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1.0 	 IN'mODUOTION 

The Republi.o of Haiti is part of the island of Huspaniola, which is 
looated about 700 miles southeast of Florida between the islands of 
Cuba and Puerto Rico, It lies between latitudea 17039, and 200 north 
and longitudes 68020, and 74030, west. Hispaniola is the second lar
gest island in the greater Antilles. Haiti occupies the western third 
of the island; the eastern two-thirds is the Dominican Republio. 
Haiti is shaped roughly like a horseshoe with two prominent peninsulas 
enclosing a laree bay that opens to the northwest in the direction of 
Cubae Haiti's land area is 27,750 square kilometers (10,714 square 
miles). 

Eighty percent of the land area in Haiti is mountainous. There are 
five principal mountain ohains. The Massif du Nord forms the north
east peninsula. To the southeast lie MIontagnes Noires followed by the 
Chatne des Matheux. The Massif de la Selle, with 	the highest peak 
in the Republic at 9400 feet (2860 meters) is located inthe southeast.
 
The 	 Massif de la Hotte forms the western half of the southwest penin
sula. All ranges trend roughly southeast to northeast. 

The four major plains and plateaus ares The Plaine du Nord on the 
Atlantic side - the Plateau Central between the Massif. du Nord and 
the Montagnes Noires and the Plaine de l'Artibonite between the Mon
tagnes Noires and the Gulf do la Gonave. The Plains du Cul de San 
divides the country into the two peninsulas. 



The Rivibre do lI'Artibonite is Haiti's only maJor river. A dam at 

Nligre controls flooding, supplies a constant souroe of irrigation 
water for the Artibonite Valley and hydro-oleotrio power for the
 

capital oity of Port-au-Prinoe. DWay other rivers of shorter length 

rise in the mountains, but most are seasonal or lose the greater por
tion of their flow volume through percolation en route to the sea,
 

Haiti is the Western Hemisphere's seoond smallest repubio but is by
 

far the most densely populated with an estimated 4.5 million inhabi

tants. 

Eighty-eight percent of the population is rural and considering only 
cultivated and pasture landq population density approaches 950 per
 
square mile, Of this rural population, 93 are self-employed fami

ly workers farming a family holdin of less than one heotare of land, 
The continued 'fragmentingof land ownership from the colonial period
 

to the present time has resulted in drastic change in cropping pat
ternso Where formerly cash crops such as sugar and ooffee requiring 

large tracts for efficient production were grown, the breaking up of 
the large colonial estates to small individual plots has created a 

small farmer who produces for personal consumption and barter. This 
in turn has resulted in almost a total loss of the export trade which 

had made Haiti the most prosperous of all of France s colonies. 

During the colonial period numerous irrigation systems were constructed 
which served single estates (habitations) and in several areas joint 
efforts created large irrigation distriots. 



1.1 Authorization 

On. October 22, 1975, the Agenoy for International pevelopment,
 
l-lshington, D.C. entered into a contraot with The J.G. White 
Eigineering Corporation for consulting services in connection
 
with three projects inHaiti,
 

"TASK A" Dubreuil Irrigation System Rehabilitation: 

Implementation of engineering and' dosig prepared by B.C.I. 

"TAlIC B" (1) Feasibility Report; Jeanl Rabel Irrigation System. 
A preliminary engineering study and a plan for rehabilitatio 
of the Joan flabel irrigation system. 

(2) Rehabilitation of the system, if feasible.
 

"TAS" C" F'e-foasibility report *identifying at 
least 6000 heotarea 
of irrigablo laid with systems requiring rehabilitation. 

The areas to be screenod from a list of priority projects
 
provided to the contractor from USAID and the Government
 

of Haiti.
 

This report concerns 
only the T2ASK "A" portion of the contract; the
 
idplementaLion of the rehabilitation 
of the Dubreuil Irrigation 

System.
 

1.2 Ch.'oaolo,-y
 

Field work was started in Maroh 1976 with soils researoh by Dr. Russel 
Odell, Dr. R.J. IMtutti on a marketing survey, ir. Henry Gembala told 
14r. Thomas rqan investigating the physical aspects of the Dubreuil 
Irrigation System duizM. C.E. Burgett, Jr. identifying local
 

leadership in the area.
 



Dr. Roger Peebles, Geohyrologist started his studios at Dubreuil 

in May, oompleting his assignment 1y the end of AuGust. 

Actual oonstruotion work of the rehabilitation of the Dubreuil 

systom sturted 12 August 1976. 



* 1.3 Historic BaOkaound 

The f rench sett2ers, long before 1745, used the Acul River water for 
irrigation and as motive foroe for sugar cane factories. However, in 1 
aba=4ag was established and they really reaped benefits from it for th 
first time. Moreau do St. M!ry in his book "2lDsoription de la Partie
 
Franoaise l'Ile do St. Domingue", reports or. rage 1280,
 

'... that the volume of water from this river passes entirely 
into a general basin near Habitations 3e Duo and La Ferricre 
and from there it leaves by two unequal opoings. The eastern 
-'anch of the canal is divided into thiee equal portions of 
Ater for throe sugarcane factories and four crushing mills 
ich were powered by water. 

"(l) At the Rognier sugar factory they 

gating 100 carreaux (129 hectares) 
cane and had two crushing mills po

were irri

of sugar 

wered by 
water from the main canal. 

"(2)' 	 The Dubrouil sugar factory also had 100 
carreaux of sugarcane under irrigation and 

had two water powered crushing mills. This 

Habitation gave up 2/5 of its water to another 

which did not pay its subscription but used 

the water from the canal for a fifth water 

powered crushing mill. 

"(3) 	 The Bodou sugar factory also had 100 oax'rea 
of sugarcane under irrigation but did not 
have a water powered crushing mill. 



"Mm western branch of the oaa had eleven equal 

portions of 100 oarreaux each of sugarcane and each portion 
had eleven factories of which only four had water powered 

orushing mills. There were 14 Habitations on the loft 
bank of the river which also ruoeived and used water from 

the Acul River." 

The Dubrouil irrigation project has been restored several times; the 
most recent being by Service do la Cooperation Technique pour des 
Ressouroes UIIxrauliques (SCTHH) with assistance of American Foreign Aid, 
and the project was terminated in 1962, 



TI@ 1.3-1 

MR EXMT FROM HAITI 172D-1957 
______o__nin Pound fO00') 

Sugar, reftned Sugar, rw Cacao Coffm Cotton Indigo 

1720 1,400 21,000 00 00 N.A. 1,20

1753 2,900 33,400 00 N.A. 1,390 1,690 

1755 N.A. N.A. N.A. 6,900 1,520 N.A. 

1767 51,500 72,000 150 15,600 2,530 2.070 

1774 59,100 88,400 157 29.00 3,500 1,890 

1788 70,20 93,200 N.A. 78,150 6,280 930 

1789 48,000 93,000 N.A. 77,500 7,120 1,000. 

1791 70,000 93,000 150 68,200 6,290 930 

1801 8,000 18,500 540 29,500 2,170 0.8 

1822 00 653 322 35,118 892 00 

1860 00 00 1,582 61,00 689 00 

1864 00 00 1,400 45,000 3,238 00 

1880 00 00 2,730 56,000 958 00 

1890 00 00 3,349 79,341 994 100 

1916-36 (AV) 00 25,170 3,770 68,000 9,310 00 

1952 00 64,600 3,800 63,000 2,200 00 

195? 00 48,600 3,200 35,000 800 00 

WeLiversity of California 

A. Cabon
 



4 Alow ed ,monts 

Gr teful aocnowledgements for assistcnce and oooperation rendered 
in preparation of this report are oxtended to: 

Members of the i*inistry of' Agrioulture, Natural Resouroes, 
wid !,Lwal Dovelopmont (DAaiD1); 

Fersomel of the Akonoy for Internatinftl Development 
(USILI*D) ilission to Haiti; 

Othor Officials of the Government of the Republio o! HI-ti
 
and International Agonoios.
 

Eng. Leooce Edouard, Direotor of Division of Irrigation and 
Alex Louis Tanis j Coozdinateur Zone du Sud and Direotor Division 
Agrioulture (DIINI.DR5 appointed the following personnel to be 
assi6"ned to the Dubreuil R1ohabilitation Project: 

illiL= Timwier, Max Monosir, Jose Barthelemy, IMilippe Lanour, 
Yaoul Pierre-Louis, Hughes Bien-ilim6, Guillaurne Josaphat, Charity 
Jean, 1,1entor Joseph, iRerva Cassion, I'itz Regis. 

Yr. Edouard also assigned Ir. niitz Nivose, Engineer Irrigation 

S rvico (DAMID)R) as Projeot Coordinator for materials and equipment 

from IDNWDiM. 

The J.G. White Engineering Corporation team*advising in the field 
work inoluded: 

W.D. CE=meron, Project Manager 
Henry Cembala, Irrigation Engineer-Erosion Control 
Dr. Russell Odell, Aronomist and Soils Soientist 
Dr. R.J. Hfutti, Agrioultural Eoonomist 
Dr. Roger Peebles, Geo-hydrologist 



Clarence Burgett, Agricultural Extensioniot 

Thomas Hyan, Topographer 

Joseph Argo, Cartographer. 

The iflite teem would like to express partioular appreciation to 

the young ren assigned by fDfJ l to the Dubreuil Project. Their 

cooperation and dedioation is outstanding and, )AWiJDI is to be 

congratulated in producing men of this high caliber. ith such 

personnel direotin" the project, suooevs is assured. 

The expatriate members were ably assisted by a group of dedicated 

Haitians in the Port-au-Prince office; notably Ine I.iie Madeleine 

Price-1-ars id 1-1r. Joan-Clamle do Vendegies. 



2.0 Ma.o, ORIpTION 

2.1 Projeot Location 

The Dubreuil Irrigation System is located in the Aoul River kiln, 
which in turn is contained within the Cayes Plains The Cayes
Plain has an area of about 350 km2 and is within the Arrondioement 
of Gayes, a division of the Departement du Bud. 

2.2 Desoription of Area 

Dubrouil is located in the north western corner of the Cayes Plain, 
between the Aoul and Torbeok Rivers and its southern boundry is 
the Bois Landry Road, see base map, Plate 2.21-.-

Local topography varies from gently rolling in the north west 
to quite flat in the southeacto The hills along the north edge'
of the plain are Eooene limestones, argillite and some oonglo
merate. The alluvial fill is probably lying on Miooene marls 
that are exposed in areas. The major soil types are highly oal
carous silt lous developed from these marl.s 

Abundant supplies of ground water are believed to exist in the 
alluvial aquifers beneath Dubrouil. Although depth of fill is 
unknown, it probably is sufficient to contain large volumns of
 
waters The alluvial 
beds dip gently seaward .idt at lower le.
vations in the project area there is good possibility that a 
deep well would flow at the surface' Floods reaching the dry
ohnnel in the plain lose large volumns of water 'into the 
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ombd and my provide largo qu=titior of water to the

alluvial aquifer 
.
 Other sources roohargo to the aqluifer are
infiltr-tion of rain 
and Dubsurfaoo disohar o from the limeotono 
that border and lie benoath the alluvial fill. It ir likely that

the severe deforestation 
of the upper watershed has incmrcr-cd
 
rates arid volunuic 
 of storm runoff. Tho roult is hat the
 
mean disch Lu' 
 of the Aoul River hau docro.aoed, floodr, icioe

bocome sevore 
 cud the river ch.anel on the plain hc beoorme tuotwthlc 

2.3 Projoot Service Aroa 

The ltojoct Service Area is shown on the base map Plato 2.1-1. 
mra; czw",' iadieLtedThe in the E.C.I. report was 2,3,4 heotareo 

cpd I165 hoctaxec iacirrigablo Final surveys indicate 2,665 and
1,439 hectares reopgoctedly as being n;ore nearly correct. 

RES AVAgg~~ cM;. 



,3e XRNT TMSADMHILIOTN 

3,1 Existi Set~
 

The existing Bibreuil Irrigation System is shown on bass map, Plate 2.1-3 

The water is diverted from the Aoul River 'oarriedthrough the main 
canal and distributed Ir the lateral,system. 

The Aoul River diversion dam.io a oyolopean ogee gravity type, 60 X 
longr 2.5 m..high above the river bed and 13 X wide inoluding apron. 
Appurtenant s,ruotures inolude: a right retaining wall 60 M long and 
5 H high, a left bank retaining wall 40 m long and 4.5 1.4high, a set
 
of twist walls to facilitate sluicing, a steel radial slidice gate
 
3.5 M wide and 2 14 high, and two reotangular steei irrigation gates. 

The distribution system includes a main onol approximately 10 kilo-.
 
motors long, 12 main laterals and several sub- laterals totaling about
 
35 kilometerso The main onal is lined for most of its length with
 
rubble masonry and has a design capaoity of 4 N3/eo at the headgate
 

3/seo at the end.
and 1.5 11 Some of the laterals have concrete linings 
for short distances. Their capacities vary from 150 to 1000 liters/soo. 



32 Proosd System 

The proposed system is shown on Plate 3.2-1. Indloated on. the map 
are those areas where rehabilitation work has started, The dates
 
shown on the laterals are estimated starting dates. 

The basic conoept of the rehabilitation of the Dabreuil Irrigation
System is one of self-help. 
All work on the system is being

performed b4r the inhabitants whose land will be benefitted. 
Their
 
slogan is a " We are building our irrigation system for our use ". 
Work has been organized to be labor  intensive and to date only

the following mohanical equipment is in usea
 

one transport truck  3/4 ton
 
one dump truck - 5 ton 
one concrete mixer  1/2 yard.
 

Haul roads have been improved with some imported material from the 
nearto river bed and with material removed from the main oanalp ie trook, gravel and sands All work is being performed tor manual labor* 

As noted on Plate 3.2-1, rehabilitation work started 12 August 1976 
at station 0 + 00, the diversion gates of the main oanal. Repairs 
were made to the gates themselves and olearingt cleaning operations 
of the main canal continued down grades 

At station 0 + 600 on 29 September construction was started for a
flume in the main'oanal to over%-pass the diffioult spring area to 
station I + 003. 



During the original construction at 1761 and through numerous repairs 

a late as 1962 this partioular seotion of the main canal had been 

left open, withou. masonry wall@ or. bottom, allowing the spring water 

to enter the main canal stream with no method of oontrol. Reasons 

for this exception appear to have been design and/or construction 

difficulties ra';her than purposeful.
 

For two major reasons it is now felt. that the spring flow must be 
controlled. The most important for the general welfare of the inha

bitants of the area is the fact that the spring (s) produce approximately 

200 liter/se6ond of clean potable water, a very valuable asset any
where in Haiti. Seoondly, as this appreciable quantity of water enters 

the main canal unoontrolled, there is no simple way to close off the 

flow at lower levels when irrigation is not needed or the canals 
require maintenance. With the river furnishing more water than currently 

needed for irrigation, the spring flow is surplus. 

A flume or overpass has. been designed and construction is well under 
way. Controlled flow of river water will pass over the spring area 

without co-mingling of the poluted river water .with that of the. springe 

The flow from the spring will be diverted into a parallel canal for 
disposal. For this, any of several methods an be used. Re-entry to 

the main canal through suitable control structure'; discharge into the 

river; or construotion of a reservoir and pipelines to furnish near/ 
villages with potable water. The third method is to be preferred and 
local groups are currently discussing ways and means to finance this 

4ohemeq as funding is not available from the Dubreuil Irrigation Projeoe 

Photographs of construction operations in the spring area are contained' 

in this report. 



Scheduling of construction work has permitted daily use of the canal 
system after the work day ends at 1500 hours. Irrigation water is
 
also available throughout 
 the weekends and on legal holidays. So far 
the farmer has not been adversely affected by the canal rehabilitation. 

Clearing of canal bwiks has been carried out in three sLags. The
 
first rough clearing permits survey crews to work, the second 
 citting 
removes all vegetation within 2 1/2 1I of the canal bank on either
 
side. The third oloaring operation is the grubbing of 
roots to prevent 
regrowth and final leveling of the clear area. Photographs of this
 
oporutioi are presented in 
 the report. 

Other crews work within the cLal proper, and in the case of masonry
 
cualsq remove vegetative gowth sprouting from mortar joints. These
 

orews are followed by masons who point-up mortar joints and 
mcace
 
required repairs.
 

It had been expected that considerable objections would be encountered 
by the clearing crews as they cut a 2 1/2 meter swath on both sides 
of the canals. Ruch of this strip was being cropped slid a goodly num
ber of fruit trees were within the area to be cleared. Prior contact 
with the farmers affected, with pains-taking explanations of why 
the clearing was required all but eliminated any serious problems. 
Cooperation between work - crews and farmers, in allowing crops and 
fraits to ripen and be harvested was in large part instrumental in
 

the trouble free operation.
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. .o Construction terial e 

An operation to obtain rooks, gravel and and he been established
 
in the Aoul River bed near Duos. This location was selected as
 
having abundat material- easy aoceas by truck and oontrally located
 
to the uevoral work areas. As all washing, screening and grading is
 
manual, movement to a now location when required is very simple.
 

Three crews working in the wcAshing, soreeningof aggregate material 
plus loading of cobble rook for masonry have been able to stock
pile material ahead of the construction orews. Tlre will be no 
difficulty in maintaininrG this lead. 

The quality , of sand and g(ravel is good and the washing process has 
removed almost all deleterious material. The mortar and concrete 
in use is of excellent strength. 

3.4 Maliower cud Euipment 

All diroot -projeot persomel have been employed from the area. Only 
those people furnished by DAMWDA1, are from outside the project area, 
these will be noted in the following labor break-down.
 

Laborers
 

Are paid at the G.0,11. established minimum rto of 1*30 
per 0 hour day. It has been found tZy ocreful oheoking 

that the average laborer will exceed 4 X3/d7 of 
general excavation. 



Are paid aooording' to ability and are classified by 

their foreman. The ohief mason for the project receives 

$ 5.00 per 8 hour day. Apprentioe masons are paid at 

laborer's rates. The project has furnished most of the 

hand tools for the masoas, ie, trowels sad rook hamers, 
as most of these men are fa mers and laok the proper 

tools for their part-time trade. 

Carpenters 

At the writing of this report, three oarpenterswere 

working part-time on the projeot. Their work is 

contraoted, Ir negotiation, unit by unit. They supply 

tools and helpers. Material is furnished by the projeot. 

Truck Drivers 
One driver was transferred from Damienathe other 2 are 
men from the area. They are paid monthly salaries and 

are expeoted when required, to woVc over the normal 

8 hours per day without overtime paye 

Mechanics 

One G.O.I1. employed meohnic is available to the project 

part-time. He is paid a monthly salary. 

Office Etployees 

None employed at present by the projeot. Ocoasional use 

is made of DA1UWR personnel on an overtim basis 



Profes-ional R=1Loe8s'
 
Engineeres, surveyors, agronomee, 
aooiologiatgs ' extension 
workers, eta* are furnished by DAfNDR. They are paid 
a monthly salary by DAMIR and receive in addition over
time payments from project funds. The exact amount of 
the individual overtime payments had not been determined 
at the time of the report writing. 

F uixnnt 
Presently assigned to the Dubreuil project are the followi 
items of mechanioal equipment 2 

1 Dump truck - 5 ton 
I Platform truck - 3/4 ton 

1 concrete mixer - 1/2 yard 
1 air compressor - without tools. 
3 Cherokee Jeeps- personnel oarrier' 
2 CJ - 5 Jeeps - personnel carriers 

,395 Supervision of ,Work 

All project aotivities are under the direct and opable supervision of
 
DAMWR personnel. At the present time the 
following professionals are
 
working part or full time on the project 
 . 
William Timmer Business Manager 
 (100% 'of time devote to 

Store Keeper (50o) project)
 
Max Kondesir Agronome-Goordinateur (50%) 
Jose BartheleoW Ingineer (50%) 



Philippe Lwmour Ingineer (100%) 
Raoul Pierre-Louis Ingineer (400) 
Hughes Biero4irn Ingineer' (i00%) 
Guillaume Jovaphat Surveyor (50%) 
Charity Jean Agronome (100%) 
Mentor Joseph Agronome (o) 

S~oialistes 
Nerva Casion (Cooperative and Rural Development) (50%) 
Fritz Regis (Agricultural e hnioian) (50%)' 
Water Masters Smith Adonis (25%) 
Ditch Riders William Claude (100",4) 
Ieoanioien (50%) 
Chauffeur: Jean Monet Lafranche (100%) 

These able professional people are advised by members of the JeG. White 
team, whose method is solely to suggest and advise* Contaot with and 
orders to the work crews remains a function of DAPNDR personnel. White 
employees pass by work sites with frequenoy, attend all organizational 

meetings possible and are close enough to all phases of the project to 
be able to render proper advice and suggestions, however all efforts
 

are being made to maintain a low profile of the Amerioan~presenoe,
 

3.6 Cash Wa~Met to Laborers
 

All laborers, with the exception of certain foremen are paid as follows 

for 5 - 3 hour days of work per week: 

3 days cash payment 



I day's wages as community contribution to the
 

irrigation district.
 

1 day's free contribution 4r the laborer to 

the project.
 

Great effort was made by the rural sooiologiats in their mmiy meetings 
with the farmers of the Duhreuil area to emphasize the exact division
 
of time and payment. The possible suggestion that labor was being paid 

3 days wages for 5 days work was carefully but firmly suppressed* 

3.61 Food Pro~ram 

Based upon previous successful experiences in Haiti, a free lunch pro

gram was introduced into the Dubreuil project. 

