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The iepublio of Haiti is part of the island, of Hispaniola, which is 
located about 700 miles southeast of Plorida between the islands of 
Cuba and Puerto i;ico. 
 It lies between latitudes 17039, and 200 north 
and longitudes 68020, and 74030' west. Hispaniola is the second lar­
gest island in the Oreater Antilles. Haiti occupies the western third 
of the island; the eastern two-thirds is the iominicai 1,epublic.
 
Haiti is shaped rouchly like a horseshoe 
with two prominent peninsulas
enclosing a lar'e bay that opens to the northwest in the direction of 
Cuba. Haiti's land area is 27,750 square kilometers (10,714 square
 
miles).
 

Eighty percent of the land area in iaiti is mountainous. There are
 
five principal mountain 
 chains. The Miassif du Nord forms the north­
east peninsula. 
 To the southeast lie Montagues Noires followed by the 
Chaine des Vatheuzc. The i:assif de la Selle, with the highest peak
in the Republic at 9400 feet (2860 meters) is located in the southeast.
 
The 14assif de la Hfotte forms the western half of the southwest penin­
sula. All ranges 
 trend roughly southeast to northeast. 

The four major plains aid plateaus are: The Plaine du Nord on the 
Atlantic side the- Plateau Central between the 1Raosif du Nord and 
the lontagnes Noires and the Plaine de 1'atibonite between the Mon­
tanes Noires and tho Gulf do la Gonave, Th Plaine du Gul do Sao 
divides the country into the two peninsulas. 



The Hivi~re de 1'Aztibonite is Haiti's only major river. 
A dam at
 
Peligre controls flooding, supplies a constant source of irrigati-n
 
water for the Artibonite Valley and hydro-electric power for the
 
capital city of Port-au-Prince. 
I.Dany other rivers of shorter length
 
rise in the mowutains, but most axe seasonal or lose the greater por­
tion of -their flow volume through percolation en route to the sea. 

Haiti is the Western Hemisphere's second smallest repubiic 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 consideri.-g only 
cultivated and pasture land, population density approaches 950 per 
square mile. Of this rural population, 93%0 are self-employed fami­
ly workers farming 
a family holdinr of les:c than one hectare of land.
 
The continued fragmenting of land ownership 
 from the colonial period
 
to the present time has resulted 
in drastic change in cropping pat­
ter.ns, Jore formerly cash crops 
 such as sugar and coffee requiring 

large tracts for efficient production were grouan, the break-ing up of 
the larage colonial estates to small individual plots has created a 
small farmer who produces for personal consiunption and barter. This 
in turn has resulted in almost a total loss of the export trade which 
had mLe Haiti the most prosperous of all of bi'ance's colonies. 

Du: 4 he coloAjA.J period numerous irrigation O,yoterrs were construotea 
which served single estates (habitations) and in several areas Joint 
efforts created large irrigation districts. 



1.1 AUTHOIZATI0
 

On October 22, 1975, the Agency for international Development,
 
Iashington, D.C. entered into a contract 
with The J.G. White engine­
ering Corporation for consulting services in connection with three
 

projects in Haiti,
 

"11TASK A" Iubreuil Irrigation System itehabilitation:
 

Implonentation of engineering and design prepared by E.C.I.
 

"TASK :3" (1) Feasibility Report; Jean iabel irrigation system. 

A preliminary engineering study und a plan for rehabilitation 

of the Jeia 2abel irrigction system. 

(2) Rehabilitation of the system, if feasible.
 

"TASK C" Pre-feasibility report identifying least of
at 6000 hectares 
irrigable land with systems requiring rehabilitation. 

The areas to be screened from a list of priority projects pro­
vided to the contractor from US1dD and the Government of Haiti. 

This report concerns only the "TrSK B", part one, portion of the con­
tract; a preliminary engineering study and a plan for rehabilitation 

of the Jen iabel irrigation system. 

1.2 Chh0O~0LQUY 

Field work was started at Jean 1'abel on November 11, 1975 and comple­
ted on August 7, 1976. The preparation of the engineering study was 
completed on July 25, anid 
final p-oduction of the feasibility was com­

pleted on August 19, 1976. 



1.3 HISTORIC BACKGROUND
 

In the early 1?00's Haiti, France's most prized possession supplied
 

the mother country with a third of her imports. A total annual trade
 

at that time of almost $132,000.000 ; a figure to put in its proper
 

perspective was half again as much as the total exports of the 13
 

American colonies.
 

Commodities shipped from the thousands of plantations dotting the
 

fertile-plains were sugar, indigo, coffee, cocoa, cotton and tobacco.
 

Exports for two typical years are given:
 

1788 1789 

Sugar, refined (pounds) 70,227?,709 48,000,100 

Sugar, raw " 93,177,512 93,014,600 

Coffee " 78,151,181 77,489,271 

Cotton " 6,286,126 7,120,000 

Indigo " 930,000 1,000,000 

Hides 13,000 20,000 

Rum (barrels) 32,497 26,000 

Tobacco (pounds) 28,500 28,000 

Much of the published information concerning irrigation systems in
 

Haiti during the Colonial period is based upon the writings of
 

Moreau de St. M6ry. However, as he attempted to describe "topographie,
 

physique, civile, politique et historique" in two medium sized volumes
 

it is obvious that many details have been slighted. St. Mry does
 

A Histoire d'Haiti - A. Cabon, Col. Nemours, Pierre de Vaissi&re.
 



state that a highly developed irrigation system had been constructed
 
by the French engineers, and indeed, this system is the basis of
 
virtually all the present systems, although they have been re-built
 
and rehabilitated many times duringthe ensuing years.
 

Based upon resear-ah through the writings of Moreau de St. M6ry, Debien:
 
Los Colons de St. Dominguo at la Rvclution, Edner Brutus, Etienne
 
Charlier among many others, the following probabilities develop:
 

HAITI IRRIGATION 1750-1800
 

Hectares
 

Les Cayes Plaine 

10,040
 

Department du Sud (less Les Cayes) 
 7,400
 
Jacmel - Marigot 


4,000
 
Cul-de-Sac 

19,688
 
Leogane Plaine 


10,400
 
Nord-Ouest 


4,500
 
Artibonite Plaine (seasonal only) 
 6,750
 
Plaine du Nord 
 18,700 

Total 81,473 

It is estimated that this total represents approximately 50 of the 
actual area of land under some form of irrigation, permanent or 
seasonal in 1789. Faulty communication from area to area and imperfect
 
recording of land deeds and operations appear to have caused this
 

short-fall.
 

In 1791 the revolt was started which was to end in the defeat of Napoleons 
forces and the establishment in 1804 of the firs* independent black nation
 

in the western hemisphere.
 



An important strategy of the war of independence was to destroy all
 

built by the hated colonialists, including irrigationstructures 
of their effort 

systems. After independence, Haitians devoted most 

to building fortifications and to repayment of the so-called inde-

Therefore from 1800 to 1900 irrigated land was rare,
pendence debt. 


probably amounting to a total of less than 5,000 
hectares in all of
 

Haiti.
 

Of the 600,000 hectares of arable land which 
require irrigation to
 

enhance their value approximately 70,000 hectares 
have, at present, 

some irrigation. The efficiency of the total of these systems is 

rated at something less than 150/. 

under the Ministry of Agriculture
In 1920 the Bureau of Irrigation, 

was established and the first plans for rehabilitation 
of the various
 

irrigation system was started.
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2.0 PROJECT DESCRIPTION
 

2.1 Project Location
 

Jean Rebel is located on the north coast of the northwest peninsula
 

of Haiti about 40 kilometers west of Port-de-Paix.(see Plate 1-2). 

The irrigated area considered for rehabilitatiom lies on the east
 

and west banks of the Jean Rabel river, which flows northward to the
 

Atlantic Ocean from the north slopes of the Montagnes du Nord-Ouest.
 

2.2 Description of Area 

The Jean Rebel valley tends roughly east-west. It is about eight
 

kilometers in length and 1.5 kilometers in width. The valley lies
 

between the Montagnes du Nord-Ouest on the south end a high ridge
 

that follows the coastline on the north. The western end of the
 

valley is closed where the coastal ridge joins the Bombardopolis
 

plateau. On the east, a short, low, north-south trending ridge sepa­

rates the Jean Rabel valley from a similar valley to the east.
 

