{2). Bxperimental Farmi
The expe:imental farm is to~ be arranged next to the
Pro:ect Uffice co-nplex SO that it will be easily
accessible from the Project facil.ities. It shall face
the rural road No.216 and the aréa road that leads to a
school and a church, As peOple passing by on the roads
will be able to see the farm, this location will be
effective for exhibiting c'r_o;)ping methods and cropping

results,

5-3-2 - Basic Design
1. Model Farm
: .(1} Farm
@ Irciqation mth@:

Furrow ir:i.gati.on. ’sprinkle: irri'gation,- and drop
irrigation are a few types of inigation methoda. .The'
latter two systems require Special. facilities and high |
water pressure, and their installation anc’l,maintenance
costs  are high;- therefore, they are cbnshiiér_ed
inappropriate for use by the Ptoject. 5611 'iif'thé :
model field. area varies from 3andy IOam to loam: furrow
irrigation is possible in th:.s type of soil. Purrow
irzigation is quite a aimole method, 1 ey watet flows
into the furrows whenever requi;ed. ‘I‘he installatLOn
of this system fis llnéxbe‘ﬁé,iv'e and the necassa:y
malntenance is not difﬂcult to petform. Because of
these reasons, the fUl’erI ir:igation method was chosen
| for the Project. :
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(2) The Amount of Ircigation Water Requireds:

a.

b,

Crop Water Consumption:

From Chapter 5-2-1;‘(2)} the crop water consumption

~in the model field is 6.5 mm/day.

Icrigation Efficlency:

The itrigatlon efficiency in the model Eield is 60%
- the same as shown in Chapter 5- 2-1, (2).

Farm Delivery Requirement

{Unit Avea Requirement):

The farm delivery reQuiremeﬁt {unit  area
requirement) can be calculated by using the erop
water requirement 6.55 mm/day and the irrigation
efficiency of the Project area as follows:

6.5 mm/day % 10~3 x 10,000 n2 x

1 -1
24 % 60 x 60

T 0.6
= 1Q25 x 10~3 w3/3ec/ha
= 1,25 1/sec/ha

(:) Irrlgation Intetval Plan and the Irrigation Period:

as,

Irrigatlon Intervalss

The irrigation intervals can be calculated by the

~ following equation:

TRAM, or 508 of TAM, or Dn
- Paily consumptive use
of peak crop growing time

Irrigation Intervals =

where, TRAM1 Total residuval water {(mnm)
TAM1  Total available water (mm)
bm: One~time application amounf.{mm)

Pn was used to calculate the irrigation intervals

_of the Project area.
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i)

One-time Application Amount Dn

Table 5-10 Application Amount Dn

Soil Layer

Crop COn§UMp£i0n Ficld Water |Initial Wilting

Layer _ _

Thickness Rate Content Point

Group D {m) {%) FC (%) WP (%)
1st Layer 19 40 15 6.5
2ad Layer 19 30 15 6.5
3rd Layer 19 20 i5 .6.5
4th Layer 19 10 15 (6.5

Note:

Layer thickness is the depth of the effective root zone of a

certain crop which can be obtained from Table 5-11.

Tablée 5-11 Depth of Effective Root Zone {Eastern United States)

Crop Depth Crop Depth
Alfalfa 0.90 - 1.00 {Green Onion . 0.45
Green Beans 0.60  |Grass Weeds . 0,45
Beets 0.60 - 0.90 [Clover Mix 0.60
Cabbage 0.45 ~ 0.60 jGroundnuts 0.45
Carzots 0.45 - 0.60 |Fruit Trees 0.75
Maize 0.75 Green Peas 0.75
Cotton 1.20 Soybeans - 0.60
Grain Crops 0.60 ~ ¢.75 [Sweet potatoes 0,90
Grapes 0.90 - 1.20 |Tomatos ' 0.90
Melons 9.75 -~ 0.90

11)

The main crop in the model fleld will be maize.
The depth of the &fféective root zone of maize
is 75 cm., Dividing the depth by four_layers.

the thickness of one layer becomest

75 cm/4 = 19 e,

Crop Consumption Rate:

The crop consumption rate 'at differént deptﬁs
of root zonés for a certain crop can be ahbwn
in shown in a figure called SMEP, The SMEP was
first used in the United States, The SME? 13'
shown as follows: o
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Fig, 5-6 Crop Consumption Percent -

iit)

iv)

. 2% 0
L % ! 25%
{__gg__j 25%
i10] 25%

Field Capacity (FQC):

The field capacity is the moisture content of

the soil after free drainage has removed most

of the gravity water. The field capacity of
sand, loam, and organic soil are 6 - 128, 18 -
26%, and 27 -~ 39% respectively (Yutaka
Ishibashi Agricultural Hydraulics). Soil in

~ the model field area is sandy loam, Thus,

FC = (12 + 18)/2 = 15%

Initial Wilting Point (Wp)

From Table 5-10 the initial wilting point (Wp)
of malze is 6.5%
Table 5-12 Initial Wilting Point

: (Unit: 4}
Soil [Coarse| Fine | Sandy soanm | LY
Crop S8and | Sand | Loan Loam
‘Maize 1,07 | 3.1 | 6.5 | 9.9 | 15.5
Corn ¢.94 { - 3.6 5.9 10.0 14.1
Wheat 0.88 3.3 6.3 | 10,3 | 14.5
Green Peas 1 1,02 3.3 6.9 12.4 16.6
Tomatos ] .11 3.3 6.9 11.7 15.3
“Rice .96 2.7 5.6 190.1 13.0

" Source: Briggs and Shantz 1914

The _available water (AM)}) and consumptive use

_ can be caLquated as follows:

Effective Amout (AM) = (FC - Wp) x D/100

Consumptive use = (avallable water)/(crop
consumption rate} x 1060
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where, D: Soil 1ay§t thickness {nm).

Table 5-13 shows the results of the above
¢alculations.,

Table 5-13 Calculation of Congumptive Use _

Soil Layer | Available Water {mm) Consurptive Use (mm)
lst Layer |(15 - 6.5 x 180/100 = 16 | (16/40) x 100 =" £0.0.
2nd Layer ' u {16/30} x 100 = ~53.3 |-
3rd Layer {16/20) % 100 = 80.0
4th Layer (16/10) x‘loo = 160.0

“ﬂdté:' The cOnsumptive use is based on each soil layer.'

From the above table. the 1lst layer becomes the

r.controlling soil" layer for itrigation.' “Thus,
" the necessarty one-time application am0unt (Dn)

nust be 40 0 mm,

Therefore, the necessary irrigation intervals
ate

- 40.0 mn/6.5 mm = 6.5 days,

b. Irtigatién-Periodl

puring fhe ifridéﬁibn season, it is possible to -

intake water 24 hours ‘a day from the Kaunga “River
with a gravity flow intaka. f-acuity. i The model
field will be freigated 24 hours a day based on the
following reasonss '

1-'

The amount Of water for_oneftlme abpllcdtlon is
fixed as calculated '-'1n"'"i:he previous. section.

. If the irrigation period ‘s shortened; “the

hourly intake amount shall be increased. As a
consequence, it will be tequited to install
larger sized Intake faéilities, pipelines, and

'irrigation channels, thus, making installation_'— :

¢osts higher. SR
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2.

3.

A smaller amoimt of hourly requires a smaller

sized intake facility, and smaller sized
Pipelines and irrigation channels. = The

installatiOn costs, in this case, would become_
loﬂer. T

A shorter irrigating period would tequire more
operational work,

(:)' Irrigable Land, River Water, and:Rainfallsé

A,

Irrigable Land after the Rainy Season:’

The relatiOnship'between the irrigable?land and the

elver water after the rainy season may be expressed

The

- by the dissipation curves which were obtained.

‘The dissipation equatiOns are as followsi

oty = 15.41 x 0.90%

relationship between the drrigable land and

river water can be expressed as followg:

s A/5 x 6.5 x 1073
2 0.6 x 86,400

where,  QT: River water Discharge #3/sec)
A:  Icrigable land (m2)
Crop water requirement: 6.5 mm/day
Irrigation efficiency: 0.6
Irrigation intervals: 6.5 days

Note: The irr1qab1e land is divided into
five equal lots, .

Therefore,

Ax 6.5 x 10=3.
15.41 x 0.90¢ = 75 &7 86,400

‘A =71.229 x 108 x 0,90t

In the above ‘equation, it 1is assumed. that the
estimate river water can be taken for irrigation

water. The results of the above calculations are

shown In Table 5-14 and Fig. 5-7.
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Pable 5-14 Irrigable Land after the Rainy Season 7
' : (Unit: ha)

Days 10 20 30 40 50 60 70 80 90 . 100

Irrigable 4 og5 3 494 521 182 63 22 7.7 2.7 0.9 0.3
Land :

Area (ha)

A=100ha
A=63ha

Days after the Rainy Seasbn

Fig, 5-7 Ttrigable Land after the Rainy Season
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b. Irrigable Land and Cropping Seasont

The main ¢rop in the model field will Be maize; it
Will be seeded during the December - January period
ang will be haxvested durihg the March - April
pexiod. In accordance with the'Technical Report of
Irrigation and Drainage of FAO, the growing period
of maize is 140 days as shown in Table 5-15.