The average inhabitant of the area employed-on the projeot rises before 
dawn. If reasonably prosperous, he may have a small meal usually 

consisting of sweetened coffee and a piece of bread. He then walks. 

a considerable distance, which might well be 5 to. 10 kilometers to the 
work site. ^This person will then work at manual labor until the noon
 

rest period. 
Again, if he can afford it, he may puroh"we a bit of
 
bread and perhaps an avocado for his noon-day meal. The one reasonable
 

meal of the day is eaten upon his return home at the end of the work
 

The free lunch program was established as an experiment shortly after
 

the start-up of the Dubreuil project. 
A number of cooks, usually 1 per
 
20 laborers, were employed and a supply of food stuffs intended for
 
"Food for Work " and similar prorams was obtained,. Each day at the
 
noon.rest period, a meal is delivered to each work site. e for
.al 
the moet part have consisted of corn meal (m1ram moulo) ooolwd...with oil 



and apices, over this is poured a sauce d~ads of canned.-fishy agailihighly spioed. The average serving is 
one half a kilogram of corn
 
meal (uncooked weight).
 

The first positive reaotion to the food program was requests from
 
area inhabitants to be allowed to work on the project as unpaid
volunteers in order to obtain a 
meal, A short trial with these
 
volunteers proved unsatifaotory, as it was difficult to control size
 
of work orews,and to identify regular workers.
 

An extremely close watch of worker produotivity has been maintained
 
and it
now seems apparent that the added caloric input has definitely

increasing the amount of worker energy. 
It is of course impossible

to point to any peroentage inorease in an uncontrolled experiment

concerning humans because of the number of extranous 
effecting factors*
 
It may well be that the apparent effect of increased daily calories
 
is but 'an individual effort to maintain the daily meal. 
 Continuation
 
of the food program should provide a more definitive answer over a
 
period of months.
 

One factor is certain, worker morale is high, and the food program
 
must receive much credit for this.
 



The Cayes Plain is the largest coastal plain in the southern
 
peninsula. In the northern part of the 
Cayes Plain there, vae small 
isolated hills rising above the plain whioh .consist of Eooene
 
limestonestarg;illite and conglomerate.
some The alluvial till
 
is probably lying on I ioone marl. that are exposed 
in some -oaos.
 
The hills are erosional reomritu oz not covored by alluvion or are
 
small oollines formed by uplift. The marine Quaternary foinmations
 
are deposited with a prononcod seawxl dip, generally from 50 to 
150 and can be seen in some streaun o'lauiels ( see photo,'raphio section, 
The Quaternary deposits contain a large portion of cobbles Luid boillderi 
of limestone. A chaige in charooter of the sediments on be observed 
in the Cayes Plain where the coarse gravel of the plain grades into 
clay and then to peaty marl in the swamps adjacent to the sea. 

The Acul River oricinates from a cavern of considerable depth at the
 
foot of a oliff. Several lessor tributary sources feed the rivor
 
from the cavern source to the .dam site. 
 The water of both the Aoul
 
and its main tributary, the River Blanche is relatively clear and
 
clean.
 

The estimated discharge of 2.6 14
3/so as given in the E@C°I. report,
 
as compared with 
measu ,oionts taken from Maroh 1976 to November 1976 
this appear to be about 25%,high. 

Recent flooding of the Aoul has further eroded the western bank and 
endangers both the wing wall of the dam and a number of houses along 
the bank. 



Thin problem and the proposed eolution are disoussed in seotion 5. 

4.11 Location of Suitable Construction Iateria
 

As most of the Dubre Irrigation System is within a very short haul 
distance from the Aoul River, the dry bed forms a re adily aocesable 
source of needed rook, gravel and sond. Grading, screening, washing 
of concrete aggregate is completely manual, with the only equipment 
in use being a dump truck for material transport. Should any 
partioular material source be exhausted a move to a new source is a 
matter of labor walking a few hundred meters. 

Lumber, nails, cement, reinforcing steel, eto. are locally available 
in Lee Cayes. The required turn-out gates have been ordered from 
US. sourcese 



*4.2 Mimat. 

4.21 Omineal 
Haiti Is located fram 18 to 20 

ane-third of Hipeniola, the central 
north of the equator an the western 
one of the four Greater Antilleslslands. Haiti has a subtropical climate, except areas above 800 meterselevation and especially mountains with elevations of l",8G0 to 2,681 metorswhich have a coolers, temperate climate. 

4.221 Rainfall 

In Haiti, the amount of rainfall is influenced primarily by altitudeand exposure in relation to prevailing winds. The average annual rainfall ranges from 40 an (16 inches) at Bale de Henne and 56 on (2 inches) atGonaives on the leeward coast to 374 on (147 inches) at Smut Mathurine onthe windward heights of M.Mssif de la Hotte (Ref. 1, page 455). Annualrainfall distribution is indicated in Table 4.2- (From ref 1, page 452). 

Four different meteorological conditions influence rainfall during theyear. From April to June, the northeast trade winds come in over the wanocean laden ith moisture. As the air is diverted upward over land, itcools and condenses to produce rmin. As rain clouds move southwest overland, they gradually lose their moisture. Therefore, the highest peeksand northeastern sides of mountain ranges receive the most rainfall, andthe southwest sides of mountain ranges and low elevations receive the leastrainfall. Between October and December, cool fronts from North Americabring maximum monthly rainfall to the north coast and to much of the SouthDepartment on the western end of the southern peninsula (Table 4.2-1).other months, rainfall is caused by disturbances which are 
D 

called easterlyweves that ar associated with changes in barometric pressure and the passageof wan fronts. From August to November, cyclones obcasionally bring rain,but they are so irregular that such rainfall is not charateristio at any
given location. 

The dry season is fram December through Mbrch (Table 4.2-1). Over most ofthe country, maximum monthly rainfall is received from April through June,except on the north coast and the western end of the southern peninsula,which usually receive their maximum monthly rainfall during October or 
November, 

Inadequate rainfall limits crop production in some areas throughout the year md in other areas during part of the year. 

Ich of this discussion of climate was adapted from reference 1, the reportof "'aiti Mission dmAssistance Technique Int" ", Smacrtariat G nrl,Organisation des Etata Amiricains, Waahinoton. D.C.. 'W72
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RPlstliv air humidity tends to very from 45 to,90 peomnt, depending 
UPOfl the lo ation, season, and time of day (Table 

At Limbd, the average annual humidity is 76 %. The monthly values 
ror relative humidity range from a minimum of 71 % in June to a maximum
of 83 % in November, the month during which maximum rainfall ooours at 
this station and others near or on the north coast.
 

At Desronville, on the Gonaives Plain, the average annual humidity is
69 %. The monthly values range from a minimum of 63 %at the end of the
dry season in April to a maximum of 72 %in Octobs at the end of the 
ruiny season. 

At Demiens, on the Cul-de-Sac Plain, the average annual humidity is73 %. The monthly values for relative humidity range from a minimum of70 %at the end of the dry season in March to a maximum of 77 % during

October and November.
 

At Ldvy, on the Cayes Plain, the average annual .humidi-yis 77 %
The monthly values for relative humidity range from a minimum of 68 % inDecember, during the dry season, to a 
maximum of 83 %in June. 

4.223 Temperature 

The temperature varies regularly with altitude 
- about 0.750 C0per
100 meters elevation. Average annual temperature ranges from 28.2 0

Gonaives (5meters altitude) to 12.5 C 

at
 
at Seguin S1,680 meters altitude),

but inmost areas the range is between 240 agd 27 C. Absolute maximum
tempereturvsthaS have been observed are 44.4 
C at Borel (2o meters

altitude),. 43.5 C 
at St. Marc (10 meters altitude), and 41.00 C at
Gonaives (5meters algitude). Absolute minimum temperatures that have

bee recorded are 1.0 
C at For~t des Pins (1,650 meters altitude) and
2.0 C 
at Seguin (1,680 meters altitude). Frost is occasionally observed
 
at altitudes above 1,800 meters duing January.
 

Average monthly temperatures do not change much during the year
(Table 4.2-3. The diurnal variation in temperature is approximately
.100. 

Temperatures are suitable for crop production throughout the year if
adequate moisture is available. Therefore, irrigation during the dry
season and multiple cropping can greatly increase food production. 



ITMMONTHS 
TABLE 4.22 FELATIVE HLIDry OF THE AIR AT SELECTED S1;-TI) S (I 

... 
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Monthly 
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78 
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74 
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?5 
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80 
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76 
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61 
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60 
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TABLE 4.2-3 WAN _MAXIKIM AND MImVuJM) MONTHLY AND ANNUALTEM.P'ERATURE -C) AT SELECTED ST ATICNS (REF, 1) 

M. 
ITEM 

FEB. MAR. APR, MAY 
MONTHS 

,.JNE JJLY AUG. SEP. OCT. NOV, OEC ANMIL ABSOLUJTE 

•llx. 
Ave. 
Mlii. 

28.7 
22.2 
15.8 

29.2 
22.8 
16.4 

30.5 
23.6 
16.8 

NORTHWEST DEPARTmENT - JEAN RABEL (80 m. 
30..2 31.8 32.8 33.4 32.9 32.2
24.4 25.6 25.5 26.9 26.8 26.4
18.6 19.5 20.3 20.5 20.8 20.6 

ALT.) 
31.6 
26.0 
20.4 

29.4 
24.0 
18.? 

28.8 
22.8 
16.9 

30.9 
.24.8 
18.? 

3,0 

11.0 

Ux. 
Ave. 
Min. 

28.8 
21.0 
13.7 

28.8 
21.0 
13.7 

30.5 
22.2. 
13.9 
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31.5 
23.3 
15.0 
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4.224 901Tnmtr 

Unmited to!tr data from three depth@ are available under 
natural gmss V an at 1 meters altitude at ngiane (Figure
adapted frm page 489 of Ref. I)@ Soil tePeratures vary annually and 
daily with air temperature, as well as with local factors such as kind 
of aol, moisture conditions, and plant cover. Air temperatures very 
more than soil temperatureq and the latter vary less with greater depth,
(Table 4.2-4). 

Table 4. 2-4 Range in Air and Soil Temperatures 
at D-mi.ens an April 22, 193 
Air soil 
150 Cm1 n20n~n5 

mxim"y 36.20C 38.?0Ca 33.?0C 31.'20C 
Mnimu 21,? 294 30.2 30.8 
Difference 14.5 ?.3 3.5 0.4 

4.225 Mass Radiation 

The 2verego mass radiation usually varies between 360 and 550 cal. 
grams/cm per day. At Damiens, the monthly averages for 193-1968 range
from a minimum of 369 in December, at the beginning of the dry season, to 
a maximum of 553 in Aprilat the beginning of the rainy season (Table
4.2-5) 

Table 4.2-5 	 Average Mass Radiation by Months, 1963-1968, 
at Damiens (18 m. alt.) 
Months 	 Cal. arems/cm2/day2 

January 399 
February 458 
March 512 

April 553 
May 512 
June 	 541 

July 	 539 
August 527
 
September 498
 

Ootober 	 424 
November 	 387
 
December 	 369 

Average 	 47? 



4.2 s Inolation
 

For the 1954-1958 period, 
 the 	total annual average hours of insolationwas 	3,104 at Dearonville, in the Gonaives Plain, and 	3,339 at Damiena, in
the 	Cul-de-Sac Plain. 

The duration of relative insolation, expressed as a percentage of possildumtion, indicates the effects of cloudiness. Relative insolation is highoften above 79%, during the dry season ; and for the remainder of the yearit 	 is lower, often from 74% down to 64% However, for the 1964-1968 period,the average annual relative insolation was 71% at Desronville and 76% at
Damiens. 

4.227 	 Evapotranspiration
 

Total annual evapoation, as measured with 
a USWB "Pan A", was 265 cmat 	Desronville and 254 an at Dmiens (Table 4.2-6). When a "Colorado"evaporimeter was used at Demiens during the same period, the total annualevaporation was 202 cm, or approximately 20 % less than measured with theUSWB "Pan A". 

Maximum monthly evaporation occurs during July and August at 	Damiens(Table 4.2-6). Evaporation is also high during these same two months atDesronville, and as high or higher during March, April, and May. Maximumevaporation is caused by high temperatures during July and August and atDesronville by brisk winds from March through May. Minimum evaporationat 	both stations during November, December, and 	January is associated with
low temperatures.
 

Ttal annual evapotranspiration , as measured with 
a lysimeter havinga 3 	m turf surface, was 182 cm at Demiens (Table 4.2-6). This evapo rtranspiration-is 72% of the evaporation measured with a USWB "Pan 	 A" atDemiens. Evapotranspiration is greatest during the warmer months, Junethrough August, and 	lowest during the cool months, November through January. 

4.228 Winds
 

Winds are influenced by patterns of regional air movement, location inrelation to mountains and the sea, height above the ground, etc. Tablegives average monthly and annual wind speeds measured at several stationsand 	at different heights above the soil surface. There are five different
kinds of winds in Haiti. 

Gentle northeast trade-winds bring rain to the country, especiealy fromApril to June, as is discussed in the section concerning "Rainfall". 

orthwest winds from North America bring cold fronts and rain betweenOoe and Decmber to the north coast andto 	part of the west and of thesouthern peninsula of Haiti. 

E g are comon from August to Ootober# especially along the 
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Table 4.2-7 Average Monthly and Annual Wind Speed (km/hr) at Selad
and at Different Heights Above the Soil Suram 

Static" 

aJo 

-2 

4 

. 

7.8 

10.3 

Fb. 

8.3 

10,9 

Months 
Mhr. Apr. May June IJly Aug. Sep. Oct. 
Central DequrIUUt -ernil 2) m. alt. I1955-19M 
9.6 10.9- 8.3 6.5 - 6.8 6.1- - 5.8 5.1 

West Decartment - Port-au-Pinc r44 m. alt. i 195:
"2.1 11.4 11.1 12,3 12.0 11.0 10.2 9.4 

Now. 

6.8 

8.6 

Da& 

8.0 

9.5 

hwuml 

7.8 

1.? 

14 
2 
0.5 

8.4 
5.1 
2.9 

9.4 
5.6 
3.5 

West oartment -D 
10.0 8.7 10.3 
6.0 5.0 5.4 
3.9 3.5 3.7 

miens (18 m. alt.-) 1. 
11.6 10.9 10.1 
7.3 7.0 6.0 
4.6 4.9 4.1 

2.-1 
8.6 
5.1 
3.4 

8.0 
4.? 
3.0 

6.5 
3.7 
2.2 

7.3 
4.2 
2.6 

9.1 
5.4 
3.8 



are cmused near mountains and the sea by air moveantbetwen different land elevations and between the land and sa. Landend  breezes moderate temperatures near the coast. 
They are veryregular# end sailin vessels usually dsart with the land breeze inthe motin and retum with the sea breeze in the evening. 

'Clone ocoasionally hit Haiti with devasting force. They tend
to am; a southeastely direction and more of them have passedover the aouthei peninsula than other parts of the country.cyclones occur from August through October. 
Most
 

From 1926 through 197,
Haiti experienced 12 severe cyclones. During 1909 there were two
cyclones, one during August in northern Haiti and another one during
November in the LdogSne and Cul-de-Sac 
Plains and in the Jacmel region.
In addition to wind damage, cyclones often cause serious flooding anddamage to irrigation'systems. 

4.229 F"ent Ecology
 

Natural vegetation is markedly influenced by moisture and temperature
conditions. 
In Haiti, natural vegetation is an especially useful indicator of local soil moisture conditions end, therefore, indicates areas
in which irrigation is needed for economic crop production.
 

The broad zones of natural vegetation, which are shown are brieflydescribed in the following paragraphs and Table 4.P-6. 
Within
some areas with similar air climateadifferent soil conditions may supportdifferent kinds of natural vegetation. For example, soils derived fromsome of the varied and extensive limestones in Haiti are often moredrouthy than those developed from igneous rocks and other materials, and,therefore, support different vegetative cover.
 

Very hurbid forests of thehiqhest mountains (1) occur above the
frost line at elevations of 1,800 to 2,681 meters. 
Major species are
Pinus occidentalis (Bois pin) and Junierus buchii. These pine forests
were most extensive in the Mssif de 
 elle, especially around La SellsPeak and westward to Mt. Cabaio, but most of the pine forests have been
cut and replaced by cultivated crops. Limited areas of these forests
also occurred in Massif de Is Hotte around Macaya Peek. The naturalvegetation on the highest elevations of Massif de la Selle includes
temperate boreal species like those on Duarte Peak, 125 kilometersnortheast in the Dominican Republic, 
In contrast, the dominant natural
vegetation on Massif de la Hotte resembles that on Turquino Peak in Cuba
 more than that around La Sells Peak.
 

Wet forests of the high mountains (2)are restricted to a limited
area at.e 
 ions of about 1,300 to 2,000 meters on Massif de la Hottanear the west, nd of the southern peninsula of Haiti. These forests arestratified and dense with many mosses, ferns, lianas,, end epiphytes,soils that haV developed in On
calcareous parent materials, ,dMM-um 
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mgm spotier) is a dominant trie, and A is so 
WON poorer soils of igneous origin, ri a- eMiOm s oom o 

Wet forests at lower elevations include Linqcia daminsi (Cayepan)
and &attaria blainii (Bois noir). 

Very humid and humid forests of t ie lower mountains (3) occurred
 
at elevations of about 1,000 to 1,800 meters in the Mssif du Nord,

Montagnes Noires, Massif Trou d'Eau, Massif de l Sells, .and Massif de
 

Hotte. Common indicator trees in the very humid areas (200-275 cm
 
annual precipitation) 
were Didymopnnex tremulum, Brunella cmool.edifolis 
(Bois mabel), and Weinmannia- onnnte, and shrubs such as Gn'rrya fad enti 
(Bois amer). The humid (125-200o n annual precipitation) forests at 
this elevation included Gunzuma tomentose (Orme d'Amerique), *Rapnea
ferruinee (Bois plomb), and conifers such as .Junitn-- lucaena LCypres)
and Podocarpus anrqustifolia (Bois lubin). These humid forests occurred 
most extensively on Chaine des Matheux, near Kenscoff, and south of 
Petit-Goave. 

Very humid forests of ths subtropical zone (4) were most extensive
 
at intermediate altitudes around Massif de is Hotte, Massif du Nord,

and in the Mirebalais area. Good indicator trees are Alchornen latifolla
 
Bois crapaud), Guarea trichilinides (Bois rouge), and Buchrnsvir.a(Bois trembler) and Byrsonima t 
Bois margot). Didymopnax morotoni 


spicata are characteristic trees on soils derived from igneous rocks.
 
Coffee grows well in this subtropical zone which formerly supported very

humid forests.
 

Humid forests of the subtrouical zone (5) were the most extensive
 
kind of natural vegetation in Haiti before it was cleared and replaced

by cultivated crops and other plants. 
In this zone, the average annual
 
precipitation and potential evapotranspiration are approximately equal.

Irrigation is often helpful in the drier portions of this climatic zone
 
and during the dry season, especially for long-duration crops (sugar cane,

banana, etc.) and for intensive multiple cropping. Characteristic trees
 
in this mesophytic park forest area are Swietenia mahogeni (Acajou),

Catalpa lonqissima (Chene), and Roystonee (Palmier royal). In
 
the southeast, the Catalpa grows near streams, and Lysilome iatisliqua
 
(Taberneau) replaces Swietenia h (Acajou). In the Central Plateau, 
the park forest includes Henmatoxylon campechienum (Campeche) and
 
Anacardium bccidentale (Pomme acajou), as well as Swietenia moni
 
(Acsjou) and other species. Mnv people livo in this ecological zone,
 
and a wide variety of crops are grown in it. Although much of the area 
is hilly, it includes nearly level alluvial plains with excellent soils,
such as those near Leogane and Cayes. Irrigation is often helpful in 
the drier portions of this climatic zone and during the dry season,
especially for long-duration crops and for intensive multiple cropping.. 

Dry forests of the .subtr~op. il zone (6) occur at low altitudes 
near the coast, primarily on the leeward side of mountains. The pr:tential
evapotranspiration is much greater than average annual precipitntion so 
that only xerophytic plants can grow unless irrigation water is supplied.
In areas where the annual precipitation is 60 to 125 oa, the most 
characteristic trees are Ph ilostylon-brosilensis (Bois blanc),
Stjstawu officinalis (GlaJ u aGuhsnctim-iao femalle,.-and 



.... 4ulflno (Sayahonds). The two Ouejsom, pecies indicate the,
relativ depth of soil, with G. officinalis predominating an deep soils 
and 0. sanctum cn the shallow, rocky soils that often occur an marine 
ternruce9"7estocene age. GuaJacum officinals (also referred to as 
Lignm vitae or tree of life) has been prized in the timber trade since 
at least 1508 for use in medicines and in submerged bearins in ships, eta
Other coimn tress are Coccolnhe laurifolial (Raisin mnarron), Metoolum 
browne. (Rois mulatre), and eucre (Grains de lin pays)--i
 
irrlget d areas are low in productivity and spmrsely settled. Most of

the soils are calcnreous, and many of them are nearly level. With irri
gatinn, many of the drpp soils are, very productive, such as in the Cul
de-Sac, Arcahnie, Artihonite, end Gonaives plains. Shallow, rody soils,
such as those on marine terraces of Pleistocene age, usually are not 
suitable for irrigation. 

The driest armas, with 40 to 60 om of annual precipitation (such n7
 
near Goneives 
and Reip de Henne) or very drouthy soils, are characterized 
by cacti and spiny Leguminosae. Common plants are Ountia entillana 
(Raquette) Li caribaeee (Piquant onuena) Cercidium o 
(Printemps), and r in juLiflnrn (Ryshondn). 

Mngron. f rnnt.s (7) occur on tidnl mud flats and low sandy islets 
nround the const of Haiti. Commnn species nrn Rozhnrn mnncnl.p
(Mnglinr rat.n) and Lanaunculnrin rnr.,mrn (Mnn7r h7ncTon sn-oft
 
fibrous muds that ere wnterlogged thrnughout the year, Avirrnnin nitidn
 
(Mnglier noir) on fimer soils thnt ore more 
snndy or better drainedt,

and ronrpi,,, nreetn (Mngle) highest on the shorp. Manrnvn Is cut

for firnwond, especially n.ear citins. Avidennia nitld wood 
 is vnIumhle
 
for mking the ribs of bnats, end Rh. zophnrs mnna.ri bnk is used for
 
tnnning. Some tidnl mengrnve swamps are beini di.ked and reblaimed for
 
rice production. 1pnn empnldering, some of the soft fibrous muds which
 
supported Rh hnr Mngle (Menglier rouge) and Leunculnria racemosa
 
(Manglier blano) may develop into very ocid sulfate soils if they are
 
drained too much. Therefore, care should be taken to avoid excessive
 
drainage of these soils.
 