The montagnes du Nord-Ouest reach an elevation of about 900 meters just
 

10 kilometers south of Jean Rabel. Streams flowing north from the crest
 

of tha mountains have cut deep valleys into limestone and marls. The
 

foothills just south of the Jean Rabel valley are sharply dissected and
 

in places they resemble badlands.
 

The coastal ridge that bounds the valley on the north varies between
 

200 and 300 meters in elevation. The south slope of the ridge is very
 

steep and, in contrast to the foothills on the other side of the valley,
 

the face of the slope is relatively even and undissected.
 



The valley is cut roughly in half by the Jean Rabel river which 

flows almost due north. The watershed drains a portion of the 
north slopes of the Montagnes du Nord-Ouest. It has a drainage
 

area of about 22 km2 at the town of Jean Rabel (see Plate2-1,2-2).
 

The river flows through the town, crosses the valley and cuts 

through a gap in the coastal ridge where it meets the sea. The
 

river has perennial flow and it is the only river that reaches
 

the sea west of the Trois Rivibres at Port-de-Paix.
 

Two tributaries join the Jean Rabel river in the valley. These 

are the Riviere Coicou and Riviere Price. The Rivibre Price is 
also referred to as the Riviere Prien and Ravine Prunier. These 
tributaries drain watersheds to the west of the Jean Rabel water­

shed but neither has perennial flow. Drainage from the east and
 

west portions of the Jean Rabel valley is through gullies that
 

flow only during heavy rains. 

Several springs are located in the valley north of the town and
 

east of the river. Two small lakes occupy depressions in the foot­
hills that border the valley on the south.
 

Except for the irrigated areas near the river and the springs, the 

valley is extremely dry and suffers heavy soil erosion. The only 

cover consists of sparse grasses and a few small acacia. 



2.3 Project Service lrca 

The project service area is shown on Plate 2-1. The gross area in the 

Jean 14 uol Valley is about 425 hectares of which approximately 350 hoc­

t*'es are estimated to be irrigable. The irrigable land area has been 

verified by a land classification survey as shown on Plate 4-5. 

2.4 Scope and Mag iitude of Comparison 

The project area is identified on Plate 3-2. It contains about 255 

hectares of land to be irrigated by water being diverted from the 

Jean Rabel iiver at Nan Solon. The flowni of the river during low pe­

riods oae estimated to be 175 to 200 liters per second. The construo­

tion of a diversion dam will provide greater quantities of water throughout 

the year making it possible for the production of more than one crop 

during the year in the Jean Rabel Valley. Evidence from other areas in­

dicate that two or three crops may be grown in a year as temperature is 

not a restraint in crop production.
 

2.41 Land Presently Served
 

It is estimated that approximately 285 hectares of land are being irri­

gated at the present time in the Jean Rabel Valley of which about 200 

hectares are in the proposed project area. The irrigated area is di­

vided into small, separated parcels of land along the Jean lRabel River, 

extending over a distance of about 10 kun beginning at 14an Solon area 

dowm to Bord de ier de Jean habel. 

Present project officienoe, appears to be in the 15 to 20 percent rawige 

during periods when crops are growing. Gener;tlly the farmers are more 

efficient with water usage when it is in short supply. However, varied 

amount of water, depending on the time of year, are discharged into 

the sea. Some of the water is used for domestio purposes by local peo­

ple for drinking, laundry, washing and animals. 



Structures for regulating and measuring flows of water to laterals and 

farm units of land are almost non-existent. This makes it almost impos­

siblo to regulate the voltunes or flow of ater being conveyed to various 

sections or blochs or land in the project area. The problem of re,,,ula­

ting flows is further complicated by the large number of small owner­

ships of land of one hectare or less per user. 

2.42 Area to be Served 

The area to be served is showm on Pl;ato 2-2 and includes approximately 

255 hectares. flost of the puarcols to be servod by the diversion struc­

tures at UiJw Solon are on the east side of the Jecan Rabel ,iver. Only 

the towm of Joan Rabel aid Guildive area are on the west side of the 

river. Water to the wout side of tio river will be conveyed by rienno 

of an 8-inch pipe flume across the Joan itabol liver ju:st above the tcwn. 

It is not unreasonable to expect that future project efficiencies of 

40 to 50 percent can be Lattained on the area to be irrigated on the pro­

posed project area.
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3.0 PROJECT FEATURES AND REHABILITATION 

3.1 Existinwr System 

The existing Joan !.abel System is shown ol PlMo 3-1. It is ail old 
system of primitive cUialls aold taloouts which supply irri-C.;tion watr 
to small segmon'ed parcels of land on both sides of th river. Studies 
were made by the J.X. ilite M]gineering Corporation in 1939, but those 
plans were never consummated and the irrigation project was never im­

plimented.
 

;4ater is diverted from the Jeui ,Rabolriver at several divolsion points 
along the river by meoans of primitive types of structuros. (F-hotos 3, 5, 8) 
Studies indicate that as niany as 285 hoctaros had 1'ooi irrigated at one 
time, of which approximately 100 hectaros were located on the woes; cide 

of the river. Water is currently convoyed through several canals from 
the various diversion points and distributed to the fields by a poorly 

constructed mid maintained system of canals axid laterals. 

The distribution system on the irrigated areas include sove:val carals 
and laterals totaling approximately 8 km of unlined ditches. There are 
no permanent diversion structures to diverlt wator out of the river and 
there is no evidence of any having ever' existed. The primitive type 
structures are constructed out of bnana trees and other shrubby vege­
tation anchored with wooden stakes. There are no permaont division 
boxes, turnouts or grade control structures on the distribution system. 

3.2 Proposed Syster, 

The proposed irrigxtion system is shown on Plate 3-2. The Jeni habel 

river flowa throughout the year. The assuiied average winmual flow of 
the Joan fRabol river is 312 liters per second for the months of Sep­

temowr through February. See Plato 3-3. The lowest flown occur during 
the months of IV'arch through AuLust, and are estimated to be between 175 

and 200 liters per second.
 



The size of tho area for which the proposed irrigation syston is planned,
has approximately 255 heotares of irrigable land. Clurent river flow 
ill supply en1ough waterto irii&ate 175 to 200 heotares durinr the po)l

irri(ation dejIad peliod. The proposed system includes the construction 
of a diversion dam at loan Solon, rubble masonLy canal lining, sorle of
 
whioh is to be covered, a high velocity masonry 
 chute,ldivision bo-ies,

drops, turnouts, fliu-e s, ro;.d 
 cro;.inGs ald nl ly crossuin'gs. 

The proposed systo also inoludeo. tho concept of cooporative fL.rm ("roups
who will rehbilitaeo nid1 maint in, with appopri ato t0' ']lical aur;istAcoe 
the coopoirLtivo caUnls hich are proposed for common unze. tot, LioiutLl
irrigation blocks will be orgnuizcd. tuid ost,.blinh ed. L Wcchnic-Ui 

tw-ico anUd Iciaterials foV diverrion dCi.m 
 zd {'-,4o coiitrol su-hucturc,. are
 
to be supplied vas a part of 
project consta-uction oots. The turnlout
 
structuros from the 
main oanal cand project laterals are to be male out

of rubblo nasonry aand it is proposed that mota)l-slido gates 
be used.
 
The following main canal or canls 
;,o soelected. for construotion, ope­
ration cuid maintenr-ico 
 under project control. Thoy will supply wtor
 
to approximately 
 255 hoctares of land. The ileunos used to identify the
 
canlaLs also identify the 
 arcas ontlie irrigation iap to which they con­
vey irrigation water. 
 'he numeos of the oaals are: 

Jan Solon Canal Fond Zombi Canal 
i-nalier Blain Canal Guildivo Canal 
Grald Rac Canal Petit lliohard Canal 
Vincent Caial La Source Canal 

Additionally the following canals tiuke water out of the Jocua 1abol river 
at several diversion points downstroam, to iirigato approximately 95 
hectaros of land. it would be highly impractical to deliver water to 
these areas from the ;w'i Solon Diveruion structure. 



These areas are all located on the west (left hand) side of the river. 
The names of those canals and areas they serve are: 

Poro Canal Fond Toussaint Canal 
i-an Dixjhuit Canal Tres Faible Canal 
Ian Coton Canal Nan Depot Canal 
Trou iiac Canal Iord de Mar Canal 

Preliminary design and layout for the proposed system, was prepared by 
using profiles and cross sections from very limited anount of survay
 
work conducted durinU project investigation.
 

