Expert, ICRAF

Chief, Agriculture Division, USAID

Director, Japan Trade Center (JETRO)

Manégihg Director3 Kenya Nut Co., LID,
Farm Manager,: KNC.
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7. Embaséy of Japan

R. HAGIO First Secretary, Embassy of Japan_ to Kenya

8. JICA Nairobi Office
3. YANAT Resident Repr'esentative in Kenya
T. NAGASHIMA Deputy Resident Representative
9, JICA Expertis

'S. HIRAMA =~ JICA Expert
T. IWASAKT JICA Expert
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Appenqix - Ll"i,:
Minutes of Biscu351onb
MINISTRY OF AGRICULTURL AND L!VESTOCK DEVELOPMFNT {1 of 5}

Telegramms: “MINAG”, Nairabi " KILIMO HOUSE

Telephone: Nairobi 720030 CATHEDRAL ROAD -
When replying please quote P.0O. Box 30028, NAIROBI

Ref. No.

19

and date

AGHEED MINUﬁ?ﬁS"BENFE‘: Mmzséﬁf OF AGRICULTUI{E . AND BASIC n'EsIGN' TEAM

QN ESTABLI‘%E!DU}NT oF NU‘E‘ DEVI} Or’i‘iE‘NT CI‘NTRL AT NATIO’\{AL HOR"‘I(..ULTURAL

-mv,smztcn smnou Tﬂim, FROM 1?/7/8!§ TQ z&,{?/sa

The Govérnmant of Japan hag sent, tnrough the Japan International
Coaneration Agency (JTCA) a team to the Republic of Kenya from July JSﬁh
to July 26th 1984 for the-purpose of presentxng and explaining the Draft
Flnal Report. of the Bas;u Design Study (the Rnport) on the Imﬁravaneut

PraJect of National Hort*cultural Rasearch Statlon (the Proauci).'

The taam held meatlﬁgs with tha officials concerned of the Hinistry of
Agriculture ‘and Livestock Development {HALD). and th National
uorcicultural Re“earch Sta%zon (NHRS) to expla*n and to d‘scucq | the
reporta “he main items which were dsscussed and confxrmed by both parties

at tha_meetings are as follbws:

1, The Kenyan side principally approved the Report and appropriate
alter»ations'agreed by both sides_dﬁring.the discuséidn will be
incorporated in tha Fin_ai Repdf{;, :

2, The Final Report {10 écpies in English)?on thé Project will be
submitted to tha Government of the Republic of Kenya at the end of

'Sthember, 198&.

e Both sides confirmed that tha Kenyan side understood the system of
.Grant Aid Programme to be extended by the Government of Japan,
-Especially the;.arrangeMents to pe.taken=by‘the Gove;nment of Kenya ::

{as agreed in Minutes or Discussion on ‘the project dated on January .
ZSth, 1984), with ¢the approval of the Hinistry of Finance and. Plann1ng o
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. MINISTRY OF AGRICULTURE AND LIVESTOCK DEVELOPMENT . 2og sy

Telegramms! CMINAG?, Nairobi
Telephone: Nairobi 720030
When replying please quote
Ref. HOiiniesaissssanssnsiesssrsesensssmsisaivs

and date

KILIMO HOUSE
CATHEDRAL ROAD -

© P.0.Box 30028 or 68228
' NAIROBI B

4 Through discussions, both parties gonfirméd and adjusted thgi

 ‘{items as per annex 1 and II

July 25th, 198%

' Nairobi, Kenyae

W
fakashi.lﬂéiu N : o _ | .‘_ : i VS;N.'ﬁuturi.
Lééde;, - g o B o ﬁiféqfd?cdf AQricﬁi{ﬁra
Japaﬁeéé Team, JICA : :_ . | fb;f Pe;ﬁééeﬁtiSeefetary
| | Hihisfry of3Agricﬁltura &
Li#esféck Development

" KENYAN SIDE
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Te]egminm,s: "MINAG-”;:Ni}iroBi_ o
Telephone: Nairobi 720030
‘When replying please quole -

MINISTRY OF AGRICULTURE AND LIVESTOCK DEVELOPMENT (3 of 5)

KILIMO HOUSE

"P,O. Box 30028, NATROBI

Ref, No. 19 .-
_ and date :
ANKEX I
l., The ohjectiva of the Prodacﬁ ip to egtabiish. the Nuts Research Unit

3e

Lo

B

6.

(tha Unat) at the Hational Horticultural Research station for
ancou:aging and promoting +he ragearch and davolopmant ‘of Macadamis
and othmr nuts with a viaw to utrengthen Kenya's capacity fox

Undartaking reaearch and developmont of macadamza and other nutse'

Tha Unit will alao conduct training on nuts cultivation énd'provid@

high quality planting material which will be produced through

reﬁnarch and training activities for distribution.

The Unit wixx”provida the technicai éuppori'?Or'{hé"hditiplicdtion of

additional qeedlings at the mursery. centres to bea establiahed

' elsswhara Ly the Gavernment of Ronya to produca the targetted '

_ number of 100,000 aeedlings per yaar.

The Project Manager Qiiljbe responsible for the activities of the
Unit to the Director of Agricultire through the Director. of

National Horticultural Research Stdtion and the Diractor of Sclontific

Research Mvision.

Thae Unit will give teéhniéal suppoft to the extension and

devalopmunt of the nut industry undey the diraction of the Chiof,

‘Crop Productian Diviaion of the Miniatry cf Agriculturac

I wag notad that whilo the Go?ernmant af Kanya had raquaatad for

a hastel (dormitory) as per minutes of discuasion datéd ﬁSth January

A-~20
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 MINISTRY OF AGRICULTURE AND LIVESTOCK DEVELOPMENT (4 of 5)

" KILIMO HOUSE
CATHEDRAL ROAD
P.0. Box 30028, NAIROBI

19

Telegrarmms: “MINAG" Nairobi
Pelephone: Nairobi 720030 :
\When replying please quote

flef. No. - ——
and date

1984 (nppendix lnl of the Draft Final heport of %ho Baaic Design
Study), it vam thed that tha request had not baan included in the

draft documanta

lTha team’ explain@d that a hostel for %raineoﬁ was considered.buh
;not allowad to be cove?ed by ﬁhe Grant Ald. from thc Govervnent of
-Japan. bhut tha Kenyan side raquasted the, team strongly to convey
eho Kenyan desire that the Govarnment of Japan ruconslder to provids

'the hostal under the Granta

_The team inforaed the Kenyan side that the dasire of the Government
of Kanya will not be accepted by tha Governmant of Japan, but they
#ill convey the dasire of the Governmﬁnt of Kenya to the Government

of Japan.

7« The tentative davalopmenz'pian of the Unit site is shown in Annex IIX.

WV
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TEAM MEMBER LIST

APPENDIX II-2

(July 15 = July 26, 1984)

‘Name

Designation

Organization

IMAZU, Takeshi
KOTOBUKI, Kazuo

KOBAYASHI, Keisaku

OCHI, Hirotaka .

Team Leader -

Technical Advisor

Consultant Team Leader,
Agrononist

Irrigation Engineer

Basic Design Division, Grant
Aid Department, Japan
Internatiocnal Cooperation
Agency

Fruit Tree Research Station,
Ministry of Agriculture,
Forestry and Fisheries,
Japan '

Chuo Kaihatsu Cbbporation

Chuo Kaihatsu Corporation
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APPENDIX II-3

STUDY TEAM ITINERARY
(July 15 ~ July .26, 1984)

Stay

‘Daﬁe
Jul. 15 (Sun) " Leave Tokyo -~ Arrive Paris

16 (Mon) -Léave_Paris

17 (Tde) Nairobi Arrive Nairbbi : '
Courtesy call to Embassy of Japan

18 (Wed) " Courtesy call to MALD

: Submission of Draft Final Report

Field survey on the Projeet Site

19 (Thu) u Visit Factory and Nursery of the
Kenya Nut Company
Meeting w/MALD

20 (Fri) R Meeting w/MALD

23 (Mon) f Meeting w/Ministry of Finance
‘Meeting w/MALD

24 (Tue)" " Meeting w/MALD

' Preparation of minutes
25 (Wed) " : Exehange of sxgnatures on the
' minutes .

