,Further, the probable effect“tve rainfall was. estimated on the basis of

80% recurl ence. :

H.1.4 Other Criteria

Mo estimate net water J:equlrement for paddy field, percolation and
‘puddlmg water ate to be determined. Turther, the irrigation efficiency
'is defined to estimate the dlve_rsmn requlrement for 1rrlgatlon. The -
criteria applied in this updating study are explained hereunder.

' aj} Perooi atlon

Vertlcal peroolatlon is estmted only for paddy field. In ac-
.cordance w1th the pemeablllty coefflclent of subsurface soils estunated
by pezmeablllty test at 10~4 cm/s to 10-5 on/s, the percolation in the
paddy field is assumed at 3_rrm/day throughout the year.

b) Puddling Water:

- Puddling water is required for preparing paddy field to receive
‘nursing plant. - In the light of Soil porosity and thickness of soil
layer, the puddling water requirement is estimated at 200 mm,

c) Irrigation Efficiency:

ZIrrigation efficiency is estimated on the basis of application
efficiency (Ea), distribution efficiency (Ed) and conveyance efficiency
(EG), The application efficiency is estimated at avound 65%, in the
light of favo.table soil texture and topographical conditions in the
prOJect area. The distribution efficiency from branch canals to the
flel'd'_ :Ln_le_ts is estimated at 85% for the unlined and earth-lined canals,
on th'é_other hand, the conveyance efficiency of the concrete-lined head-
reach and main canals is estimated at 95%. Consequently, the irrigation
efficiency is calculated at 52.5% (= Ea x Ed x Ec = 65% x 85% x 95%).
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H.1.5 Design Irrlgah on Water Requlrement

The net. 1rr1gatlon water. requn rement by crop wWas estjmted on a
nonthly basm for each area of the pmject (Westem pla:m, Ii'.asl:ern plaln,
Middle }%ach valley and San Juan de Floreq a.rea) ; as ehown on Tables H-15
to H~19,- ' L

Furthei", on the basis of proposed "c.i:mp'ping pattern 'diSCussed'_'j__n
Annex ¥, the net 1rrlgat10n water- requlrement by type of cmppmg
patterns and the design- 1rr1gatlon water reqmrement for each area of

the project werc_calculated.

' (REferehcie)

Western plain | | Table B-20 and H-21
Eastern plain-A . mable B-22 and H-23
Eastern plain-B | Table H-24 and H-25
Middle Reach valley : ‘Table H~26

San Juan de Flores area ' Table'H—'Z?. _
Western plain - _rainy season Table H~28 and H-29

- For irrigation’ in the WeSterh plain area (16,000 ha); 'th'e annual
design diversion water requirement was ‘estimated at around 287.3 MCM,
and the monthly maxundm reqmremnt at 20.5 m3/s in April. ’I‘he water
recquirement. for diversion at the ex1 sting. 1rr1qaLlon area in the Mlddle
Reach valley Orocuina - Choluteca (680 ha) and san Juan de Flores valley
(2,680 ha) was estimated at arcund 22.4 MM (1.6 m3/s at monthly ‘maximum)
and 28.5 MCM (2.0 m3/s at maximum) respectively'. Likewise, diversion
water reguirement was es_timeted at 87.4 MM a year (8.1 mIS/S-_ a£ monthily
maximm) for the Ea_stern plain- A and at 97.4 MCM a year (7.0 n3/s at
wonthly maxinum) fer the Fastern plain- B. (Refer to Table H_~30) -



H,2  IRRIGATION PRACTICES

{.2.1 Soil-Water Characteristics

 “'Growth and yield of crops are affected by water holding capacities
and intake 'rate__s'Of soils, In the feasibility study wade in 1977-78,
- effective root zone and moisture extraction pattern of each crop were
studied,” and basic intake rate and field capacity were tested in the
field. The results of tests were found still useful, and they were
referred to in this updating study.

'Ihe effective root zone of crops proposed for cultivation in the
'Chc:Jl'utéca ‘plain was d_eﬁermined by the result of surv:ey in 1877-78 and
d'afta provided by G. Hargreaves, as summarized on Table H-31. The moisture
extraction pattern of each crop was determined by referring to the AMES
7 Irrigation Handbook. The basic intake rate was assessed to be around
2.5-7.6 myhr for fine textured sandy clay, silty clay and clay, 6.4 -
| 19.1 m/hy for medium textured sandy loam and silty loam, and 12.7-
38,1 mw/hr for nnderately_ coarse textured sandy loam and fine sandy loam
Available moisture 'per soil depth of 10 cm was estimated on the basis of
field capacity of soil tested in the field and water content of soil at
the permanent wiltihg pointsg,. The available moisture was calculated to
range. from 14 mm/lO cm to 26 mn/lO cm, and it was defined to each type of
soils as showm ‘on Table H~32. The total readily available noisture was
calculated on. the basis of noisture extraction at an important soil layer
for growth of crops, as summarized on Table H-33.

Irrigat.ion J'_ntefvals of each crop were estimated on the basis of
total readily available mpisture and maximm consumptive use of crop,

as follows:

. L _ Total Readily Available Moisture (i)
Min. Irrigation Interval = M, Consunptive Use (wi/day)

The minimum irrigation intervals were estimated as summarized on
Table H-34. | |



The furmw length was deteﬁmned by referrmg to the UoDA 8Cs
standard, as well as the existing 1rr3,gat10n eyetems in the project area.
In view of the maximuan furrow :Lenqth estunated for each 5011 typ@ as
shown on. Table B-32, furrow length of 200 m was: adopi.ed for the deelgn

of irrigation systexre on the C‘holuteca plain.