Table 5-1% Growing Period of Crop

Crop Growing Period
Maize Bastern African Plateau, spring sowh 30/50/60/40 (180)
Warm dgsert climate, warm winter sown 25/40/45/30 (140)
-~ Southern Spain, sown in early April ' 30/40/50/3~ {(150)
‘Note l: The Project area belongs to the "warm desert climate, warwm
winter sown."
Note 2: The growing period of 140 days is divided into the following

four stages:

1 Initlal growing stage: 25 days
2 Growing stage: 40 days
3 Midterm growing stage: 45 ‘days
4 Final growing staget 30 days

Total coveevessveans 140 days

In tﬁe'Project area, sowing starts from the last
ten dayé of December , Fig. 5-8 shows the
relationship between the maize growihg stages and
ihe rainy season; in thié figure, the upper graph
of 'the réiny and dry seasons was the normal
geasonal pattern observed during the 1978-80 and
1982-83 seasons. The rainy season is from December
to March, and the dry season starts from April, On
the other hand, the lower graph of the rainy and
dey seasons was the seasonal pattern that occured
during the 1981-82 seasons. In this pattern, the
rainy season was from December to Pebruary, and it
was. approximately one month shorter than the

average rafny season,
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Pig. 5-8 Cropping-séasdh and Raidy Q“ny Season

Foath] R N o i
: Dec January - ". February . - March: oo April May
Cropping ‘*y : ]
o IS DR WU B _’“f' : ]
Season - { Initial Grow Growing Stage Midterm Growing Final Crowing
iy ' S d o s — =
& N =) -3, Rainy Season.' T ] AR RN Pry Seasan
rﬁv ‘ . : . :
Seasons | ~- o) VLT Rainy Seasm o ;:_:5 - - Dry Seasin N __«‘
L] decesoary Terigation Pend s I s S E R B

~output,

‘shown in Table 5-14 and Fig. _5-8. .
Project's field is planped to be 100 ha (50 ha on
‘eac'h bank of the river).

In the Project area, the ratnfall pattern is not .

therefore, in order to increase waize

it is necessary to continue supplimental

uniforms

frrigation not only throughout the ralny season,
but up to crop ha:vesting time. iﬁ normal years,
the rainy season lasts until the middle or end of
March, the irtigatiﬁn - pariod 13
app‘roﬂimal:eiy 40 to 50 &ays after its endlﬂg. It

is estimated that 100 ha of land may continue to be

and requited

'1rrigated 40 to 50 days after the ending of the

rainy season. This is based on the amount of
i:tigatton water avallable from the Kaunga River as

As a result. the

In season Of light rainfall - when the rainy season'

ends one or two months eatller than normal - it;
w111 be possible to sufficiently 1rrigate the orops
during their ‘initial- ggowing stage and through

their midterm growing stage.  However, it will

become dlfficult to supply adequate water from that
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point on, The :condition of crops irrigated in
light rain years will almost be equivalent to those
in normal years not using frrigation. Therefore,
it may be ‘expected that the harvest of crops
erigated in light rain years will bé equivalent to
the harvest of crops duting normal years without
the use of irrigation.

(:). Development of the Model Farm:

- The. flat land in the downstréeam areéa of the Kaunga
River will be deveIOped.for the model farm.. Soil in
the area var1es from sand to loam from the upper region

ko the Lower region. The uppermost farmlqnd on the |
t:;ghjl'. side of the river is- in Chlkokora. ©On the left |

- site 6£ the river the uppermost land ié_in Mranba. ‘The
lower regions of these two areas is suitable for
facaing. The land along the ircigation watet supply
plpelines shall be reclaimed to a wldth of from 100 to
330 maters for- use as model fields, The t0p5011 in the
éﬁea is relatively thins therefore, bulldozers, should
not be used for land reclamation work. Only tree roots
and large rocks shall be removed by machinery. Some
villagers have been using trees for fuel and house-
buliding'materialsa because of this, trees iIn the area
must be retained as much as possible.

(:) Irriqation Method:

Irrigation channels shall be built on the higher
elevatiOns of the farm, Depending upon farm divisions,
check gate valve shall be installed at prOper points.
Channel water will flow in the flrrigation Qitches when .
éﬁeck'valves are closed and diteh entrance boards are
noznand. The'intakén water will flow into the‘furEOgg,
then geadually infiltrate into the soil throujh the
‘sides of the furrows, and then wmoisten the crops® root

ZONas.
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gince the allowable furrow length for sandy loam soil

is approximately 30 m to 40 m,

intervals shall be 30 m. The farm will be irrigated

every six days as indicated in the preévious chapter.

Thus, the area to be irrigated in one day is 50 ha/6

days = B.3 ha. Fig. 5-9 shows the schematic

arrangement of the iririgation channels and ditches.

Fig. 5-9 Arrangement of irrigation Channels and Ditches

—_— v Board Hf Check ga_Er ——’- Irrigation channel

— =

—m—

U I

b
}
}

)
(O L

8.3ha

Furrows

{rrigation ditches

Summary of Model Farin:

Table 5~16 Model Parm

the frrigation aitch

Iten

Remarks

Planned Irrigable Parm |Downstream area of the Kauhga River

Right bank: ILower region from Chikokora, 50 ha
Left bank: lower reglon from Mranba, 50 ha
Total 100 ha
Required Xrrigation '
. 0.125 m3/sec = 10,800 m3/clay
Irrigable Period Until two months after the ralny season
Devéloprent Method Remove roots and large rocks
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{2)

Water Intake Facilities:

Intake Point:

The intake point shall be selected based upon the
following requitements:

The location where stable water flows close to the

riyer bank on the side where the eater is to be drawn,

The location where excessive sediment does not flow
into the intake water.

The location where the intake structures do not

effect hoth the upstream and downstream sides.

The location where stable structures can be built at

" low cost,

The 1location wiere accessibility for maintenance work

is easy.

It is planned to intake water from an upstream point of

. the Kaunga River and to convey it through a pipeline to

the model farm.  The intake point is to be decided by

giving consideration to the following:

i)

Examinééion from Hydraulic Aspect:

Intake water will be conveyed through a pipeline by
gravity flow, so it will be necessary to maintain
sufficient head. . Thus, it would be preferable to
have the water taken from the furthest place
upstream, As the intake facility must be installed
where the water flow is stable, it would be
oreferable to locate it where the river becomes
narrow and has banks of solid rock. In the area
where the river is wide there tends to be an
unstable flow of water;  this is not a suitable

location for the intake facility.
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i)

1ii)

. iv}.

Bxaminatioh from the COnstruétion Aspectt

From a point further upstream from wheré a nountain
pushes out on thé left bank of the river, moreé
rocks appear. Approximately 200 f upstream “Erom

where mountains project from both banks, the rlver

becomnes Natrow and the river bed is coveréd with
large rocks having dilametors of 1.0 = 1.5 m and
solid -rock.  This area is not suitable for

constructing any typé of structure, Thus, the_:upp_er'_:

limit of the intake strdc’tur'e location is slightly
on the downstream side of the area where the river

‘bed is covered with large rocks._

Examination from an Economical Aspects

Constructioh and malntenance costs 'm'ust_:' be fake_n
Into consideration prior to the instal'lat.ic;n 6f the
intake facility. The._ greatest part ‘of the
construction cost will be for ‘the cu_i_off w'all that
is to be installed at a point wtiere :_thé-‘ rlver _.13
narrow. - From the  maintenance aspect, it is
preferable to bulld-a stable and safe structuie on a -
hard reliable foundation, = For the above reasons,
the most economlcal place to build the intake
structure would be at a location where the river is
narrowest (apptdx.z 35 m ‘wide) and has mountains
projecting n both of its banks, |

Examination from Other Aspects:.

In the upstream area of the narrowest bart of the
river, a small amount of surface - water flows even

“at the end of the dry season, It is. possible to..

intake a sufficient amount - of water at the’
narrowest part of  the river __t_q last the entire

irrigation pei:iod. _ Fixrther‘-'uﬁétream from 't'his'

point, there is no farmland nor houses: the eft‘eot'
of the intake structute hete would be nil.
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Taking  into  consideration  the  aforementioned
~ exaninations, the lécation where the rocky mountaing
project into the kaunga River, and where the river
itself is narrowest, is the area selected for the water
_intéke point,

Intake Facilities:

The intake point selected in the above section has
tocks projecting from both banks. - The river bed
material at this point is sand. A test boring indicates
the existance of base rock at 2.3 - 2.7 m below the
river bed. 1In accordance wlth'tﬁe site survey results,
the riverbed elevation at the ihtake point is #101,%5
m. The elevation differences between the riverbed and
the pipeline discharge points are 4.95 m on the right
bank of Ehe river, and 5.95 m on the left bank of the
river. The pipeline route lengths are 3.0 km to the
tight bank and 2.95 to the left bank. The calculated
required head (from head loss calculations) between the
intake point and the pipeline discharge points is
4,30 m, Thus, a concrete cutoff wall shall be built
about 1.0 m higher than the riverbed, across the river
on bed rock in order to secure the intake water head

+4.3 m higher than the pipeline discharge points.

For the éufface flow intake, the Intake mouth shall be
ic&ated at a higﬁer elevation above the river bed to
prevept sand Inflow.,  However, water cannot he drawn
| through the intake mouth when the river water level
becomes lower. Puring the rainy season, It is
:1mpbssib1e to reach the intake point in oﬁﬂer' to
control the level of the intake mouth.  Further, the
.surface water of the riveéer carries a substantial amount
of sediment durlng the ralny scason; this sediment
would flow into ihe pipelines. For these recasons, it
is preferable to take subsurface water through a
petforated culvert. The collected water from the
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culvert shall be led to collecting box, then the water
flows to the model field through a pipeline. . The
collécting box shall function to collect the sediment

contained in the water.