Preliminaa-y locations for some of the grade control structures, turnouts 
and fluhes are shown on the proposed irrigation system. Typical struo­
tures to be used on the project are showli on Plato 3-4 to Plato 3-12. 
Surface drainage requirements appeur to be adequately provided by the 
natural ravines cnd improved natural draina ;eways into the Oean kabol
 
river. Farm 
drains oill be constructed, with technical assistaico, by
 
tho cooperative farr, groups 
 'is a result of visual observations, it
 
is concluded that surface draina ,1e is not now a 
problem and is not ex­
pected to be a problem within the project 
area in the future. 

3.3 Construction 

Construction procedures to beare simple ald straight forward. The 
work pro,%,im consists mainly of rubble masoni-' placement, excavation, 
oarthmovinif,, bxcfill, compaction, and some concrete work. The work 
is to be lalor intensive. 

The only haul road that will be required is the road from the town of 
Joinu habol oin the right huiid side of the river up to the diversion struc­
ture ste at lkui Solon. This will be prepared by smoothij,, ,flat blading 
and compacting uith a bull dozer. 



Construction of the diversion dam should be done during the dry season 

(January - :ay). ,,,asonry ].ininl excavation, compacted embmi)kmont and 

structural work on the z~in conal can be done during most of Uy soaf;on 

duriig the year, however excavation anid compaction cn best be done 

du'ing we;t periods. 1ubblo masonry rock and mortar sand should be hauled 

mid piled (during dry periods when the river bod is not flooding or the 

CanL1 roaI difficult to use. 

Sufficient small size stockpilos should be made along the c.nial and 

structure sites to facilitate ,ork plawmod duringf;et periods. dorent 

should be hauled wimd stockpiled in a shelt, red place either aot the con­

truction sitos or in Joau 1tabol so c,; to be available as needed. 

Rotational blocks with diversion boxes ,xO to be located Wnd desiged 
to facilitate wateor distribution to the irrigated areas on the project. 

3.4 C'onoruction IFaterial 

The cons ructiou of the system will require placement of about 7176 cubic 

meters of rubble maso.ry, oxcavation of approximately 37,53, cubic meters 

of earth, W,(I the plceueont of about & 00 cubic meters of compacted 

ormbbano n,. 

rg wnd areConcrete rI,' aes reck for rubble masonry availablo in the 

Joan abel iRiver bed nd other aroan below the divesion structuro rito. 

Roads in the project areoa should provide v,;efos within reaonable dis­

tUTmoos of vCei'ious construotioln sites. 

Tho wolded stool pipe and steel caule for flunos and inverted saiphons 

mnd roinforciig ro-ash for concrete work will have to be purchased out­

side of Haiti. 

Fortlwnd cement is awilalblo from the plant neaa Port-au-lriico. It is 

antioipatod thet lun'bor, screening aterial and shoot motal for slidegatos 

for turnouts in available in Port-au-i:rioe. A more dotailed list of 

estimated matorials in shoml in Tablo 4-1. 



3.5 1*anpower and Equipment 

Y.asois, Caapenterr and pos:jibly iechanics are available in Northwest 

Haiti. Laborers are available in the project area. aiigineers, Stu­

veyors, Clerks, Timekeepers and other specialized skills ave available 

in Haiti. H;ajor skills required and general terms of employment are 

given below: 

3.1 Laborer 

A laborer should be able to excavate a minimum of 3 cubic meters per 

day 

3.52 Easons 

A mason should be able to place about 3 cubic meters of rubble masonry 

per day. 

3.53 Carpenters
 

Carpenters are to be recruited and paid on a monthly basis.
 

3.54 Ironiiorkers 

Iron workers shall be skilled in the art of sheet metal work and be 

paid by the drky. 

3.55 Truck urivors 

Truck drivers are to be recruited aid paid on a monthly basis. If ad­

ditional trucks are needed they shall be contracted by the day with 

driver supplied. 

3.56 I'.echw-nics 

1Heohmics are to be recruited and paid on a monthly basis. 

3.5'7 Clerks, iimokeolers and Guazrds 

Clerks and Timekeepers are to be employed on the project on a monthly 

basis. Guards are to be employed on a daily basis as needed. 



3.58 Profossional Emnployeoc 

E ilineers, Survoyors, Technicians aid others are to be paid on a monthly 
basis.
 

3.59 1:kruipment
 

The consultait recommends a assi~med
that dozer be to the project du­
rin, a portion of the construction period. 
 Thnmp truck, fladbed truck, 
ooncrete mixer, wheel-barrows cuid various had tools to be used Ln
 
construction 
 on the project arc currently available to the project. 

3.6 Sune;rvi ion of dori­

1 Amricun 1'roject Ijgineer - Part tirme.
 
1 Aunerican 
 Irrigation Balgineer- Part time.
 
2 llaiticm E Gineers - Full time.
 
Lloe other flaitiai poronauel; field tecinioimlso id field survey cel.
 

A field ou,vey crew including a party chief will be roquired 'ad should 
be qualified to provide line cu-d ,ade suveys, costruction inpection 
end suporviso 1i1atirial ',Cilport L'I1d placement. The two ;haitian irri-
Cation engin,.iers, who waill iuider,;o trainin.; with their fljericomi coui­
terport, will 
be able to develop their ability to diriplace the 'qericw
 
enIginoor when propured.
 

3.61 Cash ... ' ?Iy'..t to L£torero
 

As in mcu dovolopin 
 cotuitries, "he concept of Food-for-'-ork programs
 
is well known 
 in Hiti. It is proposed fo:, the rohabilitation of the 
Jewl ,ahol Uystem, however, tat the payment to the worker shall be in
 
cash ra'6hor than in-kited.
 

The (1.O.-1. has cot a minimu rate for unskillod lator of'1.30 per da. 
However, in the Jean lia,:el are,, farm labor is rarely paid more than 
',0.50 per dV. Should tho G.C.H. pay the $1.30 per day legally ostc­
blishod rate, the waae scale f.)r private aC-rioultural ent eprenours will 
be upset. The effect upon the local economy could be unfavorable. 



It is su ,,ested that laborers employed on the reh ,ilitation of the ir­
rigation system will "ork 7 hours paor (Lay, 5 days per week. 'teywill 
receive 3 daY's pay at the legal miniimji, I day's pr they wil'. donajte
to their comminity couicil ajd one dcy will be donated on thei own
 

behalf. The 
 monies paid to the coirnity or ivxgig-tion oooper.tive 
will be used as the nucleus of the operation-rinitenuce fiuit for the 

systems. 

During the period of cortruction rehabilitation, it is plyned ,,hatu 
a field kitchen be tablished to provide one al per d y toU, )',e 
wo~',ers. i'aot axperience in liJoo-ii'U-onsive projects in 1h1itLi hvr, ,,o 
that thlie one workday :l ,].fo o the l"10orers helps maintain ef*'iciei,cy on 
the job plus providing some additionll 'Ic""ntiv.P, r;o.co-t of the 
one workdaqy me,'.l is eesntly bein,[, used on the Dubreil re]abilit;,tSion 
with very favorable reaction from the labore's on the proecot. it 
can thei'efore be aiticip;ted tht in the more deeply depressed econory 
of Jean Rabel the meal will indeed provide work incentivo. 
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4.0 1Uj3SOUfurS_ A; D AGICULTU1R 

4.1 (MEOLOGY
 

A briof dcscig'p6ion of the GoloC/ of the northwest poninsula is Civon.
 
This is followed by a detailed dec;uription for the Jew 1labol area.
 

2his ' has been t uhe i from Leo o;Lc reports by ';oodvin" ot
aterial 

al., (1924) Butterlin (1954) and an F.O report in the northwIst pa­
ninsula done in 196(. ' ' is in "lato 4 - 1.Lologic .iap shouii 

4.11 Structure and 'cotonics of tLe Jorth';ost Peninsul 

The Lorthwos'tI peninsula of Iait'i is a ,,rocl wticlinal aroh whose crest 
trends cast-west a..d is slightly coacave southward.* Cut i di ;o1 olly 
aco rs the cxch are iutiolinal '1n1d 'ynolinal sturuc. ures t..t".. 
trlend north-northwest. Tero is eens,;ivo faultinG a..I;,ociL'ted witht 

both the arch wid the s:icller structurorn. 