H.2.2 Irrigatien .Met]'x:}d
Various alterﬁetive irrigation met}_:-eds were compared, including

surface irrigation methods (furrow, border strip and flooqu) , Spray
irrigation method: (sprinkler), subirfig&ticih method and’ tﬁf—ickle-irr'igation
method, The sﬁbirrigation method: and .t'ri'ckle -irrig}étioh' methOd are |
applicable to nedlum to vexy 11ght textured top 5011 and: stable subsall

of moderately. rapld pemeablllty in the semi-arid and ar;l_d zone where:
slope of field surface is very flat. However, these two methods require
higher installation cost and they are ecmlomically unred;nmenda_ble.-

In view of the soil-water charactefietice' in the _ir_l:i‘qeble* avea
in the Choluteca plain, the furrow irrigation wethod, border irrigation
method and spr:l nkler 1rr1qat10n method were conparatively evaluated from
the economic po_mt of view. As a re5u1t the furrow 1rrlgat10n method
was assessed to be most ‘economical for upland crop: cultlvatlon
Considering its econcmical advantage, as well as simplicity in 0perat10n
and maintenance, the furrow irrigation method ig recommended  for culti-
vation of sugar cane and other upland crops. - For cultivation of paddy,
the floodlng irrigation method would only be appl 1cable, Lec,hm cally

and econcmically.



#.3 CRITERIA FOR PRELIMINARY DFSIGN

1.3.1  Trrigation Canal
For the preliminary design of irrigation canal cross sections,

the criteria were determined as explained hereunder.

a) Flow Formula:
Manning's formula was adopted for design of the irrigation canals

as follows :

vl . g3 12

n
. Q =V « A
where,
V: Mean velocity (m/sec) I: Hydraulic gradient

n Cbefficient of roughness Q: Discharge (m3/sec)
R: Hydraulic radius, A/P {m) A: Flow area (m2)
P: Wetted perimeter (m)

b) oefficient of oughness :

Coefficient of roﬁghness, n, was applied as follows:

n
concrete lined canal 0.017

Farth canal 7 0.035

) Allonéable Velocity:

~ Allowable velocity of canal flow was set within the following

ranges:
Min. (ny/sec) Max. (m/sec)
Concrete lined canal | 0.5 1.5

- Farth canal . 0.2 0.6



d) canal Botton Wi.dth (8) Mater Depth  {h) Ratio:
B/h ratio was determlned in acc01dance mth the empnrlcal data

mentioned in "Canal and Related Structures" publlshed by USBR The B/h'

ratic applied in the de81gn of canalc; is as follows

{1) Concrete Lined Canal -

Discharge Range of Representatlve .
(m3/sec) -~ B/AH 7 B/h .
0>36 1.0-1.5 1.5
36>0>10  1.0-1.2 1.2
10>20> - - 1.1-1.5 1.5

(2) Farth Canal

Discharge Range of Representative

(n3/sec) B/h B/

0>25 2.5-5.0 4
25> 0>10 2.0-4.5 3
102Q> 5 2.0-3.0 2.5
520> 2  2.0-2.5
220

1.0-2.0 1.5

¢) Side Slope:

Sidé slope of each type of canal-'was adopted as followss

Concrete lined canal 1:1.5
Farth canal
BZ0.7m o 1:1
B>0.7m 1:1.5

f) Free Board:

Free board was determlned in accordance with canal water depth
fluctuation of roughness coefficient and wave actions. However , as for

the free board of headreach, main canals, branch canals and %cbhdéiy
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canals, the peak’ design discharde was designed to flow within one-third
of the free board in the ordinary design. Therefore, the free board on
- each.canal was determined as noted hereundex.

' ‘Water depth Free'bdard (Fb} . Extraembankment
SRR §7) (ma) n
'Less than 0.75 0.20 0.35
0,75 = 1.00 0.25 0.40
1.00 - 1.50 0.30 | 0.45
1,50 - 1.75 : 0.35 0.50
1.75 ~ 2.00 0.40 0.55
More than 2.0 0.45 : 0.60

. Free board for tertiary and distribution camals was designed to
be 0.15 m.’

g) Canal Lining:
Rocks, gravels and ooarse sand would be underlain, and canal
lining would be required to control seepage losses. Therefore, canal
lining was designed as follows:

Type ' _ Thickness Remarks

Concrete lining 10 am For headreach,
main canal and
branch canal

H.3.2 Drainage Facilities

‘ ._ Design surface drainagé'fequirein@lt was estimated on the basis of
design rainfall , runoff and drainage period. The design daily rainfall
was detemined' to be about 130 mm, which was 80% probably waximum daily
rainfall at Choluteca. (Refer to Ammex C.2.2, Table C-18) Further,

70% of de51gn rainfall was acssumed to be runoff, and the excess water
would be de51g11€d to be dramed w:Lth:Ln 2 days. Consequently, the drainage
requlrement in the Choluteca plain was estimated to be about 5.3 1it/s/ha

in the dramage area.
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Criteria for preliminary design of drainage canal were detérmined

as follows:

a) Flow Formula:
Manning's formula was adopted, as in the case of irrigation canal,

(pefficient of roughness is0.035.

b) Allowable Velocity:
Allowable maximm velocity of drainage flow was determined at

0.9 m/s.

c} Other Criteria:
canal bottom width (B)/water depth (h) ratio, side slépe and free
board were determined in accordance with the same criteria as p:rop'c)'sed'

for the irrigation canals.