Gn the downstream side of the cutoff wall, an apron and
riverbed protection shall be installed to prevént

scouring by overflow water,

Fig. 5-10 Catoff Wall, Apron and Riverbed Protection

b,=1.00 o . L=1200 '

77 ’K;
[#
3 ©
B
- .
TSI ITPINITT

ot ——— -
b, =2.10

Fig. 5-11 shows the first assumption of the cutotf

wall, apron, and riverbed protection dimensions.
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Cutoff Wall Stability Calculation:

Fig, 5-11 Cutoff Wall

3.70

Unit welght of saturated soil with water:

. . _ = 2, Ot/m
Unit welght of water: = 1.0t/m3
Internal friction angle of soil:

$ = 30°0C
© Unit weight of concretet = 2,34 t/m3

Coefficient of active éarth pressure: Kp

| cos?_(6-9)
Kp =
5 . SIN {0-5) -SIN. (¢ a)
QOS Cos (9+6) [1 + 003 (9ts) COS {g-a)
- Thérefore,

= § = 0, 6“-‘-¢=300

Therefore,
cos? 300

SIN 60°-SIN 300]2
O
Cos 30 [1 +J 05300

KA
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Table 5-17 wWeight Of Cutoff Wall and Soil, and Thelr Centers of Gravity

e o Arm’ Moment T L
No. Weight - - ' - Remarks
- x |y Jwy Lwy | =
1 | 1,00%3,70x2.35=8.70 - | 1.60 | 1.85 [13,9216.10
2 | 1.10%3.70x1/2x2.3524,73 | 0.73 | 1.23 | 3.49 | 5.88

3 | 0.81x2.70x1/2x2,00=2.19 | 0.27 | 1.80 | 0.59 | 3.94
15,67 ' 18.00 |25.92

Total| ¥o= 18.00 / 15.67 =1.15
yo= 25,92 / 15,67 =1.65

Calculation of Rarth Pressure
Normal active earth pressurei

1 | 2.1 % 2
Pa = Y K h% = 5 x 2.0 x 0.297 x 3.7

= 4,07 t/m

PaH = Pa + COS ¢ = 4.07 x 0,866 = 3,52 t/m
Pav = Pa + SIN ¢ = 4.07 x 0,500 = 2,03 t/m
Stabil Lty Calculation:

Table 5-18 Point of Resultant

Load . |vertical [Horizontal T A?m : “°me“t
X v v * X H -y
Barth Pressure; @ 2,03 |- 3.52 1 2.0 | 1.23 . 4.26 4.33
TOTAL 17.70 | - 3.52 - - 22,28 | 4.33

My = V.X- H,y=2228-4,33=17,95 t/n

1= —"\7 = 17.70 = 1-0111!

‘Stability for Tipping:
B/3 = 2,10/3 = 0.70 m
Xy = 1.00m B/3 = 0.70

Therefore, it is stable against tipping.
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ii)

Stability against Sliding:

Poundations resisting force against sliding can
be calculated using the following equation:
Hu = CAxV. tangB

Since the foundétion base 1is bed rock, C = 1,

“tan g = 0,7

Hu = 6,7 x V= 0.7 x 17.70 = 12.39 ¢t

The horizontal force is H = 3,52 tons,'
CHu/H = 12,39/3.52 = 3.5 > 1.5

Thus, its safety factor is larger than 1.5, and

the foundation is safe against sliding.

Examination of the Bearing Strength of the
Base: '

=Y Se
P = B 1+ =9
B 2.10 .
e=z - x.= 5 lfOI 0.04 m
17,70 6 x 0.04

I e = 2 2
P 710 {1 + 9,39 t/m¢ < 60 t/m

. 2.,10

Thecefore, the ground is strong enough for the

structure foundation.

Apron and Riverbed Protection:

The required length of the apron and rivecbed

‘protection may be determined based on the

empirical method described 1in the EBrosion
Control Technical Standard, Design Section I,
Thus,. the length of the apron shall be 1/4 of
the. total 1énqth of the apron and riverbed
protection or shall be two to three times the
helght of the drop structure. The height of the
cutoff wall {s 1.0 n.

Therefore,
Apron lengtht w=10x3=23.0n

121



iii)

The length of = the apron and the riverbed

protectiont .
L=30x4=12.0mn

Water Intake Culvert:

Normally, a single water lntake culvert Is
installed parauedi or perpendicular to the
subsurface flow direction. For the Project, a
cutoff wall is designed to shut off the
subsurface flow in the narrow part of the
river. Thus, a single water intake culvert

shall be installed parallel to the rivét_.

Diameter and Length of‘ thé Culvert:

The boring revealed the existence.of base rock
at a depth of 2.3 to 2.7 meters below the
riverbed. The culvert shall be.' installed at
riverbed level. The top of the cutoff wall
shall be about 1,0 m higher than the riverbed

as shown in Pig. 5-1l.

Fig. 5-12 Water Intake Culvert & Cutoff Wall

/— Top of cutoff wall

Culveil_

H=370™

h=270

[mpermeable Strata

| /////////////7 //ﬁk7/W '
N |

] .
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The water inflow rate into the culvert can be
calculated using the following equation:

K 2 . n2
q=%, _ w-n2
R h 4! h
vE + 0,5 2h - £
Q = q . I.I

.-
]

(2 - h2)/21 . 1

where, q: Inflow rate unit length
Q: Total inflow, m3/sec
R: EBffective radius
. I+ Hydraulic gradient
: Culvert radius
k: Coefficient of permeability
£: Water depth in culvert

Using a 600 mm diameter pipe for the culvert, 2
fs 600 mm, Assuming "f" to be 80 percent of
the culvert diameter, "£* is then 600 mm x 0.8
= 480 nm., At the water intake point, the rivet
is approximately 32 m wihe with rock projecting
in from both banks. Since the culvert is to be
_installed in the middle of the river, the

" hydraulic gradient becomest

(o B=n 1

16 - 16

The coefficient of permeability of sand
(existing riverbed material) is k = 1.0 x 102

m/sec.
Therefore, R and q become as follows:

B2 - 72 _ 3,72 - 2,72

R = - = 13.8 m

21 . H 1

_ 2x 16 X 3.7

UK HZ - h?
TTRTT .'4J h

1.0x10~2 . 3,72 ~ 2,72

* 7138 2.7 4J 2,7
0048*0.5:{0.3 2!2.7-0.48

2.60 x 10~3 m3/sec

[}
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The required amount of irrigation water is Q =
0.126 m3/sec. - -
0= 0.126 m3/sec = q . I = 2.60 x 1073 . L

L - 48.5 m :
Théteforel: thel length of the watér intake
culvert shall be 50 m.

The slope of the Culvert 1nstallat£on shall be'
flat or very mild {1/500). For a culvert with
a 1/650 slope, the flow in it can be calculated

Jusing_the Manning formula as follows:

-‘Q = % x r8/3 x 112 x a

v=%xt2/3‘x 11/2 y ¢

Table 5«19 -

h/2r Q B e Remarks
0.50 0.98954 0.62996 ‘a1 Discharge - (m3/sec)
0.55 -1.15%17 0.65473 | xt  Plpe radlus (m)
0.60 1.32962 0,67558 | ni Roughness coefficient
0.65 1.49699 0.69251 It Slope
0.70 1.65696 - 0.70541 . Ve Velocity (m/sec)-
0.75 1.80468 0.70404
0.80 1.%3448 0,71799
0.85 2.03932 0.71653
0.90 . 2,10929 0.70827
0.95 2.12655 0,68980
1.00 1.97%07 0.62996

Dischargez i

Q:—x13/3x11/2xu ;
-5 0"13 x 0,3 / X (1/550)1/2 X 1 93443
a 0,23% m3/sec >0.126 m3/seo
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Velocity:
v = % x r2/3 x (1/650)172 x 0.71793
0.971 m/sec 1.0 m/sec

{allowable maxinum velocity)

As a result of the above calculations, a 50 m
long 600 mm diameter culvert will be installed
with a 1/650 slope, In order ﬁrevent sand
intrusion, the entire culvert shall be covered
with a 30 to 50 cm layer of 30 to 100 mm in

diameter gravel.

 (:) Summary of Intake Facilities:

Table 5-20 Intake Pacilities

Facilities ' Description

Cutoff Wall Mass concrete

32 m long, spillway width: 1.0 n
Height: 1 m above the riverbed
FPoundation: -Fixed on base rock

Apron Mass concrete
3.0 » long, 28 m wide, 60 cm thick

Riverbed Protection Wired mattresses {(groyne)
% m long, 28 m wide

Intake Water - 600 mm diameter
Collecting Culvert 50 m long '
Water Collecting Box Reinforced concrete

2,40 m x 1.80 m 2 4,50 nm

Water Intake Amount 0.126 m3/sec
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._i.e.,

pPipeline:

Selection of the Pipe

The plpelxne can be built with various types of pipes,

cenent pipes,

ductlle cast—iron pipes,
polyvinyl ¢hloride pipes,

steel pipes,

asbestos

ete, The

comparisons of these pipes are shown in Table 5-21.