There is evience for extonsive foldiG,- in this area duria,' bo- l.be 

Eocene zuid lute T'iocone tine. The early i1ocono was a poriod of limestone 
deposition in a shallo sa that covered the pvr .sent areva of the north­

wcst poninsula. Uplift, folding CInd er0osion followcd (lIuinl the late 

moceno ;an Oli-ocone. "he s'tructuros trondinZ norl]i-nor]hwr.t a,.cro]ss 

the major arch are proba:bly late h',ocano. In the eaorly hiocene the 

sea a[ain covered tho neninsula. .* souence consistin7 primarily of 
mr.l with some limestbone i....... ad do td. In the Jato 
::ioceile, consivc folding; and uplift occurred .hrouou... 

aheifslanId its presentscape. 'h 'ticlinwl arch of the norhlwest 

pOllial wasO_fori.cd a is t.... Jurin the v; u.ua 
ueen4 L"oneral ullift of 41e ,eniacilua with the rCaII th..- t n tar­

rycos au'o found atL elevations of li;;orst 500 eotOrs. 12e (uatrCvna'ry 

reef caps at t"he wostorn end of the poninsula are sliGhtly axohed 
which su,-;ests that the foldinij boun in the late may still beAIhiooano 

in proCu-ess, 



4.12 Surface Gcolo_ y of the Ilorthwest Peninsula 

Surface exposures in the northwest peninsula raa)Ce in a,o from Creta­

ceous to Recent (see Plate 4 - 1). In the center of the peninsula, 

Oretacious andcsites and dacitos (-C) are exposed at several locationis. 

Overlying those rocks are massive Eocene limestonos ()pc) which occupy 

the greatest surface area along the crest of the peninsula. On th 

flanks and in the small synclinal troughs that cut across the peninsula 

are Miocene marls (,ca). Quaternary reef limestones (qc) lie along 

the coast and cap the end of the peninsula. Valleys near the coast 

have thin voneers of recently deposited alluvial materials (Qal). 

4.13 Gbolo'w of the Jean Rabol Area 

Included in the Jean Rabol area are the watersheds of the Jean Riabol 

River upstoam of the proposed diversion site aid the Jean 1Rabol valley. 

The Jean Rabel valley is developed in soft 1liocene marls, which oixu­

crop generally below an elevation of 200 meters. The marls are sandy 

or silty in places. They are typically bluish in color but have a gray 

or yellow tint. Exposures weather quickly to small blocky fraginonts. 

Woodring et al. note that the crest of the coastal reef limestone ridge 

and the tops of the low hills just south of Jean RabIel are roughly at 

the same elevwtion. They suggest that the Aombardopolis plateau may 

have extended for some diut:,ince eastward along the north coast. This 

plateau wats preosuaably formed by marine erosion. Subsequent uplift 

allowed sLeams flowing from the center of the peninsula to downcut into 

the soft Miocene marls exposed at the southern edge of the plateau. 

This downoutting continues todcV. The limestone ridge along the coast 

has remained because it is more rodstait to erosion. 



The valley floor extending east and west of the river is covered by a 
thin veneer of alluvial and colluvial material derived primlarily from 
the marl that forms the c!jac1t hillslo.(s. It oo,1istj of clnys, 
silt and sands. Coarser alluvial deposits containing mastrjivo limestone 
cobbles and boulders o cur along th Joan 11abel tld Price rivers. 
Well logs from the 1966 FAO study are shown in Plato 4 - 2. These logs, 
whose locations are shown in Plate 4 - 1, indicate that there is little
 
coarse material in alluviun that
the and depths of alluvial fill are
 
shallow. The fill depth ina increase 
 slightly to the north. 

The watershed of the Jean Rabol river just upstream of the proposed
 
diversion dam, site is 
 developed in Miocene marls. Proceeding upstream 
from the dam site a continuous series of thin bedded marls are exposed 
in the cliffs along the steam (se,,Iiioos 7 and 10). Some normal faults
 
with only a few motors displacement 
 a-e seon and the bodi are geitly
 
folded at most places. The regional dip of the bods is 
 to the north.
 
At a place called Bassin Bleu 
the Jeoan &lbelriver splits;. The worst
 
branch, the iiviore Fente 
 Jacqueline, rises very steeply in masive
 
Eocene limestonos. 
 The east branch, the Rivi6re Doucot, has cut 
deeply into Eoceno limestone,;, lower Eocone ocnglomorates .uid Creta­

ceous volowaijos.
 

-4.142O0o0, of Darn Site 

The proposed site of the diversion dLUa is at a bend in the Jean Rabel 
river about two kilometers upstrem of Joa Rabol (see Plate3-2 ). 
At this point, the river has cut deeply into the soft, thin beddod 

Liocene marl. 

At the outside of the bond, the stream is acbivoly cutting ab the base 
of a cliff. The oli-,f rises very steeply for about 30 motors to a 
sharp escarpment. The face of the cliff has no vegetation. 



Thin streams of small blocky marl fragments appear to move continually 
do.n the cliff face to form small talus cones at the base of the cliff 
that cre carried awcV at times of hi6,h water. Some large slump blocks 
arc seen along the cliff (see photos 7 and 10). 

At the inside of the rivor bend there is a small alluvial plain. A 
sediment bar about 10 to 20 meters in width separates the stream fvom 
this plain. The sediment on the bar cuid in the channel consists pri­
marily of Eocene limestone derived from the upper watershed wid marl 
derived locally. The liestone fra1,,;ients range in size fro1 small 
bould rs to sand anaL the mxl is found in (yavol to swd size frzg­
monts. The occasional r2 :rI boulder found in the strownbed hcul dis­
integirated in place into -,ravel bloc];y -raGmeeits. 

At the time of th2 last visit to thu" dam site (July 9, 1976) tihore 
was evidence in the stream that a flood had occued about a weok e arlior. 
A hole about z40 cm deep had been cut into th o b8s Of V D! Cliff during 
an earlier visit and this could not be located. Just below the proposed 
damL site, a canal similar to that shown in photo 3 had boon du, in the 
loose m2atrial at the base of the cliff. io sini of tho oanal remainod. 
Appa-ently several centimetors of ma' orial at tlhe base of the cliff had 
boon eroded. by the flood. Jud!,in- from high Mar depthswater s, of 
flow may have redichad one meter. The peak discharge during this flood 

was probably neLar 100 m3/seo. 

It can ;be concluded from the effect of the flood that the marl is both 
woak ad ea,sily eroded. ,oy structure built in the stroaibed that is 
expected to survive floods will have to satisfj two criteria. 



First, it must be wiell anchored to the soft marl bedrock ao tle arl 
tends to fracture very c"-sily both across aid alog b dding plies. 
Soconmd, at oiiy cont.s-t between the structujo and bedrock, the iIrl 

will havo to lbe t erosion.
proc'ute-d againsz Unfor'tuiately, all other
 

revmonablo locutions for diversion dam Lire also in the weak ma'l. 

4.15 Location of Suitable Construction IEaterials
 

Sand ald garavel for conce'e may bo obtained locally. Likely sources 
are the alluvial fill along the Jean 'abel or 'rice rivers or at Tord
 

de ;:or. 

The 1river fill consists of limesto:io ani r .l oedimontri. 1'artiole size 
rcmues from bouldor to claU. Douldoli, cobbles wid gnmavol a;o prima­

rily massive, resistant limestone deived from the uppe wter.shed(C. 
Finer ma:terial is prodominlutly limcs'tone Cad m 'l in he river fill. 

The best s;ource of sand size matorial mai,y be tmhe beaoh soLnd atL *.ord(to hor. 
1he sand is primarily calcuaoouo with sooe small fraction o2 the m'ato­

rial derived from volcaicts in the uppor Jean Rabol waterhcd. 



k.21 General 

Haiti ir subject to tw'o distinct M-eteorological regimes during the 
year. In the winter (.ovomber to ::aoh) cold fronts .-oving southeaast
 
from the i orth iuericcn continent cross HTiti. These rin,'' cool or­

poriturec WAd occasional heavy rainfall to t north1 01d northlwest coasts. 