H.3.3 Related Structures

The structures related to 1rr1gat10n and dramage canals, such as
turnouts, cross regulators, drops, culverts, splllways ‘and water n‘easurlng
devices would be demgned in accordance the criteria ag explalned here~
under, De51gn of these structures’ would also be prepared by dpply.lng
the Mamming's fomula and the coefficient of roughness set at n=0.017

for concrete structures and n=0.016 for precast_.concrete plpes.

a} Turnouts:

Turnout 15 a stmcture to dlqtrlbu't_e water from a ca.na]. to a lower

grade oanal. In de51gn1ng, tuanute are class:Lf:Led mto the followmg

3 types:

Type . ‘Barrel o Discharge " Rematks

AT Box - 0>.0.7 ﬁﬁ/ééc_ | Ebrmam, branch and
A-II  Precast Con. Pipe Q£ 0.7 m3/sec secondaxycanal L
B meo . 0<0.7m3/sec’ -  For tertiary canal.
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b) . Cross Regulators:

S I.n"o'rder to maintain a.certain water level at the points of
dlversmn or offwtakmg 1rrespect1ve of the discharge, cross reqgulators
‘are to be provided where a number of turnouts would be densely provided
or whe_re a fairly large discharge would be diverted. Eight types of
cross regulators‘were designed, in accordance with the design discharge
of Strucﬁures and types of canals, as follows:

Typ'e. Canal Discharge ' Remarks

{m3/sec)
A-I  Concrete lined ¢ > 19 ' With double box barrels
A-IIL " 0> 19 Flume type
A-TIT - b _ 19 >0 =215 - With single box barrels
B-I . Farth canal 10 > 9 2 0.7 with single box barrel
B-II" = oo o 0.7 > Q> 0.55 = wWith precast con, pipe
B-ITI " 0.7 > Q> 0.55 Flume type
c-T " o Q < 0.5 With precast con. pipe
c-1Ir " Q< 0.5 Flure type
c) Drop:

‘Drops are required where the topography along the canal has a
steeper slope than that of proposed hydréulic gradient in the canal.
Wooden_stoplogs are provided on the structure to keep the flow velocity
low and the u,t_)s:tr_eam water surface high enough to permit the distribution
through the upstream turnout. Two types of drops were designéd in ac~
cordance with the design discharge, as follows:

Type | ' Design Discharge
TInclined drop 0 > 2 m3/sec
vertical drop Q<2 w3/ sec
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dy Culverts: _
Culverts are requred where canals cross a»“fam’r'oadbf' a linked

road A size of culvelt was’ determined to pass the deglgn dmcharge as

a free~flow with an ample clearance. - The flow veloc1ty in the barrel was

designed to be 1.3 times the velocity in the adjacent ‘canal’ tolavoid
silting., Culverts were classified into the followmg two types- B

Type E : - Des:an Dlsc:harge -

Precast concrete pipe type ' Q'é 0.7 m3/5ec
Concrete box barrel type _ Q> 0.7 m3/sec 5

&) Spl]_lway

'IWo types of splllways are adopted in the canal system. .One is
a spill way with slide gate. ThlS type of spillway is reqlured at the end
of main canals, branch canals, ang seoonda_ry canals to empty the canal
in case of emergency or cleaning and repalrmg ‘the canal. The other is
an overflow type spillway. This type of spillway would be to spill out
excess water which would otherwise cause unfavorable hlgh water surface
in the canal. The dlscharge smlled out would be released to a stream

or drainage canal.

f) Water Measurlng D@VlOe

The daywto-day measurement of water is reqmred to know a dally
water use and to compare it with inflow, reserves and demands. Accurate
and reliable measurement is essential for the efflc:lent use of wé{ier' and
to establish the charges to water users, - Two typés of the 'iﬁéaSur'irlg o
structures were proposed to be provz.ded at the head of every canal, as

follows:
Measuring Flow Condition S
Type Device in Barrel ' Remarks
A Parshall flume Open flow ' Fbr'tu_j;anuts related to main,
- o - branch, secondary canals
B Constant head = Pressure  For turnouts related to -
orifice gate flow tertiary canal -
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H,3.4 Bg_ad and Related Structures

o }:‘or the pfelinﬁnary'design'of link road and farm road {main,
secondary and Lertlary farm road) , the criteria would be dpplled as
@cplalned hereunder

a_): : ;mk Road ehd'i?aﬁﬁ' Road-

Truck loads ‘were applled to be 30 tons for link road and main farm
road, 20 tons for secondary road and 14 tong for tertiary farm road.
The __hor;Lzontal and_vertlcel alignment. would be designed in accordance

with the following criteria:

Max. Max. Length Min,

© Class - - Slope Slope of Slope Radius
Linked road and |
© ¢ main farm road: - 4% 3% 300 m 15 m
Secondary farm
road: 4% % 140 m 10 m
Tertiary farm
road 4% 7% 140 m 10 m
o b) _Brldges

. Brldgeq are constructed at loaatlon where road crosses canal of
wore than 10 m in width. The brldge width is 6 m for main farm roads
and 3 m for: secondary roads. The minimum clearance between the water
surface and the girder bottom would be 1.0 m.

o) Other Structures:
' . Culverts,. cross drains and other structures related to the road

would be designed under the same design criteria as proposed for the .

irrigation and drainage facilities.
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H.4 TRRIGATTION AND DRATNAGE SYSTEMS IN WESTERN PLATN o

H.4.1 General

The 1rr1.gatmn and dralnage systems in the Western plaln would
be planned for: 1mplementatlon at the flI‘St stage The systems would
cover a net 1rr1gatlon area of 16, OOO ha, ;mclud:mg the estate farm of
two sugar factories. 'The :erlgatlon area would extend malnly on 'the
right bank of the Choluteca river, and partly on allunal plam o
(3,600 ha) on the left bank of the river. ‘

Water for irrigation in the Western plain would be’ taken by
constructing an intake weir near El Papalon. Altliouéh ‘an alternati\}e
weir site is conceivable at a. place about 2 km do.mstream from E1 Papalon,
the preliminary deslgn was prepared for El Papalon mtake welr for the
mcment, because the construction cost of the alternatlve welr would not
presumably be different. The Weste:m plam irrigation systems “would
provide water to the estates of sugar factories (4,030 ha in total)
and it was envisaged to utilize the emstlng J.r_rlgatlon and dralnage
canal systems in the estates. Major irrigation and drainage facilities
to be constructed under the preject wefe “proposed as described hereunder,
on the basis of available topographic map on the scale of 1/5,000. )

A general layout of the Western plain irrigation and drainage systems
is illustrated on EWG—-H—Ol. ' '