Althoulh natural vegetation has been profoundly altered by clearing,

cultivation# burning, and grazing, indicates which
it crops are best
 
adapted to various environments and the areas where irrigation is help
ful or sometimes more
essential for producing food for the increasing.
population of Haiti. Because of the continuously warm temperatures and 
associated evaporation, a given amount of rainfall is approximately
one-half as effective as the .same amount of precipitation in the United 
States of America. Therefore, semiarid conditions prevail where the 
average annual precipitation is 40 to'125 cm (16-4§ inches) at elti
tudes below about 400 meters. Irrigation is essential for efficient 
crop production on the better soils in these areas. Supplemental irri
gation is also helpful, especially during the dry season, for intensive 
crop production in areas where the average annual precipitation is 
125 to 220 cm (49-79 inches) n deep soils below altitudes of about 
1,220 mters. 



AVERAGE MONTHLY TEMPERATURE IN HATI'
 
FOR STATIONS AT DIFFERENT ALTITUDES
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E&YrVARITIONIN SOIL TEMPERATURE WITH DEPTH DURING THE-PDAV 
AVERAGE F .OR 1963 AT DAI4IENS, HAITI 
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TAM 4.3 

CROPS OF DUBEBUIL ARFA 

FRUITS* 

Cr~ol.e Miglish Soientific 

(A)avooat avocado Persea americana 
(A)figue banane banana usa sapientum 
(A)mangue mangob Mangifera indioa 

(A)orange douce orange .Citrus aupantium 
abricot mamey INammea americana 
amandier West Indian almond Terminalia catalpa 
ananas pineapple Ananas sativus 
caohiman custard apple Annona app. 
cainlite star apple Chrysophylluwn caimito 
oalebassier calabash tree Crescentia oujete 
o6rise West Indian cherry alpighia punioifolia 
ohad&que shaddock Citrus grandis 
citron lime Citrus aurantifolia 
oirouelle jamaica plum Spondias purpurea 
oorossol soursop Annona mu icata 
grenadille passion fruit Passiflora app. 
melon melon Ououmis melo 
melon d'leau waternelon Citrullus vulgaris 
orange our bigarade Citrus sinensis 
papaye papaya Carioa papaya 
pomme oajou cashew apple Anaoardium oooidental, 



qudneppe 

uapotille 


t omain 

(R)aki 


(R)bergamote 


(H)blinblin 


(a) oalmouo 
(R)citrange 


(R)gdnipaye 


(1) grdnade 

(a) jaoqa 

(1) jaune d'oeuf 

(R)limon douce 


() ponme oythbre 

(i)sapote 


(A)bdregbne 


(A) giraumont 


(A)gombo 


(A)mirliton 


oalebasse 


oive 


ohou 


oresson 


genip 


sapodilla 


tamarind 


akoe 


bergamot 


cuoumber tree 


tangerine 


oitrmnge 

genipap 


Pomere uate 


jack fruit 


sweet lemon 


Otaheite apple 

sapota 


VEGETABLES
 

eggplant' 

squash 


ocra 


ohayote 


gourd 


chive 


oabbage 


cress 

eliooooa bijuga 

Aohran zapota
 

Tamarindue indica
 

Blighia sapida. 
Citrus bergamia '
 

Averrhoa bilimbi'
 

Citrus retioulata
 

Citrus aurantiurm x 

Ponoirus trifoliata
 
Genipa americana
 

Punioa grcuititum 

Artocarpus integra
 

Luoua domingensia
 

Citrus limonum, var.
 

dulois.
 
Spondias oytheria
 

Calooarpum mammosum
 

Solanum melongena
 

uourbita mosohata 

Hibisous esoulentus
 

Seohium edule
 

Lagenaria vulgaria
 

Allium sohoenoprasum
 

Braaoioa spp.
 

Roripa nasturtium
 



6pinard 

m6iongbne 


oseille 


sagou 


sagou rouge 


ti cocombre 

tomato 

(R)afio 


(R)topinwnbour 


(A) -rbre h pain 


(A) banane 


(A) iguiame 

(A) malanga 


(A) manioo 


(A) patate 


(A) tayeau 


(A) mais 

(A)petit mil 


(A)riz 


pigweed 

wax pumpkin 

sorrel 

arrowroot 

Queensland arrowroot 

Guinea cuoumber 

tomato 

topi tambo 


STARCHY STAPLES 

breadfruit 


plantain 

yam 

taro 


manioc 


oweet potato 


yautia 


GRAINS
 

maize 


sorghum 


rice 


Amaranthus app. 

Beninoasa oerifera 

Rumex Opp. 

Maranta arundinaoae 

Cama edulis 

Cuouttis anguria 

Lyoopersioum enoulent, 

Arraoaoia xanthorhiza" 

Calathea allouia 

Artooarpus inoisa
 

Musa paradisiaoa
 

Dioscorea app.
 

Colocasia esoulenta.
 

Manihot spp.
 

Ipomoea batatas
 

Xanthosoma app.
 

Zea'maye
 

Andropogon sorghum
 

Oryza sativa
 



PULSES 

(A)pois congo 

(A) pois inconnu 
(A)pois rouce 

pois de soucho 

pigeon bean 

oowpea 

kidney bean 
lima bean 

Cajanus indicus 

vigna sinensig 

Fhaseolus vulgaris 
Phaseolus lunatus 

pois de nourrice lablab Doliohos lablab 

OIL SEEDS 

(A) ooo0 dooonit Cocoa nuoifora 
(A) palmiote 
(A) pistaohe 

royal palm 
peanut 

Oredoxa regin 
Araohis hypogaea 

(A) rioiul Castor bean Rioinlus oormiunis 
boazolive ben Moringa oleifera 
roroli sesame Sesanum indioum 

PIBM PLA14TS 

(A) ootton 

(A) pite 
cotton 

sisal 
Gossypium Opp. 

Agave sisalana 
mahaut franc lime-tree-leaved Hibiscus tiliaceous 

hibisous 
(11) torohon veGetable sponge Luffa aoutangula 

1M'VZAG1 PLANTS 

(A) oafN ooffee Coffea arabioa 
oacao ooao Theobroma cacao 



TOBACCC 

(A) tabao tobacoo :Niooticana tabaoum 

SUGAR 

(A) canne A suore Su ar oane Saoohaium offoinavum 

SPIGEB AND HERBS 

(A)pimont red peppor Capsicum spp. 
ba'ilique sweot basil Ooimum basilioum 
ginppmbre gingor Zingiber cffioinale 

DYES 

(A) rouoou arnatto Bixa orollana 
safran tumerio Curouma longa 

THATCH 

(A) herbe guin6e guinea grass Panioum maximut 
oane paille white roseau Gynerium sa'ittatum 
oitronelle lemon graso Cymbopogon citratus 
latunier ohapeau fan ptalm Sabal oausfarm 
rooeau Spanish reed Arundo donax 
vetiver vetiver Anathorum zizanoiaes 

* (A) before crop name indicates abundant 

(R) indicates rare 



4.4 OLA.A ICATIN AD WATER REQUIREMENTS 

4.41 AND LANO CASIFIcATION 

80il In the "ubreui1 Irrigation Distriot have developed primarily in
stratified sediments which cams from Eocsen limestone and, to a limited extnt, 
 from limestone and basic metamorphio rodks of Cretaceous age, Near Duois
there are several small isolated hills on which the soils have developed in
 
softe marly limestone of Miocene age.
 

Most of the 
soils that developed in stratified sediments occur on gentleslopes at altitudes of 25 to 100 meters. At the upper end of the plainp coarse
sediments predominate, and they become Progressively finer textured at lower

elevations. Charaoteristio 
vertical stratification of the sediments is shown intable 4.41-2. The coarse gravelly and cobbly strata serve as an aquifer. Water
percolates to these coarse strata in the upper end of the plain end emerges
down-gradient as springs at altitudes of about 25 to 30 meters. 
Four of these

springs, which start small rivers, are shown on the accompanying "Soil Map ofthe Dubreuil Irrigation Area." It is in this same general area that there has

been enough moisture to remove carbonates from the upper 30 
 to 60 m (12 to24 inches) of the goil profiles of B6raud clay loam and Boisrond clay.

Average annual rainfall is approximately 200 cm (79 inches) in the DubreuilIrrigation District, Precipitation is much greater in the headwaters of the
 
Acul River in the mountains 
to the north.
 

Nine different soil types were 
delineated in the Dubreuil Irrigation
Areas The distribution of each of these soil types is shown on the acoompany.

ing "oil Map," and the area 
of each is listed in Table 4.41-1. 
Table 4.41-1 Areas of Different Soils in the Dubreuil Irrigation Area 

soil North West- East- 6outh- South South- Total 'Per-
No. , riNsme,.q ha. centralhR. __hn.central westhat,, centralhas east hns,__!is$I Levy- centb' 3 13 0"
2 Arefaito 77 137 6 8 733 Agar 100 225 23 374 14.1143 18 125 33 646 24.4 
4 Duols 170 3
5 Bdruud 173 '3.510 8 5 118 1388 Caye. 10 87 5,2120 103 280 8 605 22.97 Boisrand 2 88 35 10:3 225 8.6
8. &nn 
 3 45 33 47 247 35 407 15,4
.1 

14 28 83 2.4
_btml hul 3;Kitor 



SOIL MAP 
OF DUBREUIL IRRIGATION AREA 

LEGEND
 

I LEVY SILT LOAM
 
2 BREFAITE COBBLY LOAM
 
3 AGAR LOAM TO GRAVELLY LOAM
 
4 DUC1S SANDY CLAY LOAM
 
5 BERAUD CLAY LOAM
 
6 CAYES CLAY LOAM
 
7 BOISROND CLAY
 
8 BURIN CLAY
 
9 MERSAN CLAY. 

0 LOCATION OF 5OIL PROFILE ANALYZED 
. NATURAL DRAINAGEWAY 

- - -. - IRRIGATION CANAL 
SECONDARY ROAD
 

* SOURCE OF WATER 
* VETIVER FACTORY 

SCALa 

NORTH
 

/,
 

1970 

2°
 



ii relationehlpm mMMg the diffurmnt moil types that were delineated
 
Ore hnm In Table 4.41-


Tible 4.41.-2 selected Chracteristics of
 
Soil Geis in the Dubrwl Irrigation District
 

COC03 Natural d ae
 
Pe:rnt material Surface in Wll . 

tuture color surface mod, well Inv fect Poor 
Miocene soft limestone 

with intefbedded 
clayey marl Light Yes 1. Levy 

Strtified sediments 
Predominantly coarse Light Yes 2. Brefaite 
Medium over coarse Dark Yes 3. Agar

" "" "No 4. Ducis 
Mod. fine over sandy loam " No 5. B6reud 

" " " " " Yes 6. Cayes 
Fine over medium No 7. Boisrond 

Yes 8. Burin 9. Mersan 

No. 1 Levy silt loam, occurs on five small isolated hills southeast of 

the Ducis market and two isolated hills northwest of the Ouois market. Those 

hills were not covered by the stratified sediments in which tho other eight 

soil types developed. Levy silt loam developed in soft, marly limestone of 

Miocene age. This soil occurs on slopes of 15 to 30 percent gradient, and it 

is subject to severe erosion when it is cultivated. The surface horizon is 

brown (lDYR 4)!3-5/3) heavy silt loam, The su'bsoil is light yellowish brow 

(lOYR 5/4), massive, heavy silt loam. The entire profile is highly calcareous, 

and white (lOYR 8A) CaCD3 concretions occur in the subsoil. This is a per

meable soil with medium available moisture-holding capacity. However, Levy 

silt loam is unsuitable for irrigation (Table 4.41-3), and none of it is irri

gated because it lccurs on steep slopes. Some corn, sorghum, manioc, and sweet 

potatoes are grown on these soils, but yields are relatively low. The very 

high carbonate content in the soils causes imbalance in the nutrients available 

for plants. Estimated crop yields for various soils under four different 

levels of managemnt are given in Table 4.41-4. 



TWO 4. 6 suitability of ei1 Types rorirI gation. 

Available moisture. itbit a 

2 Bretaite aobbly loam Very low Unsuitable 
3 Agar loam to gravelly loam Low Poor

4 Oucis sandy clay loam Medium Medium
 
5 l6raud clay loam 
 Very high Well suited
 
6 Cayes clay loam Very high Well suited 
7 Boisrond clay High Well suited 
B Burin clay High Well suited 
9 Mersan clay High Well suited* 

*Irrigation is 'necessary for paddy Rce and taro; dralnag s needed for 
other cros. 

No.2, Brefaite cobbly loam, is the poorest soil in the Dubreuil Irri.. 
gation District. It occurs most extensively in the northwestern part of the 
plain, soon after the. Acul River leaves the mountains and drops its load of 
coarse sediments as water velocities decrease. The largest area of this soil 
is immediately west of the Oucis market. Brefaite cobbly loam occurs in long 
strips on the northwestern part of the plain and on small rises farther south. 
This is a light colored soil that developed in predominantly coarse textured
 
sediments. Most of the cobbles are 
limestone and range in diameter from 8 to
 
16 on (3 to 6 inches), although some are larger near the Iubreuil barrage 
on 
the Acul River. Brefaite cobbly loam is excessively drained and has a very 
low moisture-holding capacity. It is unsuited for irrigation, and very little 
of it is irrigated. These soils are low in productivity, and they are used 
primarily for pasture. Vetiver, manioc, and Congo beans (pigeon peas) are 
a1so grown on the better areas of this soil. 

No. 3, Agar loam to gravelly loam, occurs in association with and at 
slightly lower elevations then Brefaite cobbly loam. Most of the main irri-. 
gation canal and larger laterals are located on Agar soils, which occupy nearly 
one-fourth of the Dubreuil Irrigation District (Table 4.41-1). A detailed 
description and results of laboratory analyses are given on. the immediately 

following facing pages for a profile of Agar loam. 



-r1. 4.41-4 Estimated Crop Yields per Hectare under Different Levels of Management an 

Soils in the Oubreuil Irrigation System Area.-Fbrt I 

7id.voe . Manage-sent Suar cane Ba;ane ,nioc Cor Sri rdce Red 
beans 

OScco, Gweet 
potatoes 

Vat1ver Mti 

Name levele Tons Recimes K-. KO. Kr. Kg. Ka. Kq. K. Ka. Tons 

L vytow 
: s t 3d 

b 
b 

b 
b 

850 
1,500 

670 
1,170 

600 
1,050 

b 
b. 

380 
660 

b 
b 

90 
1500 

2 
4. 

oM 4d b b 1,900 1,500 1,350 b 840 b 2,000 a 5 

IIbfats1 
3 d 

b
b 

b
b 

850
1,500 

b
b 

b
b 

b
b 

b
b 

b
b 

b
b 

450
750 

b
b. 

law' b b 1,900 b b b b b b 1,000 

1 b 200 1,700 670 600 -b 250 200 19200 600w 
low to 2 b 400 3,380 1,000 900 b 380 320 1,800 900 3 
-zV.lly 
: w 

3 
4 

b 
b, 25 

680 
900300 

5,620 1,650 
7,500 22200.2g0 20 

1,500 
2,0008,00b 

b 
b, 

660 
840 

510 
680 

3,000 
4,000 

1,500 
2000 

4 
4 

~~a~- 1 1 00 2,0 960 0 b 360 300 1,600 720 
30 600 ,24,50 1,440 1,300 b 540 460 2,400 1,080 4 

$d y 3 52 1,050 7,500 2,200 b2,400b 90 770 4,000 1,800 
__ ._ 4 68 1,350 -10,000 3,200 2,900 b 1,20 1,020 5,300 2,400 



Table 4.41-4 

P 2 

Estimated Crop Yields per Hectare under Different Levels 
Soils in the Dubreuil Irrigation System Area. 

of Management an 

-. 1 tye 

"orland tvoe 
DMe 

-~~nage-

mert 
level8 

Sugar 

cane 
Tons 

Barane 

Regimes 

Manioc 

Ka. 

Corn 

.. 

Sorghum 

*,. 

ice 

K 

i;eo 

beans 
a. 

iotecco 

. 

Meet 

potatoes 
. 

Vetver 

Ka. 

Forage 

Tons 

5 

I 

:,Brud 
cjly
lom 

Cyes 
:clay 

os. 

{-b L~urd 

tucly 

-

!.: 

ww 

- 

1 24 
2 48
3 82 

4 110 

1 24 
2 48 
3 82 

-_4 110 

1 27 

2. 54 
3 6 
4 l) 

.w_.1 -25 
soa2 5) 

.3 85
4 115 

. m 

<2SO 
2 30 
3. "52 

. _.__.,.6 

450 
g00 

1,500 

2,000 

400 
800 

1,. -
1,800 

380 

?60 
1.280 
1-700 

360 
92[ 

1,2)0
1,600 

o... 

580 
90 

..1.. 

e 
e 
e 

a 

e 
e 
e 
e 

e 

e 
e 
e 

a 
e 

8 
e 

e 
e 
e 

e 

1,640 1,400 
2,340 2,100
3,900 3,500 

5,200 4,700 

1,500 1,350 
2,250 2,000 
3,750 3,400 
5,000 4.500 

1,440 1,300 

2,160 1,950 
3,600 3,250 
4,800 4,300 

1270 1,150 
1,900 11700 

3,1-902850
4,200 3,800 
... .. . "--,-.---

,8 7 
1,620 1,440
2,700 2,40 
3,800 3,2)0 

b W70 450 
b 850 680 
b 1,420 1,130 
b 1,9 01,500 

b 630 400 
b 950 600 
b 1,600 1,050 
b 2,100 1,320 

b 540 350 
1,660 800 530 
2,800 1,350 900 
3,700 1,800 1,180 

b WO 330 
1,600 8.50 510 
2,700 Is,42) 8603,600 1,9 1,140 
..... .. .- -

b 400 300 
1,700 600 '5 
2,890 %0 /70
3,800 1,3M 1,c 
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Footnotes for previous pages 

a- The four management levels are defined as follows: 
1. Unirrigated land - Current typical management practices used by most farmers in the we.2. Irrigated land - Current typical management practices used by most farmers in the are ; 

no fertilizer applied.

3. Irrigated land - Improved practices, including better water distribution,and pest control, better tillaemodest fertilization, better crop varieties,These crop and timely harvesting.yield levels should be achieved within 3 to 5 years by farmers who adopt theimproved practices.
4. Irrigated land - Moderately high level of management practices, includingamounts of irrigation water and near qtimusfertilizer, well-adapted crop varieties,pest control, and timely harvesting, storing, 

good tillage and
and marketing. These cropbe achieved within 5 yield levels shouldto 10 years by farmers who adopt these practices.The projected crop yields under even the moderately high leveland can of managementreadily be further increased. For example, 

are very modest
the projected corna moderately high level and sorghum yields undwof management are significantly less than the yields thatobtained in major areas where two 

are curretly 
crops are produced regularly. 

b- Crop not adapted.
 
c- Supplemental drainage is needed for crops other than rice and tare.d- Level 3 assumed as about 175%above level I and level 4 -si about 229%above level 1. 
e- Not recommended for these soils. 



Pofile 16, Ager, jam 

Dsem'ibed by R.6 T. Odell and any p"jahq an Pduy 5 96 
Location 

Physiography 

Relief 


Precipitation 


Vegetation 


Drainage 

Parent material 


Al 

0-41 cm 

0-16 inches 


A

4T-56 cm 

16-22 inches
 

821 

56-74 cm 

22-29 inches
 

IIB22 

?4-86 cm 

29-34 inches 


III.83 
86-137 an 
34-54 inches
 

IIIc1 

137-158 cm
 
54-62 inches
 

Diagnostic 

horizons 


Topographic map of Haiti, scale 1:t0O,00, Omp Perrin dho
5470.IVI 8.4 kilometers southwest of Las ftyes, then
6.5 kilometers northwest on road toward 
uois to a crossroad,
then 1.0 kilometer southwest on road, then 110 meters southeast into field to the sampling site (which is 110 meterssoutheast and 55 meters northeast of the point where primary
irrigation canal crosses road). 

Middle of Les Cayes plain.
 

Nearly level, 4 0.5 percent slope southeast. Altitude
 
42 meters.
 

Annual average 230 cm (91 inches).
 

Cropland prepared to plant peanuts.
 

Well drained. 

Fan alluvium from Aoul River.
 

Black (lOYR 2.5A); loam; moderate, fine to medium, granular;slightly firm; calcareous; clear, smooth boundary to horizon
 
below.
 

Very dark gray (IOYR 3A); loam; moderate, medium, crumb;friable; calcareous; clear, smooth boundary to horizon below.
 

Dark brown (7.SYR 4/2); sandy clay loam; week, medium, blocky;friable; calcareous; abrupt, wavy boundary to horizon below.
 

Dark brown (lOYR 3/3-4/3); gravelly (estimated 35% by volume)sandy loam, with most of gravel < 4 an in diameter; veryweak, medium, blocky; friable to loose; calcareous; abrupt,.
wavy boundary to horizon below.
 

Brown (7.SYR 4/3); sandy clay loam; very weak, medium, blocky;friable; calcareous; clear, smooth boundary to horizon below. 

Brown (lOYR 4/3); loamy sand; single grain; loose; calcareous.
 

Mollic epipedon, 0-58 cm (0-22 inches).

Cambia horizon, 56-137 cm (2&54 inches)." 