Leave Nairobi -

26 (Thu) - " Arriﬁe Tokyo
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APPENDIX II-4

CONTACT LIST .
(July 15 -~ July 26, 1984)

1. Ministry of Agriculture and Livestook Development

D. NAMU
W. E. ADERO

F. P, MUEMA

N. N. KAMINCHA
A, E. 0. CHABEDA
J. J. ADALA

C. N. GATHUNGU

Permanent Secretary _
ChiefL'Crop Production Division
Head, Hpbtieultural Crop Branch

~ Senior Agri. Officer, Horticultural Crop‘Branch

Asst, Director, Agricultural Research Divisioh

Senior Research Officer, Agricultural Research

Diviasion _
Deputy Director, NHRS

Ministry of Finance and Planning

C. N. MHANGEMT

Embassy of Japan

-0. NAKANO

. JICA Nairobi Office

8. YANAT

T. NAGASHIMA

JICA Experts.

S. HIRAMA
T. IWASAKI

Kenya Nut Company Ltd.

J. K. NJERU - '
Y. SATO
J. SAKABE

Senior Assistant Secretafy
First Secretary, Embaasy'of'Japan to Kenya

Residéﬁt‘ﬁepresentative in Kenya

Deputy Reaident Represéntative

JICA Expert
JIcA Expert

General Manager
Managing Director
Farm Manager
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APPENDIX 11T

REPORT OF PROF, R.A. HAMILTON®

I. INTRODUCTION

In accordance with a request from the Government of Kenya for .

. asgistance in Macadamia nut production, the Food and Agriculture
Organization of the United Nations under the United Nations Development
Programme {Technical Assistande Sector) ‘appointed Mr. R.A, Hamilton as
Macadamia Nut Specialist.  Mr. Hamilton served in Nairobi from 18-28 June
and 15-27 July 1971. . His terms of reference were: to examine the present
research, field trials and expansion plans for Macadamia nut in Kenya. To
‘advise ‘on " the most suitable areas for the crop and to advise on lines of
‘researoh and: requirements for such research with special reference to
grafting or other ways of vegetative propagation. To advise on the
establishment of processing and marketing. -

_ With an estimated planted aereage of seven to elght hundred thousand
ardes of macadmia trees planted in the. eountry, there 13 an urgent need

for this information. In some instances young trees are starting to. _

produce with as yet no provision for marketing and processing the nuts.

_ The survey part of the mission was oarrled out in a travel programme
arranged with the advice and cooperation of the ‘Research Section, the
Planning Section and the Horticultural Crops Development Authority in the
Ministry of Agriculture. Field trips were arranged to districts where
macadamias were being grown or where it was considered possible that they
 might be grown. Processing problems and possibilities, propagation
practices, the problem of which species to grow, lines of research and
development for the future were studied and analysed and recommendations
- made. Quality determinations on representative samples of nuts were made

through the cooperation of the East Industrial Research Organization,

2. BACKGROUND

There is very little research or technical information on problems
- .of production,’ processing and marketing macadamia nuts in Kenya. There
are still no varlety trials in production in spite of the fact that
seedling macadamia trees have already been planted in Kenya.

Although seedling maoadamia trees grow well in. hlghland areas where
there is an excess of 55in of rainfall well distributed throughout most of
' the year, the present population of seedling trees planted which are
“relatively low in production, kernel recovery and kernel quality probably

# Source: FAO. Report to the Government of Kenya of Macadamia Nut -
Growing, Marketing, Processing and Research Problems, based
on the work of R.A. Hamiltoh, Rome,'1971;'United-NétIons
Development Programme. Report No. TA 2996, -
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do not provide the basis for a profitable macadamia nut. growing industry
1n Kenya. . Nuts produced in present seedling plantings are highly variable
in size, shape, shell thickness and oil content compared to.those from
improved olonal varieties of M. intergrifolia. .The average kernel weight
cof M. tetraphylla nuts is only about half that of kernels of :selected
clonal varieties of M integrlfolia. !

Ty is considered possible that by eareful and effielent handling and
processing prooeduree,_about 60 percent by wéight of kernels from nuts
produced by present seedling plantingg could be utilized. It should
however be made ¢lear ‘that the potential production and .income. from.
existing seedling plantings is only about 13 percent of that from
comparable orchards of improved clonal varleties of M. integrifolia.

; The 1mportant problem of" which of the two;speeies should‘be planted
:has not been fully investigated or resolved. Present plantings consist
almost entirely of Macadamia tetraphylla seedlings with a small" proportion
of seedllngs of M&cadamia integrlfolia and hybrlds of the two speeles.

- The produetlvity of seedllng orehards ‘and the pr009331ng quallty and
market acceptance of nuts produced. has been investigated only
superficially. Because. of the large acreage and 1nvestment involved, it
is important to deflne and study those problems in detail,

The problem of ' which of the two macadamia species to plant in the
future needs careful study, a definite decision and wide publicity. Nuts
of the two species have considerable differences in flavour, texture,
_composition. Their processing qualities also differ enough so that
kernels of M, tetraphylla and M, integrifolia should be processed
- separately and at dlfferent temper'atur-es.= Storage lifé of the two species
is ‘also different. : -

A few-improved'elones'ef'M.‘integrifolia have already been imported
into Kenya but there are no variety trials of either species yet in
production. Variety trials of as many improved commercial varieties as
possible are important. It has been well established that production and
quality of nuts’ from seedling trees are inferior and more variable than
those ‘obtained from selected olonal varleties.

Development in plantlng seedlings has preceded research in macadamia
produetion in Kenya. Through reassessment and evaluation methods of
solving problems which have become evident in attempting to market and
process of problems, research priorlties and maeadamla nuts are now
pertinent if not 1mperative. C ' : :

3. RECOMMENDATIONS

1. ir it is decided to seriously consider contlnulng the development
and growing of macadamia nuts as a commercial crop in Kenya, it is
1mperat1ve that a decision be reached as soon as. possible to top or
replace the major part:of the highly variable seedling trees: now grown.
This:should be with improved clonal varieties of M. integrifolia, although
M. tetraphylla is presently the. predominant species in Kenya. There are

. no proven commercial: varieties of M terraphylla since this speeles has -
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never heen grown sﬁccessfuly as a commercial orop. World processing of
macadamia nuts: is presently based almost entirely on nuts from selected
elones of M, . integrifolia.

2 ‘It is believed that the choice of M. tetraphylla as a suitable
species of orchard planting to establish a new comvercial crop in Kenya
was probably a mistake. It would be risky and perhaps disastrous to
continue to- rely on M, tetraphylla séedlings as a source of macadamia nuts
for development of a large -scale commercial processing industry.

3. L should be made clear and fully understood that the bulk of
macadmia nuts presently produded in Kenya are not of the same type and-
species as those of commercial ¢lones .of Macadamia integrifolia grown and
processad in other countries for the world market. Nuts of the two
species involved are not fully comparable in. unifcrmlty, flavour, quality
and 0il content.