H.4.2 Intake Weir

Intake weir would be located near El Papalon, some 9 km downstream
from Choluteca city. The catchment area at El 'Pa'palon is 7 (115 }cmz '
The anmual inflow was estimated at around 1,480 MCM, as noted 'in Annex
C.3.1, and the probable flood dlscharge was estimated at 2, 600 m3/¢ for
the return period of 100 Years. A storage curve at El Papalon is
1llustrated on Figure H-02. The river channel is approxmately 100 m
in width and 5- 7 m in depth, with its bottom at EL. 20.5 m. The left
bank is an extensive alluvial plain with elevation at EL. 28 m. The
right bank flat of 150 m in width composed of volcanic breccia is
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connccted with the hills of tertiary tuff and rhycllte As noted in-
'Annex D.2.2, the river c'iepos:nt is underlam by weathered andesite abt
9.4 m_ln.depth ‘and solid andesite at 13.1 m in depth. The site would be
favorable for ‘éonst_mction- of a concrete weir of flecating foundation to

avoid deep excavation, -

 -The intake weir was ‘designed to be an ogee crest concrete type.
The Weir is 140 m in crest length, 4.8 m in height and 15,000 m3 in
volume, as shmm on DW(:uH—OZ The dgee crest would be 125 m in length
at EL. 23.8.m.. 'I‘wo lines of steel sheet pile cutoff walls would be
prbvidéd.betwee_n’the weir bottom and bed rock. A concrete apron blanket
with dental sills and cutoff would be provided in the downstream side of
the weir. ~dhe: upstrean conci:eté blanket would be 10 m in width.
A scourmg sluice with 3 sluice gates of 3.5 m x.3.0 m would be provided.
'_A stouring trough of 12.0 m in w;Ldth and 45.0 m in length with concrete
nottem ard concrete side walls. upstream of the sluice would maintain a
low water channel at the right side of the pondage. The pondage water
surface would be at EL. 28.4 m for the design flood discharge. The
andag_e would-be normally confined within the existing river channel,
b{;t_éo_nstructi_on of levees with a height of 1.5 m would be required on
both' banks of the river upstream of the weir.

“The intake structure would be located on the right bank upstream
of the scouring sluice section of the weir. The inlet bay would be
a rectangular concrete open chamnnel with its bottom at EL. 22.3 m, and
it is 29 m.to 12 m in width. Two sets of trash rack would be installed
at the inlet. Three sets of roller gates (2.0 m x 3.0 m) would be
. installed for- closure at the end of the inlet bay. - A desilting basin of
90 m in length and 20 m in width would be constructed next to the inlet.
The desilting basin would be equipped with a sand flush cannel having two
sets of gluice gates, Two sets of stoplogs would be installed at the
“end of the desiiting basin, where the main canal would start.
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H.4.3 Irrlgataon Canal System

A layout of the nrlgatlon canal systems was prepared for a net
irrigable area of 11,970 ha, excludlng the area of - ex::.stlng 1rr1gatlon
systems (4, 030 ha) which are. owned by the sugar factories and’ able to :
function if an outlet for 1rr1gatlon water is prov1ded by Lhe pl:‘OjeCt

The main canal systems would conmst of the upper main canal '
1left main canal and rlght main canal The upper main canal would start '
at the intake and stretch for about 11 6 km on the right’ bank of the
Choluteca river. Ftcm ‘the upper main canal three seCQnda:cy canalg:
would branch to, distribute. water to the Ola dlstrlCt In the previous
study in 1977~ 78, a booster pumpmg statlon was planned to be installed
for one of the secondary canals, but it was found unnecessa.ty for

comfeyance of irrigation water.-

The left main canal woald run for about: '8 .6 km from the -bi.f\ircation
structure. - Tt would be aligned along the Choluteca rlver, _ so as to
fU.nCthn at the same ‘time as Flood’ protectson dikes. At the end of:
the left main canal "the left branch canal would be connected to 1rr1gate
the left bank of - the ‘Choluteca river, Tt would cross the: river by an
inverted siphon- and. extend for apout 5 2 km along. the left bank: up to
near El Parengue. The left main canal and left branch canal would have
three secondaxy canals ‘with a total 1ength of “about 12 6 km

The right main canal would be aligned to run for abeut 3.4 km from
the bifurcation structure, on the western side of the old _riifer course,
Four branch canals were designed to cover the irrigéinn area. on the
right bank of the Choluteca river, with a total length ‘of ‘about ‘40 km.
Outlets for irrigation water are prov1c':led for the emstmg 1rr1qat10n
areas to be comlarﬁed by the right branch canals.

The branch canais, as well as the secondary ‘canals, would run in
parallel with the eXJ,stlng distributaries and. dep1e551ons which are: '
proposed to be improved and functlon as drainage canals, The tertiary
canals would be aligned to run at the intervals of about 1 km to .
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dlstrlbute water to tbe field canals. The total 'length of the canal
qystems in the Western plain is shown on Table H~35 and summarized as

r_fo_l,lows._ (Refer to Irrigation Diagram in Figure H-03)

Length (km)
Main canals 23.6
Branch canals - - . 45.2
Secondary canals 33.6

“The main canals were designed to be ttapezoidal open channels with
side Slopes of Y ¢ 1.5,  They would be lined with concrete of 10 cm in
'thlckness The deslgn flow velocity would range from 0.5 m/s to 1.5 m/s
at maxinum. The branch candls were designed to be 10 cm thick concrete
' lmed trapezoidal open channels with the side slopes of 1:1.5. The
design flow velocity would also range fram 0.5 m/s to 1.5 m/s. Typical
'cross sedtj_ions-'of_ the main and branch canals, as well as secordary and
tertiary VCa_nals, are illustrated on DWG-H-03. A canal profile is shown
on DWG-H-04 and DWG-U-05. |

_ _A-.bifur__cat_ion,strqctuxe ,wouid be located at the end of the upper
main c_énaj._ to distribute water to the lefi: and right main canal as shown
on DWG-H-06. ‘The upstream 'pbrtion would be an enlarged rectangular
concrete opén channel where the Llow velocity would be substantially
- reduced: A-check gate would be installed in the middle of the bifurcation
structure with 4 sets of roller gates (2.5 m x 2.5 m), each two of them
controlling the discharge either in the left or right main chamnel. A
rectanqular concrete open channel downstream from the check gate would
constitute a stilling pool, and it would be followed by a parshall flume

wheré the flow would be divided and measured.