Profil. HB, Agar lormn 

Classifications Tr pc Hapludoll, fine-loamy, mixed, isohyperthenulo 

Horizon A, A3 %~ I%82211823 h 1 

Depth of horizon (an) 0-41 41-56 56-74 74-86 86-137 137-151 

Partileo-size distribution of 4. 2 mm ()S 
Sand 2.0-"05 mm e........ 49 45 56 74 59 82 
Silt .05-.002 mm . . . . . .. 25 31 22 18 21 12 
clay 44 .002 . . . . . . 25 24 22 8 20 6 

Organic carbon . . a ... 1.85 1.81 0.50 0.56 0.28 0.09 
Calcium carbonate equiv. ( %).... 34 33 47 48 52 54 

Exch. cations (me/oOg soil): 
Ca . .. . . ... .. . . 20.0 24.0 12.0 16.0 12.0 12.0 

0 0 *o 0 0 8 0 a 3.2 4.0 4.0 4.0 4.8 4.0 
K......... 0.06 0.12 0.04 0.04 0.04 0.02 
Na e a e e &. . e.. . . . . 0.27 0.33 0.23 0.23 0.20 0.20 

Exch. sodiun percentage . . . 0.9 1.2 1.2 1.4 1.2 1.7 
Cation--exch. capacity (me/OOg) . 29.4 28.2 20.0 16.4 16.5 11.7 
pH H2 0 . . . . a a . a 0 . . . • . . 8.0 8.0 8.3 8.3 8.3 8.3 

Available nutrients: 
N5S(ppm " 8 5 10 5 5 

a)ls/ce)a215 20 20 20 .20 
K2 0(bs/acr) . . .... 30 100 25 80 40 100 

Electrical conduotivrty (mhos/cm) . U.10 0.23 0.13 0.12 0.25 0.09 
Sat. extract saol. cations and anions (me/i): 

Ca + 1a.•.. . •a .a a a a 3.2 5.6 3.2 3.2 4.8 .1.6 
K .. . . . . . . . . . . . . •. 0.01 0.02 0.02 0.02 0.01 0.01 
Na . . . . . . . . a . . . . . . 0.3 0.8 0.7 0.4 1.1 0.7 

C"HC r. .. . ... 
a
3.2 

0 
4.0 

0 
4.0 

0 
4.0 

0 
2.4 

0 
3.2 

s64 . .. . . . . . . . . 4.3 4.3 0.8 0.8 - -
CI . a* . . . 0 . 0 . . . . 0 0.3 0.4 0.2 0.5 0.4 0.4 

Bodiun-adsorption ratio . . . w . . 0.2 0.5 0.6 0,3 0,7 0.8 

Analyses by the Chemistry and Soils Laboratory, Department of Agriculture, 
Daimins, Haiti. 



-t 

ts well drained end has a low moisture-holding apacity because of its reliw. 

tively coarse texture. Gravel may be scattered throughout the pre le, and 

it my be prominent in some horizons, as is described in the 1% horizon of 

profile H8. Some areas of Agar loam to gravelly loam have a thinner dar* 

A horizon and a more reddish brown (5YR 4/3) B horizon than is described for 

profile HB. Although Agar loam to gravelly loam is not as well suited for 

irrigation as several other soils in the area (Table 4.41-3), much of it is being 

irrigated because it is close to the canals. Most common crops in the area, 

except rice and sugar cane, are grown on these soils, but yields are not 

high (Table 4.41-4). 

Trds is a d* aolored scil that oemirs an nuarly levl -qegxhy. 

o 4[Ucis sandy clay loam, occurs in one large area north of Ducis, 

This soil developed in sediments which came primarily from basic, but not 

calcareous, metemorphic rocks of Cretaceous age. Therefore, this soil is 

usually not calcareous, except occasionally near the border with other soil 

types which are calcareous. Oucis soils have a dark reddish brown (5YR 2.5/2) 

sandy clay loam to clay loam A horizon. The B horizon is a reddish brown 

(5SYR 4/3) gritty, heavy clay loam in the upper part and clay loam in the lower 

part. The C horizon is brown (?.5YR 5/4) sandy loam. A few gravels and 

cobbles of reddish brown (SYR 4/4) metemorphic roks and white (lOYR 8/) 

limestone ere sonetimes scattered on the soil surface and in the profile. 

Ducis soils are well dmeined and have a medium available moisture-holding. 

capacity. They are medium in suitability for irrigation, and most of them 

are irrigated. Most common crops grown in the area, except rice and sugar 

cane, are produced on Ducis soils, and yields are higher than on Agar loam to 

grvelly loam. 

No., B rud clay loam, occurs at altitudes of approximately 20 to 

35 meters in the southeast ana southwest coroners of the Dubreuil Irrigation 

District. This is the area where groundwater from the underlying aquifer 

emerges to the surface in springs. This extra water has leached the carbonates 

from the upper 30 to 60 on (12 to 24 inches) of Bdmrud clay loam. A detailed 

description and results of laboratory analyses are given on the immediately 

following facing pages for a representative profile of Bdraud clay loam. 



PMUfi e 96WA Cammdly low. 
Descried by P. To Odell and Gary Aache an Febnmr 5, 117M. 

Loastion 

Physiogtaphy 

Relief 

Precipitation 

Vegetation 

Drainage 

Parent material 

Al 
0-33 cm 
0-13 inches 
A. 
33-46cm 

13-18 inches 


1321
46 cm 
18-26 inches 

P2 2
66-09cm 
25-35 inches 

81-22 am 
35-48 inches 

122-153 on 
48-60 inches 

Diagnostic 
horizons 

TOPoraIphic map of Haiti, 1l:0,00,sos Cmp pesrin t
5490-IV; 8. 4 kilometers southwest of Los *ayes$ then 4.25kilometers northwest on rad toward Ducig to a emall road

jog eastwed, then northeast on 
 field road 0.3 kilometer,
then 2? meters northwest to the sampling ,site (which Is78 meters southwest and 8 meters northwest of the southeast 
comer of pasture). 

Lower middle portion of Lea Cayes plain. 

Nearly level, 4 0.5 percent slope southeast. Altitude
 
27 meters.
 

Annual average 220 cm (8? inches). 

Pasture grasses and a few small shrubs. 

Moddrately well drained. 

Fan alluvium frum Acul and Torbeck Rivers. 

Black (IOYR clay loam;2A); moderate, fine, subangular blocky;firm; non-calcareous; many, fine roots; clear, smooth boundary
to horizon below. 
Dark brown (?.5YR 3/2); heavy loam; moderate, fine to medium,subangular blocky, with common, very dar brown (lOYR 2/2)organic coatings on peds; firm; very dark gray (IOYR 3A)

worm casts; weakly calcareous; many, fine roots; clear,

smooth boundary to horizon below.
 

Dark greyish brown to grayish brown (lOYR 4/2t-3/2); clayloam; moderate, medium, blocky, with few, very dark brown
(IOYR 2/2) organic and clay coatings on peds; firm; calcareous;
corimon, fine roots; clear, smooth boundary to horizon below. 
Brown (7.5YR 5/3); loam; week, medium, blocky; friable;calcareous; common, fine roots; gmdual, smooth boundary to
 
horizon below.
 
Brown (7.5YR 5/4) with connon, medium, lighter brown (?.SYR 5/2)mottles; loam; week, medium to coarse, blocky; friable;
calcareous; few, fine roots; clear, smooth boundary to 
horizon below. 
Brown (7.5YR 5/3) with common, medium, lighter brown (7.SYR 5/2)mottles; fine sandy loam; nearly massive; friable; calcareous; 
very few, fine roots. 
Mbllio epipedon, 0-48 am (0-18 inches).
Cambia horizon, 46-122 cm (18-48 inches). 



Profile R7, B6rud clay loma
 

Clasaificmtion: Tropic Hapludoll, fine-loamy, mixed, isohyperthemic 

Horizon Al A3 8 B22 83 CI 
Depth of horizon (on) 0-33 33-46 46-66 66-89 89-122 122-1! 
Particla-size distribution of .4 2 mm ():

Sand 2 @0-.05 mme ....... . - .. 50 68

Silt .05-.O02mm a @ .@e e e 35 - 30 23Clay .4.002mm . .. . .. . 26 28 - 20 9 

Organic caron () •o• •a1.65 : 0.94 0.,45 0.17 0.09 0.OE 
atoaeeuv 0acu 3 17 45 45 47 

Exch. cation.s (me AOOg soil):

Ca ..... , .....
 a 32.0 24.0 28.0. 16.0 16.0 a.o
M w o e e e e * a a * a e a @ 4.0 4.0 4.0 4.0 1.6 2.4 

Na o o e, o o o @ w * o o 9 w a 
 04.8 0.45 0.50 0.25
0.35 0.18Exch. sodium percentage . . . . . . 1.1 - 1.2 1.4 Cation-exch. capacity (meAOOg) . - 42.3 - 40.0 17.6 pH H20 . . . . . . . . . . . . . • 7.3 8.0 8.3. 7.4 8.3 8.3
 

Av . 'e nutrients: 
,,(pM) 
 8 5 8 5 7 10

P (lbs/-c .. 2) 15 30 15 25 25K20 (bs/acre) . .. . .. . . . 35 80 30 3080 30 

Electrical conductivity (mhos/cm) 0.15 
 0.25 0.25 0.11
0.50 0.15

Set. extract sol. cations and anions (me/A):


Ca+Mg....* ,,...,,, 4,8 
 3.2 6.4 9.6 4.0 5.3K...... 0 a•i . • i 0.64 0.03 0.03 0.03 0.09 0.03 
0 


Na e o a a * o @ e a 9 9 9 
. 0 1.1 1.0 0.4 0.4 0.3 0.4c 3a.a ... 0 **...0* 0 0 0 0 0 0 . e eHc0 3 o 4.8 6.4 4.8 7.2 5.6 4.0S04 . . . . 0. 117 1.7 0.8 4.4 0.8 3.4
CI 0 0 0 0 9 0 a 0 0.6Sodium-adsorption ratio . 

0.4 0.3 0.4 0,2 0.4 . o 0.7 0.8 0.20.2 0.2 0,2 

a 
Analyses by the Chemistry and Soils Laboratory, Daartment of Agriculturw,

riwdena, Haiti@ 



1?d~s io a d:* olored, nearly level soil that developed In moderatly
fine textured sediments over fins sandy loam. It is permeable and moderately
well drained (Table 4.41-2). The available moisture-holding capacity of Biedud 
clay loom is very high, and it is well suited for irrigation (Table 4.41-3). This 
Is the most productive soil for general farm crops in the Dubreuil Irrigation
District (Table 4.41-4), and most of them, except rice, are grown on it. 

No.6, Ca6es clay loom, is the second most extensive soil in the Dubreull 
Irrigation District. It is a dark colored, nearly level soil that is similar
 
to Bdmud clay loam except that Cayes soils are 
calcareous throughout the pro.
file, with wall, white 
 (lOYR 8A) snail shell fragments on the surface, and the 
colors are often slightly more grayish. Cayes clay loam is slightly less pro..
ductive then Bdreud clay loam because the higher carbonate level in the former
 
sometimes causes a slight imbalance of available plant nutrients.
 

No.7, Boisrond clay, occurs 
at altitudes of approximately 20 to 35 meters 
in the southeast ind southwest corners of the Dubreuil Irrigation District. This 
is the area where g9'undwater from the underlying aquifer emerges to the surface
in springs. This extra water has leached the carbonates from the upper 30 to
 
60 cm (12 to 24 inches) of oisrond clay. 
 A detailed description and results
 
of laboratory analyses are given on 
 the immediately following facing pages for
 
a representative profile of Boisrond clay. 
 A picture of this soil profile and
 
of sugar cane growing on it are shown 
 in Figures 4.41-5 and 4.41-6, respectively. 

Boisrond clay is a dark colored, nearly level soil that developed in 
fine over medium textured sediments. It is imperfectly drained (Table 4.41-2)
has a high available moisture-holding capacity. The Boisrond clay profile that 
was analyzed can hold, in the upper 153 cm (60 inches), 33 om (13 inches) of 
moisture in a form that is available to plants. This soil is moderate to
 
moderately slow in permeability. It is well suited -to irrigation (Table 4.41-3); 
some, but not all of it, is currently being irrigated. Boisr nd clay is 
adapted to a wide range of crops, and a wide variety are grvwn on this soil. 
It is highly productive under good management (Table 4.41-4).' Sugar cane is the 
predominant crop grown on irrigated areas.
 

No. , Burinclay, is the third most extensive soil in the DubrAl
 
Irrigation District. 
 It is a dark colored, nearly level soil that is similar
 
to Boisrond clay except that Burin soils are calcareous throughout the pro
file, with small, white (lOYR 8A) snail shell fragments on the surface, and 



Described 

Location 


Physiogrephy 


Relief 

Precipitation 


Vegetation 


Drainage 


Parent material 


Al 

0-33 cm 

0-13 inches 


A3 

33-56 cmn 

1.3-22 inches 


hR 
5A cm 

22-2?7 inches 


11102 

69-97 cm 
27-38 inches 


11183 
97-135 cm 

38-53 inches 


171C1 
135-153 an 
53-60 inches 

Diagnostic 

'arizona 

Prufile HS, Boismond clay 

by Re1. Odll end Gory Reusche .on February 5, 1978. 

Topographic map of Haiti, scale 1:50,000, Cmp Perrin sheet
 
5470-IV; 8.4 kilometers southwest of Les lCayes, then 4,25
 
kilometers northwest on road toward Ducts 
to a small road 
Jog eastward, then northeast on field road 0.8 kilometer, 
then northwest 0.3 kilometer to even with mango tree, then 
15 meters southwest to mango tree, then 3 meters farther 
southwest and 9 meters northwest to sampling site. 

Lower middle portion of Les Cayes plain.
 

Nearly level, Z. 0.5 percent slope southeast. Altitude
 
26 meters.
 

Annual average 220 cm (87 inches).
 

Sugar cane.
 

Imperfectly drained. 
Water table 147 cm (58 inches) below
 
surface on February 5, 1976.
 

Fan alluvium from Acul and Torbeck Rivers.
 

Black (10YR 2A); clay; moderate, very fine, subangular
 
blocky; firm; non-calcareous; many, medium roots; clear,
 
smooth boundary to horizon below.
 

Dark brown (7.5YR 3/2); clay; moderate, fine, subangular
 
blocky, with common, very dark brown (10YR 2/2) organic

coatings on peds; firm; non-calcareous; many, medium and
 
fine roots; abrupt, smooth boundary to horizon below.
 

Dark grayish brown to brown (10YR-7.SYR 4/2); clay with 
common igneous pebbles 2-5 mm; moderate, fine, blocky, with 
common, very dark brown (10YR. 2/2) organic and clay coatings 
on peds; firm; weakly calcareous; common, fine roots; abrupt,
 
wavy boundary to horizon below.
 

Brown (10YR 4/3) with common, fine, faint grayish brown
 
(.OYR 5/2) mottles; light clay; moderate, medium, blocky,

with common, very dark brown (lOYR 2/2) organic and clay
 
coatings on pods; firm; calcareous; few, fine roots; gradual
 
smooth boundary to horizon below.
 

Brown (lOYR 5/3) with many, medium, faint, dark yellowish

brown (IOYR 4/4) mottles; clay loam- weak, medium, blocky,

with few, very dark brown (lOYR 2/2) organic coatings on peds;
 
slightly firm; calcareous; clear, smooth boundary to horizon
 
below. 

Grayish brown to brown (lOYR 5/2-5/3) with few, mddium, faint, 
dark yellowish brown (IOYR 4/4) mottles; loam; weak, medium,. 
blocky to nearly massive; friable; calcareous.
 

Mollic epipedon, 0-56 am (0-22 inches). 
Argillic horizon, 55-97 cm (22-38 inches). 



Profile HS, Bsrvnd lay6 

lassiflostion:. Aquic Tropic Argiudoll, fine, mixed, i9ohyperthermic 

Horizon 
 A1 A3 IB1 iiiB2 III83 IIIC1 
Depth of horizon (am) 0-33 33-56 56-69 89-97 97-135 135-153 

Percent of entire sample>2.0 mm. 0 0.1 20.9 6.2 0 0.1 
Particlo-size distribution of e 2 mm ): 

Very coarse sand 2.0-1.0 mra . 0.3 0.4 9.3 1.8 8.3 1.0 
Coarse sand .0- .5 mm . 0.6 0.8 6.9 3.0 5.6 2.5 
Medium sand 
 .5- .25 mm . 1.1 1.4 4.6 5.3 4.0 5.2 
Fine sand .25- .1 mm . 3.03.3 5.7 11.8 10.9 9.3
 
Very fine sand .1-.05 mm . 5.0 3.4 4.7 10.5 11.8 18.7
 
Total sand 2.0- .05 mm 
. 10.3 9.0 31.2 32.4 38.6 36.7 
Total silt .05- .002 mm 
 32.7 26.1 19.9 32.2
24.8 39.4

Total clay - .002 rw 57.0 64.9 48.9 42.8 29.2 23.9
 

Bulk densit ....... 1.0 1.1 1.3 1.4 
 1.5 1.6
Mo sture: (%)o1/3"ato o . . . . . 50.3 54.1 41.8 38.8 30.7 29.7 

15 atmos.... 31.8 33.1 23.5 22.2 15.6 13.6
Avail. moist.-hold, capecityC a o . 0.18 0.23 0.19 0.22 0.23 0.26
Organic carbon (5) • . ..... 2.48 0.62 0.35 0.23 0.16 0.08

Calcium carbonate equiv. (/a) 
 • • • 0 0 3.0 19.0 42.0 43.0
 

Exch. cations (meAOOg soil):
Ca .. . . . . . . . - . . . . . 42.50 47.00 48.00 53.50 50.00 47.50 
%j ............... 1.88 1.63 1.13 1.25 0.88 0.75

K ......... .
 .. .. . 0.27 0.40 0.34 0.34 0.24 0.21 
Na . . .. 0.32 0.37 0.32 0.39 0.21 0.22


Exch. sodium perccntage ...... 0.7 0.8 
 0.9 1.2 0.9 1.1
Cation-exch. capacity (me/OOg).. 44.30 43.80 35.51 31.51 22.36 19.86
 
pH 12 0 .............. 6.6 7.1 7.8 7.9 8.0 8.0
 

Available nutrients: 
N(* (ppm) 
 8 8 8 10 5 5
P2 ( 5 lbs/acr) ......... 
 25 20 35 20 20 20 
K20 (!bs/hore) a 40 30 80 25 35 35 

Electric&? conductivity (rmhos/oi) 0.25 0.34 0.25 0.12 0.12 0.16

Sat. extract sol. otions and anions (me/b):


Ca + g ............ 6.4 
 7.2 10.4 2.4 6.4 3.2 
K ............... 
 0.16 0.10 0.09 0.01 
 0.02 0.01

Na .............. 
 0.6 1.4 1.1. 0.7 0.3 0.7 
Cc- . . . . . . 0. . . . . . .. 0 0 00 0HCO3 . . . . . . . .. . . . . . 2.0 7.2 5.6 3.6 6.4 4.0 

. . . . . .MO4 . . . . . . . . 2.6 1.3 0.1 3.4 1.7 4.1
Cl .o . . . . a 0. . . . . . 0.2 0.6 0.4 0.6 0.8 0.5

Sodium-adsorption ratio . . *. . .. 0.3 0.7 0.5 0.6 0.2 0.6 

B Analyses by J. M. Parker, Champaign, Illinois; except for available nutrients, 
electrical conductivity, and saturation extract determinations, which were done 
by the Chemistry and Soils Laboratory, Department of Agriculture, Damiens, Haiti. 

b Estimated values. 
Centimeters of available moisture-holding capacity per centimeter of soil, 
adjusted for the amount of > 2.0 mm material.
 

0 



the 	wlorq are often slight.y more grnyish. Furin cilay is, slightly less 

productive than Boisrond clay beccuse the higher mrbonate level in the former 

sometimes eouses a s.i.ht imba nce of available plant nutrients. 
No. 9, M-ern rl-ny, ha. a t,ie, dark colored A horizon and a grey sub

soil. It occurs in depressLons and is poorly drained. There is an area of 

modest siize in the southenst corner of the Dubroeil Irrigaticon District, one 

in ':hm southwest corner, nnd nix other -'aUll, srnttered areas. :ersen clny 

has n hinh available moisture-holding capacity nnd is moderately slow in p-r

meabillhy. This soil i.s well suited to the production of rice end tare if 

nropvr moisture cnntrol, includtng irrigation ns needed, is provided (Teble 4.41-

TVost of the erpm nf Mersen clay in i:he southenst corner of the Mbreuil Irig..

ti nn 	 M.trict .s used for rice prod-crtion. Rice and tero should be grown on 

of .. type. Me.rsnn coy cen be irrigated easily becezLse isthis3! it 

nr-nrl.y .eve. end occurs in lo? eri &. Dr-inagn is needed on Mbrsen clay for 

thr- production of crops other thnn rice rna tero. 
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SUGAR CANE AT LOCATION 
OF SOIL PROFILE 

-DUBREUIL 

SEDIMENTATION 
ALONG RIVER 

-DUBREUIL 



1 aL tdaaGvos 

iepair work on the main oawnl e.doGadtos has boon initiated, 
replaoing, broken bolt, straightening hoisting stems, oleaning 
and repairing the slides. The conoroto-mix epo.V for wepair 
work on the eroded sootion on "hotheo crest apron and uluicow.y
 
has not boon rocoived. 
 The speoial sluioeCate seals, replaoements
 
for the detoriorated "nd worn out units on 
the sluiceeaoe have
 
not boon rocoivod@ ReminiuC work will be sorappinG and paintinC
 

of all the L-aOSo 

5o2 1,ain CLuial 

Work on the main oWial Was initiat e August 12, 1976 and cosiats 
principally of thioe itoms. ist, is the raioval of rock of
 
vincious 
 sizes, debris and sedimont from the oaLnal proper. Secondly, 
he cuttil.L" .,d removal of trees, brush wid other ve-et;-tive gwoith 

whioh hs been allowed to beoome established along the ma.onroy oca.al 
lj jdcc even in tho cracs aiad openinf;s of the monry lining itself. 
This is ospocially tru-e whore the imiain o.val cross-sections cxe 
trapo-oidal. •'Te third item of work wider way is the reshaping 
mLi bLokslopi;g of "Lhe eroded ouaal ombaudanonts. Attention is 
particul xly direood wo those raeas whore erosion is a oontributina 
faotor uid whore rooks and debris may fcll into the main oanal. 
No work ha boon done repairing. the main canal masonry. This will 
be delayed until it is possible to control the flow of water from 



the sprinS section. It is planned to initiate rep'air work on
the masonry lining rithin the next two or three weeks. 