4, Plantlng materlal presently available to farmevs ccnsists mcstly cf
'hetereogeneous unselected ‘M: tetraphylla Seedllngs hlghly varlable in
productivity, growth characteristies and nut and kernel quality. These
seedlings grow well enough to be- satisfactory as rootstocks of selected

. eloneés of M, integrifolia. M. tetraphylla séedlings should not, however,
be considered as approved nursery stock suitable for orchard planting.
3ize, shape, quality and shell thickness of nuts, as well as productlvity
-of individual trees, is too:variable to expect satisfactory ‘results in an
orchard or produce adequate yields of nuts suitable for commercial:
proccssing. . :

5. Present seedling plantlngs in Kenya, in addltlon to their
considerable potential value as rootstocks for superior clones of

M. integrifolia, can also provide basic 1nformatlon of ‘considerable value
 in determining the adaptation of macadamia in Kenya.. This in turn should
be of considerable assistance in deciding on the most logical areas in
which ‘to locate new plantings of improved commerclal varletles. Both

M. integrifolia and M. tetraphylla require similar environmental
conditions for optimum growth and fruiting, and the rainfall, temperature.
and soil requirements of both species are similar enough so that
information on performance of either species could be readily 1nterpreted
in terms of cllmatlc adaptatlon of the other species,

6. In order to- grow macadania successfully for commercial processing in
Kenya, 'a comprehensive Pesearch scheme should be. formulated and activated
as soon as pessible. The experlmental programme should inelude variety
selection and testlng, propagation and nursery practices, fertilization -
and cultural research.. The experimental programme should be supported on
a long timé basis and adcquately staffed and financed. Variety testing
and cultural research should be done in those areas of the country which
appear most suitable fFor growing this crop,

7, _ At the same tlme although there is deflnitely a calculated risk
:involved grafting and topworking of existing seedling trees should be
done on‘as large a so¢ale &as practicable, using standard- commercial M, L
integrlfolia varieties from Hawaii and Australia.- .This. should be. done .
rapidly as necessary scion-wood can be grown or: cbtalned elsewhere.
Seedllng macadamla trees presently being planted and grown in the country
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are satlisfactory for use as rootstocks but rnurserymen must be adequately
trained in order .to be able to graft-and topwork macadamla on a large
scale. Training of nurserymeén %o-the rather . specific techniques required
in graftlng macadamiag sucgessfully is absolutely necessary.  Without
adequately trained nurserymen who" have some actual experience in grafting
macadamia, any large scale attempt to graft or topwork seedling trees will
probably fa11

8. . Areas such as K1311 and Kitale distriets have an annual rainfall of
1, 500m/m or mors; well: distributed over most of* the year, and.a relatively
short dry 368300, They ars considered more sultable for growing macadamia
nits than those with less rain: or a longer dry season., Areas such as
Thaika and. Machakos with a: bimodal rainfall pattern may also be suitable
for macadamia nut grow1ng but for best results would probably require some
supplemental 1rrigatlon durlng the driest period of the year.

9.. Areas too high or too cool for successful coffEe growing as well as
those with mean monthly maximum temperatures above, 900F 1/, for more than
two months of the year, are questlonable and probably would be marginal:
sites for maeadamla grow1ng. T : . .

10, .Of current interest and immediate 1mportance to growers,
cooperatives, Ministry of Agriculture officials and others concerned is
the marketing and utilization of the current crop of nuts to the best
possible advantage. There are largely M. tetraphylla nuts from many small
seedling orchards. planted: in highland areas. In spite: of their low '
production per tree, relatively low oil content of kernels and variability
in shape, size and sh¢ll thickness of nuts, it is estimated ‘that '
approximately -60 percent of the Kernels produced could be utilized as
dessert nuts provided they are handled correctly. This involves several
eritical operations from harvesting through packing for retail and
includes the following qteps.'

a) Nuts' should be harvested ‘weekly or at least within two weeks
‘after they mature and fall from the trees. They should be husked
within 24 hours after harvesting and air dried in shade for 10
days to two weeks before marketing. . :

b) Nuts should be handled Papldly enough so that they can be
'cracked, processed and packed not more than three to four months
: after harvesting, Speed in handling and markebing in-shell ruts
by the farmer is necessary to avoid spoilage and/or ransidity
which renders the nuts unfit for processzng and human
- consumption, A small proportion of mouldy, rancid or spoiled
nuts will make an entire stock of nmuts unfit for processing. The
entire lot is then fit only for use:as animal food, -

777 900F = 32,200
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c) Nuts received by processor or cooperative should be dried at
not more than 1159F; 1/, for about. 72 hours or until they
- eontaln approximately 1 1/2 percent moisture by weight.

d) The ; dried nuts should be cracked roasted and vaouum sealed
before. they again ‘take up additional nolsture from the _
atmosphere. .

e) Conventional maeadamla nut oracklng machinery and methods

developed for M. integrifolia nuts will probably need
-considerable modification and adapting for- cracking

M. tetraphylla nuts; which differ considerably in size shape,
shell thickness and shell consistency from those of

M, Integrifolia, . :

) " Kernels obtained should bé graded to a minimum of
approximately 67.5 percent oil by the floutation method, using
al 0“5 specific gravity solution of sodium chlorids. . '

g) Grade 1 kernels having a minimum oil eontent of about 67.5
percent should be redried, cooked in oil or dry roasted at
appropriate temperatures, coated with an adhesive, salted with
finely ground popcorn salt -and finally vacuum sealed in

. attractive containers for retail marketlng.- As an alternative
packing and marketing procedure well dried, uncooked, grade 1
kernels with a minimum oil content of 70 percent can be
marketed or suecessfully stored under refrigeration for at
‘least. six months depending on the storage temperature and
-quallty of nuts 1nvolved.

11.  In connection with immedlate and pressing probléms involved in the
processing, storage and utilization of present production of

M. tetraphylla nuts, an effort .should:be made to secure the services of
the best quallfled oonsultants available.-.

12,- Existlng seedling plantlngs may be looked. upon ‘88 a stopgap,
providing a good source of information and: practical experience: on
‘cultural problems. They should: not, however, be considered as improved
orchards ‘since their potential is- 1ow compared ‘to improved clonal orchards
of M. integrifolia, -the preferred commercial type for production of .
processed nuts., It is estimated that the ‘maximum potential produetion of:
nuts per area from Seedling M, tetraphylla: orchards is less than 25
percent of that expected from;clonal M, integrifolia orchards of: _
comparable-age-and-condition, The percent kernel recovery.from seedling
M. tetraphylla nuts was about 29 ‘percent by weight (Appendix I), - It .is
estimated that about- 65 percent of these kernels contained at least 67.5
percent il and could be processed into a satisfactory dessert nut pack
(Appendix I). M. integrifolia nuts of commercial varieties would be

17 1150F = 1606



expected to give about HO percent kernel reeovery, ‘about 90 peroent of
which contain 72 percent or more of oil., Even if a lower oil content of
67.5 instead of 72 percent is accepted in grading M. tetraphylla nuts, one
acre 1/ of grafted M. integrifolias would produce a yiéld of usable’
_kernels equal to ‘that from approximately 7.3ac. of tetrapohylla seedlings
of similar conditions and age. Assuming a yield per acre for mature
grafted M, integriiolla trees of 4,000 pounds 2/ of in<shell nuts valued
at 1.80 Sh 3/ per pound, the computed value of grade 1 kernels would be

B 200 Sh per acre. This can be compared with-a computed value of 906 Sh

per acre for usable grade 1 & 2 kernels from comparable:M, tetraphylla . ..
seedling trees- under similar conditions. Figured on a percentage basis,
an acre of M, tetraphylla seedlings in full productlon could only be
expected to produce about 15 percent or less gross income per acre as an
aare of good grafted M. integrifolia trees of similar age under comparable
growing conditions. Even when the comparatively low 0ll content of 67.5
percent is accepted for seedling M, . tetraphylla kernels, the comparative
advantage of planting grafted M. 1ntegr1folla trees is obvious. The
implication is clear that seedllng M. tetraphyllas, because of their low
yields, extreme variabllity and comparatlvely low kernel quality, are not
suitable Tor establishing commercial orchards. They should, therefore,
not be planted except: for home use:as a fresh nut or as rootstocks for
improved varieties of M, integrifolia, the preferred commercial type.