 An _ihvested siphon would be constructed to cross the Choluteca
river. for irriqation in the lower. left bank area (3,600 ha). It would
be composed ‘of concrete box barrels (? m x 2 m) with a trash rack
mtalled at the :Lnlet Flow in the barrels would be a pressure flow,
and the flow veloc:Lty was designed to be 1.5 times the velocity in the
upstream canal to.avoid 51lt1ng The barrels would be embedded below
the ground for a length of 85 m. (Refer to DWG-H~07)
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Other structures related to the 1rr1gat10n systems, such ag’
turnouts, cross regulators, drops, culverts, SPlllwaYb, and measurlng
devices were designed -in accordance wmth the crlterla as proposed in
Chapter H.3. The number of structures requ:lred for the Western pla:m

1rrlgatlon systens is summarlzed on- Table H-36.

H.4.4 Dralnage Canal System

River gradlent is gentle and COnveyance CapQCLty is. rather dimited

in the lower reaches of the Choluteca river. Inundatlon OCCUrs | sometumes

in the lowland, and intensive rainfall oauses rather extens1ve depre5510ns
Construction of dralnage canal systems is therefore Jn@cmtant in the

Choluteca plaln to avoid excessive moisture in SOllo by floodlng

A surface dralnage system is pr0posed in the WEstern plaln The
main drainage canals would be aligned along the exlstlng distributaries
and the old river course of the Choluteca rlver " The old river course
and dlstrlbutarlee would be deepened or enlarged to have enough capacity
for drainage dlscharge ' As noted in Chapter H.3.2, the design of
drainage canals was prepared in accordance w1th,the drainage requlrement
estimated at 5.3 llt/s/ha in the Choluteca plaln. '

The proposed alignment of the main drainage canals is illustrated
on DWC-B-01. The right main drain No. 1 (RMD-1) and No. 3 (RMD-3) would
run along the ex1st1ng depre551on, and the rlght Tain draln No. 2 (RMD-2)
along the 0ld river oourse of -the Choluteca river. Othér main draihs
would also be designed to facilitate dralnage by utilizing the depre551on
as existing distributaries. Colleotor-drein canéls wbuld_be the txibu~
taries of main drainage canals. They”ney'be natural tfibutary channels
to be partlally 1mproved or trape201da1 edrth canals to be newly
excavated. The drainage canal eystems and the length of each canal are
summarlzed on Table H-37. The total-length of dralnage canals is as

follows:

© Main dfainage canal: ©90.5 km
Sécordary drain: - 27.0 km
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 In'addition, numerous field drains are to be provided to convey water
from the farm to the secondary drains.

H. 4 .5 On-Farm Facilities

. Topographic conditions on the Western plain are characterized, in

‘ gelieqtal N by:'gentié-;maul'étion' with a slope of less than 2%, As discharged
'in_dﬁaptel"}-l.z.-&z, furrow irrigation method would be applied for culti-
vatioh'o_f upland crbps, with an average furrow length of 200 m. In view
of the. topographic éondition and efficiency in machinery operation, the
average length of field cahals was set at 1,000 m, which is ecqual to

the intervals of tertiary canals. The farm block of 200 m x 1,000 m may
be divided into 4 farm lots of 5 ha each.

A typical '.layout of on-farm facilities was proposed on DWG-H-08.
Wétér would be diverted from the tertiary canal to the field canals, and
further distributed to farm ditches. The drained water in the farm
would be conveyed to the farm drains and then to the collector drains
which will be generally aligned in parallel with the tertiary canals.
The total length of tertiary camals, collector drains, field canals,

farm drains and other facilities in the Western plain is sumarized as

follows: . _

On-farm Facilities Length/Number
Tertiary canals _ 152 km
Farm canals 760 km
Collector drains 152 km
Farm drains 760 km
Tertiary roads 152 km
Turnouts ' 770 nos.
Division boxes 3,080 nos.

The capacity and size of these facilities would vary in accordance with
the irrigation intervals and kinds of crops. However, the bottom width
of the farm ditches would not be less than 0.3 m.
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Land clearance' wduld be 1mde""thr<-)ugh ‘bush 'clearing ¢ lree "-félling,
stwrpmg and removal, grass clearmg and removal of gravel and land
grading. Clearance. would be mccharuzed, except for relmval of smal]
stones to be executed by manpawer Minor levellmg would be requlred
for upland cx:op field. -More precise levelling. would. be re_qu_lwred.forr
paddy field. At the final '-s't'age of lahd 'pfepara't_ioji', the fiéld would
be plowed up to the dépi:h_ of about 05 m as an lnltlalplOer‘g
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H_..5 IRRIGATION AND DRATNAGE SYSTEMS IN EASTERN PIAIN- A

H.5.1 Gen@ral

Through the reservo:Lr operatlon as descrlbed in Annex G. 5, water
for 1rr1gat:1,0n 1n ‘the Fastern plam A would be made avallable by con-
tructlng ‘the San’ Fernando reserv01r wuh an etfectlve storage capacity
of 380 MCM The Lastern plaln A is 1ocated on a relatlvely flat
terlace developed on the left bank Of the Choluteca river. It borders
to the_ east on the S*unplle river. The net irrigable land in the Fastern
plain- A is 4,600 ha. |

For 1rr1gatlon in the Eastern plaln A, two alternalee weir sites
were conceived. One would be located at Las Bases, about 5 km upstream
of (ﬁloluteca, and the other at about 2 km downstream from Choluteca.