Prelimninary oLu'veyo have been comploed on about 4500 metiers of
the main oanal. Diotailed. survey data and the desiL-n work haa
boon comploted on the now rarzonry main omal betiweon staion 
0 + 600 alld 1 + 015 il the sprint" ue . Coslta'uotion wdzrk on
the now main oanacl oootion wa 't,..ted on Soptembor 29, 1976, and 
al)roxilIjl-ely 400 motors of new oanal is to be inst lled. 

Th11e only work stvarted to dato on the later,11, is the cleaiing'
alid cuttjii of ' re and ""u'us to allow detailed statvoyo. to

bo riide. Clua.,in- is dIoine 
 ol a 2.5 rotor width, *b1e le'al width 
of tihO oz.n+..l d lateaal rights -of-w*y° It is nocorjoca'y to olonx
the lctora ,c Ztad c,zals bofox-o Oz-,voy Crows owl plroood with
 
profl.lii.. and 
 t akirs,; c1oOS-Lo ction3. 

Tho only Cota:ilod latorl s 'vOywork th has boon comiotc 
i. o 1500 1,:eiers of Ic,.:t-e--raL 5.9 - 2.8 ca'd 1200 etors
of l'ctral 5.9.1 rinoipn1 ill be 

ol-dor '40 (100iL:11 Ie:iLlL.-l 


wocailod wumvoys roqulir.ed in 
for ,yadc control ctruoturos, turnovtownl :ia. onz'y 

-. 

oca.:l linin.:;-s. 

124~o roads hve boonthz . built or r paired to date are those 
reqVired by prosont oonstruotion oLud 'o]habilitcr ion operationso 

http:roqulir.ed
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Approximatoly 6.1 ]m of min cOuIL. roads havo boon built or ropdired. 
].'ubh of the roci. work was po for od in conjunotion with olona'ing
 
a~ic bruch outtin- oporations aIon- -he mnin ori.al. Road work wan
 
"jocul at tha divoi'oion dvUal i-nd ]ao oxtweidoa dom to the bri(dIg
 
on ho Zoiidion hihvwiy. It in plcmnnod to Vuild some rouds
 
po'allolinC the prinoipa.l laorc.le suoh Lw 5.9 when and ra noodol. 

*NLaweril St ook Filc 

Rook, L-rvol id mu-.d oxe oollootod v2.on the LAoul River in 
soleotod uaroi.s. Se Plvato 2.2-1. 4ll work in performed by hand labor, 
includin. tho ushinl of sild il_ ;ravol. The , tc'ricsls aro 
•bomotoc1 to the corntnuction nito or citon for ook-piling
 
in the Iroject's sil,:le 3 cu.y dump 'truok.
 

To dto it hir been possible to :oot noe- 1nd denaMVrzds offioiontly 
in vdwvauco of oontruotion work. However, plioas have boon fox'iiulated 
t6 ei:ploy private truokers should. additional meterials be required 
to minta.in the construotion on sohedule. 

,226 TI,LTIATES 

Insiaffioient miount of work hasz boon aooomplished to date in the 
ious oedotorios to projeot a reliaible time ostime. fiollabilitation 

,;ork on the projoct ias *stX'Lod 3 1/2 months ago. In the initial. 
s t'..t of the o-Dorcvaion, conoidoro.2ile motuit of timo has boon opont 
in or' ::izin~z tlbo wor]ors, ploauwinr: the opor:-A;ions tinl t1raiiing 

,sonL,0,ol. The so:'viooa of the DAWWiDI srvavey orow have been 
c.v.aile~lo loc., tlhhc, the A") Luido lines establisihea for project 
o!ero.ions, c tiocetinon additional dolayinU faotor. 

http:minta.in
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,o wor2: ooy1-lote. fr th brixr. uid hasso on Ciaprw tnOnmcoa 

boen li,:.itod to 3.¢co "e'ejrira. Vho schedule on romaining work 
Will CrefId on ho-1 MC when the speoial matericasl 'o rooeivoO 

L) . o av .zilablo on. the oons'truotion sitesoa. It is witioipgatod 

theft upon rival of those required materiels tho remainin-, work 

c.n ,;a co;plo'ad within a month to six weeks. 

5.6 - 5.2 i ain Ci.l 

leoxing wd Gle'Lin" operz:,tiolls star,tod on tli' me in cCuca)l 
Aun;,st 12, 1976. Co':Vtruotion. of the new soction of teio main 

"wL,-.ii itep 6Pi ono ai;.Ll i . Soepteambr.1. 29,1 197 . e ] i n;o tr ated 
inl "2h So'u-e" or springs ELXu'oa. Aproci;av~oly 400 moteors of new 

CLuIZ~l is Qoin., conustruoted. kboxv't 140 mot'oro of the now onal 
have oon ooi:iplotod. Tho worh is somowhat Complicated by water 

flowIs from.1 the s Lu'inxncd the fzct thaet . bypass is roqulirod to 

continue the supply of irri:.tionwaoer to the project a.ea during 

the construction pe-riod. :fork is pro'osaina in e i orderly ruor 

Lud it is ostimaitod that it will take auout foum, (4) months to 
complote the construction work on the new masonry section of the 

main canal. 

It is Oestinated that it will t'1=0 five (5) to six (6) months tota 
time to mpair the m=,sonry lining on the main oana. It is atioi

pt'uad -!;A*ht this work will need to be spread out a year to aover 

yo'x aod a half. The repair work should be completed in oonjimotion 

with othor work on ti.e canal and laterals as the work progresses from 



&a, to naro. This will make construotion eqaipmnt and material 
roadily available for the repair work in an orderly mannor. 

5.6 - 5,3 Later.ls 

1o construction has been star-bad on the lrberala, thorefore no 
figures for making a time estimnate on this part of the rehabilitation 
work on the project are awailable. 

Dosi ; work Laid plannUinU for latoral 5.9 - 2.8 on which surveys
 
have been coapletod, was initiated on November 5, 1976, 
 but has
 
not rro,,ressed to final ataoo. SliortvaC 
 of DAIhi.DR coitutcrpaxt
 
help in design and oloulations has been central to this delay
 

in final Cesi,-n.
 

5.6 - 5.4 Service iloads 

:ince most of'the road work has boon accomplished in oonjiunotion, 
with, cleaing, cleaning and bush cutting operations along the 
main caal., it is difficult to Zrrivo 0.t,W estimte of timo 
required to construct the seovice roads. Until more work is completed 
on the lateral Caals,' he actual number of kilomoters of service 
and "ccess roads can not be astimwted. 

It is witicioatod theat road construction wid repair work iiill bo 
a oo,:tinuing procoss bonjunction within owanl wid lateral work 
wid will extend throughout the period that work is in progress on 

the system. 

It i6 ostimaed that it takes oie iwow of 10 men mid a ledler 
up,..roximately 3 to 4 days to 'uild and/on repair 1 km of servioe 
road. 

http:DAIhi.DR
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5.6 - 5.5 Material Stock Pilos 

Sto -4ilini of iiaterials will bo a conitinuing activity throughout 
the 00xtruction poriod of tile rohabilitionl work on the 'abreuil 
Irig d ion Pr'ojeGct. 

5.7 Actl Eivor Cicannl Improvoer'0n1 

The prira'y nrwlupo.zo of tho divoezion dLzza is to aivort lv'tor into 
iLa mi-.in cwJ. In order o do this uld mak:e it iluiction jroPe-ly, 
it is nocossouy to ;-'vintain ima o'.on chv=ol t tho lhoad-lWos ruad 
sliaco;:uy. 

cou',.o,.pats wid persolc o'.'JOoi ntod 
iith 'Uhe o .ilition of t.o Duhouil 'IrlLcUon 17'o eot, a 
plan. liz been usevloped for ohuriol iraprovenont work above tho 
livoersion d(r.0 

It is proposed th;.Lt the cwli.ol w otrai.ihtened i bove the brrw,,.1e
feoi a di;ThL.oo of about 500 to 750 meters. .The1 flow of the ohc.nl 
will then be in direct lino with t;ie scliceway, This will focilitalte 
•tVhe oluiciur; oporc-.ions to pazs the ivr.vy sediment iocvi tIlroug2i 

ehoricuwv;r ii order "Lo provoat i4 from being deposited in front 
of "thohc.?dA(,,atos or o . riod int'o the r,;ain ocall. Considor;a.h le 
auolult of e'rosivo action is ovident im;.diately above the divorsion 
on the rijit bi. k. Durina tho recent hig;h water period, it appeaod 
obvious that should wiy heavy flood of the river occur, a number of 
h61ars wnd fawx'n :iiuid could well b' swept aw.,r. Ai additional and,
 
e'Lorniniing fcotor is the end=Lxed winZ-wall 
 of the din which could 

be ciroui*ented, distroying the usefulness of the daa and by passing 

http:di;ThL.oo
http:nrwlupo.zo


the :ator supply required to operate the Dbrouil Irri',ftion System. 

It iu proposod that. =toril that is dozed out in the ohannel 

irm.provomon' o-)cratioa be clopooitod c.ainst the right btuni wid moido 

to £orzn low prokootivo jottiec. 

Iwprover.;ent woric is "6o stv'wt aB ooon as DIla;4 ra:es a Tr.c'o.1-Dozor 

ivailablo to tho projec-. Time roquired is eotimatod to be approxi

ma-tely one Io. to six weeks. 



6.0 CONSTRUIO11 COSTS 

6.1 E.C.I. Estimates
 

Item - Rubrique 


Barrage & Appurtenances - Barrasee do
 

Drivation
 

Repair Ogeo Crest - Rparation Crete "Ogee" 

Sluice Gate - PartU a do Chasue 

Main Canal Headgato - Vannes d'Alimentation 

Canal Principal 

Main Canal - Canal Principal 

Cleaning Rook, 'Sodiment & Vegetation from 

canal - Elevmont des Roches$ des Sediments 

at de la Vdg6tation dons le canal 

Repair Masonry - R6paration do la Magonnerie 
%emporary Bypass - D6rivation Provisoire du 

Canal Principal 

Masonry Lining - Construction Revtement en 
Nagonnerie 

3 Turnouts - 3 ouvrages do Pise d'Eau 

7 Weirs - 7 D6versoirs pour Is Portage 

r'oportional des Eaux 

1 Foot Bridge - 1 passage pour pi6tonu at 
animau 

Dollars
 

1,000
 

400
 

400 

1,800
 

11200
 

1,000 

1,000 

6,000 

300
 

6,000
 

500 

U6,000, 



Lateral. - Canaux Seoondaires 

Install 3 Metal Gates - Construotion de 
3 Vannes Ntallique 

Install 14 Weirs - Construction do 14 
D4vrsoirs 

install 5 Drops - Construction do 5 Ohutes 
Install 4 Turnouts -.Construction des 4 

Ouvrages do Prise d'Eau 
Install 16*3km Xasonr Lining - Construo

tion de 16 .3km de canaux avec Rovfto
met en Magonnerie
 

3
6 ,00O m Maaonry- 6,OO0 m do 
Magonnerie 

7,690 m3 Excavation - 7,690 dom 
Fouille 


18,460 m3 Compaotod Embankment,.
 
18,460 m3 de Remblai Compaot6 pour les 

Bervges do Canaux 
Farm Turnouts and Concrete Structures -

Prises do Distribution d'eau et 
Ouvraes d'Art 

Drains10kma. - anauxdeDrainge10i . 
m325,000 exoavation - 325,000 Mi ouilles 

3 crossings - 3 Ponoeaa= 

300 

2,100 

500 

400 

126,000 

3v500
 

24,000 

5,000 

161,800
 

10,000 

1,500 

11,500
 



Offie, -Depot. 2ar , ShoR, Land M'o.-
Devis pour Bureau, Garage, Depot, ,TerTain, t , 15,100 15,100 

Roads - Routes 1,500 1,500 

Other Costs (10%) - Autre Ddpenses (%) 20,800 20,800 

Supervision and Administration (10%)-

Supervision et Administration (10%) 	 20,800 20,800 

Contingencies (20%) - Imprdvus (20%) 41,700 41,700 

291,000 

6.2 Actual Costs and/or Corrected Estimates 

Barrage and Appurtenances
 

Maerial: 
1. 	 Epoxy And Resin 700 
2. 	 Cement, Sand and Gravel for
 

Repair of Apron 
 280 
3. 	 Gate Seals 200 
4. 	 Headgates 200 

Labors
 
1 Mason and 4 Helpers @3.00 +/5.20 

$8.20
 
4 Months - 17 weeks X 4 days per week. 

68 
68 dqys z $8.20 per dy 56& , 

1,940 



Xain Canal 

Longth: 
0 + 000 to 

4 + 515 Boval Bridge 

9 + 115 To Boraud Road 
10 + 165 To End Q Lat. 10.1 & 10.9 

Repair Xasonry 

Material: Cement 

2 Bags 

for mortar 1:2 rate 
per 50 meters 

Time: 50 meters per day, both sides 

of canal 
I mason & I helper - S4.30/day 

10,165 m  233 dows 
50m 

233 days z $4.30= 1,000 
Material: 

233 days x 2 bags per day - 466 sacks 
466 x 8 3.50 - 1,630 
72 m3 x 5.00 Sand & Gravel 

screened 
Install Bridge at Spring Area 
Install Turnouts 

Install Division Stra. (proportional 

Weirs) 

360 
500 
300 

5,000 . 

8,790 



Lwt. 2932 
2.32- 0.19 

2.32  0.19 -

Lat. 2.93 

2.93 02 

Lat. 5.34 

Late 5o9 

Lat. 5.9 - 0.8 

5.9 - 1.8 
5.9 - 2.8 


5.9 - 4.1 


Lat. 7.09L 

7.09R 


7.09 - 0.65 

Lat. 9.16 

Lat. 9.3 

9.3 - 0.1 
93 - 0.3 

Lat. 10.09 
10,10 


1.19 


3600 m 150 L/S 
1800 150 L/S 

650 6050 m 

2350 	 150 L/S
 

1600 	 39 = 

1790 	1790 m 150 L/S 

370 750 m 
(4120+1630) 1000 L/S 

1920 150 L/S
 
3350 200 L/S
 
2150 150 L/S
 
1743 	9163 m 200 L/S
 

14,913 m
 

1900 150 L/S 
2100 200 L/S 

1706 5700 m, 150 L/S 

3289 	3289 m 500 L/S
 

1350 	 150 L/S 
750
 
700 2800 m
 

i9oo 300 L/S 
2650 4550 m 300 L/s 

43,042 m 

35,750
 
37p292 m
 



Laterals, 

1. Xa.on.7 Canal Unin 

16.3 km or 16,300 meoers planned. Thia amon't of 

masonry lining is needed to rehabilitate the system 

properly. 
3
16300 m x 0.92 m per lineal moter - 34s996 m3 of 

masonry lining 
314,996 m x S35/m3 $524,860 $524,860 

(14,996 m3 x 327/ 3 , $404,892) 

2. 	Exoavation - Canala, Latorals, and for Xaonr Lining
 

Based on ozoss seotiono taken and caloulated for
 

oonstruotion purposea on Lat. 5.9 - 2.8, the average 
3amount of dirt to be moved is 0.57 m per lineal
 

motor of lateral,. 

Thore are 16,300 m of laterals that will be masonry 

lined and only exoavation is needed at the rate of 

3 m3 per 1 man per day.
 

16,300 x 0.57 m? - 9291
 

929l.m3 - 3097 mandays x $1.30/dy $ 4,026
 

The romaining 26,742 meters of laterals will remain 

as eartWh ohannels and will require oompaoted earth 

embankment at the rat. of 

2 mn3 per 1 man per 1 day. 



26,742 x 0.57 a' a-15,243
1_ n-7621 man-dayn z $1.30 - 9,900 

3. Grad. Control Struotures (Drop., Chutes, 
D 4d on data from Lat. 5.9 - 2.8 

eto.) 

4. 

97 Drops @ $75 
85 Turnouts and oheoks @ 85 

Canal Road Crossings Struoturos 

7,275 

7,225 

Pedestrian and Animal 
65 a& 0 $45 2,925 

54603 
5. Drains - 12 km of surface drains to dispose 

of run-off from storms and exoess 

irrigation water 

Eoavation: 

3 m3 per 1 man per I day 
2 m3 per lineal water of drain ditcoh 

12,ooo m 2 m3  2,ooo m3 

24,000 3 M .33 - 8000 .and, 
8000 " z $1.30 -

Drain orossingo for animals and 

10,400 

pedestrians 

35 ea 0 $65 2,275 
12,6l 



Orev 3 to 3,5 4 das to repai or oort : k 
of roa* 

kin CanalI 
Labors I orew @816.00 

6.5 ka lef to be oompu.ted 
6.5 km z 345 day. a 22.75 days 
22.75 days @816.00 364 
Naterial: 

3.5 charges (L*ad.) per km. 
3.5 : 6,5 km - 22.75 loads 

22.75 z $10 227.50 
Lateral.: 

Labors 1 orew @816.00 
Lat .9 5,ooo 8,okmx 3,5 d n28 days 
Lat. 9.16 1.6 km 28 days z $16 448 

,isOo l - 4 km 

Naterial: Book and Gravel 
7 loads : 8,0 km m56 loads 
56 load. z $10 560 

(810 per load or charge (3m3)0
 
1 DOW truck hauls 9 load, per day or 27 m)
 



LhIAm &=JoQanl Xmm"Sm, 

DMeW Works DA= 
5 to 6 weeks '(25 to 30 damy) 

30 desy x aat. (8.00) per howt x a hzs/4a 1,920 

OAPerimiamc azdA mimaistr&+tjan D*UDR 
Gatinenoj.. 20% 116,311 

S 6999546sao 

Notesa Ise=s pwohaue6 on PLO/C and teoobajol ocasultan r.quiaemsnt 
fte ezoludeil. 



DUBREUIL PROJECT 
TYPICAL CROSS SECTION OF NEW CANAL 

2.9 0 M 

-0.4 2. 10 0.4Top or NEW' 
• 1 MSONRY "IWAtLI 

8 0.0~ '~ 

SPREAD FOOTINGS AS faI|IRrtlnw 

ST SI REQUIRIMINTS 

wiaLc, a m"• 




DUBflIUIL PROJECT. 
CROSS SECTION AT STA. 0 772 ( END OF BYPASS 3 

I"p 4fw wan 

TOP of lWrlMS 

INVERT ELEVATION WA UI 
112.746 . .76 

I GRILL, NO.4 lIARS 
c I-

SPACED AT 10cm 

-. 5I. 4 

ELEVATION 111.712 

1 5 I 

CO,,UN c o ,.I . =,. . -, _ _ . " 



NEW 
DUBREU I L 

MASONRY SECTION 
PflOJECy 

AT THE SPPING AREA 

mmm 

0 :I 

LO-0.12.00 O401 

MLATERIALS FOR ABOVE SECTION (1 

.-
UOIRTA 2S3 M3 

.¢MILNr 198 SACKS 
SAN 28.5 M3 

*ROAS;S OCK 132 N3 *SAND 

( 6 M3)€CAP. (36.s5 

*tU1- 290 SACKS 

3?-
MATERIALS 

aROCK 

MORTAR -

CEMENT 

EXCAVATION 

FOR ABOVE SECTION 

1 8 4 M 3 

91 j 3 

447 SACKS 
91 A13 

454 N3 

(248.SM) 

II"s-  m l 

. ,. .,.-C_. 



DUBREUIL PROJECT 
Coeto line eof leItii )do~l 

&@gin construction of masonry
lI mn -. e ec t. O, .69 --ai ion 

IAII~~~~~ 

"07,
( 


SASE LINE + End .......s nry 
_ 30 of m c__anal"...
 

I Proepo sedcan alignment 

BASE LIKE (
 
Lt Existing channal (Earth canal 

0*170 . 

I , 

+2324 3End construction mdin 
* canal lining 

5A51 LINE 4-319 

SPRING SECTION CONSTRUCTION 

\ ~&.± 

11\
t4

pOn 



7.0 'T:,..:.>::*~;..~I:A~. 1~'' Y~ 

SiA 1or2tocIrj.~o oviof .;o lhIn owi 

0.~1o'X. tia :eIj cwrt 0.o 01 WxL~...~,U-cr 

~ o.Tc~.3i0cit.-L; or v'c:'jl 1ill jacii 

ofE :of j;,do )4 i~ ~oi 0j;.1~; ;'i'o::A.O~ 'xVii0. 

nuiJ~iyo ~vohlicloo wldhi -xo involv)d ill t'Oho rzt-m2. 

hw-r-o li,.c~c; hoaiovor' D~ij~ teSi Louis Thk ui (ou;.~ 

±iviuion of i-o~~o.ibility has 'boon octuv.bliah co that Synadic 

0 irua for 0of the lcm aid afll canal*L.vo.-.o~ii1o opoxraticin 

lyin'- 'Aor'wh of thc orautd m'od* I7ic aaciat,it St* Louis is 

1'o0aonsibdo for Oooro.tio11 of all om~aao lying botwoon the IBox'ai 

rowd Luid tho Thic Lazda-Y rocAd to ti1o Southe 



1211 fUodo !=.10 (JAA'fiXk) outablichlou ri,-hto cund roopolnoi~jilitieoo 

of' water urioro ill the r~roieot aroa. Th.) 11ator -1i~aster ill 6onorcmJ 

Luld ti~o ayntlics ill pxtiou1Lvx a-o rukiponoiblo for' iiuino thut 

)'~~ofi tO2.u ayulern confoiz; to roquiromnontc alv-,illaa ill 
6-o Lodo. i~~Vrit ia uP-)T; 1-tjiL t 110 uycO;,~tio '.pprouch 

i&LjcQin'" Wz.zcll tLo iu.ro aplication 0L' Codao roquiromoitts. 