They aro knaownw locally ,sordds". ]uriig, the sumer (JUo to AIust), 

the intortropical oonvorgonce zone movcs north to a locLation just south
 
of Haiti. 1.asatward moving disturbal.noes, called eastc-rly waves, pas:,
 
ovor the islad. The chanro in baructrio pressure d to the ves,
e w 


coupled with intense therm:]al convection duo to he(Utint; of the lauid 
sur­
faco, give rise he largo aflornoon aod ovenin": 
 convective th utdo,'stor"'s.
 
The fall Cuid 
 sprin; aro times of trsition betwoen sluflner ad winter 
conditions. Associcacd in.tabilities cause rainffll to be highest 
during these pe'iods. In particular, during the fall, rainfall in ­
cre.ses in response to an increase in the frequoncg fo the easterly 

iiavle 

A'eas oheltored fromI the north uld eust, such as Gonii.ivos, ao affoctod 
little by oithco' of those regies. Thoy tend to receive i-ain during 
the surloer months from convective tundostoris. 

Iiux,'ioaos occur rrely. They jonor;.,lly causoe greotost danag.'e on the 
south oocult. 4athou;h rainlfall c1 o very heavy, tue contribution 

of hurrioaxios to total rainfall is inoigificant over the long term. 



-4.22 1JTA:1EL 

The valley at Jean iabel has a semi-arid climate despite a r:i ifall
 
that seems rolatively abundant 
 (950 , or 37 inchos). The arid:ity
 
is duo to hijh Gv-.:otrwulspiration rate. Potential 
ewpotrwu1pirzatio;i 
exoods the yearly rainfall by about fifty porccnt.
 

Rainfjll conies from 
 citheir local convective thunderstorms or extonsive 
frontal storms. Convective stors are -'Onorally caused by surfce 
hoating of moist air brought to the a,.:.a by the trade winds, which
 
blo;w out of the east 
 acl northeast dtu'in most of the year. Cold 
fronts that pass over flaiti durin, the .;intor owi bring rain to larpe 
areas of tho iiorth coast. 

Rainfall from the trade ;inds is diminished slightly by the presence

of the island of Tortuo, which lies 
to the northeast and tends to sholter 
this portion of the coast. The depression in the isoliyets east of Jean 
Rabel is caused by Tortuo ( see Plate 4 - 3). 

4.221 Rainfall 

Ieoaui monthly values of r,infall for the period 1923 -to 1939 shownare 
in Table 4 - 1. In Tablo 4 - 2 monthly moan rainf.ll obtained duriag 
the 1AO study of the northwest peninsula is shoim in the left hc ad co­
lumi. The pe:riod of record for thcfo rainfalls is not -ivon but is 
probably 1965-66. Uh'toro rai;nfalls are required for calculactions, the 
values obtained in the FAO study (Table 4 - 2) are used. 

http:rainf.ll


The highest rainfall month is Novembor with 150 mm. Ionthly values 

drop to near 65 mm for February throug&hJlril. 1.iay has the second 

highost rainfall at 120 mm. The lowest ly rainfall, 301,,m, occurs 

in Au"ust. 

The data for the period 1923 to 1939 shoeu, uisiderablc variability for 

the sa e month from yer -to yoaU. 1,oveombor rill"" varier from 22 m 

in 1926 to 551 11m in 1930. Auust ilulgo: from 5 mm in 1930 to 117 im 

in 1924. LI 1938, there is no rain shown for the months of April, 17"y 

alnd Juno, whioh are the months of the srinG rainy season. Yearly 

raiiifall total v-ries from a hih of 1l19 rm for the period October 

1930 to September 1931 to a low of 592 mm between October 1934 LUILl 

Septe;, b er 1935. 

No rainfall intensity or duration data are available. The closest es­

timates of intensity ar , enmial mizcimmi 24 hour irainfi llr, recorded du­

ring; the years 1927 to 1939. 

Those dwta are used to iizc a roulh o.tiimte) of the pro"bia.bii :ity that, 

in any given year, the 24 hour rainfvll will equal or exceed. some Gi­

ven value. This probatbility is expressed as: 

;+ 1 

Thoro P(X ' x) is the probability t-t the 24 hou, rainf.ll, X, will 

exceed the value x cuid Ii is the ntuaber of yei.rrs of rooov'd. The rand: 

of a 24 hou rui lfall is ra, where the larg;est riinfc.ll has rmulk m=1 

and the smllest ran:k m= IT. Table 4 - 3 shows the values of 24 hour 

rainfall, the rulk aid the problu..oilitly thft t,e obsorvod value will 

be exceeded (actually equaled or exceeded) during any Given year. 

http:riinfc.ll
http:rainf.ll


Based on these probability estimates, a rainfall of 160 mm in 24 hours 

can be expected to occur, on the ;veroage, once every 10 years. This 

is a hezvy rainfall and it could be expected to cause severe floodii:; 

in the Joae R'abel river. 

The number of years of r cord are few and the reliability of the reported 

values is uniciown. For these reasons, these probability ostim'ates should 

be used with caution. 

4.222 ''.ffcctive : -.... 

Table 4 - 2 , taken from the 1969 F O study, shows effective rainfall 

by month. It io sswund to be 75 relcent of mesiuarwd rainfall. For 
the year, the effective rainfall is 714 which is less thanMm,one­

half of the vC.lue for ewapotranspi'-tion. Effective rainfall is din­

cussed at groeter lengthi in Section 4.43 

4.A223 T1er1ierturv 

ie~ xbonthly temperatures are shown in Table 4-4. 1.onthly high meas 

and monthly low means are also shown. These data cover the period 1927 

to 1933. Temperatur-,s obtained for the 1969 FAO study during 1965 aId 

1966 axre sheni on the same table. In'y temperatures used for computations 

in this report are those from the earlier period. 

The monthly mens rlge from, 22.20C in January to 26.9°C in July. The 

iean daily v.ango of tomperattues, from FAO data, in 130. The minimum 

t.fro- N.5 to 23.300 C Urin", the y.a. Thei0 mvwanumi 

varios between 19.3 aad 36.0 0 C. • The daily tomperatue rwage vaxios 

little throughout the year. 



4.224 '.1ind 

At Joan Rabel the north-castorly trade winds dominate durinC.o the yoau,. 
In the winter (;;ovomber to I.aach) cold fronts that pass throu1h the 
area cause north to north-easterly/ winds called "Icrd6s". These 

are gonerally cool and dry. 

The 1966 FAO study reports that monthly moan wind velocity wies bet­
woon 10.5 kIm/hr. aad 21.6 km/hr. Annual moan velocity is 16.1 IM/hr. 
Two poriods have above average wind velooities: February to May 

and July. Lowest velocities occur in October. 

4.225 Ew,.xotrzua.niration 

io pan evaporation or lysimeter data exist at Joan l1abol. Table 4 - 2 
shows monthly potential ovpotruxispiv.ation (17i2) data stimated using 
the method of"Thornthwaito. Innual RIT is 1445 11m, which exceeds an­
nual rainfall by 493 ,mor about 50 porcent. The highost monthly w­
lue is 161 mm in July; the lowest is 77 mm in January. 



4.3 IMROLOGY 

1.31 Goneral 

The northwest coast of the northwest peninsula is dissected by sevoral 
rivers that flow north from the crest of th<, peninsula. The Jean Rabol 
river is the only river whose flow perennially reaches the seCa. rThere 

rivers havo cut deeply into soft I,iooeno marls CUad the stopl, deforns­
ted hillslopes cause floods to be flashy and destructive. Bw :o flow 
in the streaznls is sustained mostly by springs. These are usually lo­
outed at highor elevations in the wareaihods at the contact between 

the ELocone limestone thcAt forms the crest of the peninsula aud 'the rio­
cone marl that flanks the jreninsula (see the eologic mapJ, Plate 4 - 1). 

It is likely that the Eocene limestone becomes a confined aquifer at 
the contact with the ovorlying; impermeable marl. The limestone is un­
derlain by lower Eocene conglomerates and Cretaceous volcanios which 
probably form an imporreable lower boundary. The marl forms the im­

permoable upper bovuida-y. ;.4ater moving th'rough the limesFtone from, 
the crost of the 1northwest peninsula exceeds *Lhe quantity th;Lt ca, move 
into the confined zonoe anid comes to the surface as springs along the 

marl-lime;t one contact. 