The dtimstrealn alternative weir site wonld be preferable in case that

the irrigatiOn would be limited to the Eastern plain- A, while the
al_terna;cive.- site at Lés_ Bases wt_)uld be considered if the Eastern plain-
B v:oulc_i. be contemplated for irrigation by water to be stored additionally
at a Vs_i.tre other than San Feri_nando_.

On the Eéstein plain- A, there exist two irrigation areas with
a total ‘acreage of 805 ha. About 700 ha are used for paddy cultivation.
The ex:a.stmg fac111t1es in these systam—, would be utlllzed but water
would be 5upp11ed by the pro;]cct at the inlet of the existing systems,
As p):oposed in Annex ¥.1.4, a rotation of paddy with maize or beans,

as well as cotton with maize or beans, would be contemplated.

H.5.2 Canal Iayout

Water dlverted at the downstream weir site would be led to the
main canal aligned to the south of Choluteca c1ty. In case that the
weir i-}ould be alternatively located at Las Bases, a headreach canal of
7.7 ¥m in length would be required. The main canal EM-1 would run for
3.8 km on the right bank of thé Sampile river, and bifurcated into the

'branch. canal EB-1 (9.3 km) to be aligned along the Sampile river and
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the branch canal EB-2 (8. 9 km) to be. allgned in: the southwestern _
direction. The branch: canal EB-3 (12.1 kn) would extend to the west of
EB-2. The drainage canal ED-1 would be allgned 1n pdrallel thh ‘the
1rr3,gat10n branch canal FB~2, and dramage canal ED~2 along the 1rrlgat10n
canal FR-3.. The dramage canal Eﬁ)~3 would form border W1th the Eastern
pla:m B. The total. le.ngth of ma Jor canals in: the Eastern pla:l.n A J_S
given on Table H-38 and swm:arn z.ed as follows (Reier to DWG-H-09 and

Figure H-04):
Headreach canal 3.5 km {or 7.7 km _fr'cm'I_as 'BéSéS_) '
Main canals - 3.5 km {or 6.5 km from Las Bases)
Branch canals . 30.3 ko '
Tertiary canals 50.9 km -

Main drainage canals 22.5 km
Collector drain 50.9 km

‘tThe de51gn of irri gatlon and dlalnage canals was prepared in
accordance with the same de51gn criteria as promsed for the Western :
plain systems (Chapter H.4.3 ard H.4. 4). ‘he nurber of structires
related to the irrigation canals and dralnage canals in the Eastern N

plaln A is stmmarlzed on Table H—-39

A Jayout of typlcal on—farm develognent was the prepared as
proposed for the Western plaln systan A farm block of 200 m x l OOO m
would be contemplated and the tertlary canals emd roads would be -
aligned at 1nte.rvals of 1.0 km. The capac1ty and 51ze of on-farm
facilities would be decided in accordance with the’ 1rr1gat10n mtervals
and kinds of crops. Land levelllng would be executed in accordance

with the contour lines.
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H.6  LRRIGAITON IN OTHER ARFAS

' H.6.1 Tuture Trrigation in Fastern Plain-B-

‘The Eastern plain-B will cover the area of 5,200 ha, if and when
additional water is made_ available by oo_nstmcting another storage dam
in the middle reach in future, Since a canal layout was studied in
_ re.lat'i.én' .to the irrigation- systéms on the Fastern plain- A, it is briefiy

described for reference purpose ‘hereunder.

For the mplenentatlon of the Easte}:n plain-B, it is desirable
that water will be taken at Ias Bases welir site. Belng conducted through
a headreach canal water - would be led to the Fastern main canal (EM-2) of
3.2 km. 'I'hJs would branch into FUB-1 pranch canal of 10.8 kin that would
extena to- the south and EUB-2 branch canal of 7.7 km that would be
allgned along the existing road to Marcovia. Secorndary canals of 9.4 km
in t_otal would also be'provided. (Refer to DWG-H-10)

H.6.2 Irrigation Fxpansion in San Juan de Flores Area

. In addition to the rehabilitation of the existing irrigation
systems in the San Juan de Flores area, it would be required to expand
the irrigation system by punping up water from the Choluteca river.
For-'pw'r@ing Arrigation in the San Juan de Flores area, as well as in the
middle yeach valleys for rehabilitation of the existing irrigation
systems, the nuwber and capacity of pumps should be determined-on the
basis of comparison between applicability of pumps and construction cost
of pumping stations,

The applicability and suitable efficiency of pumps, as well as

the capacity of motor were worked out in accordance with the following

formula:
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1) Applicability a;nd Suitable Efficieril_c;y_of_Purni_;is': '
Vl/VpJ. < 1.0 T
' ;-ZD'-vl-Al/ZD-Vl'
wheve, Ai: _Api’g'sheability énaéffié:{eﬁéy of plmps -
o 'sultable to monthly de51gn dlscharge o
Vis anthly demgn dlschalge '
Vpi: Max. capamty of operatmg pumps

A: Appllcablllty and efflclency of puping
station durlng the whole year. :

D: - Nurber Of days in a month

2) Capacity of Motor:

p=2rX:08 4R

where, P: Capﬁéity- of motor in kW
K: Ooefficient 0.163
r: Spec1f1c grav1ty of water
Q: Dlscharge of pump in. m3/m:m :
H: Total head of pump in m o
I*R Efficie’ncy of pump |
R: Efficiency of motor .

Preliminary study was made on sorie pumpmg 1Ir1qatlon areas in
the San Juan de Flores valley For’ Jrrlgat:l.on of sub-area A 1n the San
Juan de Flores (230 ha), the design dlscharge would be. 19, 9 m3/m1n and -

4 units of pumps of a capaCJ_ty of 6.4 m3/min each would be 1nstalled

On - the other hand, the sub—area B (110 ha) would be :erlgated by 2 sets
of pumps, each having a capacity of 9.4 m3/min. Capacity of motor would
be 75 kW. (Refer to Table H-40) B |
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Nov.