Table 5-21 Comparison of Pipes

pipe

Aspect:

R SR
puctile ¢ast-iron
Pipe

-
Steel Pipe

3
Asbestos
Cement Pipe

L}
Folyvinyl
chlocide Pipe

1. Structure

Strong to external
ard internal
forces. Strong
coreosion resist-
ance. .

Strong L& external
external foice,
and ispact loads.
Durable.

Chenical-ptoof.
Strong to impact
loads, Prefer to
relatively strong
internal force.

Bot suitable for
strorg external
and Internal
force.

2, Installation

Beavy material.

Kot seitable in
soft ground.

Welding is for
_joining pipes,
‘and the weldieg

work mast be

Reguices careful
handting:

Easy to crack
during lranspart-

Light material,
Easy to handle

and to install.

Sultable in soft

done under dry ation and soft ground.
conditions. installation, :
3. Economy . Expensive Relatively Low cost Low cost

expensive

Pipe type shall be selected by examining the above pipe

and the Pro;ect area conditions.
su:vey and data collected by the

following aspects were examined: -

i) Intake water will be conveyed by grabity flow,

internal force will be small,

'sEudy " team,

Bagsed oh the area

‘the

The

No réaés cross the

planned pipeline route, and thé external forces on

the pipe will be comparatively small,

i)

enough strength to support a pipeline.

Soil along the pipéline-

be no uneven land settlement.
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:iii) _One of the polacies of the Project is to Install
irrzgation facilltles at low cost and by using

available ° technical skills, The irrigation
Eacllities in the model field shall be of such a

typa as is applicable to other areas in the southern
_prOvinces.

' Taking 'into consideration the above examinations,
ductile cast-iron pipes and steel pipes are not
applicable for use_-in the Project area, mainly for
economical reasoﬁs. Polyvinyl chloride  pipes are
easier to install than asbestos cement pipes; however,

: in Zambia, polyvinyl chloride pxpe is not manufactured.
Gonsidering the possxbillty of installing itrlgat1on
facilities_@n other_pa:ts of the country with locally
available techniques, it is preferable to use asbestos
cement pipes which are presently avaiiéble in Zambia.
From the éspect of future.répair and maintenance work,

‘, 1t is preferable to use locally available pipe. In

"Zambia, asbestos cement piping is widely uséed at the

. present time; therefore, there will beé no ‘@ifficult

. problems using asbestos cement pipe for the model field.

Thﬁs, it has been decided to use asbestos cemeﬁt pipes .

for thé Project's model field pipeline.

'Pipe Diameter:

The Hazen—williams formula is used for the hydraulie
calculatlon of the pipeline. The basic equation of the
formula 1s as follows:

Vv = 0.84935 ¢ RO.63 10.54
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From this eduatibn,' the f0116w1ng equation can be
derived to determine the flow in F pipe-

Vv = 0.35464 ¢ p9 63 10,54
Q = 0.27853 C. p2.63 10,54 ,
D= 1,6258 C-O 38 QO 38 1-0. 205

I = hg/l = 10.666 c—1.85 0-4 87 ol.85

_ where, V:
Ct

Average velocaty of flow {m/sec)

Hazen-Williams roughness coefficient
(see Table 5- )

’Hydraulié':éaiué'

Energy slope

: Diameter of pipé (ﬁfl
‘Head loss (m) |

' pischarge (m2/5é0}
pipe Length (m)

Table 5-22 Values Of C in Hazen-William Formula

Values Of C

Type of Pipe (inSidé) hMax.vaIues Max values Max values
Asbestos Cement Pipe 160 - 1490 140
Hard Polyvinyl Chloride Pipe - 160 140 150
Polyethylene Pipe 170 © 130 150
Strengthened Plastic Composite Pipe 160 = 150
and Cenntrifugal Force Strengthened ' '
Plastic Composite Pipe

Source: Use C = 140 for a pipe less Ehah'iﬁo mﬁ ih dﬁametér;

The necessary amount of . irriqation water' for -the

Project can be calculated by using previously obtained
figures as follows:

Crop water requirementi ET crop = 6.5 mm/day
Irrigable Landi S - 100 ha (50 ha On left bank;.

50 ha on ‘right bank)'

Irrigable efficiencys 60%
Irrigating period: 24 hr
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" Thus,” Q becomes as follows:
; 'Q 1 1

6.5 mi/day x 1073 ¢
mm/day x 1073 x 50 ha x 109 x 5= x goay

0.063 m3fsec

The ‘enérgy slope can be ‘obtained by dividing the head
difference between the intake point and thé discharqe
point of the pipeline (h = 4.95 m) with the pipeline
length (3.0 km):

i 3'000 = 1.6 D/,.

The roughness coefficient of an asbestos cement pipe' is
C = 140 from Table 5-22, Therefore, the necessary pipe
diaméter of the pipeline is as follows:

1.6258 ¢-0.8 0.38 1-0.205

1L

D

n

1.6258 x 14070-38 x 0.0630.3% x 0,00165-0.205
0.323 m

)"Jl‘h'us‘,,= the pipe diameter of the pipeline shall be 350 mn

The allowable maxinum average velocity in an asbestos
cement pipe is 3.0 a/sec. The minimum avecrage velocity
of 0.3 m/sec should be maintained to prevent sediment

‘deposits in the pipe.

Tha volocity ia the 350 ma diameter plpeline will be as
follows:

I 10..6_66 c-1.85 p-4.87 Q1.85

.n

10.666 x 140-1-85 x 9,35-4.87 « 0.00631.85

]

1.140 44,

Oc 55464 'c' 00'630 IO. 59
0.35464 x 140 x 0,35%:63 x 0.0011400.59
0.660 m/sec '

-
u I
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In order to convey the required amount of water, the
slope of the pipeline myst. be equal or larger than the
energy grade line of the fIOw._ It is desirable Eor the
head difference between " the intake poiat - and the
_ discharge point of the papeline to be larger than the

ﬂ head 1035 plus 0.5 ™,

The friction loss in the pipe;ine is as follows:
he =L . T=3,000x1,140% = 3,42 n
Other loss =”ffiction“ioss x 108 = 3,42 x 0.10 =
0.34 m |

Therefore, the required head difference is:

3.42 0,3+ 0,50 = 4.26
The eievation’differencéé between the intake point to
the dlscharge points of the pipeline are 4.95 m on the
‘right baﬁk of the river and 5. 95 m on the left bank.

Thus, it “Is possible to convey the required amount of
water through the pipeline.

Apburténaﬁcés'for thé’?ipeiidé:i
For the safety and maintenance of the pipeline, it is
required to install air relief valves. control valves,
sediment  flushing facilities, and river-crossing
‘structures, N ' '

1) Air-relief Valves

An aiz-relief valve shall be installea at each of
the following pointsz

a. Where mlld pipeline slopes become  steep
;downward slopes., ’ '

b. Immediately éownstream of a control valve in a
pipeline having a downward slope._

o, Immediately ups_treara of a ‘¢ontrol valve 1n a
pipeline having and upward slope.
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d. At the highest polnt of a pipeline.
e. where”the;e 1s'a'change in thé downward slope

‘and an englineer deems it necessary to install
the valve, |

£. at i400 m  intervals. in pipeiines having long,
very mild slopes,

. The P:o;ect pipeline tOute is in relatively flat areas;
conditions ngn and "f® above will be applicable. Thus,
‘a’ total of six air-rellef valves are planned to be
installed: 3 each on both banks of the river. The
necessary air- relief pipe stze is normally 1/5 to 1/8
times the diameter of the pipeline -75 nm diameter air-
relief valves are planned for the Project pipeline,

o The air-rellef valves shall be installed as shown in

Fig ] 5"'12 .

Fig. 5-12 .Alt-:élief Valve ?rotector

A .

i

& B, ‘ ’ 8,1 8

Elevation View Plan View

The air-relfef valve _pfotectcr' shall be built with

cast-in-pla¢e concrete.

Helght of the Protector:
~ The allowance héight_(ﬂl), from the basé plate of
the protector to the bottom of the pipe, shall be
250 mm to 300 mm, Hy, the height from the pipe top
to the top of the protector, shall be sufficlent to
éontﬁin a tee Jjoint for the alr-relief wvalve
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installation, a cutoff valve, an. alr- :elief valve,
and a 100 mm to 200 mm allowance (Hg) from the top
of the air-relief val.ve to the top of the pmtecto:.

‘The plan dimensions of theé protectors

ii)

The distance between the alr-relief valve center
" and three of the walls shall be 600 mm, allowlng
| ufﬂcient space for maintenance work. The distance
Erom the air-relief valve center to the remal.ning
wall shall be 900 mm, allowing enough space for

cutoff valve operation.

Control Valves:

Three coatrol valves shall be installed at the
upstream sides of the three riyer- crosslng points
for flow cutoff, sediment’ flushing,_ .and pipe
draining purposes. For the Project pipelihe{ as~i£
will not be necessary to control water discharge,
gate valves will be used, The valve chamber is
shown in Fig. 5-13.

Fig. 5-13 Valve Piotecting Chamber

]
rﬂh
Ho

8,

:::]M_;:

Plan View

i 8.

SRR

-

- &

-
Rt
-

Elevation View
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ik,

.. .Chamber Height:

1it)

M), the allowancé between the chamber base and
" the bottom of the pipe, shall be 250 to 300 ma
to allow sufficient ‘working space, H3,' the

height from the valve top cover to the valve
handle, shall be 1,000 to 1,200 mm
(approximately the chest helght of an average
person}. - Hy, the height from the valve top
cover to the top of the chanmber, shall be
higher than 1,600 mn to.permit a'person to turn
'thé valve Handle from a knealing position.