13. The relative potential return per acre from alternative crops should
be consldered objectively in comparison with that obtainable from
macadamia nuts. This is particularly pertlnent since the type of
‘Macadamia tetraphylla seedling widely planted and now coming into
production probably has a lower potential gross income per acre than some
of the possible alternative crops such as pyrethrum passion fruit, corn,
avocados and coffee.

1/ 1 ac 0.40847 ha
2/ 1 1b = 0.45369 kg
3/ 1 US$ = 7.4 Kenya Shillings
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APPENDIX IV

~ PHYSICAL CONDITIONS OF THE PROJECT SITE .

1. Topography and Geology_

The proposed Project site is situated at the southern end off
Murang'a D_istrict, Central Pr-ovinee. Central Province is a r_nountainous
area bordersd by Mount Kenya 'on the northeast and bthe Aberdare Range
(Nyandarua Mountains) on the west'.. . "’hé latter extends 70km f‘roni north to
south, with an altltude range of 3, DOO-JI OOOm above sea level. ~ Mount
Oldoinyo Lesatlma is situated at the northern end of the said range while
Mount Elephant is 1ocated at the southern end, northwest of the Project
‘site., It is from this mountain that the Thika River which flows close to

the Project site, originates.

The . Jower slope o_f‘ the .A_ber-dare Range, surrounded by the towns of
Nyer;i, Murang'a, Thika, Kiambu and Limuru, is a voleanic field of the
Abé_fda'res, having an al'.t:'i.t:ude 6f‘ 1.,500.—2‘,'100111.' - This 'érea_ p'f-esents ‘an
undulating belt 'wit_'h an a\?erage length of llOkm,”disseoted. by ‘numerous
‘parallel river valleys which ih’elude"the Thika, Maragua, Mathioya and Gura
rivér-s. The Pr'oject area is located at the lowest edge of the voloanle

f‘ield wher-e the average land slope is about 1/150.

As shown in the topographic map, the area is undulating with a
‘maximum elevation difference of 10m. An existing non-paved road, Um in
width, passes th.r"o‘ug'h' the said areas. '_Pr'e.sently, the higher areas are
used as experimental farms for macadamia nuts, avocados, grapes ‘and
vegat_&ibles_, while the lower areas, which become .swampy during the ‘wet
season, remain uhul;ilized except to_:proﬁide' a wim.ibr"éak‘ forest for the

existing macadamia farm.

_ To' take advantage of‘ the natural topogr'aphy in the layout of
'Project f‘acllltles, the_ main building will pref‘er'ably be located at a
higher elevation along' thé existing road in'fhe ea.st:‘of the area, while
the piﬂéposed eXperimental farm will parﬁ_ially u_til_ize. existing farmland.
At present, drainage éanals for the expefimental. ..f‘arm _Ido_ not exist and
accordingly, drainage .water’ is conveyed to the lower swampy.ar'ea uti_l_izing

the natural slopes.



Lavas  of Tertiary age are exposed at the Project site and a
voleanie association which is related to voleanieity in the region of the
-Aberdare,Mountains iz  also present. The Trachytic Tuff Series, Whlch
ineludes agglomerates and claystones are exposed in the Thika riverbed.
Commonly these tuffs overlie’ basalt agglomerates of the. Simbara Series.
The geological formation of the area i= provided below,

Tertiary

- Lava .

Trachytic tuffs. with thin basalt flows
Welded tuff's

Upper Thika building stone

Lake beds

Coarse agglomerates

Lower Thika buildlng stone

Basalts and agglomerates

Kapiti Phonolite

Precambrlan o
- Basement System

I

%

The sequence from traehytic tuf'f to lower Thika buiiding stone is
about 30m thick.

2. Soil

'The soil of the Project area is cla531f1ed into reddlsh 1aterite
derived from pyroclastic flow of Tuffs.. Although partial outcroppings of
country rock occur in several areas albng_the Thika River, the depth ‘of
the soil layer ranges from 0-120cm. Due to topography, soil in the upland
area on the left bank bf-the Thika is well-drained whereas soil in the
bottomlands further left of:ﬁhe same becomes Watebiogged during the wet
season. From the comparatively poor'drainage'in the latter area it may be
assumed that the éffects of water logging persist 1nto the early part of
the dry: season and- consequently the area is generally considered

unsuitable for agrlculture.

The Projeet area . can be broadly dlvided 1nto 3 blocks with due
considerdtion of  soil types, land classes and topography as shown in
Fig. 1 and briefly presented below, '

" Block 1: a narrow strip of alluvial soil along the river terrace
. on the left bank of the Thika

Block 2: upland area adj§ining}the above terrace
Block 3: poorly drained bottomland behind the upland area
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' Blook:jz

Blook 2:

Block 3:
' gleysols, and becomes waterlogged during the wet season. -

In'this seotion the fluvisols are distpibuted, along the
Thika River, which is relatively deep with good-drainage.
However, the area is also subjJeot to frequent . flooding
during the wet season and consequently suffers from sevgre'

erosion,

This seetion which borders the Thlka can bé furthéb
subdiv1ded into 2 main togographical areas; Block 2-1 the
steeply inelined (3-2590) area directly_adjoining the river
and river ﬁerracé, and Blodk 2-2 the.géntiy sloping area
furiher east, The soll of these 2 areas is broadly
classified into 2 tyﬁed, humib,acriﬂd;s:(US) and dystric

‘nitosols (Ui, U2) respeétively. In the steeper area, the

country rock 1is freguently exposed and areas of " thinly
distributed'topsbil‘are widespread due to erosion caused

by heavy rains during the welt season.

Soil on the more gently inclined slope (Block 2—2), on the

other hand, is much deeper with good drainage and is

considered ideally suited for eultivation.

This seection mainly consists of humic cambisols and humic

Due to the poor drainage capacity of the same, the:
possibility-of using the area for cultivatier is low. '

Detalled soil propertles ‘for each area are as shown in

Table—1. Alluvial and upland area soils are dark red to

dark brown in color while those in the bottomlands range

from dark grey to: dark greyish brown. = Soil pH ' tests

- revealed_ no great variation in the aeldity -of soil

.accbfding to ares, and overall, soils were slightly aecid..

-Judging from varidus factors ‘such as soil depth, soil

properties, and soil conditions, discussed above, ‘soil in

the upland areas, le. dystrie nitosols classfied as UT and

U2, are most suitable for cultivation.



3.

Meteerolggg
(1) General

The seasons of Kenya are governed by the sun ) movement - 'The
sun is approximately dlreetly averhead at the end of Mereh and
again at the end of September, and a rainy_seaeon oceurs a month
after eeeh of - these respective periods in Appil/May and
Oeteber/NevembefJ' When the sun is over the Tropie of Cancer in
July, -the ‘southeast trade winds are predominant and accordingly,

widespread stratiform clouds frequently form on the eastern

nountain slopes, while in Jenuary'when the sun is over the_Trebie

of Capricorn, the wind is northeasterly resulting In almost

eloudless conditions and high tempereturee.