--Aﬁg.  Sep..

ol

Mar. Apr;

Feb. ..

cxop_

Dec. .-,

Oct. .

Jun.

May

Jan. ..

(cont'd)

Péddy'(Z)

0.08

0.57

KRG

Puddling

PET
Percor.

FR*
NIWR

Mzize

0.59 0.75 0.41 0.05
139.0 201.9 183.5 1312.9 132.6 185.5
]

0.22

0.02

8.3

43.2
0.0
9.3

54.4
8.2 186.0
87.2

84.7
25

44.4 108.2
78.1 125.9
42.7 86.1

2.8
0.0
2.8

212.0

H - 55

56.0

22.2 0.0 0.0

1.7

0.086 0.389 0.720 0.612

261.7

Beans

0.155
252.9 175.4

KC

274.6

244.4

PET

34.2
38.8 228.0
29.4

125.4

95.1 197.7 154.8

6.6
il.1l

3.9

0.0
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Jul.

Western Plain - Rainy Season. {4)

Sep.  Oct.  Dec.

Jun.

Apr.

Feb.

Jan.

Nov:’

Aug

May

Max.

Crop

Cotton (cont'd)

gq‘(\lmom
el 0 O N
O <t
o~
GV I~ el Oy O
(48] LA 3 - .
s N OO
OO o
A —

Melon

93.2

5

a

3
41.8

0.238 0.459 0.386
0.0

112.9 132.6 185.5 241.4

0.05
5.6
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IRRIGATION WATER REQUIBEMENT FOR WESTERN PLATN

Table H-20

- hY
3 J
Dec.

{Unit

Nov.

Oct.'

Feb., Mar. Apr. May Jun. Jul. Aug. Sep.

Average Jan.

Area

178.4 154.8 147.4 122.2

6,980

"G.0. 100.2 182.3

0.0
0.0

44.0

0.5

0.1

- 82.0

43,7  79.5

0.0

64.3  53.3 0.0 0.2 35.8 19.5
30.1 108.8 308.9 368.2 114.7 18.2
38.6

67.5

77.8

74.0

(6980,/16000)

53.2
11.7

0 (N
10
<}

0.0 5.6 0.0
2.3 9.3 0.0 0.7 0.0
18.2  74.0

46.0

13.6

3.8
87.4 135.9 308.9 368.2 1i4.7
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o

o
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o

[@N]

14.0

4.1

0.0
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800

1.1

0.0.
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18.2° 74.0
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146.6 149.6 308.9 368.2 114.7

(800/18000) -
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0.0
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(1000,/16000}

10.0 -

23.8

0.0 110.4 190.7

0.0

0.0
oo
0.0
0.0

NN
[ I L] -
'~ ON
~ —
NN OO
£l . L] *
WO OO
1
~m OO
. . » *
<t el OW
—~
!
™S O
. ¥ L] .
WL~
Xs] —
™M 1
A N
. a * L]
3 e
I
W o
- * - L]
W o
[ —t
A
) —
- - [ -
1M
o <
™ ~{
f"-t. .h
© o
o IS
0. O
] re]
NS
o QO
n o
™~ I
N o~
) o
i) %!
™ S
LS
o™
) o

H -~ 66

13.8"
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0.0
0.6

0.0
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17.1

102.1

1,830

0.0

1.9

11.8 0.0

‘5.'4 '
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2.0
112.2 57.8

11.7
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6.0 9.1 0.0 0.0
0.5

0.0
0.0
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0.0 0.0 5.5

0.0 0.0
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0.0 110:4°

0.0
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(800/16000)

e g
oM™

-
-

18

0.0 .~ 0.0 8.8 0.0
0.2 0.0 0.1 6.0
4.5 37.4

0.4

6.2
0.1

214.6 - 200.4° 191.3  173.5.

200

147

0.0

0.2

0.0 103.5 197.9

0.0
0.0
0.7

_80,2‘"

0-0'_,
0.0

140

10

0.9 1.7
86.4 168.4

0.0

0.3
19.8

0.0
'29.0

1.5

. 1.8
131.1 107.2 157.3 177.8

1.9

{140,/16000}

16,000 (16000/16000)

0.7
60.1
9.1 114.5

11

4.8

Total

2.1 164:6° 320.8

1.3

37.7

55,2

245.7 202.2 299.6 338.7

(/0.525)

Diversion:Reg.

Refer t0 Table H-21 for water requirézrent by - type.

Note
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Table N-31  EFFECTIVE ROOT ZONE OF CROPS

S o _ Effeétive _ .. Representative
Crop S ~'Root Zone Effective Root Zone
R e )
| _"_Suigaf cane 0.6 =0.9 . - 0.9
 cotton 0.9 -2 1.2
'Ma'izé : 0.6 - 0.9 0.9
Beans _ 0.6 _ 0.6
Sorghm 06 0.6
 Sesane 0.6 - 0.9 0.9
Meion : 0.6 - 0.75 0.75
Water melon 0.6 . - 0.75 0.75
pasture 0.45 - 0.75 0.75
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Table H-32  SOLL-WATER CHARACTERISTICS

Moderately Coarse ':1% diwﬁ festured Fine Textured

Textured Sandy 3 o S0 T T Sandy Clay,
Loam & Fine Sandy F;ngiiinQY:Lﬁm" Silty Clay
N ' Ioam - LLEY 1O & Clay - -
Available Moisture : N R _
(/10 cm) 12,5 - 19.2 14.6 = 20.9 - 13.4' - 20,9
Basic Intake Rate |
(mhr) ' o ' -
{slope 0 - 2%) : - 12,7 - 38.1 S 6.4 - 191 2.5~ 7.6
Maximum Iength of
Runs
0.25 (1/400) -slope 456 - 319 395 ~ 289 ) '3.50 - 250
0.50 {1/200) " 304 - 220 2_73 - 198 236 - 167
0.75 (1/130) " 243 = 175 213 ~ 152 - 190 - 129
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Table H~33  TOTAL READILY AVAIIABLE MOISTURE