Chamber length (inside dimension parallel to the

pipe}t | |

Ly, the allowance between the chamber wali to

the expansion joint, shall be 200 mn to provide

. adequate- working space. L, the clearance

‘between the expansion joint and the valve

~ flange, shall be 100 mm, L3, the clearance

.;betweeﬁ thervalve flange and the chamber wall
shall be 400 to 500 mmn.

Chambef ‘width' {inside dimension perpendicular to
“‘the plpeline)t o '

The clearance between the chamber wall and the
pipe surface shall be 600 mm to permit adequate
‘working space.

Sediment Flushing Pacilitfes:

For the operation and malntenance of the pipelines,
sediment flushing facilities shall be installed so

- that water can be completely drained at the

pipelines lowest elevation in the vicinlty of a

river-crossing point,

There will be one pipeline on each bank of the
river. PEach pipeline will cross the river three
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Flg.

times. At these crossing points sediment ﬂushing
facilities will be requited. The sediment flushingi
chambers will. be 1a|:ge enough to be accessible for -

Normally, the charmber size is larger

qperegtion. y

than 1.5 m, Pig. 5-14 shows the sediment flushing
facilities.

5-14 Sediment Flushing Facilitles

~ Cutoff valve chaﬁber.w\ o

iv)

Sediment flushing chamber

Pipecline

Base concrete . Discharge
) pipe. 7

River-crossingst _
At river-crossing 'pointﬁsg the lpipe'line_s shall be
installed lower than the riverbed and protected
with 20 cm thick concrete. Doing so, will prevent
disturbance to the river flow, There are a ‘total
of four rivei-crossingsi ' two upstream from the
pipeline s diverting point, and one for each
pipeline downstream of the diverting point.

rig. 5-15 Pipeline Protection

C300 _ 200 .

/)
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.’(:) Surmary of Water Conveyance Facilities

- Table 5-23 Water Conveyance Facilities

Facility - Description

: _ Asbestds cement pipe
Pipeline Length: 3,000 m on right bank
_ 2,900 m on left bank

15 wm diameter, 6 on right bank pipeline

Alr-relief Valves 6 on left bank pipeline
L Total: 12
1 o Control Valves: 3 in right bank pipeline

Control Valves : -3 in left bank pipeline
SRR o Totals &
o s e 3 on right bank pipeline
Sediment Flushing ,

Facility | 3 on left bank pipeline

Totalt 6

places upstream of diverting point
places downstream of diverting point
Total: 4

River Cross
Cross

N B

(:) Irriggtidn Channels:
The discharge from the pipeline is O = 0.063 mz/sec.
In order to distribute the irrigation water to each
model field, it is planned to install soil-cement
lining open channels. The Manning formula s used to
perform the hydraulic calcﬁlations of the open channel:

A=AV

where, @1 Discharge (m3/sec)
A: Cross section of flow (m2)

Vi Average flow velocity (m/sec) .
v ,;..:“-]- ‘ 32/.3 .11/2

where, n: Manning's roughness coefficlent
(0.015 for cement lining)
R: Hydraulic radius

1+ Slope of the energy grade line
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The average minimum velooity in the openchannel shall
be 0.45 m/sec to prevent sediment deposits  in the
channel. The allowable maximum averagg velooity in the
soi_i—cemn£ lining channel shall be 1.5 m/sec. The
required channel cross section is assumed as follows:

Fig. 5—16 Plan of Open Channel

0.65

ﬂq

0.40

Qé = 0,063 n3/sec (planned discharge’

1/1,300 {Average channel slope in the field}
(0.40 + 0.65) X 1/2 x 0.25 - 0, 131 m2

(0.28 x 2 + 0, 40) = 0 960 m

A/P = 0.136, R2-3 = 0,265

oo D e
U H n

Therefore, the velocity and discharge in the cﬁanﬁél.
arer ' ‘ '
v = 1/0,015 x 0,265 x (1/1,300)1/2 = 0,490 m/sec -
Q = A+ V= 0,131 x 0.490 = 0.064 m3/seo Q, =
0.063 m3/sec

The freeboard of the channel may be cal'cul;ated by using
the following equationl

Fb = 0,0d + hv + (o 05 to 0, 15;

where, Fbl. ?reeboard (m)
bi - Flow depth (m)
hyt - Velookty heéad = v2/2g (m)
g1 Acceleration of gravity (9.8)
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Therefores,

. 0.4902 :
Fb = 0,05 % 0.25 + T 55 * (0.05 to 0.15)

= 0,01 + 0.0 = {0.,05 to 6.15)
= 0.07 to 0.17

Thus, Fb shall be 0.15 m.

The -irrigation channel shall have the_fdllowing cross
segtion: '

Fig, 5-17 Cross Section of Open Channel

030

0.65

0.40

0.25

]

0.40

_The planhed-mdel fleld areas are to be in the lower
regions of Chikokora, which is on the right bank of the
river, and Mranba, which  is on the left bank.
.-'I‘herefore, the irrigation channels shall be installed
‘from Chikokora to Mpona on the right bank, and from
Mranba to Chitowa on the left bank. 50 ha of farmland
shall be developed éach irrigation channel. The total
lengths of the channels are 3,735 m on teh right bank
and 2,262 on the left bank. Since the {rrigation
intervals are six days, each channel shall be divided
.into six sectlons and, by operaﬁ;ing the installed check
valves, 1rrl§ation watar will flow Into the irrigation
dltches during those times. Water {ntake points from
the channels shall be installed at 30 m fntervals.
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rable 5-24 Irrigation Channel

Item o Oéécriptién'

Cross sectiont 0.490 m_(baéé) % 0.8 m
{top width} x 0.40 (height)
Irrigation

Channel Length: 3,735 m on right bank
2,262 m on left bank -
6 on right bank

Check Gate 6 on left bank

Total: 12 each

Intake Mouth One every 30 m

Distribution Pond:

A distribution pond shall be installed near each
village along the irrigation’chanhel for the villagers?®
domestic usé. The size of the pond shall be decided
upon in accordance with the 'size of the village

population,

According to the World Health Organization (WHO)
report, domestic eater supplies, per capita, during
1973 in rural areas of the world were ‘as followss

Dorestic Water Supplies per Capita in Rural Areas

(Unit: . Liter/person/day)

Africa: .23 - 35
Southeast B?ia: 30 - 70
Western Pacific Regionsy 30 - 75
Bast Coast of the Medlterranéant 40 - 85
Latin Aﬁefiéﬁ & Caribbean Sea heéioné;: 70 - 190
ount 35 - 90

Average of all uUnderdeveloped countriess
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Peachen, &t al.,_'reported “the 1472 statistics of
deestic daily water consumption using different water
supply methods ' in rural areas of underdeveloped
countries as follows: | '

Average Daily Water Use per Capita (litez/perSOn[qu}

Water Su‘pply Condition Average Daily Use Daily Use Range
No Pipe Supply: 15 .5 - 25
Stand Pipe: 30 10 - 50

Pipe Supply:
Single Faucet 50 | 10 - 100

. Multiple Paucets 150 ' 50 - 300

Based on the above statistics, domestic water use from
the distribution  pond is estimated to be 15
liters/person/day.

There are elght villages in the_Project area: Sipopa,
Chikkola, Balékasau, and M§Ona are 6ﬁ the right bank of
" the Rauﬁga RiVer; Mulanba, Mkandd; Kanaventi, ang
Chitowa are on teh left bank. The villages of Sipopa
and Chikokolé, and Chitowa and Kanaventi are located
' vétyjclcse to each other. fThus, only one distribution
péhd will be installed for each of those two village

groups.

From August to October there will be no water inflow to
‘the distribution pond. Therefore, it will be necessary
to store enough water for tuse during that period.
Table 5-25 lists the calculated necessary distribution
pond capacities for each village.
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Table 5-25 Distribution Pond Capacities-fér villages

. . mber ' Siée'of : Hecessa _ Pcnd- _ Remrak
Village | of'iomes |work Force | T0PU@E10M | yater {mﬁﬂ Capacity Tans
Sipopa - 88 173 234 240n3
Chikokola 21 .
Balakasau 13 21 o 41 : _ﬁS" ._60m3
Mpona 44 n 139 188 190m3
Mlanba 1 18 '35 a1 ) somd
Mkando 23 a1 80 108 110m>
Chitowa ! 37 73 99 100m3
Kanaventi 14
Terminal ST e _
. 3 One on
Sramice Liooon? | oo ban
Note: Work forces are comprised of people whose ages are over 15 years old

(51% of the entire population).

2.

(1)

1

(JAS} Manual of Facility Dgsign Criteria..

The Ptéject Office and Experimental Farm

Facilities of the Project Qffice
Floor Plans for the Buildings:

The floor plans for the bdiiaings_ﬁere made considering
the flbw' of the
further, reinforcing

work process and work 4Projec£.
considering the ninimal use of
steel bars and cement material, flat type buildings
were chosen for the Project. Building floor areas were
declided based upon the standards of the Department of
Public Works and the Department of Agriculture of

Zambla by referencing the Japan Society of Architeots
The floor

plans for the Project are shown in Table 5-5,
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Table 5-5 Required Floor Area per Person

- Classitications

-|Japanese Standard.