'2110 rjicO 4 - -:1oA1[;i*1j x.'or iz,~ o;oatn:ilro-~cocta-aoa 

'l s' " "" .wv'r f~com ono ooco alvzy c....... t othor.
 

It doozj 1,0-,.tth~' hiar; 'acin miy oysteinatic Lvttceapt 

to obz;,1,!VO t1-1 altovo SACIoUlo L.d effecOt Wjxiiforia. Jdi~tributUiol 

of -i;'.tar -k.o -4-;c L.i-OU1 1 -Lteh1.or io littlo0 

co:.-2.'o1 OvuZ;. *..' .u=itity O.A u 1<0r ir, floi1.1 thewiCA d.iVor"''eL 

L;;u..2 i1n-0 ;iy o1i~xcconacary cailcl Lcoai~e of the JCotocrio: 

co..tlil -oni of uivursoiei cto. Also o c'ti-ollod cli rilutiori of* 

'.tric 1.wkl irapooriblo 0 uto vuoi inLout v~itrpi 

,o.uaa y J. 2.e( ckoviccm iox fro., -,V-0ud~~ot 

.0c~o . :.tov --o k:VOod. ilwo -.iy pirticuLz oooldr'y owilct, 

fut'hor Cc',ii-~ibution is app):-went.ly Win;upevvir~aa. Lack, ofL wiy 

zmocarc (dirj-'iia'-ioil or notorin.- "oxoI3) wo vo~o qutity(Ie 

~ve'~~.~''o.;a c ~xo 

co.;~~i'oJl~x.i d inosri ~e. ~a o~nt, .iootu' of those 

IW 0.-ifittiil- ro"I t '~iverte-dfrom~ 13Doo1I7a~ or.,1o1 

o~ ;.vc~ .-ccoiidc;,- ial to am;vc 

OLTe'xo loci.a i.l io ("r eii t:tiadu401. of the Dyatorn. 

oootionc of theo caal. om objuoivcvtiono *L11onk it io obvioun 

http:app):-went.ly


thrlat distri~bution of wataz* from~ tla sooondc'ry canals into 
Ic~oralc irn iin ""a !ilads of luitrailloci wid Luiootrollod wrato'-ugjoxs. 
A~j3 a iemilt, I."aIy r,0uouljDciyeint loiior rnootionl of tlu1w1J'Ojct 
"re" sDho" eviUa~c0 Of not Ihavinlli IlzA Water for 5 - 10 Year. 

:l-orxjut of oojt utin civjtjrn3 Gurw'onvy U11dora~r on
Vio Miain ca", it jo nocoOUC',y .,o tux% off 4.11o l;L.-Io: fr. 

o0 to %.;U v I,~5wol:. oil woco, nda I wa~ur flowaColtL-Iouz1y -L";o:.- 1300 h1r jl'.i(1zy to 0600 ]iru .. idU-"y aorlil 
2Aiio 2it~wkio;aill uxiat W-,,i uooc0;.Thbor 10, 1976 whol w.ator will 

uoa1low:oj to flow: cO.ti;a:ounjy 

oouy w Oroo 1to tha otisfacticin 

oxoopt foxa cnhox't (aproxillix'.y0"ao1;ooh-) 

*,.:.o 
ilno ,wntio 
0 hisvo 

nOil11m t;1O a"'Id of Jwticwy. 
lcn~aii;..C.co~aw 

Oo;.jlailntn 7Omc 
10."c.b tho 

oaxor Of Ca cz-.OX~it1 oil I 
of both to wx oa..tu 

Z thl oulnork Of tLhl plwlnt. 

,.'Iior~:o to iilvuntinxIa the oo;mplaint 
VAe 



7.2 -Procont 17ainto21anca 

Anido~ from tho prooront rco]abi litivt ion cotivit ic whicoh conai at 
O.f 1-01-IOVil"z dob1rila, rock,'3 -id lixuoh from,~ the uia oanvwiJ ud 

soo~oniaico, it iii obviouzs thi~ tho:'o h;boon littlo ii tiio vuy 

Of' Ojr-.0.:cd L-*..,c:..,-;z to ma.."i ;;,a~ '~i tile J.xub'il 

Irriij~tion Syaoom. 1,h..iknteiWico rzpur.Wid balhiz CO110 

'nc~o .ooo~li .bj L occ to i onvJ.ilidiviLu-l v.11a 

:;).-oo' CO...;.abulty Serzvico o~-o., Y~o flLtlQ'o oI'" 1.aim 

i:~Cc:.o~iij ~ct~'or.ton£:cto*.j cuoociaxtoLl wait: t11 syrLIoJ1. 

Foo :~.)o .- i zc~y cztt-L t. 'by il 'iViLUL.I f>.r-Ioro1- to acer-01-1 

cz'.c.n02 4hi0vo ...c..a1luda illx~r. oZi-jiotIii o zath &ci.. 
'2i~~r~Ci1n. ~Vo i ;;,Czoasod . 'Ublo off i.'oabilitz'ion vciud theji 

2.~.C~c.ozu rator it:lO .Oi~of 

0., oxr cCnlS i ti.Vct l;. little attcraint jhzi. 16eon m-LIG 
1;y the co.-.Jicz; -'o oa,,,cud o ac,.-V'r usurs inito fwiubuional vlork 

~'~xjto e'fcnt rioccom'.xy mv~.in'.onc.:ico cnd ropc.irs - couplodciwithi 

W6ir, *,..o fam'&, :oocuirU. f1'ancd, iaxwuo;i&I. culd 1-00 for o) 
r.;i~I3:.n~oL-.d 1Or-1'o 11 )Vo :10.1woo zLwv.blo withinl tho pro joot 

Lxlk of' *;a~ciAt~'ouijoxo:3 (Qliohtributiol atrulot-azoc) hz 
i-osultod in ilisoviiainanit aotiozuj by water uo'n's ouoh a~s 

http:rioccom'.xy
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tho building~ of orudo bar'rioxra aoroiaa ovniv -%to r tho" 

wator into thoir holdinga., Thomo pra~otikoa havoj~~ olo
 
rocuitca 
 fom~ fuarmovill doprivine. 1 'iWqr- at lower olovatiolna. 

li" bononclo of tlio dcun, hoL~4ttoo ; aluiow .y 1hve on n 

oxiatwit.' 3ting the ouirreat re'ohtbilitoation effor-t, hor)4g,,itOO 
hV.vo boon repaired but litwo not boon coroapod and paintod. No 
attom)t hvm Loon :iude to repair croded sootiono of the damn opill
way mid vqroi 

lp%.aotioai11y CM1 0ocod1('. c'n- poimmoit tur'nout ~m.0Icj 

u.inttin V.o zyclumn in moodco;-Ai-Lion (once it in %.ohi~c~ittod 
in livoaitoc.: o o~ Asr~~o~ to omonu~ay ear'th c'IvzLj 

In~iorininait orooiii;Eu of the canals by livestook, cuzd 

Y'I."Otion of' pidoztill, ut~rla too olovto t1o the owinl 'Wrmai 
11" .o vo:,ta.ltod ill coowidorlo0 oioo0ton. SJUoh aoojion will maourrt'.ito 
Go. wv.iof 1c.~±i~. mtarionIry :'.0otioni. toha w:ould otho1riro 

not~vo oon or,-aii-od, Also, pormimnit livontooI ca'ooninroi~z 
ote .0 iw41o o wiloratioli dutring' pr'oviollo val;tOrrmoi Lto.ps.Y~ 

n,~.ilur' ,-o do nio ji,~w rotiultuil. ini oo,'~rjidora:)lOoort - -m 44 4UJDy .Ui(U 

t ~ ~~ ~ ~ I~oa ~ I ~ y~m~ ~~4 441ioaool~~yOl 



14.r (lu'ibto 	 sc'dlEmc oo;tbihab ~oj;vdo 

7.3 Proto6 rod po bytion nnd Imonloontto ,1 litnio 

of thoso cohodulau (in oraer to inouzo o Etcl distr'ibutioni of wEatoz)
41 	 ir tiia r.oooLidlilly of lio cyndiou iumder ltho autporvicion of tho 

loasa of Dirootors. 

2)ivorxoinDi 

i2ho Bo.,wa of :)irootoru c),otti. dirout *Lo aymlio 1,1o fo-1.t 
or cr iI.,to tho na~i:1 walal~ ia twooi-Luica weith rDuxrf'ca croa -to 
*iA)ir:'i&rjiod ci C :0uji.amQ)t~o. roquiomolitu; 00a00icrop i-ac Thoric3 

01t1C)J. I.: loviowod 'by *'110 flocad 0*1 Io~16%a~uir3 =,I atl .X~4.l-

poi'ioa.k o :,a'-.001oy. Policy Cut O oastbliahod by the ;Iorrd 
Of kdrotovs ob:n oviiq. rluicoway opoi~trtion. Suoh poli oy~so 
iut.31ao t~.41t liii.jOporceliolZ3 t_,.'o Ltaod to hoop~ tho aluicoway 

rmotvrwrod flow of wtator in-to tho macin ccu2mil cwic at tho 0=rno tiro
avoid a "ouilad of' Lobris vx 'ook ina tho luioowvy. 

The z'oportingr to tho flocrd of Uliroo-bors o-LI'ropiair reuiortaa 

41-th:o ol-Audaacauowy~; ordam p;0opor is tho reaponSibiliy 

of th4ydcw4Dn 	 Ioto.!oa~ orotv anoao 

waol~~~~~~~~~~~~~~~ owev 	 -4oticnh adrlioayhitngaa 

also~~~~~~~~~~~~ th 	 ioaiisR~xa4otrsoiiiiyo 	 otl 



inspection tours by P. con.mittee appointed by the Board of Direotors 
should bo est-.blished in orderto maintain the divorsion dam complex
 

in its resto'ed condition..,
 

The sYlldic should clsO ,epor-t to the 1loard of Diroctors any ohue
 
in the coul'se of thie rivei. above 
 thie dcm which poses . threat of 
eroding the protective wost ,rins wall section of tho dam which could 
result ill serious dcvu'eG to the dnrn aid in ?olve costly opairs
 
as well s ocoao:,.ic loss to fza'maeis deprived of water as a ,esult
 

of such dal....q
 

A monthly ilspection ,trip
will be. m,(lo to the du:i by the pr cidcat
 
of the IrrifUioli Diistrict tw'4. condition
its will be reported to
 
the loi-.- d ouch a'e -ularene .
 

Mlin CSm~l - Socoid:,ios - Laterals 

A uchedule of Clordlivories should be established by the Doard
 
of Di roetors (11'2 ; of
technic.l u.;'#ort *LIIZI;R)for each secondary 
cL,:;l' turn-out off the main canal. Schedules developed should 
conformrto~i.r-to be iaU'i-ved .,d. tce into consideredtion the roquir, 
soasond acjustjoats. Such individu.l schedules should be posted 
at the 14 of each secoida-y caual by thc syodi in a woatho-
proof loci-tion or structure. .aintonamco inspection and mainto

.ioce service rendered by the synAdio will also be posted a't this 
loo;-tion. The presidoA of the local a,, 'iculturo group of the 
habitc.tion in w:hich the turn-out structure lies will be responsible 
for rcpol-Lin the condition of th"e oCmtl, turi-out structura and 
mv.intenaco scvice porforieod to the floard of Directors a- each 

ro~alar ;ee'in, of the oa rd. 

http:ocoao:,.ic


A i-nown-are distributiol of wator (detorldiied by ctrer. to be irrigated 

Vid rovxonri.1 roquiromonts) will IIe mc-datainod oil re, u1lx'ly 

ochoattjdod bi .is for lo-teratlu off neconchv'y act .ls to be doavolopod. 

bIy t. io i3oxcl of ii.actors with tUoctLnic;..l iai-uo y xnwJ. 

Scheaulad dloliveaios of iatc~r itill be, pouted i, dicci'iod for 

ocuoi-Ud&:L'y tuno,.'. Uich p.ositl*ht of to. 'icultura gioup in 

th11 1 bita pioil ill whichi the ltato).a no lias -. ill zappoiat LI, 

~rop t10l tio of tutc~~o:~io~~'oo~ibl iJo1 0co.dition h 

i*-:,d '.o -ospowii'l~e fcj:' adjustiii:;. dolivorior, ol' w-:..tcr uocordili!- -'o 

u~chodiule. 1,1 will ;:ort his a ivtzpo loza, ctun1 obsomivioni 

-to -*I,-0 L~o- lie~~.'. a membeof7 w*ihO is-

1. syne'ic will Lo recalired to :00:.2 poz,10 3 w:~xor uelivexry sohodulos 

ct~ow~~ud. o ~ion of turn-out srcr~hec ~d~Dort 

t'o tlio Bo=a'C. of Ji-ctox'z. Ka w6-ill alo 1opoz't- any violAtiona oil 

po;,; zohod0aule to the11r J',30,, ;.'U cildulud .cinsjcy~ 

i~aito~~i&Of owa.l iocoa2.iwy lz .erzAl wad ZL'ci cinc.1s oud 

ri Ilxof w~ywill be p1'ovided.1 L's a. 0oi:Aity survico by thle

V~cluaL)ou Eaiaii athrougII U-1100 UohccIa~ 

Thic cormwiity sarvica activity will be coordinaztod by the preziOdont 

of t;',e rou. oocinod mitl will be u.ocoorplirlhed on a I-e ., txly 
schedule * ThIat p idc~±t of each i-roup il oo.tuh 

ooiny scrvice aotivities zciLL problem oiacountoved. to t14he flona 

of Directoiz of the irrigation Diotrict vat each ve~u1E~ rnutill" of 

teDoa .'d. houpairs or Lantxcowhich ovn not bue effocted by 

expartiso,inaterialo1 wind ociuipn found at the sito are to be 

arrwi~ad for by tD.e Ilocia'd of Dirootorc i and roportdct to woawti~Js 



11 

...........
.....
 

~AD;=1DR c.o;wt; aar~rt~voolmlitto a:pointod by the 

Bdard of Diootoa choulci inspect thontiro eaton quazrterly 

midt ro-,or't itz. conditions' cud problemas to the "'ovrc1 The floar-d 

i., i-e~ponuito for tu~dnLax.n csa dorz'ective rcction 

11~..ro ~ot-ccoivia- iiater wh'oso f'arrn =16b loorateO. cdln th,1e 

1.cin c l lvio h.er th~uth first lvwtomd s'iould 

bae c~aco urz6"a -o px:3'L'1 noa.o 0;l the- Ciwfl si~aoc .iou .711 uw 0 
t ho ~e * for LoUe;IoAi~liv0ortOC. pAX:orX0. .ICrO-t111', 
iZ cY~~hLu it ic h of tio ,ozxa'L of DLirctlors 

;,ill. thomc~ti~. yCS ,er;iLt i. all tiue:i .z,01fl2lotc 
cc.'e. cho0LujLL Of ti"o10r oxf doliv.'o:A0 of call 

13 1..1.c1~ cl. ~c :i~ ho' "'.xiLLOo m"eoirio t~o IbOI-co'i1caO L",.ily OIionUtioll Of C111 ctVal td'U'I'"'-610 

dolive:0ioz of XCC2O.xo 1-at-odred. 

A ini; cLIaa o be hiold -,,-o:L,'ly r"ftozI th10 firsot Of the yevx 

Arll :h'volvo Zd.l CJe: I L .. uu. Pwaco s&clir~ionorhobloni 
jl:.ti o irri!V'V ion Will be -Li~I~ inlIOrjorwoO j.-1 riLe 

officicncy cU'"Lz ~o~iwtnOf ;.JIl 'concm.e1. Control of lv .1 0" 

O o voflt orJ to Ebho system will b~o vzily emp2wnsizodo 

±)eelo Ofro. fifocludVO control 1-i.amtor'. C.Id C) 1 0AIQ to a acuto 

thoem are a IiLro :00eo'101oiii±uy ' f' thc DIXId Of .iCctOIr~s 

http:concm.e1


I PROPOED P20201	 1 ;iiOUD8.0' 	 Is3-4xiiT 

-I 	 8.1 Form of Auilinistra'aion
 

VAdiiistration of the
fl 	 ubreui irri'tion projeot will be aooomp

lished by mov s,of . lo, lly co.ntitutod Irri tion istrict 
(coo0e1'rtive orc',Uization). At Ue of this initin- (Deo. 1, 1976)t tir.O 
the for:.'mtion of this Xriz:ion fiztict is 	 herojoct" 
area inclu1.es 22 haiiit tions ouch of which ,ill evow' ually La 
'opezasotou). by mn a-'icu.c1 j:,'ou, iilly, all 3a'ou.,s seleoted. 
: CO-o &O'4 f ii0'L.th:ion1s will form tho 0asis 
for er.tablishin,. the ubrouil Irri;-Ation Distraiot. These paatiuLicJa
 
habitations wero selected becLauzo of their social and oconomicI influe:,co i t"e r".'ojoct; alo'e cnd their pro:"iuity to secondary ccutla. 
(=eo P.anohe 8.1-i ). These Lyoups will each hz.vo selected officers 

* 	 who ill "0 responsible for' 1:iiiIistoring project activities within 

their habita'tion -- Dirtriot Theyccordin., to policy. rill also 
influence aoc,eptD'xice of responsibilities for system maintenance and 

I 	 repair in vdjweoen't habitations in which 110 4-Ticultural Zroup 
exists but which are tara-etod for oventuial or, jization. 
o dat, the formation of agrioultural goup ha been aooomp

lishod in 5 of the 	11 habitations. P'easidents of these Crooups are 
autozmtioally members of thea Dubreuil Irrigation -District and are 
oli-ible to be elected to office in that orgonizELtion. 

Tho Irrigation District will be responsibie for adriniotering all 
.ctivities associated with ma senient, mvintenlalce and repair of 
the irrigation system; however, it was reoO8isod bY'Haitian and 

4 
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MeS OoMnMt 7ePreentativeu that technioal finanolal and
 
fir-'icial and material support would be required during the
Jj formation RtaUs of the District and Well into its later
 
operations until ouoh time that enough experienoe has been
 
gained to enable it to function on its own, Such a staff 
was appointed ty DARDR on June 28, 1976.
 

I! 8,2 Selection of Administrative Staff 

Since rehabilitation involving engineering and organizational
 

Iactivities were to be carried out simultaneously, DARNDR
 
officials (Damiens) assigned 17 Haitian professionals and
 
technicians to.the Dibrev-il Rehabilitation Project (see 
Planche 8.2-1). Those assigned are presently gaining experience 
in rehabilitation activities which they will be in a position 
to pass on to the Irrigation District Board of Directors once 
it is established. So in effect, he Irrigati^n Distriot should 
begin to phase in on taking over administrtio responsibilities
 
of the actual rehabilitation work as well as management of
 
completed sections of the system lbr May 15, 1976. Correspondingly 
DARNDR personnel assigned to the project will begin to phase[! out
 
of projeot. aotivities, With the experience gained at Dhbreuil'
 
these people will be available for asumption of greater responsibility[I on similar rehabilitation projects. 

rF 



FLU=A 'IMaLOPSMT 

CAYES ARICULTUSAL DISTRICT 

Pot-uPrince 28 Juno, 1916 

CIRCULAR LETTR 

In order to start the work for the Dubreuil rehabilitation project 

and after discussion with 	the General Directorg the Director of 

the ]Division of Natural Resources and the AID Offioialso the 

officers whose names are listed belows are assigned temporary 

full-time, or part-tiwo to said project while the General Director 
will make definite assignmentse These measures are effective 
with publication of said circular letter: 

NA14ES DUTIES NM PERCen4TAGE 

DUTIES OF ASSIGNOT 

Agro Xam Mondesir 	 In charge of Supervisor 90 

the Distriat of the program 

Xro William Timor 	 Administrator Administrator 50 
EDAPS 

Mro Luporcio Gregoire 	 Warehouse-keepor Warehouoe-keeper 50% 
WFP 

"T~ 



0 Weo ovw xile 

]h. Smith Adonis 

?4r* William Claude 

)M'o Joan Monet Lafranohe 

Khe Fritz Regis 

Mr- Nerv, Cassion 

szbe Josephi Mentor 

Mr. Guillaum Josapht 

A Ch n. oit4 oJoaen 

Ing* Jos6 Barthelemy 

Ing* Philippe LAgo 

Ing- Raoul Pierre-Louis 

PAY-Clerkc South PQ%-Clerk 
zone 

Typist TYPist to be 
asi..ned 

xeohanio Neohanio to 

be assilpaed 
Irrigation Controller 

Controller 

Synic Syndic 

Driver 

Acrioultural Agriou.1tural 
E ptensioniot Extensionist 
Motivator Motivator 

Ailtural xtentionist 

Ectentioniet 

Topogpher Tographer 

gronomy Aronor 

Rural. Rural 

Engneering EngJineering 

Rural r Rural 

EnJoineering Eni.neering 

Rural 

ngineering 

Coo1rinatoa 8ovth 

. 

50A 

25A
 

100% 

100% 

50e 
50% 

50% 

00% 

100%. 