Although Nairobi, the capital of Kenya, is situated quite
close to the Equator, 1ts altitude of about 1,700 meters results in
an equable as opposed to a tropleal ellmate, with temperatures
neither uneomfor;ably high during the daytime nor ilncomfortably low
at night. = The Project area adjoining Thika Town to the north with

an altltude of 1,500m, is under similar climatic conditions.

mhe main features of the climate are the deflnlte wet and dry
seasons, and the absence of any large ‘seasonal changes  in

temperature. The year_ean be subdivided into U4 seasons as follows:

Mid-Deeember to Mid-March : Dry seasoﬁ; warm and eunny

i

Mid—Mereh to May . ;"Mein rainy season

June to Mid-October t Dry eeaeon;'eool, rather cloudy
(especially July - August)

Mid-October to Mid-December: Secoﬁdaby rainy season

. Meteorologieal 'observetions- #ere made at the objective
horticultural research station from 1962 by the Kenyan
Meterological Department. Based on these reeords, meteorological
characteristics of the Projeet site are as deseribed below and

presented in Fig. 2.

(2) Temperature _
Although the average temperature over a 24 hour period'varies
only from about 18°C during July and August to 21°C in March, the



daily temperature range is quite large, averaging about 10°C from
April to 'July and 1U4OC in January and February. The monthly
average maximum and nﬂnimhm'temperatures, and the average mqnthly
temperature.ranging over a 10 year period (1974-83) are tabulated
below: ' ' ' _

Unit: OC

Jan Feb Mar Apr" May ‘;Iuanul Aug  Sep Oot '.Nov -De_c ‘Ave.

Mean

Maximm 26.6 27.7 27.7 25.5 24.7 23.8 22.6 23.5 25.9 26.7 25.1 25,0 27.7

Mean

Mean
Range

Minlmam  12.5 13.4 14,4 15.7 15.2 13.3 12.8 12.5 13.1 14.3 14.9 14,1 12.5

15,1 14.3 13.3 9.8 9.5 10.5 9.8 11.0 12.8 12.4 10.2 10.9 -

The maximum and minimum temperatures recorded during the past
22 years at. the Project site are 33.39C in February and 5.69C in

January and August respectively.

During thé months from June to August, when the southeast
monsoon prevails in “the ooaatal regions, a “eloud cap frequently:
forms over the uplands of Kenya immedlately gast of the Great Rift
Valley, sometimes persisting for several days. "~ When this
phenomenon occurs, daytime Itempératures remain low, .thé ‘maximum

temperature falling to 1850, while temperatures at night and early

morning have been. recorded as low as 89C. Low temperatures also

Qccub at night during January and February when the sky is clear.

(3) ~ Relative Humidity

Being some 300K from the sea, the Project site does not

experiénce thé rather high huhidfheat which 1& so characterisic of

:'tropical coastal towns, although there is a very marked daily range

of relative humidity . The monthly mean relative humidity recorded

at 9:00 a. m. and at 3 00 p.m. for the past 10 years (1974-83) is

tabulated as follows:



CUnit: %

Jan Feb Mar Apr May Jun Jul Aug Sep Oot Ndv'_Deo Ave.

9:00a.m. 73 76 79 85 83 81 8 84 79 75 81 80 80
3:00p.m. 45 43 43 56 60 56 58 55 45 U3 51 53 51

Mean

59 60 61 71 72 69 72 70 62 59 66 67 66

"In the early morning the air is fréqﬁeﬁtly at or very close
to the saturation point, while: in the aftefnoons- the relative

humidity ié_usually-abOut 50% ‘and may fall asllow as " 10% on clear

sunny days in February and March.

.(M) Sunshine

Although early mornings at Ehe Project site:are often cloudy,

" the sun usually breaks.through by mid-morning. Throughout the year

there is an average of 6.5 hours of bright sunshine per day, 30%

- more. of which occurs in the afternoon than in the morning. The

mohthly mean daily sunshine observed for the past 10 years (1974-

' 83) is shown below.

Unit:'hrs{

Daily

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave,

Sunshine 9.1 9.1 7.7 6.5 5.9 4.9 3.5 3.8 5.5 7.2 6,9 8,0 6.5

There is considerably more sunshine during the' 6 month péfiod-
when the sun is ih.the soﬁthern'hemisbhere {Deo - May) than when it
iz in the north. Days with no sunshine occur only occasionally and
even 1n“the cloudiestlmonﬁh;jJuly, there is an average of 3.5 hours

of sunshine perlday.
(5) Hinds

The wind is predominantly easterly throughout the year,

gengrélly'betweehanrtheast'and_east from Octoﬁer to April, and

between east and southeést from‘Mayito SePtember{ The strongest

winds ocour during the dry season prior to the "main rainy season"
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- when speeds of 20—25m/hr are not uncommon from mid-morning to aarly
afternoon. At other timés of the year wind speeds are usually 10-
15m/hr while at night time the wind is usually lj.ght.

The monthly mean daily wind run for the past 10 years (1974~

"83) is tabulated below.

Unit: km/day

“Jan Feb Mar Apr May Jun Jul Aug Sep‘ 0ot Nov Dec Ave.

Daily ' - o -
Wind. Run 160° 165 158 125 106 96 95 116 136 148 141 153 133

(6)  Evaporation

' Evaporation ab’ the. Project: site was observed by the A-pan
.met.hod. Monthly pan-evaporatlon varles from a high of" ‘%83mm in
Mareh to a low of 8imm in July with almost the same curve as daily
sunshme, while annual pan-—evaporatlon .amounts "to 1, 601mm., The
mean  monthly pan-evaporation for the past 10 years ( 1974-83) is
tabulated below.

Unit: mm

Jan Feb Mar Apr May Jun Jul Aug Sep Oct ‘Nov Dec Total

 Epan 167 171 183 127 113 96 84 102 132 158 129 139 1,601

(7)  Rainfall

The average annual rainfall at the Project gite 1is- about'
'-950mm, but the actual amount in any one year varies f‘rom less than
700mm to ‘more than T 200mm. ‘As already mentioned ‘there are two
‘rainy seasons, from mid-March to the end of May ("Long Rains"), and
from mid-October to mid-December- (“Short Rain.s")

.Average monthly r'ainfall based on records _f‘or' the last 10
years (1974-83) is as follows: ' '

Unit: mm

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

' Mont,hly : L . '
Rainfall 30 4o 128 219 110 30 21 12_ 18 90 188 62 948
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During the rainy season, afternoon showers and thunderstorms
often oceur, but a large ambdntﬂof rain faiis éfter dark, sometimes
persistingluntil early morﬁiné.ﬂ Light réinlph drizzle and very low
cloud i=s qﬁite fpequeﬁt shortly after dawn, but dqes not. commonly
1ast beyond 10 a.m. Rain does hpt féll evéry day'during Ehe rainy
season, though there are sometimés spells with four or mnore
consecutive rainy days. The average number of days of rain in each

month 1is shown in the table_below.

Unit: Days

Jan Feb Mar Apr May Jun Jul Aug Sep 'Oct Nov Dec .Total

Rainy . ' '
Days . © 5 U 9 17 11 4 4.4 . 2 5 15 7. 87

i, Thika River

_ The Thlka River which flows alongside the Projeet 31te Was surveyed
and studled as a water souree for irrigation of the proposed experimental

farm and domestlc use. The results of the study are presented below.

(1 RiveP'Condltlon

The Project site 'is situated in the Thika River basin. The
Thika River originates from Mount Elephant (alt. 3,500m) and flows
sqme'70km.séutheastwabd through a deeply incised valley to join its
“principal tributary, the Chania River, near Thika Town. Thika
'Falls is formed at the confluence of the two rivers and about 200m
-upstream fbdﬁ the falls there is a gaging station, "LCBA", under
the jurisdiétidn.of the Miﬁistfy of Water Development. o
_ From there the Thika River flows generaily eastﬁard.thréﬁgh
relatively flat plateau land, though still in a well formed valley.
SOﬁe 40km east of Thika Town on the-right'bank'ié a:gravity intake
to the Yatta Furrow. This dontour canal presently takes a flow of

just over one m3/see for irrigation and water supply.