(JAS)

. Zambian
Specifications

This
Project

foipé Réém
_T:aininq_(Ciass) Room

Conference Room

Sanlta:y‘ﬁoom

7.5 m2/person
1.5-2 mz/person
4.0 m?/person

0ne/i$ people

6.0 m%/person

1.5 m2/person

3.0 mzfperson

One/15 people

6.0 m2/person
1.5 mé/person
3.0 m2/person

One/15 peoplé

i) Size of Bulldingt

1 bgaﬁgé'ement Office Building 130,0m2 -
Name of Room Floor Plan Standard qnd Reason . :::Qn?d

| Manager's ‘Manager: One 7.5 me :
offfce For Vistors 6.0 m? 13.5m2.
Réégdfcﬁér;s No experimental work - desk work only, Standard

5 2x 2=

N is 5.2m¢/person, but little allowance is given
e T due to two persons in each room (total 3 rooms):

10.4m? . say 13. sz/ea
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i} Size of Buildings:

Table 5-6 Planning for Facilities

o

1) Operation and Management Office Building

130.0m2

Name of Room

Floor Plan Standard and Reason

Planned Area

Farn Farm Manager: One 7.5 mg ‘
Managet's For Vistor; 6.0 m 2
office 13.5m
Engineers's No experimental work - desk work only. Standard
Office is 5.2m2/person, but little allowance is glven _
dué to two persons in each room (total 3 roons) t 13.5 x 3 2
5.2 x 2 = 10.4 m?, say 13.5 nZ/ea = 40.5m
Administraiion 5 persons g
Office Room |[6.0 x 5 = 30,2 m? 30.0m
Coﬂference 10 persons per meeting
Room 3.0 x 10 = 30,0 n? 30.0m2
Hallway & : é-
Sanitary Room 16.0m
2) Training Center Building 100.0m?
Training Room |50 Farmers _ 2
: Seminar: 15-20 people % 2.0 m? 87.0m
Seminar: 50 people x 1.5 m2
Seminacr: 80 people x 0.8 m2
50 x 1.5 me = 75,0 m2
Control Space: 12.0 m? 37,0m2
Sanitary Space|Assuming that the numbers'of male and female
akttendees are equal {total 30 attendees), To
install one each water closet and urinal per
15 people,
25/15 = 1.6, say 2 units
For males: 2 water closets, 2 urinéls,
L sink = 7.2 m?
For females: 2 watex closets5
2 sinks = 6.0 m 13.0m?
3) Garage and Repair Shop 275.25m2
Garage Space |5 vehicles
Space for one vehlicle:
2.75m(W) x 6.0m(L} = 16,5 m2
16.5m2 x 5 = 82.5m2, adding wall space: 36, 25m2
Parts Stowage [{2.75 m X 6.0 m) 16.5m2
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Name of Room

S

Floor Plan Standard and Reason

Planned Area

Tool Stowage | S5.75 m x 6.0 m 34.5m2
Repair Shop Inspection and repair space:
o 1.0m(¥) % 7.0m(L) x 1.2m deep pit 69m2
Work Space 6012 134, 5m2
4) Stowage Building 129.6m2
Seeds and 5.4 mx 3.6n |
Fertilfzer 19, 44m2
Agrfcultural [1.8 m x 3.6 m
Medicine - : 6.48m2
Parts Stowage | 4.5 m x 3.6 m 16.20m2
Tool Stowage [|3.6 mx 2,7 m 9,72a2
Stowage Tractor (large) 2 ea
Space for Discplouch 2 ea
Agricultural | Discharrow 2 ea
Machinety Tractor {small) 2 ea
' Cultivator 2 ea
Mini-backhoe 1 ea
Trailer 1 ea
Powered Sprayer 1l ea
(7.2 m x 10.8 m) 77.76m2
5) Lodging Facilitles 239,9m2
—
Bedroom 2,7mx 4.2 m x 2 rooms 22.68m2
Living & 4.8 mx 4.44 m 22.312m2
bining Room 3.6mx 4.4 m 15, 984m2
Bathroom & Total one building 59,976m2 _
Kitchen 59,976 % 4 buildings 239,9m2
6) Power Generator 60.0m2
L g - :
Generator - 20 Kva 2 ea 240 v
House 37 ¥va 1 ea 3so v 60,0m2
TOTAL 934,75m2
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2

i)

Building Plan

Plan:

a.

b.

C.

Operation and Management Office Building

This building will be the center of operatlon,
management and research activities of the Project..
All office rooms, ﬁmnager s office, and confe:ence
room are arrangéd on both sides of the building‘
entrance. Since the researcher's’ offices will be
local site offices, the ooms ate designed to__

accommodate two persons each, with a space of:,

13.5 m2,

FParmers' Training Center Building:

This building will be used as the training slte to -
instruct ~farmers in ittigational farminq methods.'
The bullding, having fout entrances/éxits, is to be.
located close to the experimental farm 56" that9 E
farmers can come and go the farm quickly ‘and easily.'
Assuring that the number of malg_ ‘and  female
attendees ate  the same,. segregated sanitary
facilities are necessary. The floor ‘space of the
building was calculated by alloting 1.5 m2 per each
attendee and adding 12 n2 for control space.

Garage and Repalr Shop:

Vebicles will be used for ékténéibn activitiéé'and '
for 1inspection trips to the experimantal farm and
the model field. The location of the garage puts it.
relatively close to the management office bullding;f
It will be so situated as to prevent vehiculat' 
tratfic from interferring with the movement , of .
agricultural equlpment., There wili,be a.ﬁit_ih the
repalr shop that can be used for the repaif' and
fnspection of vehicles. There will also bo a space
for the storage of spate parts and tools,
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. Storage Building:

The storage building will be divided into flve

sections : for seeds and fertilizers, agricultural
medicines, parts, tools, and agricultural machinety.
Sced and fertilizer will be in the same room because
they are seasonal items requiring frequent issue and
replenishment, The section for agricultural

-medicines, in orde: to protect it from direct
_sunlight, will have no windows. Parts and tools

stowage places will be sepatate because they are
easy to control.

Lodging Facilities:

The room sizes for the lodging facilities were

: determiﬁe¢ based upon the middle class dwelling
'standatds of thé Department of Water Development of

Zambia. The ki;chen'ia designed to use propane gas,

_ charcoal or kerosene for fuel, As the winter
_ temperatures are moderate, the bathrooms will be

| lequipped with electric hot water ‘heaters. These

£,

,facilities_ were_ also designed to accommodate

viéiting Japanese technical advisors;

Power Generator!

Three dlesel generator units are planned to be
finstalled in the power generating house, It will be

-designed to have the necessary space for the

genefatOr unite, a repair and naintenance avea, and
a fenced in area for fuel: storage, BElectric fans
will provide ventilation when the generators are in

operation.

Three-dimentional Plan

. ¥or . the threeudimenslonal plans of buildings, and the

formgtive art of the Project complex, the architectural
&ésién ghall be such that all Facilities will be
guitable to the Zamblan climate and will meet Zambian
testes as outlined In the Basic Design Policy.
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iii)

iv)

From a functional view, long caves shall be installed as
protection against strong sunlight:and to prevent rain
from blowing in.  The wails “of living quarters and
offices shall have largeé windoﬁs_to peimit frésh air to

enter.

Buildings® Cross Section Plant

The cross sectidﬁiplanstéfe to méet the ;equitemehts”of
preventing raln from blowing into the bhildingsg_ and
providing the buildings ptotection against strong

sunlight an@ strong winds.

Roofs will have long eaves, and the’ other walls of
living quarters and offices will have large bpenings.
Sloped roofs shall be installed: to allow rain water to
drain quickly. Tﬁe:e will ;be_ ventilation spaces -the

roofs.

Ceilings will be installed to insulate rooms against
heat. _To permit proper air circulation, 24 m will the
minimum allowable ceiling height.' Rooms that are to be
used by many people at one time will have ceilings of
max imum ‘possible hexght.

The spaces for c¢able and_bipe inétéllétidn'éhall be  of
sufficient size of allbw'for”iutufé bhanges or expangion,

“and must be readily accessible for maintenance and

repair work,

Structural Plan:

In Zambia,' lightweight concrete block structures are

commonly used as the most rational . and ecOnOmical”
construction method, For the st:uctuzal plan of the.
Project, lightweight concrete structures will be used forn
building construction. : Zambian specifications will ‘be
used for selecting the design loads of builainga and

" desian criteria.
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Ground basge:

S0il in the Project Office area {soil sampling
location No. 9, Fig. 3-5) is sandy loam having 27%
sand (see Fig. 3?71. The bearing strength of the
ground is suitable for the c¢onstruction of flat
lightweight concrete-block building. For the
foundations of the Project Office ' buildings, direct
foundation types will be used and-wili.have depths
of ~0,7 m below ground level and-bearingistrengths
of 5.0 tons/m2. This type of foundation is
generally used in the area. |

Structure designt

Building structures will be lightweight concrete
types. Rooms shall be separated by lightweight

' con¢réte block walls, Roofs shall be supported by

lattice structures.