SOi1 Type Mollisols ~ Entisols

(iénd Capability) {Class 1) . {Class 1I) {Class II) {Class III)
Sugar Cane | . 13-119 113 - 114 114 102
Cotton . 124-125 117 - 126 123 104
Maize 107 -113 107 - 109 108 97
Beans - 74~ 79 T5 - 76 76 68
Sorghum | . g0 - 85 80 - 81 81 73
Sesanie 107 = 113 107 - 109 108 97
mi_on 81 76 - 77 77 69
Water 'Me_lén | 81 76 - 77 77 69

Pasture ' 72 71 - 74 72 64
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Table H-34  MINIMUM IRRIGATION INTERVAL -

Consunptive Molllsols -j ST Ent'lsols“' S
rday)  (Class D*(Class 11)* (Class T1)*(Class 17T) *
Sugar cane 7.1 13119 13- 114 }éé_' -f '102 |
15- 16 15- 16 16 TR
Cotton 6.8 124 - 125 117 - 126 123 104
| I8 17 - 18 18 5
Maize 5.5 107 - 113 107 ~109 108 - 97
15— 20 19 19 17
Beans 5.4 - 79 I5- 76 6 .68
13- 14 13- 14 14 12
Sorghum 5.5 80 ~ 85 80 - 81 81 73
14 - 15 o 14 13
Sesame 5.5 107 - 113 107 - 109 108 97
19 -2 19 19 17
Melon 3.0 8 - 71 77 69
27 25 25 23
Water melon 3.0 81 76 - 77 ' '_7]_. §3
| 27 5 5 73
Pasture 7.7 72 71 ~ 74 72 N - 64
9 s 9 8

Note: * ‘Ibtal Readlly Avallable Ivblsture {(mm) -
Minimugn Irrigation Interval (days)
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Pable H-35 . LENGIH OF MATN, BRANCH AND SECONDARY
- CANALS IN WESTERN PLAIN AREA

{Unit: Xm)

Main Branch Secondary
Upper Main- Canal - 11.6 - -
‘Secondary canal Rl - - .1

Seo_ondary canal R-2 - -

Secondary canal — R-3 - - .6
Ieft Main Canal L.M.C,~1 8.6 - -
Left Branch Canal IB-1 - 5.2 -

Secohdary canal I~1 - -

Secondary canal — L-2 - -

Secondary canal -3 - -

Right Main Canal R.M,C.-1 3.4 - -
Right Branch Canal RB-1 - 10.0 -
nght Br_anch_ Canal RB--2 - 14,0 -
Right Branch Canal  RB-3 - 9.9 -
Right .Branch Canal RB-4 - 6.1 -
Total 23.6 45.2 33.6
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Table H-36  RELATED STRUCTURES IN WESTERV PLAIN AREA

(Unit: Nos.) _

“Trrigation

T Drainage

e ~On~Farm-
- Systems Systems ;Faci]%ities

1. ‘I‘Lﬁrngut 89 e 7’70 |
2. Cross Regulatcﬁr ‘65 - C
3. Drop | 40 _'9_ -
4. Culvert 54 - -
5. Spillway 15 - -
6. Drainage Culvert - 15 -
7. Bridge 8 10 -
8. Causeway - 1 : -
9. Division Box - - .3,080
10. Measuring Device 5 | - -
Total 280 .33 3 . 850
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Table H-37 = LENGIH OF MATN AND SECONDARY DRATN

IN WESTERN PLAIN

(Unit: km)

Main Drain Secondary Drain
Right Main Drain RD-1 5.5 -
: Right'min Drain RD-2. .5 -
Right Main Drain  RD-3 12.0 -
Right Main Drain  RD-4 10.5 -
Right Main Drain  RD-5 21.5 -

. Right Main Drain RD-6 15.0 -
Secondary Drain RD-6-1 - 10.0
Secondary Drain RD-6~2 - 4.5
Left Main Drain RD-~9 9.0 -
Secondary Drain RD-9-1 - 4.0
Left_Main Drain  RD-8 7.5 -
Se_cc_mdary Drain RD-8-1 - .5
Secondary Drain RD-7 - .0

Total 90.5 27.0
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fable HI-38  LENGTH OF MAIN AND BRANCH CANALS .
TN FASTERN PLATN - A - '

(tnit: kn),

Main ~ Branch - Secondary

Headreach Canal (7.7) . Cm R - -
Fastern Main Canal EM-1 3.8 : - S |
Eastern/l\iain Canal EM-2 2.7 ' - o - -
Eastern Branch Canal Bl - 9.3 =
Eastern Branch Canal  ER-2 - - 8.9 N —
HEastern Branch Canal  FB-3 - 12.1 7 e

Total 14.2 30.3 T
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Table H-39 - NUMBER OF RELATED STRUCTURES
TN FASTERY PLAIN - A

{(Unit: Nos.)

' Irrigation Drainage On—-Farm
Systems Systems Facilities

Twmout - 0 - | 255

. C‘coss Requlator 26 - -
- Drop | _ 13 5 -
ctxl{rert ' - BT - .
Spillwa_y . 0 - -

. ljréi_nage Culvert -~ ' 6 -
_Bri_dge | 11 . 5 | | -
D.iir.ision Box | - - 1,020

' Measﬁé:ing Devise _ 3 - ~
Total : ‘ ' 111 16 1,275
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Pable 140  PUMPING IRRIGATION IN SAN JUAN DE FLORES

Sub-Avea (A) - Sub-Area (B)
Trrigation area  (ha) 230 110
Design discharge  {im3/min) 19.9 - 94 -
Total head {m} 40 o | 3'1.
Pump capacity (m3/min) 6.4 9.4
Nutber of pumps  (nos.) o 4 - 2
Type of pumps Centrifugal . Ceﬁtrifﬁéal
Diameter of pipes () 600 P ; 450
Length of pipes  (m) 100 s
Capacity of motor (kW) 75 _ 75
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