A few kilometers downstvewm of the Yatta Furrow diversion,
'the.Thlka turns northward towards-the Tana River. The Masinga Dam,
presently'under constbuotion on the Tana, will create a reservoir
extending about 20km -up the Thika Valley at highest water level so
that in future the Thika will flow dlrectly 1nto the reservoir,
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_ The ocatohment area of the Thika River at gaging station -
~ M§CBAM 1s 324knP, and is composed of a long and slender basin with
an average width of 6km, The river ga;ﬁhers numerous tributaries
which mainly flow  Southeastward, parallel to the Thika Hiver, As
most of the streams and rivers originate from the Aberdare Range
‘and flow along the voleanic field, the Thika River is perennial.
Relat.i'\}'ely high pﬁéc;i'pitation, over 1,500mm annuélly,"oec.uf-s in the
élevated regions flanking the lﬁber‘dare_ Range and is retained as
groundwater in volcanic rocks, while surface runoff is stabilized

by forest vegetation, eSpe_o'i'aily in areas abo've_'alﬁitude_'2;300m.

' The proposed Project site is situated on the left bank of the
'TP;ika, '3.7km upstream from gaging' station ™iCB4Y, The site.'.s
catchment area is 292km’, At the site, .the river forms a V-shaped
valley with a bottom width of 20m, and bank 310pes of about 10°.
The depth of the valley is U45m. The slope on the 1eft. bank is
presently used for small-—scale farming of cor-n, vegetables, ete.,
though the 1at_1d is owned by the, government. 'The riverbed is
c_:om'pésed of rock, trachytic tuff, and outcroppings of rocks are
evident on the left bank. -

(2)  Average Discharge

- There are 3 gaging stations along the Thlka River upstream
fr'_ot_n' the confluence of the Chania River-, namely,: ”HCBH“, "4CB5" and
WICBT", As stated earliep, "h_CB:uil_ is situated 'Ju‘s't. upstream of the
confluence, while "4CBS" and "ACBT" are situated in the elevated
regions with oatchment areas of about 40km® or less. Consequently,

the Teanm eoncentr-ated on the r'ecor-ds of "MCBL”'

Daily di,scharge has been observed at "4CBAM sfation_ by
~measurement of water surface level at’ Cipoletti_weir.by _st_a'ff‘ _gége
and automatic recorder. since 1945.  The observed mean average and
minimum daily discharge for each month of the périod from 1974-83

is tabulated below._



DATLY ‘DISCHARGE AT "HCBY" (C.A.=324Kkn?)

Unit: ﬁ3/sec

Jan ‘Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.

averdge 3.2 2.7 2.9 11.6 17.5 8.8 6.4 3.7 2.4 3.1 7.2 6.1 6.2
minimum 2.4 1.9 1.4 3.9':8.5 6.0 4.2 2.7 1.9 1.7 3.4 3.9 3.5
The lowest mean minimum discharge is 1.Hm3/seo in March, and
the  second lowest is 1.7m3/sec. The _estimated 1.4m3/sec

corresponds to b.&3m3/s)100km2, though actual flow for_eéeh month
fluctuates considerable year by year. In contrast, the mean
minimun discharge for May and December is comparatively high at 8.5
and 3.9m3/sec respectively, prepresenting a one month delay of the
peak ralnfall for the 2 annual wet seasons.

As stated ‘earlier, the catchment area of the Thlka Rlver at
the proposedbeojéet site is 292km2, Discharge at the ProJect site
is estimated on the basis of the catchment area and_ihe annual

aVerage'rainfall ratic therein is as shown below,

ESTIMATED DAILY DISCHARGE AT PROJECT SITE (C.A. 292km2)

Unlt m3 /sec

~Jan Feb Mar Apr May Jun Jul‘ Aug Sep Oct Nov Dec = Ave.

averagé 3,00 2.
minimum 2.2 1.

.0 3.4 2.2 2.9 6.7 5.7 5.8
9 2.5 1.8 1.6 3.2 3.6 3.3

*

(3) Prgséntgﬂhter Utilization

The Thika-Chania Basih is well developed, especially the
Chania River Basin which supplies 80% of the water to the Papltal .

fNairobi. Major demands within the eatchment area of the Thika

River upstream of Thlka Falls ‘are for 1rrigation ~and ~erop

.'processing. ' Irrigation water is mainly used for eoffee, while

“horticultural crops are groun along31de the same, typically

' occupylng ug of coffee estates.

Wlthin the Thlka River Ba31n upstream of mCBY Y, inclﬁding
numerous tributaries there are 167 registered water rights as of

February 1984, The Minlstry of watep Development is respon31ble



for granting the 'sald water rights and applications for water |
permits must be submitbed to. the same Ministry in advance of
develbpment.; Out of these regietered water rights, only in several
cases ia water oonsumotion oonsistently lange in scale with a peak
use of more than 10{/sec. According to the Chania-Thika Water
Resources Study prepared by Kenyan consultants for the Ministry of
Water DevelOpment in the oritioal dry periods of the year with the
present level of development and mode of use, the resources of the

catchment area are banely sufflcient to meet all the demands.

As discussed in’ CHAPTER v the- pnoposed peak demand for
irrigation of the experimental farm and domestic use is 20(/sec.
Aooordingly water from the above source would be suffio1ent to meet
the requirement, An application for a water permit should be
submitted to the Minietry of Water Development in the detail design

 stage.

4y Weter Quality

As discussed prev1ously, the Thlka River is well developed as
a water source for 1rrigating, erop processing, -and domestie,

industrial and public uses. Coffes, pineapple'and.hortionltural

_'orops are irrigated from the Thika River and thus it may be assumed

that - water quallty is sufficient for irrigating ‘the experimental
farm. According to the Team's survey during February 1983, the

average pH of the river water was 7 7.

Hearings conducted in the vic1nity revealed that. the river
transports a large amount of wash load during high discharge
perlode whloh could negatlvely affect the meohanism inside the
pump. _ Aooordingly a silting pond would be constructed to avoid
this potential problem. Furthermore a purifler system would make

it possible for river water to be used as domestic water,

Groundwater

(1) Existing Boreholes Around the Site

Numerous boreholes for groundwater have been sunk around the

Projeot slte particularly in voleanio rock on large scale ooffee

and pineapple farms, ete. In general boreholes sited on volcanic'



areas, i.e;'agglcmeratesfor tuf'fs, appear to be more successfull
‘than those sited. on Basement:System 2oek.  Voleanie rocks rest on
an old bevelled .land ' surface aroﬁnd the Project site, and it is
probable tha£ the :weaﬁhevéd“ gneiss -of . that .surface provides an
.aduifier. Based on a geological report prepabed by the Ministry of
Nétural Resources, there are a series of buried ridges and valleys
on the sub-voleanic floor in this part of the area, and it 1is
usually found*théﬁ-when a borehole pésses-throﬁgh the voleanic rock
into a buried valley, the yield of water is greatérithén that for a

borehole' sunk into a ridge.

Fig;'3 shows - locations of ekistihg boreholes around the
Project site, while Table~2 tabulates records of thésé boreholes.,
As' these records show, all boreholes in the area aré 'Sitéd on
voleanic rocks and lava. Rest water levels of boreholes 1in the

area indicate a westward rise of the watertable in volecanic rock.