As for deésign étiteria, British Standards (BS) is
used in zambia. The following criteria shall be
used in the buflding design of the Project:

Dead load and

active load BS 6399 Part 1 (1984)

Wind load : BS CP 3 Chapter V (1972).
Lightweight t The Standards of Japan's
concrete-block Society of Architects.
structures o .
Reinforced ¢ The Standards of Japan's

concrete structure  Society of Architects.,

Table 5-7 lists the main active loads for the design
of the Project Office bui_ldin_g; The design wind

- {oad shall be based on winds of 35 m/sec

{approximately 75 miles/hr) which s classified as
tropical monscon zone winds in the BS CP 3, No
salamic load will be considered for structure design
as eacrthquakes have never been recorded in Zambia.
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7able 5-7 Active Loads for Building Design

v)

Name bf Room o Acﬁive Load_(Kg/mz)
Qffice 225
Research Room o - 306
Laboratory : - 306
Training Room : 306
Conference Room - : 510
Hallways & Balcony : o 306

‘Source: BS 6399 Part 1, 1984 

Pacility Plani

-

Electric Facility Plan.

_ Electricity will be generatea by diesel englnes.

The following 1tems are rgquired for the facility!

Generator equipment
Main power distribution lines
Lighting fixture and outlets

Generator equipment:

The generator eduipmeht. is designed . to 'éupply
sufficient amounts of power to Project facilities.
‘The specifications of the generator equipment are as

'follows: T
Qutput: <77 Kva
Voltage1 "3 ph, 380 V
Cycless _ 50 Hz
Engine: ' Diesel engine

Cooling Method: Alr-cooled, indoor type

Main péwer dist:ibution;

Main power distribution 1lines shail be .insééiié&
from the power génerating station to each building
and facility.:
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- Lighting fixtures and outlets:

The lighting fixtures shall be fluorescent tubes
and, in a few cases, incandescent light bulbs, A
light “switch- shall be installed in each room in
close ?roximity to its entrance. Outlets shall be
for 220~240 V based on the British Standards.

Table 5=8 shows the lighting standards for the
Project Office building. '

Table 5~8 Lighting Standards

Standatd Lighting Name of Room

{Lax}

| 100 Sanitary Room, Storagée Room,

© : Power Generating House )
150 : Hallway, Bathroom, Agricul-
- tural Machinery Storeroom
200 Bathroom, Kitchen
240 Living & Dining Room
300 Training Room, Repair Shop
400 Manager's room, Offices,

Conference Room

~ Cable conduits

Blectric cables shall be installed in conduits, 1In
the buildings, steel conduits shall basically be
installed above the ceilings,  Outside of the
buildings, hard pipes of polyvinyl chloride shall be
{nstalled for cabling.

- Grounding work:
bne grounding plate shall be installed ia the power

generating house for grounding the generator unit.
One - ‘grounding rod shall be installed for each

‘building,
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b.

- Standards:of elect:io‘facility:-:

Generators, lighting'_kfixtures, grouﬂding rods,
electric ¢ables shall be. in conformity with the
Japanese Indust:ial Standards_1qlsf._ JEC, and JEM,
Gutlet and:switch:units.shall be in accordance with
zanbian Standards (8S).

Temperatuie cohditidns:

Outdoors: - Max. 40°C
Indoors: Max. 40°C
Underground: Max. 40°C

Hunmidity: . Max. 85%

Wateér Supply and Sewage Systems:

Water shall be supplied from a 250 mn diameter, 70 m

deep well, -A 3 m3 capacity water’ storage tank ‘shall
‘be. installed at a height of 5.0 m above ground

level., The well and storage tank are arranged to be
installed at the highest peint in the Project site
fn order to maintain high static water ‘pressure.

Drainage system:

Sewer and drain water shail be treated in septic and
infiltration tanks. = The specifications for the
infiltration tank shall be bagsed on the British '
Standards. .

Fueling station:

The fueling station shall  have a 4,000 1iter
capaclity gasoliné ténk'and:a 4;000-11ter capaéitf
diesel fuel tank, = The gasoline tank shali_ be -
installed underground. Thé diésel fuél tank shall
be installed 'abéve"grdﬁnd."' Fueling shall be
conducted by means of hand’ pumps. |

Three 3etvice tanks for the diesel generator units
shall be installed in the power qene:ating house.
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vi) Building Materials and Exterior and Interior Finishes
- = Building materials:

Local materfal shall be usad és much as possible,
‘Only material that is not locally available shall be
Japanese made.

Cement: Ordinary Portland cement (mass
concrete’ with local cement,
finish work with Japanese
ceiment)

" Coarse aggregate: Local crushed stone
Fine aggregate: [Local river sand

= Concretes

The conctete mixture shall be of ordinary Zambian
Portland cément, Its design strength shall be 180 kg
/cmz. The slump of concrete shall be in the range of
10 - 15 cm. Cncrete materials shall be mixed with

"volume mix."
- Reinforeing bars:

Japanese made, or eguivalent, material shall be used.
The quality of the bars shall be in conformance with
SD 30 and SD 24 (JIS). The joints of the reinforcing
pbars ‘shall be lap joints., The bars are to be round
with dJdiameters of 6 -~ 13 mm; those with larger
dlameters shall be deformed bars,

- Hood material:
. zamblan wood will be used for wooden structures and
finishing material.

. Building methods:

~ Roof:

rRoofs shall be waterproof types that are durable and

_ can withstand strong sunlight and heavy rains.  There

|  'ahb11 be ‘s ventilation space between the roof and the
room .belaw for 'the"purpose of preventing heat

radiation.
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Good quality asbestos corrugated 'plate 1s available in
Zambla., It is desirable to use this materlal in roof"

c0nstruction.

_EBave lengths should be as long as possible to provide
protection against rain and heat.’

“Outer wall:

‘Outer walls are subjected to strong sunlight and rain.
The wall matertal shall have a heat insulatxon effect.
Thus, the extetnal walls will be built with'
'lightweight conctete blocks "W200", and the interior
walls will be f£inished with white ¢ement mortar. Sash
windows will be inatglled in the walls ‘to allow '
natural aic ventxlation within the rooms. '

- Floort

During the rainy season,, there are occasional  high
intensity rainfalls that cause flooding in the area.
Therefore, the heiqht of butlding fléors must recelve

caraful conslderation.

Terazzé tiles will be used on bullding floors.. Floors
~ace to designed to be 60 mm higher than the terrace
‘elevation to prevent rainwater damagé.

Ceiling:

In order to have a ventilation space below the roof it
will be essential foiw Ehe 'fdom below to have a
ceiling, This ventilation space will help to prevent
heat radlatlon, locally aVailable tapboard installed
with steel P-bars will be used Eor ceilinqs._

Finish Work:
Ex;eriorl
Wallgs Lightweight ~ hollow = concrete blocks

 W200 om, decorative plling, white cement
sptay finish.
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- Roofs: -Asbestos“corrugated plate covering, truss

and spiral-truss structures {steel)

WjﬁdOW$= Steel sash with o0.p, Ely screen, burglar

bar installation

?ofch &
Terrace:  Motor steel trowel Joint finish
Entrances: Wooden flush doors, 0.P. finish

Interior:
Walls: Mortar'steeiltrowel'finiéh, VP finish
Floots: Yotar base, PVC tile finish

Baseboard Motar base, PVC H 100mn
Ce}lﬁngs: Slate board 6 (tapboard) EP 600 x 600

Toilet & bathroon:

Floor; Mozaic tile or OVC tile finish
Wallss Tile finish up to the door height, 150,
: White.

Higher areas with mortar, steel trowel,
white paint finish,

vii) Yard Plan:

'The following f0ur facxlities shall be constructed in

the Project Office area:

- Roads in the'P:oject Office area.

.= Drying area: 15 m x 30 m = 450 m2,

Weather observation area: 6m x 8m = 48m2,
Wind direction and speed gage towert Steel lattice

tower, h = 10, Om 3 platforms.

Fuel station area: Concrete pavement, 150 mm thick.

7iéi Experimental Parm with Irrigation Facilities

@

'Experimental Parms

Many different types of crops will be planted at

the ‘experimental farm for research and test

cropping purposes. In order to conduct the

- research and test cropping in accordance with a
"variety of themes and crops; a large area of land

and many research personnel and workers will be
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requived for the Project. . In -the Projett,
regearch peréénnéf will carty out their reseaxch
work ~and .will. : a’ls‘o.' partibi@éte in extension
activxties teaching farming methods and informing
;neighborlng farmers of the crops most suitable to
grown in their areas. It.is planned to have six
researchers working in six different fields:
gene_tial farming, dry ﬂeld fa;:nnng, agricultural'
c:iv‘i_l. _ 'emjineer.mg, i_rr_iqat.ion 7 facilities,
agricultural equipment, an& énténninn work.

in“ Qénefél, the lana necessary for efficlent
research work by one reSearcher is apptoximately
0.5 ha. The area of the experimental farm is
based on that figu:e;_ That’ is, 0.5 ha x 6 persons
= 3 ha.

The Proyect area ls l:elatively flal: with a mild
" downward slope to the southwestward. B is
_ assumed that . the ground water follows a similar
slope as it flows ;owards the Kaunga and Luangwa

rivers,

It is planned to locate the Project Office one
~ hectare complex next to the school and the church
and along and access road tnat connects to rural
road No, 216 This area is ve:y accessible; ic
will be easy to ‘contact village people from here,
Two blocks of the exoerimental farm will be facing
the road; while another block win be to the rear.
With this arrangement the experimental farm can beé
effectively demonstrated  (see ‘Section 543—3 of
Basic Design Drawing). .