4.32 Steamflow in the jer bll river 

Data on flows in the Jean Rabol river consist of a few spot r,;eazuro­
monte made between 192' and 1930 and two recent iieasurermnt,; tade by 
the project team. TL'ir values '-re chori in Ta)bl 4 - 5. The locatioj1 
of these early measurents is not recorded but they were probuably taken 

near the towin. The two recent rmeusuroents were t eli about 100 moters 
upstreaxi of the propo2sed dzu;i sito. '2he zo-wn of all dioiha- o values 

is .321 m3/sec. Unfortulnately, the data are too few to place confidence 

in this estimate. 



A trip was made from the upper watershed to a location called Bassin 

Bleu, (Sl on the geologic map, Plate 4 - 1), where the Jeani Rabel 

river divides into two tributaries. Four steam cross-sections wore 

measured between Bassin Bleu and Jow liabel and discharge estimates 

were makle. These are based on velocities obtained by time of travel 

of a floating object between two points. The four cross; sections Eald 

estimated discharges are shown in Plato 4 - 4. 

A fifth cross section (Section 5 in Plate 4 - 4) was measured at a point 

just above the proposed duin site to give an estimate of bzaikfull dis­

charge. Using the Viuining equation, with i - .033 and a iioasurcod i 'mmm 

gradent of .0063, ban full discharge is calculated to be 115 m3 /sec. 

It is not possible, given the available data, to assi~i a return pe­

riod to this discharge value but from the anualysis of 24 hour rainfall 

(see Section 4.221) it is probably loss thwi 10 years. 

Baseflow in the Jeal Rabel hiver is sustained by uprings. The major 

spring, Sl on the geologic map, is located at i3assin Blou on the con­

tuct between Eooene limestone and the 1-iocme marl. Discharge wts 

estimated to be near 40 lit/sec. The FAO study estimates the dischoage 

to be near 60 lit/soc. 

Proceeding dowstream, dischargo increases from 52 lit/sec. near Bassin 

Bleu to about 180 lit/sec. at thD proposed d&un site * The 

source of this increased discharge is not precisely ]novni but is pro­

bably a n-unbor of small springs that discharge from fractures in the 

marl bedrock. Au noted in the discuosiot of geolo , faultin; can be 

seen ab a number -of locotiois along the cliffs botwion Jean Rabol und 

Bassin Blou. 

Detween Bassin Dlou and the proposed dam site the river bed is a thin 

veneer of alluvial material resting on marl. At JoanLRabel the alluvial 

fill thickens. Electrical resistivity surveys oarried out during the 

FAO Study show the alluvial depth to be about 15 meters at the towm of 

Jean Rabel. 



An east-west profile located 50about meters south of the confluenco 
of the Rivi~ro Price (Ravine iuier) shows depths to marl bedrock
 
ruiging from 10 to 16 meters.
 

According to FAO study, the table the townwator at of Jei lbel is 
about 10 metes below ground surface. The river mLW be losing water
 
to the alluvial fill at 
this point. 'here the Rivi;ro Price (]'avine 
Pruier) joins the Jewa IIabel river, the wttor table is just below the 
sixeambod, which dry atis this point bocause all flow has bon dive,'ted 
upstream for irrigation. A few hundred do;,nstro,meters water beg;-is 
to flow at the surface said at the point the roadwhore crosses the ri­
ver, dischu,ge is about equal to that observed at the to;,-n. 

-4.33 Ground ',.ater 

The ground water resources in the Jean liabol area uo limited. Small
 
volumes of wator 
Ere found at shallow depths in the thin alluvial fill
 
along the lower reaches 
of thD Jean 1-abel river wid in the vv.llcy.
 
The m.rl 
that lies beneat'h the fill probably has no available water.
 
Presumably the is
warl tunderlain in this area by war sive i'ocene lime­
stones 
which mici contain abundcuit wter. Some dcata on (grounid water in 
the alluvial aquifer ier, obtained by FAO for the 1969 study. The fol­
lowing discussion is based largely on those dta. 

alluvial depthIn the fill to wator raiges fron about 10 meters at the 
toun of Jeu- Aabel (se0 Plate 4 - 2) to probably less ti;.n 2 meter0s at 

the confluence of the Jean iabol vad irico rivers. Oevoral croujs sec­
tions showing depth of alluvial fill were obtained by FAO using eloc­
trioal resistivity. These depths range from 15 meters just south of 
the ton to about 20 meters one kilomeoter north of town. Depths of 
fill farther north ore nmknown. 



Four o;lls were drilled by FlO, two at Jean Rlabel and two west of towm 

(see Flates 4 - 1 and 4 - 2). Dopth to wlater ra"ges from 8.4 i;etors 
at "ell F4 to 13.72 at F3. Tho wells were p uped toLd the results are 

sho~m in Table 4-6. Only one of tho four wells (M3) had a good yield. 

It was rucomniended that sustained yield at this well should not exceed 

20 lit/sec.. None of the wells have been ue3od. 

The subsurface flo. rate of ground w:,atvLe" into the valley through1) tho 

alluvial fill along the Jean Rabel ;,lid !rice rivers ;ias estimated 

using cross sections obtained by resistivity methods. Using a per­

moability valve of 2,15 x 10-3 -i/sec fox, the fill Ulon; tie Jowl Lubel 
river md a wetted cross section of 700 riI flow rate is 15 lit/soc. 

Similarly, flow rate through the fill along the I;rico river is olstiitod 

to be 30 lit/sec, for a total suburfLwe flow rto of d'9 .it /e. 

This water is not the only source of recharje to the alluvial cluifer 

of the valley. Tuo springs ax'e located east of the Joan iRabel river. 

The spring nIom as La Sourco is dosiymatod S 2 on tie geologic ,ap 

(Pleae I - 1). 

The source of water to these spriln,;s may be thLot portion of the llu­

vial rvauifor thc lies to the oat of the rprinc;. ""ut boohec.uweo thin 

section of the valley iS very (Iry, this source seenm; unlikoly. ;iUo­

thor possibility io thioL wwo.-W5 is movi;ng, to the sruif;,oe "irou ji C.,frac­

turs ".oni or fault in the mrzl bedrock. This zone may corres0osld0 to 

a poorly drained area that oxto,, z-outhet!.-t fror, La Sourco pnut a oasod 

sprin,7 to a smoal lo'ha , it.ng Colot . If a fault oxj.::ts at th loc,.,.­

tionl water m~ay hefoAllir~vpoar rl' i) 001 

lime::;tomne. A "ent,.aJtivo geologic Cros; f(c0tion i.ropore fo, th.. ',"A.O 
study sooi tile i.ocenoe lirio tono ;At r (lopth of z-boiil 500 et .rri in this 

aroa. In Section 4.31 it was noted that the ;.;ocs e limoutono )my e­
come a confined aquifor in the upper watershed of the Joa iabol river. 



If oolution cavitios axe wll-developod throughout the Eocene limostoe, 

the aquifer may hold aburdait water tuider high artesia pressure boteath 

the Jean Rabel valley. This could reoprerent a future source of water 

for t1he area, as well a3 for other similar areas along the northwest 

CoaSt. 

4.34 Jator Quality 

Results of no.lysoes of wator by Lhe FAO study are sho in in Table 4 - 7. 

All of the waters, except for the sp)rixig at Bacsin Blou, have hi. uhoal­

cium. and ma nieai ,n contents. Sodium content is high for the grotuld 

waters due to salt leached from the mal, lower for the river w,;ter 

awid lowest at Dussin olcu. T'ie low dissolved solids content of Y;m:nin 

' 
Bleu water suUg,'oot th, t i;eriod is short botw oen the tii.ic w;,eL, enters 

the formation aad is discharged at the spring. The well and river .xa­

ters have low sodium adsorption ratios and, from this standpoint, they 

are well suited to use as irrigation water. 
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4.4 SOIL CLASSIFICATION 0 WAI'EAi RUY2'JIfTEI iT 

4.41 SOIL AhI) LAUJ CLADSIFICATIO]' 

Soils in the Joan Rabel vlley have developed primarily in oaloaveous, 

stratified se(limonts which caine from (a) weakly conolidteod D'iocene 

mar)l in thio middle pat'S of the watoi'shed, and (b) ma;;ive limestone of 

Eocene age in the higher, southern pjrts of the wateished. In the 

lowest, northern part of the valley, some sediments vre included from 

the (,uatornax'y coralliferous (reef) limestone along the aLtlaiitic coast. 

lot of the soils that have developed in utratified sedilrments oocur on 

gentle slopes at altitudos of 0 to 100 meters, "';Id a l'.arge percenlt,;o 

of them occur bolow 85 motors altitude. Ihiost of the soils thath have 

developod in bedrock occur on rolling to stoop topography at Ltitudes 

of 100 to 902 motors, the lattor being the highest point at the south­

west margin of the watorshed. 