(2) Electric Resistivity Survey
The Team conducted an electric resistivity survéy at six

points in the Project site. The survey points are 1llustrated in
Fig. 4, A Yokokawa Type 32U4 hesisti?ity .survey device was.
utilized to identify the geologiéal strata of the site.. The
.presumed geologidal profile on the basis of the survey is'preéénted'
in Fig. 5.

| As_.shoﬁn 'in. the geological profile, a shallow well is
coneeivable at the Project site, and the depth of an équifier is
assumed to be around 50m. The electfic resistivity underground was
sﬁbveyed to the depth of 100m, Four geologicélIStrata are assumed
to exist from gﬁoﬁﬁd_level as follows: | '

- wéaring course of 0-1.0m stratum
-lava of 1.0-20.0m

clay mixed rock of 20.0 to 35.0-60.0
clay and lava

The second and third stratum may be aquifers, while the

fourth stratum is comparatively impervious.

As the ideal borehole site would be where tﬁere is a deep

buried valley of impervious rock, out of the six points surveyed,



“No. 6 éeémed the most suitable site. Further elsctrie resistivity
survéys_at about 5 points around No. 6 site and test boring and
'bumping' at a proposed point is deemed hecessaﬁy to confirm the
é#ailable.yield, in case of utilization of groundWéter fOr.domestio
water supply and fov'labovatory use.

| (3) Appliqation and Admission Proaedure

~The Water Application"Board under the ‘Ministry of ‘Water
Development is responsible'for.granting pérmission to drill welin
boreholes.” Not less than one month prior to aothal ébmﬁeﬁeement,
notice of intention mst be submitted to the said Ministry which

_files‘well-borehole records.



Table~1

PROPERTIES OF SOIL

CEC

B.S. . PFertility

B2

soil

Soil Texture of Colour pH - © FAO
topsoil : ' (me/ (%) Class~-
S 100g) ification
U1 Moderate, Dark Reddish 5.2~ 23.8 50 Highly Distric
' Medium to  brown to dark 6.0 suitable  NITOSOLS
subungular red
blocky. .
172 n n 5.0~ 24,6 50 Moderately "
6.6 . suitable
U3 Very fine " 6.0~ 19.6- 50 Variable  Humic
crumbs ' 6.2 23.2 ACRISOLS
U4 Gravelly Dark reddish - - - Permanently LITHOSOLS
" elay to brown to not
so0il dark red suitable
Us . " Dark reddish 6.1~ 11.8 50 n Humic
' brown to 5.6 22.0 ACRISOLS
- dark red
A1 Silty clay Dark reddish - - - Currently  Eutric
to clay . brown to not .~ FLUVISOLS
soil reddish brown ~ suitable '
Fine clay Dark grey to 5.2  29.6- _HH--“Curfehtly' Fumic -
soil dark greyish 36.6 78 not GREYSOLS
brown ' suitable
B3 Modefate,: 1 5.2  29.6- Hi-
‘very fine 33.6 78
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Table~2

RECORDS OF RXISTING BOREHOLES

DATE -

BOREHOLE TOTAL  WATER REST  TESTED
NUMBER DEPTH  STRUCK 'LEVEL  YTELD FORMATION COMPLETE
: (m) (m) (m) (n3/h}
o727 60.9  27.4/39.6 - 6.8  VOLCANIC 8-9-48
€1254  193.,6 91.4 25.9 3.4 VOLCANIC 22-12-50
C1326  153.0 - - 1.9 TERT. VOLCANIC 9-5-52
Cria21  132.9  115.8 28.7  13.6  TERT. VOLCANIC 11-5-51
CI5T  81.7  36.3/71.6 32,3 2.1 VOLCANIC 21-5-51
C1458  111.3  18.3/120.4 7.9 5.0 VOLCANIC 28-6-51
C1547  179.5 36.6/ |
| .. 131/153.9 81,2 3,2 TERT. VOLCANIC 11-8-51
©1587 1240 3B/
o 74.7/117.3 41,2 9.0 TERT. VOLCANIC 17-11-51
c1661  243.8  18.3/134.1 _ _
001 B0 3.7 TERT. VOLCANIC 23-11-51
C1616  161.5 18.3/60.4/ . - o
| 110.6 32,9 6.8 TERT. VOLCANIC 18-12-51
C1660  152.4 24,47 - . . . . g
o 48.8/149.4 '40.8 9.0 .  TERT, VOLCANIC 6~2-52
c2002  161.5 . 48,8/ .. . S
| ) 85.3/152.4 61.9  13.0 . 'LAVA 15-8-53
c2072  140.2  53.9/139.3 43.3  14.0  LAVA 16=12-53
c2118  103.6  99.9 35.4 8.0 VOLCANIC 12-7-55
cuoH8  161.6 51.2 17.1 . 5.5 24-8-74
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FIG. 3
LOCATION

OF EXISTTING BOREHOLES AROUND THE PROJECT SITE

i
s
v

AR )

—

\._“‘
cha
-.‘ .L 1.

OGN AT 2 .: .'.,__
! .. r/,'). s NN
. Ge:humbwin} )
) ;;;-\_:p‘:\ ¢

S .

C o .
5~ Shorelinsg
5 L .

% N /Mah"
: : o L
i /}-\’.//,f,:';"f
| NNETS "'-yal.- .
¥ - I .
Mty © KEFEFJF&'Q—,(}Q g2
I(,\-’“ur:‘! F?f‘_-lff/—-—": .

1
g
&

Lo Sl N o R

Wl

i.tl;;:f‘,
S z )1’
Goll*Colrf

|
A







J3A37

09~

{w)

oA

jl uoyoes’ 2yl Uy ﬁ) : . . .
Ql-— poc.ﬂ £ON . 8JON. tn. mu}ﬁJ.wqmqwimumEH“ 3LII0NOHE 1 LIdVD
B e L
R Lt : gy, gy
v'E kVNNﬁ\ . % rnﬁw
09~ Nwm\\ _ \mmmu\a_ e
C w9% 1[\ . . .NN\
\VNk\ o | ¥ AN._\
. \\ . o o o o w0s
0% x\\ . o o o o
) \vw oo
: t . o o [a) o] o]
[}
Ny ] ° o0 °
- el L | | weE gadinovy 1 °  ° o o
<0 7 - 48— 1 {S44NL GNY VAV ) STLYHINOTOOV 3SHYOD
™~ \v”. A . o o 06 o o i
- 8 o o o o
— RE £z |- o o] o] = o]
e "
s \\\\.\\\\\\E.Omll;lf;l..'lilfli.l]flrulr.'..ammlll
. — 2zt —— O — A A A A A
ONI| A A a8 A A
8¢ 6 A A " AT A A
8t Y3IAVT 78YINYIL . YAYT DILTWSWE  fos
. AT A A L A
Ol p— we Nl : A A A A A
i w Eﬂlmﬂ A A A Fil A
MM. ’ “[ow “1 : ” E_Aﬂﬂ . . we ==
= o el ew — u
o4 €N oA TTgoN | | T pON
: WIT = INTIVA - feN . : ) . ’
_ - FH08d TTvOID0TI039 d3NNS3Hd s o1

A~ 51



APPENDIX ¥

CALCULATION OF WATER REQUIREMENT

In  consideration of evapotranspiration; . erop. eoeffioieht,
irrigatidn‘effiéiency in the area, and supply for domestic water, the peak
volume of water required has been determined at 20fsec. Procedures for
deteﬁmination of the water requirement are given in the following

sections.

(1) Irrigation Plan

.?nocédures for _debermination‘ of the irrigation water

requirement is diséﬁssed below.