50% 

100% 

100% 

s v 
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frorli i. WUGI OWO GAL)-/1ai'ki cvL-iut oil Auzt 12l 1976. A atibcoquant 
depogit of Title I HIo.itiwu- Governm~ent contribution of V^100,000 

onL'uled accolcei-ation of trio projoct activitioes. B3oth Of t1e000 

fuind are kotl t in the DLubreuil Loiv.bilitcation Accotuit at trie 

.:~t1OkiE.1 ~of tho 2publio of' Uaiti (-D-7.61) located at 41ux OCayou. 

Atl the oui-cii-vt :-ctc of apondi~v; Clos~e funds iill be e h~-arstd b.y 

late April 1977.
 

Onice triO'~~lt.if of the 1phyrijal fAtC'uxo:3 of tLhe irrii-voion 
v-yotCo m ~ 3~ co, wletod, tlio Ivl-'ation flistrict will be 

Z'e~po~nn ol. .)orxOaTailn maiitnm-rico costas'E2jovidi.' uaid 

M2anche 8.3-1). To Iuild * Lo roquiva OpA.in;uits 

~VL1i,*;.c A.l. .. 1(3JC ill tlO ;IumJo o'(Ji~..'j2h~i'A. 

".Azric~'I~i,.- i)rouil" (coo Planohe 8,3-2). Cui ujw 11, 

)$6, it p~'opzcd.to az~ci of a:oil tur 1 load~'3v thll. group 

P.1"~ OLC.I .. fl' O 16111Diot0ic'u L.CuoV" 1..t :.1u. '2tr Ila ai Vcd up-onl 
~ Dm0 uj.;z 12,197, thuDo i-wzwacice hars berm, ObiuorvodI .v-owltimn 

4z.t.aOi'IIific-;1it ac.OunuLtio:i of opor.',tin- cwtia1. Therso I-Lnd ccn 
'I,ouav.oC. iztil tUho .. ir~ iccor.ioc legal entity. 

Iia 
f 

http:p~'opzcd.to
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PLAI~u 843-1 

ESTIIAT-D AiDMUAL 0FIEiAd~OL :S ANTD iTIA CO81S 

01oration; ::: :oduBar) 

1I~iTaa (Gu,.xdion LUBl=') 240 1200 
2synaio (Ac ocno 720 3600 

1 MC JO.cI.iVo Saoa'otn~.y 1200 6000 

I~ei.~h 1000(:atiw~~)200 

L-"bor (:dan l ouvro) 100 500 
1r.i.z± 0O-ual &wd.Soooridvxies 240 1200 

Labor 300 1500. 

011,CLi*c 1000 5000 
Other 100 '30 

T'otal 41700 103500 

l owevor, it j reo-co~Loo that onie doay thi.- coitrcc of' iacoro for thoIIDiritiat will To et.)1trflcocuo. a coritLii-uinl" sourco Of fvLuILd. to covor 

o~o~ao. il, pro.ozo At the11 ~d~.1J~O.LCOcoos -, h,.;o caii thl JirtiOt 

be;.tozo. to rucr-, taxes acbrditor11"Abt:~ collct cuid those 

ftuw"du for ciuch mu-nocou. To dato Deoeznbor .1, 1976, thic procoduro Ihan 

uot Laii pt il'oo ofoct 



j .. of"o'.4..Ii."ir
 

.. z'n~ 2XDa'oui~l n ytorm, 'a condir>Lbiit.tonof tao iriyi 

C'.1to;LOT.Ouc C00.OrX.tiVc is 'LOil'. k~'.Locloi<,-od uLioj.,,, the o r vov~o to 

UfQti:0 ovor the laa",~~1.c. UILI 1aiz.L.Oll*hco Of 'Iilo cyotorm. 

II 
 ~o~ o~c~tvo
'2i.O -)brcilLr~ ie~rit (II))CL-1 '0e 10-al).y 

coi-.;~ca ~m~cr oiti .1c4 Lltho'.z3 ote r ziolls Ilo' ". 

oodaot :cinor. di-Ivict.jeoX1:,ricicc irrviv~i 

Jr'. Y~..noois3 i~uvwlicr, 'VhI zoLCiilt for Al1 irLri'.-Ationl 

-XIrLoollc~l L:.iir cai v~uthorizo Uho i'or.i..,tiol of '. cor.-i-awli'v-01olw0 

irri...4bioli dii.;ict. TheC !)IIX will ii-ve its oai ch;-x.rter aza evolitucaly 

co:pIr~o 1l of Jv-'Lo u:traiu i-hin the 1)istr--*ot.'

.1e01 r-V~i~i1 r~i;~n or the -v'roposod iDubrecuil Irrication, 

icitrict" Cooperative j i bob;;.r 

Ii iBo;.d of Dire ctorus 
15 - 25 m.ranbarz wituh coectad 6i1niirrhuul 

and eployed e:.ooutive secretary-

Sccotioil Soctionl Section 
Ilade iip of one 

LlOrO liabitatioiis 
sarvodl by sooondaa'y canals 

'Iior 

11The project twor. is dividedl iuto 22 habitationas For projectb purposec, 

the urea io divided up into 11 aeotions, each ooritaining one or more 

':51
 

vt' ' 
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habitations. Groups are being formed in these seotiolls at the
 
present time with 5 completed as of Decormber 1, 1976. Each g-roup
 
elects a g&roup chairman and officers. The chairmn (president) 
roproesnts water users in his section on the Board of Directors of
 
the DIDO.
 

The procedure being followed is the establishment of a core Croup 
in each of the eleven sections. Theoe croups are being formed us 
individual cooperativs arAd fully oriented prior to formition of a 

Foder, tod Irrigation .hi.strict Cooperative. Dasic economic culd 
coi-n.uity improver.,ent incoitives suoh aos maintenance of colnfon 
botuidary oqaials, marketin; md purchasinig, crop storate, and training 
in iproved pructiocs will provide the cohesiveness Lmd continued 
intorcst necossiay to maintain pi.ember p&rtioipation. These incentivos 

will also attract eventual voluntAry pcrticipation of all water users 
in eacl section. 

An uneven niflber of persons should be maintained on the !loaxd of 
Di-eoctoro. ChAirmen of &gricult u'al-. roups representing the vz'ious 

sections should compirise a mjority of the flooad members. One 
meibor of ecch reli ous denominw.tion within the project -rea ond 
the istrict AfyT ono:ae (Director) or his designated representative 
should also serve on the Board oC Directors as ex-offioio members 
with normally no vote. Ilowevor, 'u the event that an action is taken 
by the .3oord which is clearly against eotablished policy or project 
objectives ,. simple majority vote t.ken among the ex-offioio members 

will s, 've -'- veto the action. 

i .t
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SDovelopment of Poicy
 

National policy ugoverning irrigation district cooperatives authority 

and operation will prevail. Dfl')i persomel wosigned to the Dubrouil 

Rlehabilitation Project will assist the District w.rith development 

of aid approbat.ion by DLdJDIR (at D.ions) of a lel charter. All 
other internal policy matters including dovolopmont of by-laws Laid 

speoifyin. rospolisibilities of various officers and conmittees 
within th orwAization will be Liotermined 'y the Docxd of Directors[i of tho Irri Dilo"-io' 'tioni 

Autho',ity nocesoaxy for a successful oporation should be dele'jatod 

I .0tothe Irrigaion District. This authority should inolud-e (but not 
be limited to the olloiin)" 

- -Establish 'a udget and determine water charges noconoary 

to moot the bud!t. 

- D'zce ais'uroonts c±d kee detailed records of all financial 

transaotios. 

- Eploy. necessary personnel and terminate employmont as 

required.
 

- Establish and control water allotments to all users. 

- Operation wd maintenance ot the Dubreuil irrigation system. 

- Acquire, store, Lnd maintain materials and equipment required 

by the Districot. 

-- Determine the privileeo (voting, etc.) and responsibilities 

(rmaiitonirco of certain otaials, etc.) of water users* 

/.L
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}Valuuto and ropocrt proLero8 fuidprbes 

J Ic-Ltcr Ohar,',es 00lleotcd LY the -DIDC shiould Lo dopoasitod in U 
accoiint of thlo CO:;o rativo in the aidl i 

Thei Dopw-trment of ASyiulu:.e -,ill 1)rovidoa tochi ,411 asvistanco, 
thro'.~o~io~vhc.~ ~ J1ii210ers3), to 

the COOPOrzitivo wi t.o £arrnoro *he.eoin. It ic desirz-bla for t0ho 
flhiC W.d tho 1)ep, l'tuicnr Of 24 riculiuLro odvlp cia 

Sof Uiie-'z ~i~coU-1ilc'i" thiD "_003L.1o-1.0 almiztJui.11O 

'2ho DI..C m.cVy, ~r hthe ~mto3 of A rioulturo, contraot with 
tho Govoi-ninet of :iLiti for rxajor n;aintonnuco itc!;io or conotrtiotion 
projoctol or JIZLVO suchl work do.-L lu7 c02u.vcidll Co.ItroXLtor13. 

j Irlmo~to~',of Policy 

Tho flovrd of .hiroctolo will employ -in executive aaci'ot~ly who will 
±ipiomit poJ.icios orr'alliohod buy %t-hri'3ooxa, Ioop minutoo of Boardr 

mootiu~o, end noticoz; of wc av i'o to usorz, Xrocoivo C'id disburojCooroi.:..tivo fun'Wda zc.d 'maintainl dettilecl LillroconAs Of fillwicial 

[ trc-.:sctV'ioii, aa-d -ju-:o~cViS0 V.11 otheIr erlplOY0103 th10 DOLUrd.Of 11o will 
aloo o roopnoibl ^or roporti1- bijo~rict ot:..tus to Dj 1)." throu,h 
its Airx (hyors offico. 

A S ,,dio (chof) will '_-a r:oloctca )y Ila Boctra ')f Diroctors fromn C 
lijt Of uliodUL didvatoso upJplioa by be)-pu-tmont of A,,,-iocult uro. 
12,o Sylidic shual aiostribute watear aucorainli to the1 Lilloti-Clilts 

ootcoalisi iv~d ~ the fl3oard of iDireot oro. A duin-Lwaodr, dit oht4oldora, 
or othar poroono may ",o emnployod by the 2loard as noodod. 



IIThor. are Crave kinda forOf water usoro in tile D~~:tanmorss 
irrition ~o~zr~a'i nterr;iooo, for procoasing,; and dornotia 

1113o1, who11have lo:1a thaam 0.1 hc.tLZ.*j Of lan"d, 0atoxcharges ahould 
be mmlo on a voluno bozsio; tilct is, par cubic 1,actor of WLIto. ruOV,.IIWator chi r,,co wouldI bo niado to ouch fitxaor cacoorain,3 to the liect,,xoa 
thazt holiey.t Caut -to Cachi Comm~orcial. Ont riprue on the basio1!~' ii~o ~ ot ro f :. or sed hus o ldis with, loss thmi 0.1 Iioctiao 

lOf wV1(1Iolld b;C Cll;i,'Oa Cat :eaiu.l'ato Of 0.1 hac0ta)ro Of idci 
or 11,150 cuibic lactors of ;ial.;o, Lis would provide m~pa wwtor for
'Ioz..0;w.tiO U30, ii.-Ii-to livcuiit.ock- u.se, zait a smiall Caa'den. 

I F1or' annual rcotjiii:.c. oi- -oiioa.al mctn~of all !)u m~ombcz's, oach 
Carrer with 0.1-2.0 lioc~xcs of lwicd and, uvah cojamirital eQtrrrice

i.VO vo-UO ~~ 'ac co~ilcciia- the section oz- I)I.)C. 
* .oud h onou in

jDu.-c~i fY~xmor with 2.1-10.0 ioctaxo of' lidit 'aowowould h votoe. 
E.x.h hotxsocholdI '.ith 1(,L) thwn

f 0.1 hcct.:-ac.L To.0( ha.vo 0.1 Vote. 

LOaofits f7rom C.10 DeD 

The ~oil Ia'i*-ton *aisrict 'JoupOratiVo can iiand filouldI smrv 

as AhToa"l 1h1oint fox- ycI~~, .velopl.,10111t an well "-improved 

i:L'Vi;L'tion in 1ho,rOuLIi1 CXOe. With oxpevioiceob&bcanod in. tho 

toaclerL a'c0~t~a dovelIo,-nent in flaiti. 

11ho1Car p l.i'd has *0.'lIUtslly Lao'.l i c~1ooiditioiifo iliton
aoi.,' . ~ic-LtI-Li :m'e T.hoe incluale noaxly level soilo of ooa r~aiti 

cpp o.:imitelyIa. 2O0cra (79 iiiloh.eoj) of r41 anniuiually(dyCao 
1e. U01)~~ a c.:i)andabwwid t ity irri. it:o r y seaso 

vari tybo orownczbill hes ow wide1 

- A? 

~.....4
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in a..pit ofOt't e 31tura v~; , ouront crop yolds aO low 

ill he Co-' pl1Adn, althou :h it i.-vory difficult "o ob ain. 
c i'tiative 'irId dc~.~c (coo ouri,'tt' crop yield ostimna:m iu -he 

foll .in-t .bl1). Curront nwmore prLotic ')L plwitt oocnoorin ' 

ropulation1, c"op v..xictieo, ,tiliat ion. till.,Ljo ot control, 
tiuollnecs, vnd i'zition zwe muoh lolow what they sl'v.d 1): on 
.,ozt farms. They w'n o:oily bo ii,;'ovod ..L'd mhould bo to incroarm 

profit auid food .,"odution. 

2stiraed avdrage orop yields per heotare under thiee 

f n, _.',ent in Vic 1lhoUil Unhlcvol.-'levls of -.11 .,-ant hb~i r1i;.'o Dic~riot 

*,'t.,4.'..'Aj;,oU% e e 

Crop Unit Current Icdium ocLoratoly 

Sugar 0ane ton 40 70 90 

I.Ianioo kc 5,000 7,500 9,'000 
Suot potato 4,000I 7,500 10,000 

Rico (ru dZy) k 1,600 2,600 3,300 
Corn ]c;: 1,200 2,200 2,900 

Sor.auAi 11100 2,000 2,600 

S,0c0* 1,600 2,000 

r-.650 1,200 1,600 
Cotton lint kSc 300 550 700 

or nio ooybl)m { e oo imatod* Vory littlo axn wro A 

y/ield tucdox. ocurrent mlim'eion t.o 

_ '',..,
.," , -. , . . . : ,
,.._____ , _._.. _,, __.____., _._._.,_________ 



Crop Yields oau be groatly inorased in the Cayem plain if improved 
management practices are introduced by DIDC and followed by the
 
farmers. On the basis of available information from Haiti, Puerto
 
Rioo, and Costa Rio&, projected crop yield estimates are given in
 
the table for a medium level of management and for a moderately
 
hhlevel of management. Under an AeGesive program, a medium
 

level of management should inorease crop yields approximately 75%
abovGe nt%levels within 3 -to5 years. Within 5 to lOyear., 

crop yields could be increased another 50%if a moderately high
 
level of management practices were followed. Although the improved
 
management practices require some increased costs, such as better
 
seeds and more fertilizer, the net profit should increase mugh more
 
than the inoreased input.
 

The projeoted orop yields under even 
the moderately high level of
 
management are very modest, and 
can readily be further increased. 

For example, the projected corn and sorghum yields under a moderately
high love. manacement are only one-half or less of the yields
 
ourrentl obtained in major areas where these 
 wo crops are produced
 

regularly.
 

Intensive multiple oropping is another implov4 practice which should
 
be utilized much 
 mere fully on areas that ar not growing lonu.u
 
duration orope 
 such as sugar cane and manioo. With proper irrigation, 

which is especially important during the dry season# three short
rduration crops (eau 90 to 120 days) can and should be grown annually.


Two examples of such intonsive multiple cropping systems 
are as followas 

S*''' . /'p '"'h', >:;: . , *, ./* '4L -'4.44.,:,! 4 :;";' : *:*.'j! . ,t .5 ; ' < 2 
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III roPping Growin g griod 
seauenoe Deo.-Maro. Apr.-uly Aug.-Nov. 

A Beans Rice Sweet potatoes 

B Soybeans Corn Sorghum 

I 	 These and many other short-duration Orops could be grown in other 

sequences annually. For example, many vegetables (such as shallot, 

onion, craq eggplant, pepper, tomato, and cucunber) could be 
substituted for any of the six crops listed in sequences A and Be 

Crops such as corn, sorghum, and rice, which need high nitrogenIlevels 1 should follow legumes (such as beans, peanuts, or soybeans) 
where this is possible, legumes should be inoculated with the proper 

bacteria in order to produce maximum nitrogen# and thereby increase 

yields and correspondingly reduce nitrogen fertilizer coots. 

Soybeans is a crop 	which should be introduced and grown in adapted 

areas in Haiti, such as in the Cayes plain. Soybeans would fit 

very well into the 	intensive multiple cropping systems on produotive, 

nearly level soils. Processed soybeans produ c an edible oil that is 

one of the major imports to Haiti and a high protein meal that is
 

valuable for human food and livestock feed. Although rural incomes 
are extremely low in Haitiq the peasant spent as much as 20% of his 

cash income for soybean oil, and other edible oil during the early 

1970's, according to estimates by the United States Department of 

I 	 Agriculture. Adapted varieties of soybeans produce more oil and 

protein per heotare than do peanuts. 

With improved irrigation and other management' praotices in the Dulrouil 

Irrigation District, net crop income could easily increase twice an 

much or more than the crop' ield increases und the modim and 

A ' " ... " " .. • '. ,v 



1dmewately high levels of man&gent. 
Those inozr'aes in net inoom 
Wuld muikedlY imPz'oVe living standar'ds and I-emit the DIDO to 
collect sufficient water ohargeg to maintain and improve -the frz. 
gation System. 

j8.5StaeP Necessary to Create New Organization 

The following outline indicates the goals involved in the rehabili

tation of the Dubreuil Irrigation Plojeot and the steps neoessary
 
to reach these goal.: 

, L 
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AIXZ: Form an Irrigation District with the farmers using the 
Dubreuil system and who will be able to: 

1.- Rehabilitate the aotual system.
2.- Repairs, maintenance and smooth operation of this 

system. 

RGAI4IZATION PROCSS
 

[I I.-	 Orientation of DAHiU)L persolmel assigned to Dubreuil 
project.Ui 
 II.- Identification of existing agricultural cooperative
 

Groups, of group leaders axd chief of groups in the
I! Irrigated area.
 

III.- Choice of methods and 	ways to apply them. 

* IV.- Orientation of leader and chief of groups as for:
 
A) reasons of the existing project 
B) responsibilities for -he organization of the Irrigation 

-District.
 

V.- Groups training: 

A) what is the Dubreuil project
 
B) responsibilities for the organization of the Irrigation
 

a) Government responsibilities
 

b) responsibilities of local people
 
c) economic analysis of project benefits
 
d) social analysis of project benefits
 

VI.- Organization of Dubreuil Irrigation District:
 

A) Oreanize groups with special interests
 
-. 
 B) Seminar of orientation for the representatives of the
 

different groups.
 

........ ....
.... . 



C) Seminar of Planifioation to formulate a o-ar't and
 
rules to administer the Irrigation Distrio. 

1.- Election of temporary adinistration comittee to prepare 
the election of a permlanont administration comittee. 

2.- Formation of work comittoe
 

Re3.-Rcports preparation 
 approbation of reports concerning 

the chart and rules to administer the Irrigation District.
D) Approbation of the i) concerning the chart and rules to 

adinister the Irrigation *istrict. 

E) Y'eeting for members of all groups and the people usintg the 
system for:
 

a) approval of chart and rules 
b) election of the member of the permanent admiuistration 

comittee.
 

VII.- Technical staff and education of groups by the extension service 
for:
 
") 
opertion, maintenance end administration of the system
 
B) application of improved methods of culture.
 

* At this point a plan should be made for the oreation and
 
formation of teams.
 

'.4
 

.-..
 



8o51 Current Status of Organization 

Planohe 8.51-1 shows graphioally progress expected proj oted through 

July 1977. Failure to receive planned numbers of personnel to 

expedite formation of groups will delay the election of temporary 

offioers of the Irrigation Distriot possibly until late February. 

Also this will delay formation of committees. Plans of work for 

organization and engineering have been completed. Leaders have been 

identified; Ert. methods have been selected (see Planohe 8.51-2); 
and orientation of leaders is continuing and will possibly be extended 

one additional month. Preliminary discussion meetings have been 
hold concerning development of a charter for the Irrigation District. 

Five groups have been formed by December 1, 1976. Eleven are 

targeted for organization prior to holding the first organizational 

meeting involved in formation of the District. 
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8.62 Pojections of Atonan for orgaisation 

IUnder Artiole 152, Code Rural., Dr. Pranoois Duvaler, the Department 
of igrioulture (DAR) has the responsibility for all irrigation 
yotem and oan authorize the formation of an Irrigation District
 

inder its superviuion. To approach an autonomous state, he rri

gation District would necessarily have to have the authority to 
determine, assesS and collect water taxes. It would need to have 
the authority to employ and compensate personnel; establish a
 
budget; make disbursements; be responsible completely for operating
 
and managing the system; and to develop policy as well as privileges, 
and responsibilities of water users. It is questionable whether
 
oomplet 
 autononqr is desireable. The Code Rurale provide strong 
goi nment backing and support for a fledgling Irrigation Distrio. 
However, it is very desireable that the Distriot be authorized to 
assess and colleot taxes form water users and then to budget and
dispense these revenues aooording to looally reoognized requirements* 
Government g idan-e and technical support is d6sireable; however, 
day to day management of the system should Is plaoed in the hands 
of the people of DuXbreuile 

,6IS 4,4 
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•zwu 8.51-2 

DUiFMEIL 1XEllAILITATIOJ PROJECT 

EXTENSION 1,1,IAoUS FOR INITIIATIOj OF PR.OJ 

I 	 Individual Visits (Community Leaders): 

Aim: 	 - Become acquainted with an establish good relation with leaders.
 