Average awiual rainfall rangus from approxi:,tely 80 cm (32 inches) at 

the2owest ultitudos to sli,-,,htly moro thcui 100 cm (39 incho ;) a t},e 

highest altitudes in the wtershod. On well drainod soils in tho wa­

torched, the natural veootation is a dry forest of Prozopis juliflora 

about 30 motors, and humid forests of(BayLonde) at elevLtions below 

Swietonia mL!.honUi (Acajou) at higher elevations. 

Eleven different soil types Qd land type'; a e delineated in the Jea,; 

Rabol area. The distribution of each of these soils and land tyi.es is 

shown on the accompanying soil map, Plate 4-5 and the area of each 

is listed in Tablo 4-3. 

soil types and land typos that are delineatedSome relationship among the 

are sho-an in Tablo 4-9. 



110. 1. 

Fo6cho clM lom is e oxcellemt soil which is doveloping in recent, 

mediun-texturod alluvitu over cozixsor matorial along; the Jean ]label 

river. Table 4-10 givs detailed description and results of labora­

tory wialy:qes for a representative profile of Fo6che clay loam. 

This is a diaLrk colored soil that occurs on neaily level topo-rupIy. 

it is to moderately well drained mad has a high available moisture­well m, 

holding capacity. The Fo~che clayr loae profile that was analyzed 

can hold, in the uprer153 cm (60 inches), 30cm (11.8 inches) of moisture 

in a form thzft is available to plants. 'his is a permeable soil. It 

is well suited to ix'rigation, and most of it is currently being irl-i­

';ated (see Table 4-11). 

Fo6cho clay lomi is adapted to a wide rwige of' crops, and it is tih;ily 

productive iuidor good mnaiagoment. llstimated crop yields for various 

soils uider fourL differeat levels of mana, ientare given in T-1,ble 1,-12. 

13aneuio (1.usa paradisiaca) is the predominant crop grorm on Fo6oho clay 
loam, ith sugar cone second in extent. Other significant crops include 

corn, red bons, and sweet potatoes.
 

1o. 2 

111orquette cly loam occurcs in two aa:eaf, - a large aroa east of the 

Joat Rabel Idiver extendin,, from the town northward to near La Source, 

End a small aroa northwout of Jean Luabol betwoen the Coioou and Prion 

or Price ivers. Iorcluctte cloy loam is similai, in miany properties to 

Fo6chc clay loam, except tt -,orquetto soiln have developed in finer 

,ediments wid are not as well drained as Fo4ohe soils. Ior-uet,o cloy 

lomi ha a thick, dark colored surface horizon and occurs on nearly 

level topography. 



It is poin able and ha a very hi,:i available rioisture-holding capacity. 

orquette soils are wall suited to iri-igation (see ',kblo4-11), anid 

almost all of thon ar' cuxrently boing irrigated. The cropping pattern 

on Iorquotte clay loa.n is similar to that on Floo'ho clay low,. 

"0o 3
 

DomnLie m loar, occurs in two small a-eas. One area is in a sniall 

strean vlley southoai.t of Coletto. Tho other aro is along te Atlan­

tic coast west of I"ord de 'or do Joan Rabol anid blends into beach snad. 

3ox;nle soils aro cz.alcaeous anLd occur on ne urly level topograpily. They 

have a bro'm surface horizon mid a yellowish brown subsoils. These 

soils are peorieable mid havo modli, avail;ble moi stue-holdin ca)p.city. 

They are modoretoly suitedl to irxiga'ion (s..o Table i-ll). A silmtifi­

calt portion of tie l3 saundy loam southeaf;t of Colotte iiim­onPcie is 

ted froi;1 a local source and produc,!s good crops of bauue, coconuLs, 

rald veuetablos. The r.ea along, thet atlantic Oconl is utilized leeu 

intesivoly. timwed crop yields under different levels of rmiria­

ine,-t are given in Table 4-12. 

-is oo.s.exlte.Li t,1hthe ios'b extonsive soil type tha.t hws de­

veloped il srtifiod sedim;ents in the Jew ,'V.bel vlley (see Table 4-8). 

It occurs on ge ;.,ic:,s (0 to 3 .1-r.-Aient) in small tributAry stroul 

valleys *thr'ou-;hout tho carea. The surface color is br ow:i to :yish 

brown. The clay loam subsoil raa .s in cololr f'om yellowish bl'row iI 

ti bettor-i,.'ried arcers to li.:ht hro.ish roy in tLo coter of small 

valloyc no..r opheoilerl stream.s. This soil is caloaaou a.d poruicablo. 

It has a high available ,oisturo-holding capacity. 



lme soils are only moderately suited to irrigation because they occur 

in small areas with irretla sloaos so th' it is difficult to irri­

gato thom efficiently (Table 4-11). Iost of these soils arn not i.cri­

gLatod. ore Dom soils can be ir.ig;Led or whero moisture levels are 

adequate, banano is grown. On the tuiirrigated soils, co., red beans, 

ma.nioc, sweet potatoes, and various food crops are growii (Tdble 4-12). 

lio. 5 

Joan habel clay occurs in one large area north of Iavine colette along 

the road toward 11ort-de-Paix. It occurs on smooth slopes of 1 to 4 

percent grTadient and is imperfectly to moderately well dr-inod. Table 

4-13 gives description end results of laboratory analyses for a profile 

of Joan hiabel clay. This particular i,:ofilo has a'.modern soil 102 cm 

(40 inches) thick overlying a buriod soil with similar charactoristico. 

Jean :2abel cl y has a thick, dark color'ed surfacr horizon, except whoro 

it has boon covered by recent, light colored over-:ash from the hills 

to the north. '.'his soil is clayoy in all horizons, with well developed 

structur, . it is moderately permoablc wid has a high available i;ois­
tur.--holding eapacit,.. Joun A- bel clay is well iuited to irriga.tion, 

although it is loss dosiv',rble th"',i the ;:oriueCto and Fo6che soils. 

However , none of the J.- I 1habel clay is c-ur'ently being irrigotcd because 

wat r has not boon directed to it. alm,1ost all of thv Jean l clay is 

in corn, excopt for s xl thnt aro in red swoeet potatoes,t'eas boansx, 

oegplant, nu other crops. tieso could be produc­d food -lhon soils 

tive with irUiga/ion, ctunt yields without irrigation are low. because 

of inladlequate moisture (sea Tablo 4,-12). 

Nto. 6 

Gravelly alluvial lunid, occurs immodiwtely adjacent to the Prien river 

and doanstoream on the Jean Rabel river where coarse sediments have been 

deposited.
 