.1) Refereaence crqp evapotrangplration ETo’

Average monthly reference crop evapotranspiratlon (ETo)
oceuring in the Project area over a 10-year period (1974-83)
was obtalned from data collected by the mmeteobological
station at the NHRS and calculated by the_Modified Penman

Method as presented below,

CROP EVAPOTRANSPIRATION

Unit: mm/day

Jann Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dac Total

‘ETo 5._5 5.7 5.1 3.7 3.2 2.9 2.6 3.0 4.1 .u.e 4o1 o w.h 49,1

Note: Mean = 4.1

~As shown in the table below,. the evapotranspiratlon

data indlcated above can be broadly divided into M periods.

FOUR PERIODS OF ETo

Period Months Period Total Average Comparison

ETo . ETo (ist period
(mm/day)} {mm/day) - = 1.00)
1st Jan - Mar - 16.3 5.43 1.00
. 2nd Apr - Jun 9.8 3.27 0.60
3rd Jul - Sept . 9.7 - 3.23 0460
3.3 - 4.43 . 0.82

4th Oct - Dec 13
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Acoordingly, for ‘the present Projeot the 1st period
from January to March will be adopted as. the oalculation
standard of irrigation water supply.- '

2) . Crop evapotranspiration. ET crop

Crop evapotranapiration (ET crop) is defined as
follows: _ 5
ETerop = Ke + ETo

In the aﬁdve formula, Kc indicates the ecrop coefficient
which varies according to‘éultivated arop and:growing stage.
As no .experimental .results with  regard to the ‘crop
coefficient were available in. the PrOJect area, experimental
results from FAO were adopted (Table 1)

Accordlngly, adoptlng average erop coeffibient Ke =
1.10, the crop evapotranspiratlon durlng the crltlcal perlod
is thus calculated at Et orop = 6.0mm/day. Furthermore,
consumptlve use of crops durlng' the ecritiecal per;pd is”

therefore determined at 6.0mm/day.

3} Irrigation water requirement

; For caleulation of irrigation water requirement, the )
“loss bf-irrigatioh water has been considered on the basis of
the following factors: . _
Total Irrigation Efficiency 0.62 (0.65x0.95:20.617520.62)
- Field éfficiendy S 0.65
~ Operation efficiency 0.95
Under these assumptions the total irrigation efficiency
wés calculated at 0. 62 and accordingly, the peak dally
irrigation requirement has thus been calculated at 10.0mm.
6.0mm x 1/0.62 = 9.68 = 10.0mm

Average daily effective rainfall during the dry season -
when the péak_ irrigation water requirement occurs is
0.6mm/day, aithough " yearly ‘fluctuation: is -~ very high.
Accordingly for caleﬁlation of irrigation 'wéter requirement
effective.bainfall is.negleeted. On the baSis of the daily
irrigation requirement of 10.0mm  the irrigation water

requirement for each area has:béén estimated (Table 2).
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(2) Domestie Water Plan

The working population in the Project area 18 estimated at 10d
persons 1ncluding 66 staff members and subordinatgs a maximum of 20
trainees, and 14 temporary workers. According to the water supply
plan in Thika Town; where the neighbouring NHRS is located, water
‘consumption per person per day is 160{. Based on this information,
160¢  will be adopted for the Project. Therefore, the  water
hequirement_fbr 100 persons‘ﬁiil be 16,000{/day.

On the other -hand, water requirement .in the Buildings for
"laboratories 'and miscellaneous' water rcdnsumptiﬁn :inéluding the
tranéplanting;énd grafting workéhbp-is estimated at 13,000f/day.
Thus, total unit water (29,000 or 29m3/day) requiremenf.for
domestic water with 7 hours supply is calculated as follows:
29,000( + {Thr x'3;SOOch) x 1.4 = 1.61¢/8ec = 1.6{/sec
Thé peak water requirement will be an increase of 40% in relation

" to the average water requirement.

(3) Totai Water Reduirément

The'sumﬁary of water requirémeni is shown below.

WATER REQUIREMENT

Section : o - m3/day - Water Requ1rement
' o (¢/s)
Domestic Water for buildings 29.0 1.6
_ Nursery Facilities ' 35.0 1.8 .
‘Scion Garden - . 60.0 2.8
Proposed Experimental Farm 229.0 . : - 10.6
Existing Macadamia Farm _ 62.4 3.2

Total ' . 415,14 20,0




CROP CORFFICIENT

TABLE 1
“Crop Relative Humidity (%) -~ over 70 less than.20  Adopted
. Wind Velocity (m/ssc) 0-5 5-8 0-5 - 5-8 Value
" Crop Stage . _ . |
Peanut 3 0.95  1.00  1.05  1.10 1,05
y 0.55  0.55  0.60  0.60 |
Potato 3 1.05 1,10 1.15  1.20 1.15
4 0.70  0.70  0.75  0.75
Beans 3 1,00 1.05  1.10 - 1.15 1.10
y 0.50 0,50  0.55  0.55
Tomato - 3 1.05 1,100 1,20 1.25 1.20
4 0.60  0.60 0.65 0.65
Cucumber 3 0.90 0.90  0.95  1.00 0.95
oy 0.70  0.70  0.75  0.80.
Oni.on 3 0.95 . 0.95 1.05  1.10 1,05
3y 0.75  0.75 = 0.80  0.85 ;
Radish 3 1.05 1.10 - 1.15 1.20 1.15
y 0.90  ©0.95 1.00  1.00
Pasture 3 1.05 1.15 1.15
& 1.10.

Average -

Noté::cbop Stage 3:3mid?seasoh:stage'
4: last-season stage

'Sdurce:=Crop Water Réquirements; FAO Ifrigatién and Drainage Paper 24,

revised 1977
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TABLE 2 IRRIGATION WATER REQHIRE&;’W

Item  Fleld Area No. of Irrigation Unit " Daily Irr. *@t_&r Supply Remarks
{biook) (ha) Trees Area (m2) Volume (mm) Requiraiwnt Volume (17s)
Section i (m3} S
1, Existing Macadamia Farm
a. 06.65 133 1,200 10 12.0 1,2
b. 0.60 123 1,100 " 1.0 1.2
a. 0.50 123 1,100 " 11.0 1.1
d. 0,85 112 1,000 " 10.0 1.1
8. 0.50 102 920 " 9.2 0.9
£ 0.50 102 920 " 9.2 0.9
Sub-total 3. ho 695 &,240 10 62.4 3.2 a+o0+e=3.2
: b+d+ £=3,2
2. Seion Garden
A 0,30 150 1,000 10 "30.0 1.4
B 0.30 150 3,000 n 30.0 1.4
 Sub-total 0,60 300 6,000 10 60.0 2,8
3. Expar#ggntél’?arm _ . (Inter—erops)
R 0.30 47 © 2,200 10 22.9 3.6 Beans
P2 0.32 50 2,350 " 23.5 3.6 Tomato
F3 0.3 67 3,180 B - 31.8 3.6 Cumeumbar
P4 0,25 39 1,880 " 18.8 4 Cabbage
5 0.3 | 55 2.5%0 " 25.9 3.4 Radish/Carrot
F6 . 0.40 63 2,950 " 29.5 3.4 Potato
¥7 0.40 63 2,950 " : T 29,5 3.6 Onion
F8 10,30 7 2,100 LN C 2.0, 3.6  Pemnuts
F9 0,30 it 2,400 u . 24.0 3.6 Grass
Sub-total 3.05 478 22,900 - 10 229.0 10.6
k, Mursery } )
Seedbed 0.02 - 200 10 2.0 0.1
Stockyard 0,045 - use L] k.5 0.2
Greenhouse 0.02 . - 200 w - 2.0 0.1
Shadehouse 0.185 - 1,850 w . 18.5 1.0
Others 0.08 - 8a0 L 8.0 0.4
Sub-total 0.35 - 3,560 - 10 5.0 1.8
Total 7.40 1,473 38,60 386.1 184
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