- Obtain information on 	oorlmiuity problems 
- Provide information about the rehabilitation project 

- Plan and aa'range meetings 
- Train leaders 

11 	 M:etings (.:emrbers of existing groups or groups being formed): 

Aim: 	 - Provide information on project 

- Encourza:;e exchange of ideas 

- Obtain information 

- 1:omote the participation of everyone in carrying out the project. 

l Excursion (to Chalette and Iwelsh): 

Ir Aim: - To lot the Dubreuil know the good results obtained at ChalotteI and Welsh on small irriGation systems constructed by EDAPS 
and fDiUDR. 

- Dcourage an exchange 	of ideas between the group members at 

halette and elsh and those of Dubreuil. 

- Permit the group members from Dubreuil to widen their field 

of experience and encourage them to take action. 

IV 	 Radio: 

[ Aim: 	 Roach all farmers in Dubreuil to give them information on the 

project. The weekly program "Flambeau Paysan" of the Cayes 

Aarioultural District rill be used. " 

. ;,
 

; ,: i .	 . . '
 

4,.' s.r 



8.6 Sooio Economic Survey 

Prior to the stvrt of the .,ohabilitation of the Dtbrovil irrigation 

projeoct, little .a mow.a concor-in the Social anL eoonoraio status 
of the people living in the project crea. It was recoenised by 

DA Dcuid J.G. Wite that in order to develop sooivl. ad economic 

activities ialutod to the masn.emont wid iintenanco of the ro

habilitated sy:tor. L thoroug'h midevotsmding of hsocio-oconoro 
st'atuo of oople living in the pr.ojoct are had to ho established. 

On Au(v.Dt 24, 1976, it wa1 jointly decieod 1o deovolop suuch C 
s1"'vcy. A cuc2tiox.aire was aesi;ood, approved, nd the study 
wI'.s initiated by a six men tca'r.. Field invotigation s roquircl.
approu:iratoly 6 wes 2nd enalyois of the infor-mation 1; 

copleted flCceLur 2, 1976 by A orome Chrit6 Joau who is 

.z:ilcd to the ubrcuil project. 2 esults of this study aro 

shoiai in 1)oovuent 8.6-1. 

04" 
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' ,MBREUIL ,ABMILITATION PROJECT : 

Z.- General 

IX.- Project Area 

Z.- Work Plan . 

1 ) Population 

1.1 Age 

1. 2 Matrimonial conditions 

1.3 Family chargesS2) Land Tenure
 

2.1 Total area in used 

2.2 Total area irrigated
 

2.3 Total area without irrigation 

2. 4 Size and number uo farms 

2.5 Current land used 

- leased land 

- Metayage
 
- Owner 

3) gric lture 

3.1 Activities in the area 
3.2 Principal crops 

3.3 Croping calendar 

3.4 Financial and technical aid 

3.5 Work I4-organization 

4) Breading
 

5) Recommendations and conclusions 



# 	 The Dubreuil reheibilitation Project undertaken by the J. G. White
 

Engineering Copuration in cooperation with the Haitian Govemeont
j~.
nd financd by USID was started in ayes Plain at the beginning 

of August. 

In 	the pest mot of the infrastucturewas built such as the
 

diversion Dam on the Acul River upstream of Duels, and the Main 

Canal, but there were prctically no laterals constructed, making 

the Systems less than fully operational. 

The ems of this proje t are very precise: - Rehabilitation of the 

Dam and the deteriorated main canal, construction of additional 

In other words to set up an adequate and operational
latels 

irrigation systems
 

In the mean time the Agriculture Section started an agricultural 

survey in the area which will be served by of sustean the first 

stage of its program. 

11)] PROJECT AREA
 

The aot hisprojecximately 2,300 he (see Soils Mapt,and has 

see NE Benser 1972) n average of 0.2hi nhabitant.9,3a inhabitants, 

le. - A list of the farms, population irrigable area in each of them 

is contained within the nterim Report. 

Tin hsurvey was made in August- September s9a n 0 ofthoul 

-1, . iJt i coe wi h n t ePne i5eo t'rA.iso, fthefa-ss.ansummary, 	 ulanto tisria aan cot 

V 
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A.- IDENTIFICATION OF'THE FARMERS 

Al 1.1 Age 

Age No of 
Farmers 

Category 

0 - 20 3 0.3 Very young 

i 
21 - 40 

|
315 34.1 Young 

41 -60 423 45.3 Old 

61 -80 186 19.5 Very old 

81 -100 8 0.8 Very old 

TOTAL 935 100 

1.2 Matrimonial Conditions 

Matrimonial Number of 
Conditions* People OA 

Maried 225 29.6 

Common Law 
Ma iage 430 46.9 

Widowers 25 2.8 

Bachelors 195 20.8 

TOA * 93510 lop i 



. -.j~ 

-
r. -2 L D TENURE 

Agricultural development has been held up by the fragmentation ofland. The parcels are veryasml, from 0.5 to 1 ha. 
the 

They are not 
only very small but frequently not close to each other. The farmer usually.Occupies several small tracts of (o.25 to 0.50) located in different
Aplaces
perhaps even in different'habitations.
 

p These small tracts may be of different origin:

a) Land of a property which comes from inheritance or sale.
 
b) Leased lend.'
 

c) Metayage. 

2.1- The farmer may be, owner, leaseholder or "Metayer". 

2.13- Total land used: 
963-61 he (an average of 1:03 ha/farmer) 

2.2- Sizeand number offarms 

Size of farms No. of farms 
Farms of 0.50 carreau . 71.08 

• 

:• 

Farms of o.50 to 0.99 
269[ 17.219careau 

: Farms of 1 to 1.49 : 
- carreau

!J 127 : 8.13Fems of 1.
s to 2:.. 

.... i
 

so :carreaux
. to 36 2.30 

Farms of more than 2 
.2.,, Io2 

, V&. IM 
 16.
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2.3 	 Total area irrigated 

(ha) 270.16 .................... 2B% 

2.4 Total area without irrigation 

(ha) 693.46 ................... 72
 

2.5 Current land used 

leased land ....... (ha) 57.48 ................... 5. 96%
 

metayage ......... (ha) 167.45 ................... 17.38%
 
owner........ ... (ha) 738.......... ... .*,.... 76.66%.
 

The size of the farms is generally very small and the introduction of 
better crop production is particularly difficult. The vulgarisation, 

the credit and buying the inputs can be applied only through agricultural 

groups. Formation and extension of development is indicated if this 

will help in grouping the land and developing a cooperative spirit
 

among small farmers. 

Because of farming condition, land may not belong to the person working 

on it, the grouping of land 	is difficult in the matayage and leasing
 

system. 

111-3 AGRICULTURE 

The main agricultural problem is the lack of irrigation. Even a good 

credit program may be unsuccessful without this factor of production. 

Fertilizers, chemicals, imported seeds, must be used carefully where 

there is no irrigation. Prices of inputs are more than double, which
 
is heavy for the farmer., That is why the farmer have difficulties to 

reimburse the loans after planting of corn and beans. . 

".. 

VI'M V!.. 	 !P A, 



during long droughts where precipitation is scarce and irregular, it 

is not worth using total input regularly. 

3.1 Area Activities 

During the survey on 935 persons questioned, 880 (95%) do fan work 
and the rest have other activities such as handicrafts, peddling etc.,
 

however the economy of" this area is essentially based on agriculture. 

3.2 Principal Crops 

Two (2) crops - seasonal crops- are dominant in the area. Corn and 
Sorgho. Red beans comes in second because it requires special 
conditions. 
Sweet potatoes, manioc, tayo are in association as an
 
insurance crop for local consumption. 

3.3 Crops Calendar 

Several types of local corn are used for the 1st season February - March 
to July August. 
Sorgho comes in second seaspn August - September to 
January - February immediately after the corn. 

Red beans are cultivated during the rainy season. 

.. . . ':.. ."-. ./:. ? ' ., ' ::i ,. :,; .:,,, ? ;.., tLz4,,:.•' . .4 
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3.4 Technical and Financial Aid 

Credit: For 10 years IDAI has had a program of agricultural credit 

ta help the small producer and also for development of agriculture

in the area. Some farmers in order to obtain a loan 
individually
 
sign a contract for the corn and bean planting which will be
 
reimbursed after harvesting the crop.
 

Introducing new Species
 

The introduction of the nev species of hybrid corn, Pioneer X 304 B 
-

X 304 A (3 months) and using a new cropping system with a good season,
 
should have such results that will create an optimistic climate for


Ii. the small farmers. 

Cultural Practices
 

G ,enerally The tools used -in spite
cultural practices are rather poor.

of efforts made by IDAI  are the hoe, the machete and the serpette.

It Only 17% of the farmers out of 88 which received financial aid from
 
IDAI, used the plough, pulled by animal, traction.
 

It 3.5 Work Organization
 

The agricultural work is organized differently depending of the plan
tation. 
On the small tracts of 1/6 to 2AS of carreau, the farmer 
uses family labor. On larger surface he uses paid labor. 

Theorically a laborer works 5 hours per day but actually the work day
 
iI! lasts only 4 hours from 7 AM to 11 AM. 
Cost of labor varies between 

$ 0.30 and 6 0.40 per day depending of the season. In the area were 
rice is cultivated, like Mass6 and Tor4edk wages reache$ 0.50.per
 
day. Sometimes the laborer comes bad 
in the afternoon and works 

141, 
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from 2:30 to 5 PM, in this case he then:receives half of the wage 

mentioned above. 

3.6 Cost of Crops 

Cost of crops varies dependin7, of the period of the year and climate. 
UnWile the cost of corn by cortainz~r. (marmite) W'as$ k.3 5.in.Noveber in 
BDerult and Bols Landry area, the price was double 3 months later. 

After long dryness with the lad of crops the prices go up and usually 

the Govemment has to intervene. 

In the Durs mailco where the majority of crops is sold the folloving 

prices wore reported during the month of Septembor. 

Corn... . . . . . . . . . . . . . S 0.60 

Red beans ........... 1.00
 

Black beans ............ 1.10
 

Rice hulled (local typo). . . . . . 1.2M 

Sorgho unhullod (assiette) . . . . . 0.35 

Egg (unit) . . . . . . . . . . . . . 0.05 

Beefk#. . . . . . . . . . . . . . . 1.00 

Pricos incrcaso 

Price; icicreses, of agriculture products are obvious. Although cost for 
production is high, because of high cost of inputs end labor but the 

benefits from praouction.are :obviou..: , . 
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 hen comparing losses and benefits for these two years we will note 
that direct benefits in 1978 were higher than 1972. This is because 
the increase of price for the beans was higher than the ratio of 
inputs and labor for the period. 

The income per one gourde of investment respectively 2.5 and 2.4. 

UYIELD FOR SOME CROPS 

Crops Traditional cultural Improved cultural 
practices per kg/ha practices per kg/ha 

Corn 800 3000
 

Rice 1200 
 2500
 

Beans 
 700 
 1200
 

Sorgho 750 2000
 

-I 111.4 CATTLE 

The agricultural practices, of raising cattle are based on tradition.


IThere is no specific grazing area and the animal is attached with
 
a rope to a picket.
 

'The survey indicates that there are:
 

Donkeys .... . . .. . . . 1,142 

Goats . . . . . . . . . . . .... 376
 
Fowl . ............ 4,460
 

Hogs . . . . . . . . . .. .. 1,738 
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111.5 RECOMDENDATIONS AND CONCL.USIONS 

A community development project to be successful must have as principal 
aim the socio-economic promotion of the rural communities. 
Therefore
 

the human factor is essential in the development process. This can
 

be accomplished by motivation end real participation of the farmers.
 

Several methods were used in the past to achieve this objective, 

grouping of different farmers, or formation of groups on a pre

established pattern. These methods were usually lost in an administrative 

shuffle.
 

The cooperative seems to be the best way to motivate the farmers. 
The
 

notion of a cooperative interests the farmers.
 

A program of agricultural credit, technical assistance using selected
 

local seeds can be done with the unit in each community.
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*' 9.0 PROJMPROeM An CONCLUSIONS 

9.1 Personnel - Counterparts 

The project is still short 5 Agronomes who were to be assigned for 

duty starting November 1, 1976. In addition, considerable 

absenteeism-has ooourred among DARNDR personnel assigned to the 

project due to illness, trip2 to Port-au-Pinoo, etc. Tareoted 

project objectives projected earlier must be revised due to these 

personnel shortages. It is suggested that DARNDR consider the 

establishment of a personnel pool from whioh reserves may be drawn 

to cover substitute requirements for long term absences and 

personnel shortages. 

9.2 Equipment Breakdowns 

[.working 

It has been project experience that after approximately 2 months 

of operations some 20% of the over-the-road equipment.will be 

in the shop for repairs on any given day. This equipment, trucks 

and personnel transportation, normally makes one roxund trip per 

day between Cayes and the project, plus normal usage within 

the projeot area. Drivers are required to hold speeds at\reasonable 

levels for road condition and not under any conditions to eoeed 

r 
40 KFH, 

The extremely high level of maintenance cost is primarily an effect 

of bad road conditions leading into the pro'ot area. Within the 

project considerable road improvement has been included in the work 

program, and as these are not main roads, speeds are hold at even 

a lower levelo 
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A very considerable savings in pr'ojo t fund., estimated at $700-800 
per month could be realized if the main roads received even a modicum 

of maintenanoe. 

It is recommended that TPTC be requested to have a road - grader 

work both the main coastal road and primary roads leading to Levy 
and Duois on at least a monthly basis. This will not only benefit 

Dubreuil projeot vehioles but commeroal traffio as well. 

9.3 Sooio- Psyohologioal Barrier 

Taxes oollected from water users are not currently avilable for
 

administration lor Irrigation Districts. To achieve a moderately 
high degree of autonomy, the Dubreuil Irrigation District will 
necessarily need the authority to assess, oolleot, and disburse 

water-use revenues. Without the assurance that the District will 

have this authority, some skepticism exists among farm leaders as 

to just 1how much control local people will have over District 
operations* This situation presents a psychological barrier which 
hinders all - out participation in the organizational prooesse 

It is reconnended that policy changes be effected as soon as 
possible to give irrigation districts control over water use revenues 
and that this polioy change be made public at the earliest possible
 

moment.
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994 nusial-

II 	 Delav. enounmtered in project funding and authority Of locally 
based DhADR personnel to proceed with Dubreul prbjeot rehabili
tation postponed the start of the projeot until August .12,1976. 
Augmentation of the original $20,000 grant 10 UBAID (available 
August 12) with $100,000 Title I money did not ocow until late 

October. 

Project aotivities were, of oourse, geared to the availability of 
operating funds. The planned rate of spending will exrha t 
available funds by late April 1977. It is reoemended that early 
arranements be made for additional increments of Title I fund. 

If an early target date for allocation of such additional fund 
in not established, projected expansion of projeot activities 

oan not be implemontede 

Tables 994 and 	9.4-1 are montW~ project financial reoaa~dtUlationes. 
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ounter of ava.labl.e DAM and AID guppl:Jea veh:Lole uppor:Lug 
the PzroJeot :iN not adeq~uate t~o pr'ovide the necessary mob:ility for,
 

personnel wrking on the organiz,ational aspects of theo projec.
 
Additional available transport would facilitate acceleration of
 
organizational work and training- It isrocormended that DARNDR
 
immediately7 authorize# in writingy Purchase of 6 motorized trail
 

bikeos from pr'o~eot fundso
 

_9*6 Division of Authority -Responsibility
 

Some confusion isbeing experienced 1w locally based DARN.DR
 
Personnel Concerning which decisions related to the project can 
bemade locally and which decisions need DARNR (Damiens) author. 
izationso Also ther-e is a need for clarifying the respective 
responsibilities and authorities of DAMR, USAID and JoGs Whites 
It is recommended that DA:RNDR and USAID prepare a joint policy 
statement as soon as possible to serve a'guidelines for field
 
personnel* This action will increase effioienqy of personnel and
 
speed up project opertions*
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7 Docembor 1976 

]rought to LOB Cniyos offico by Don CcunOeron
 
2 oa t aidievela, loohe type
 

Items supplied by AID 

1 ea Leval, solZ-1eveli~iq WILD 

1 ea Tr'ipod, extension log, wood oonstruotion, 

(C;oeo witih aove level). 
3 ea 1Iwml'o Poles, steel 8 ft. 

2 ea Level Rods n-isco, 1.,otxio 
5 Oa Rules, foldinC:, CCo1penter, metrio 

,j2 ea ChAins Surveyors, 30 raster, heavy duty,

.With real.
 

1 e..T1cpe, non-retallic, woven, 30 meter
 

Items supplied by ,ite 
 Eniineo,.inC Corporcation 

1 ea Trcioit, G-Iley with wood tripoa 
2 oa T StiuaIoy, 30 meter2po, Stool, 

3 6a First Aid kit, small 
1 ea Vise - Grip ;4rench (stolen) 

1 c,% Pencil Shxpenor, Gica
1 e Stauplinc I;.chine 
1 ea ' - Squoxe 

2 Se. Yrinncos 450 uld 300 - 600 

1 es Plwi|'oter 
i Ot Seino, fish, minnow 4' x 8' 

I Oa Muud-dip nor (fish) 

7 ea imoh pails. 

F4Q~~. 4. ? 

,&L I
 



Itonw 91uppliod IuY foito &,s-inoerina Corporatioll: 

ea 	 Io3 chiout 

I1 
DAMTDR No. 30 

1 ea. ypowiter, porta~ble '" " 	 52 
oa 	B~oa, with 2 pillowa Uit 

Got Of inl, michtroso tuid 
mriot2uito not 

1" a 10uiorletric 
" 54 

1 oa 'Piro Pwm 
1 o V. ohlovolJ 1ca IMail Pouch with pvZUl locklrooo 
1Ca J~iotUiojjwj,3r, 11'onoh - ,1zlish,1 zoa 

aa 	Drcftill; Table, Lo-colly i-ZWo ill: 8 	 't 

13 ca Cherokmu eo 
2 ciLI(..bovoJ5 

Vita 
Jeeop 

'tire tools uild jvck,) 
1 ov. 3/4 toil Pick--up Fortd, flvutboc 
1 oa Dump Truck, Litoraittioa3. 3 cu. ydo. 

IT .51 

ii5 



• UB E IL• . :. *. :,!PROJET DE REHABILISATION DE D-BREUIL . 

LES CAYES 

MATERIELS REqUS AU MASASIN 

I= 

Fouralwur; . 

Rof. Lettre de 

Transporteur: 
_ _ __ _ _ _ __._ 

aoha~o 
Ow 

Fiche do 
Liviassoo 

Lt.. Ioembro 1976 
A 

Volturs No. du 

....--
_ _ _ __ _ _ _ __,_ _ _ _ __ 

DETAILS 

_ _ _ _ _ __ _ _ _ 

Quaama6 

_ _ _ _ 

Pslx 
Uutt6 

_ _ _ _ _ _ 

VALBUR 

DAMES rougea ( aveo mancheg 

_ _ CLUVIS ( Staux) _ 

VANNES d'irrigation 

_PCOMP 4" 

DA.1ES 

-10 

-

-

-
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PROJET DE REHABILISATION DE DUBREUIL 

1.38 CAYES 

MATERIELS REQUS AU EAGASIN 

fiLe: 
Foura our: 

Rdt. Leo,. do 

-3Diaba$L. 
A 

Voitur. No. d 

.. . 

- i.mi 

Transporieur. --

on 
7ial do on .d 

DETAILS S" PrixA 

I 

197 

_ _ 

_ _ _ 

316 

____Soaux 

MalaxoUr-Dour b6ton'TILSONn3o 11:312-

AoEareil 6lectriLue-? oudgr # Hj.8 

Pompe do 2",+ house 

'Palles / manohes longa 

Pelles & manches courta 
Piqupia 

anohos pour piquois 

Cans do 5 gallons 

on mtal 

I 

1 

70 

42

143 

-59 

-50 

-

-

I' " " "-15B 232104 1 -... 

" ". &A1 340677 1 
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Ch ftMhr n 24y 8,P5X20 
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I PROJET DE REHABILISATION DE DUBREUIL . . -

Lies CAYES 

MATERIELS REQUS AU UAAGASIN 

No.Il :
Le: .3-..=r 1m~'J9_76, 

JI Fou iu.ur; ..-. 

Rdf. Leutre do Volture No. du
 

(j Transporieur:----

11 
 Fdetni. 

VALEUR 

eou DETAILS QmaIth PsixFiche do 
Unit6 

Livwaieon 

No.65106 SMITH Comresor 45 Q 1048 AL544.5Q9 

" " " 1054 5564535 , ._OINES A4 - -

SCIES a m6taux 4 
 -

1 l;LLES a manches oourtg 1-
HACHES 

-

MATICHES pour hachos 

BAIPTES a mino 

CRAEBLEfU ( bp'te) 

WBohea 17 

BOITES DIACESSOTRES p50rr..p~' . =n' " 2 - -Ii MASQUESpourgoudeur -

,o m u .....°
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Brush and vegetative growth has been allowed to become established on the sides II 
of the main canal in masonry throughout Its entire length. 

II 

!1
 

Considerable amount of damage has been caused so the masonry canal in many 

parts of the canal. The brush and weed growth will have to be removed and where 

the masonry is damaged, it will have to be repaired. 
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Typical Section of Main Canal Before Cleaning 

i ' * ...-.'.. . !,, :-. .. . "',..",Ii 

'": "':.... * ' '.i",,,,"":"..;, "::*'>:' ':'' ::""I]:' ' ': '"";":i 

Main Canal note brnks have vegetaion,'' l i) :: ' 'after clearing, Side had all ' ' *;>'Section of .. ... ,,,4';:'I::' i'':i!n.'. . ',? !'?.',-,;..i,"'. ,.:I. : '. <.,: '> [I 
stripped 2.5 mtrs on both sides of canal. Side walls have not In this photo

graph been repaired. 
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Excavation of New Main Canal Section 
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Plastering Walls of Repaired Section of Main Canal I
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Non - functional diversion gates from Main to Secondary canal. 
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