-The main road, including dralnage ditches, in the

Project area shall be 10 meters wide. 7 This road
will be wide enough to allow agricultqral machines
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“to pass one and other, Branch roads shall be six

matérs wide to permit safe transit of pedestrians
and agricultural machinery.

The two blocks of the experimental farm that are
- alongside the access road will use furrow
irrigation systenms, These blocks will be
subdivided into 20 m x S0 m lots. Each lot will
be used for a single purpose of research,
A 150 mm  diameter pipe will convey irrigation
water to these lots, On discharge plug with a
~ water gage shall bé installed at each lot.

The remaining block of the experimental farm will
be equipped with a éprinkler and drip irrigation
system. This block will be used to compare crops’
growth rates using different irrigation methods.

i) PFurrow Irrigation Parm:

In order to measure the amount of ir.rigation
water for each test cropping, it is planned to
install 150 mm diameter water supply pipes
with Iai"gate valve and a water meter at each
‘outlet. The outlets shall be installed at
fntervals of 1.0 m so that furrows can be
properly épaced for the crop being planted.
Two water sup.[:.nly. pipelihes shall be installed
in parallel, 50m apart, in each experimental
lot. |

i1) sprinkler Ircigation Farm:

The sprinkler irrigation farm shall be divided
into 50 m ¥ 100 m lots. There are sprinkler
heads deéig’ne& for installation at 6 m, 12 m,
16 m, and 24 m intervals, For this farm,
éptinkler heads designed for 12 m Intervals
will be used. Thus the arrangement of the
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i)

sprinkler heads in each farming 1ot shall made
to have elght tows (12 n X 8 rows = 96 m),

..each row having four sprinkler heads (12 mx4

sets = 48 m). The amount of icrigation wate:_
requited by each type of test cropping can be

~ changed by ad;usting the iatervals of the

sprinkler heads. .

Dripping Irrigation ?armt

The drippinq irrlgation farm is to be located_

' next to the sptinkler 1rrigat10n farm, - It
‘shall divided fnto 50 m x 100 m lots, Judglng _'

from the themes of téét croppings and the 1ot
length, foufty rows of 16 mn diameter pipes‘

with dripper intervals of 0.5 m shall be

installed with 1engths being 95 m with 1.0 m

intervals.

Irrigation

Necessary irrigation water can be caléulated based
- on the figures obtafned in Chapter 5-2-1, (2).

Crop water requirement: 6.5 mm/day
Irrigation effiqiencyz
Furrow irrlgationz T 60%
Sprinkxer i:rigation: 80%
. Dripping 1rrigation1 90%

Therefore, the amount of necasaary irr{gation

water is as follows:

- For . furrou irrigation:

Q1 = 6,55 mm/day X ols X 2.0 ha = 217 m3/day

Por eprinkler i::igationzi

an65mm/dayx3—~xoeha=um3/day
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For dripping irrigation:

Q3 = 6.5 mn/day x 55 % 0.5 ha = 36 m3/day

Total requirement: 217 + 41 + 36 = 294 m3/day

‘Ir:igétion water shall be pumped up from a well to
& water storage ~tank. It shall then be
: ﬁtstributed'to each éxperiﬁental créﬁping arga by
the use of a tnostet pump. The capacity of the
‘booster pump shali be decided'upon_as the one-time
lreigation period becomes less than ten hours.
:.iha size of the water storage tank shall be
;adéquate Eo:_hoiding_éﬁough water for one day's
i:tigation use, The Amodnt of irrigation water
used-in one day is 294 ﬁ3 as derived from the above
calculation. Including a ten percent additional
allowance for the one day wuse, the arrived at
storage tank capacity is 323 m? (294 x 1.10}.

Storage ' tank dimensions were determined by
establishing its minimum water depth at 6.3 m, with
a top clearance of 0.3 m as shown in Fig. 5-4,

Pig. 5.4 Stozaﬁe Tank

N

_13.00.
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(:) Well and Punp Capacities:

It is planned to use well water for irrigating the :
experimental farm, Existing wells in -thé
neighboring villages aré from 9 m to 18 m deep.
Some wells yleld saline water. In order to avoid
drawing wétef.'froh*'hhé éame aquifers of the
existing welIS} and to Secure a sufficient amount
of irrigation water, it is planned to dig a 60 m
deep well. T }

It will be teﬁuitéd “to pump up 323 m3/day.
" Assuming that thé'puﬁp tuna éleven hours a day,: the
pumping rate shall be as follows!

323 X 10
11 hr ® 60 min

=489 litets/min

Test pumping at Ehé Project site showed 12
.1d51ter/sec w720 liter/min from.a 27 m deep well,
Thus it will be possible to pump up to 490
liters/min from the well,

‘A pump capacity larger than 490 liters/min shall
be selected. The pump motor and the diameter of
the -suction pipe shall be determined based on the

pump Seleotéd¢ '

(:) Summary of the Experihehtal Farm Facilities:
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'.; Table 5-9 Experimental Farm Facilities

itém.u

! Fqcility

Deécription
A o 2 ha
-Fuyrow Irrigation Pipes with gate Valves
Farm 1.0 m outlet intexrvals
_ : o 4 water supply p1pelines
: 8 e . 0.5 ha
Irrigation| Sprinkler Irriga-
_ gatt print. 9a 12.0m sprxnkler head intervals
. Farm tion Farm
B _ - : 4 sprinkley heads on each LoOwW
' 0.5 ha
Dri Irri . s
Parﬁ gatlon 0.5 m dcipper intervals |
_ Twenty 95 m long pipelines -
Ty ' Reinforced concfete structuie
W St . . o S
ater Storage Tank | 13.0'm (1) x 13.0 n () x 2.5 m (i)
'-rirtigétiQﬁ Well 60 m deep

Pump capaéity_

Large than 490 liters/min_

_543;3.ﬂBasicheSigﬁ'Drawings

.
s

:5ﬂ14}ﬂ

s,
17,

"Area Plan
_'Model Farm Plan '
'Experlmental Farm Plan

Lodgzng Facilitxes

Elevation Profile {1}

_ Atrangement ¢£ Pro;ect Office Complex
: Operation and Management Office Building

':_Stowagé and Agrlcultural Machinery Bu11d1ng
i Traininq Center Building

;fGaraqe and Repair Shop Building

" Powet Generating House

- pPipelines on Both Banks and Open Channel on Right Bank

Elevatlon Profile (2}

_Pipeline Route

Ittigation Canng;s
pistributfon Ponds

'+ Open Channel on Right Bank

‘Elevation Profile (3)
"= pipeline on Left Bank and Open Channel on Left Bank

rIntake Faoilities
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Elevation Profile (1) = Pipelines on Both Banks and Open Channel on Right Bank
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Elevation Profile (3) ~ Pipeline on Left Bank and Open Channel on Left Bank
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5~4 Basic Plan for Equipment

5-4-1 Equipment Plan

(y

®

Equpment Necessary for Agricultural ExtensionIWbrkz

'Agriqultutal Equipment

The 3 ha experimentla farm will be subdivided into 20 nm

- X 50 m lots for test cropping, Each lot will be used

for one particular research purpose. A small hand

operated tractor is preferable for the cultivation of
these lots.

It bas been planned to provide a tractor with a seat
for the purpose of cultivating the entire experimental
farm at one time, and for assisting in teh development
of neighboring farmlands. As there may be as many as
ten farms under cultivation at one time, the tatal area
to be worked will be comparatively large; therefore,
the capacity of the tractor with seat shall be §0 HP,

The 60 hp tractors shall be equipped with these
necessary accessories: The accessories shall be

selected to he compatible with the rotary tiller.,

A trailer will be required for transporting fertilizer
and agricultural products. Judging from the size of
the experimental farm, a two-ton trailer will be

sufficient.

A power operated sprayer will be required for the
application of agricultural medicines; a 500 litex

capacity unit is to be provided.

As the mentioned equipment will be used frequently, two

| un{ts of each should be provided to prevent work

stoppage should be machine breakdown. Necessary spare

parts for 20%,
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(:) Equipment for Extension Aétiviiieé- o

Extension activitaes will be performed in - the model
field area and in nelqhboring areas. . There w111 be
twelve people stationed at the Projecﬁ Offxceg six of
then will engage in extensxon activities.' Occasionally
office personnel will ~wvisit ' the Department of
Agriculture in - Lusaka and the Disteict Agricultural
Office in Luangwa:in order: to attend conferences or to
"go on other business related trips. - Therefore, at
least three vehicles will be necessary for use at the
Project Office. In addition to these two vehicles, one
pickup truck will be. required to transport equipment

required for extension work... -

Except for rural road No.216, most roads in teh area
are improperly maintained and are not suitable for
vehicular traffic.  Some roads acte too narrow to be
used by automobiles and trucks; only motorcycles can
get through. For this reason, at least three
motorcycles {one per every two extension workers) are

regquired.

During the rainy season, road conditions become worse,
However, it  is during :this 'seasoh that exténsion
activity work 1s at its peak. Therefore, the vehioles
to be acquired for extenslon work use must be heavy-

duty types (off-road vehicles).

(:) Repair Machinery:

In order to carry out efficiently and effectively the
inplementation of the programme, it will be necessary
to conduct periodic inspections of 'agticulturai_
equipment and to make ’imﬁédiafe' repairs to sald
machinery. It will be essential to ptovlde the
necessary machinery for this work. '
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