This lend type is variable in color anlc texture, both vertically la 

stroan action. A few coblestones
horizontally, because of recent 

includled in these sediments.to 16 cm - 3 to 6 inches in diamietor) ure(8 

Gravelly alluvial land is low in oi,.rturo-holdin- capacity LmA is poor­

so::-o of it is no: i1,1iyte6 where it 
ly suited for irriZtion. Hoeover, 

i '61al0 ooml;::ao]0i;, ost
is near wator or alonL irri;,', ion czna!s. 

areas o, Grvolly i.lluvial lnI: al- i&lo 
irrizcted crop. Uairigntod 4-12Crop yields (Tableas mcaioc. -ae low 
or used for pature or crops such 

occus Ofin 
Iuraille clay a fine tez=tured, •poorly.. drained ~soildtha-to',th'.;ostL LL­is -,. ' . 

olett, and nothweot of' La 
noar .vino Ocotte,tho depression 

a ubzoil.
It Ihao a tllicih, dlarkolo10'ec. sur0' hrzon- ;Lila Gr'~ 

source. 

m~~ul -11,l! capaIKcity' C.Id is 1m06Oder11.ty


It hoz a hija available 
w to the "od"ctIon 

,;low in peomeability. ],urai.l clay is ll suitued 

.s 
of rice wd taro if proper moisturm'e co..ro., including i-.iation 


is C 'lo, thi' soil
..needed, is providec' (Qzable -12). 1cf te. 


easily bcause iti is acarly level aend occr.s. in io'.:
 
c.Ul be iited 


is on I.uraillo clay for the 1,p-oduction of' other
 
,reas. .Drai] 'co needed 

l ir i ;a e a e ao-.10)1,"riag ) L'Vine0 crops. Su-cr cane' i,-


,':roun on a fo. small woos hero moisture
 
Colette. Zweet pothoes are 


conditions ao suitable.
 

soil chbou's in the bo'uoms of
Coltte ol.zr ia,.; saulne-alkali 

throe dop;essiobs - a large one northset of '.Aag Colotte toard La
 

of Htang Colete, awid a third oue oust of

Sourae, a s.all one south 

- ou d-ives dotailed description
the so1ent of Uolotte. T2blo 4-14 


for a profile of Colette oley on which
 
rcsuJ.ts of la.boratory analyses 


there has been recent deposition.
 

http:rcsuJ.ts


salt encrustatioloGray colors predoriinate in Colette clay, and whitish 

often occur on the soil surface. This soil is poorly drained. I' is 

for one layer of recent sedimant,clayey throughout the profile except 

which is locan. This soil is very slowly permoaulo ai d medium in avai­

lable moistPure-holainc capcity. The major problem ia Coletto clv, is 

sodiumr-adsorp­the excessive mount of exchangeable sodiin percentao, 

tion ratio, mid electriczl conductivity. Comparison of these high values 

for Colette clay with the correspondiing low values for Jewn hIabel clay 

mid Fo6ohc clay loam emphasizes the seriousness of the saline-alkali 

problew in Colette clay. This is espocially 	strikling Ihen the analyzed 

are separated by onlyprofiles of Jean h "el clay and Colotte clay 

one-hallf kilometer. 

Table 4-12) because
Colotte clay is iunproductive (see crop yields in 

is very poorly suited for
of excessive sodiun cnd soluble salts. It 

should Iot be irri,ated when mauch
irrigation (see Table 4-11), and it 

better soils are availaOjlc. I-ost of the Colette clay is in grass and 

for paostuxe.
scattered 1hosoois ,juiflora (Bayalionde) trees and is used 

1rirarily on colluviul footslopes, w.ith t,,rdiontsGullied land occurs 

the northeast part of
of 5 to 15 percent, near the base of hills in 

JeamIn abol area along the road towazrd Port-de-Paix. There is one
the 

area on gontlr slopes along "Lavine ColOtte. Gulliod land is light 

colored a-d caIcaroous. The texcturo is usually clay lo m or, cloy. 

Gulliod laid i, drou,'IIy, mproductive, lo; in available hoistUzre-holdinLg 

capacity, wi(d unsuitable for irrigation. ,ost of this laid type is in
 

out to charcoal.
shrubs or smull trees that are somet irP-.s i.w:e 



110. 10 

aroaHilly lnd is the most oxtensive l&d type in the Joan Rabol (See 

Table 4-8). This land type developed in calcareous, wwoily-consolidauod 

kioceno 	 urar at altitudes of about 100 to 300 motors. 

local relief is about 50 meters from the bottom of small tribu-Typical 

tary valleys to the adjacent rid,;etops. Slopes cor~monly range from 15 

4-15 gives description of a represents­
to 50 percent Cradiont. Table 

tive profile of this lo.d type. 

This Hilly land has medium available moisture-holdin- capacity. It is 

irrol­because 	 it occ-u's on strongly sloping,unsuitable for irrigation 

This land typo i, ;ubjoct to sorious Erosion. All
lar topography. 

for crops such as corn, a-Iioc,
except the steepest slopes axo cultivated 

sueet potatoes, peanuts, ald Congo beans (pigeon peas). 

1To. 11 

rock l::d occurs only in the northern part of
Col'alliferous limestone 

the Joan Iabcl area on marine terraces of .uat:.rnary age alon,[ the Atlu2­

very thin, oveI on ; ently sloping -Lopoga-hY;
tic coast. The soils a:e 


and hard, pit-ed rock is exposed at the surface over much of thc Uea.
 

KIost of the "thinsoils are reddish brown to yellowish 5.ed (5fl: 4/4-5/6)
 

Oily drougit-tole­and ac'e ::t romoly low in moisturo-holiwg capacity. 


Sm.ll trees Vre out to ;,Ize

rant plnts cal ,;row on is lani, type. 

in a few sc;at­ond Congo bcans (pigeon pea) are grao ,ncharcoal. i,.o-wioo 


u .hero the soil is thick enou:,'h t0 support a few plants.
tered pocko 


""his land typo is distinctly unsuited for irigation. Very few people
 

dry, rocky area. Quite different, aid more productive,

live in thlis 


and massive limestones of ]locene ago

soils have developed in the marly 

of the Rabol watershed.in the southern part Jean 
on the higher, moist areas 



4.42 Soil Loisture ;ud joil Jater 

Soil moisturo is "the oisture thaft is held in the soil by capillaxy or 
molecular forces. 111en a soil is thoroughly ii'rigLbod and then al­
lowed to drain to approximate oquilibrium, a 1mzCiMumr qu:ntity of water 
is reac.ined the and to the ofin ,o'z Uer.ig surfaces soil p"aticles. 
This is usually called field capacity. The moisture tension at which 
this water holdinr. capacity occurs is much less than that at which wator 
ceasves to be available to the pla't roots. The lattLer point is called 
the permanent wilt-ing point. The difference between the field capacity 
end the moisture coltent at the pormanent wilting point is the ,mount 
of water available for plaint gTowth. Thereforo, tunder conditioius of 
low evaporation demoand, a plait can continue to extruct water from the 
soil at a rto which balcunces the transpiration demand over a relatively 
wide rano of soil water tension. Dut under high evaporat,ive demard, 
this samo rate of water supply from tho soil will cause plant water de­
ficits md a drop in trwispiration rate oven though the soil is still 
rolaively wet atL low tensions. Thus, the peroid between irrigations 
could be lenao-ned in the wet season because the evoporative potential 
is reduced as the rainfall has a tendocy to satisfy the depletion rates. 
This is rufer'red to as effective rainfll. 

The moisture depletion alloweod befor'e irligZtin is a function of the 
soil, crop anld stag[e of gro,-Ah. The bet wy of determining when a 
crop needs irr'igt-tion aid i apply to doterminehow much watel. to is the 
amnolit of oislu'o in th soil and the aao-'nh soil Will hold Lt 

field Canacity. ] owever, thi. is ii, , consoumiing anid requires special 
equipment. A coii:,ion muethod is to use the feel end appearance method 
wher; the atount of moisture presont is estimated. 



When the field capacity of the soil is knon, the amoLnt of moisture 

nqedod is then oasy to estimate. The normal range of moisture deple­

tion for diversified crops i aaywhore from 30 to 80 percent. ith 

soome crops on sundy loam soils only 15 percont is allowed. The avera e 

moisture depletion allowed before irrigation in 1'onorally betw;een 40 

to 50 percent.
 

bySoil water is the available raLer capacity of soils de terminod soil 

texture classes callod wmtsr-holdirq; capacity. Readily available capa,­

matter content, kind of clay,city is influeiiced by soil texture, org;anic 

nmd chemical features.soil structure and other physical 

Phe water maia 'cmont system taL no(Jeds to be devolopod for teo Jia, ittbol 

Irrigation System is a diversified crop system where the moisturu, level 

must be maintained at or below: field capacity. It is believed that 

can be t.'roli on .ll the area to be irigated. hlowver,diversified crops 

data noe;.ds to be obtained to develop Good water managemnent planm for 

11abel Valley.the diverriified crops ,Uo be 1,romi in tho Joan 

avtilable soil mois­'2a1l 4-lu is included to show he rwuio of readily 

estirMiAtes(IU) holdi,. capocity fbr differCIt types of soils. 1 1ughture 

j,;:r be z,;.,: fromof redlily available moi;turo of w.vious soils types 

the table. The wate-holdi,,g capacity limitu *ho Luaotut of a1or that 

can be or shoula o applied at ally one irrigi,.tion. For a (givon orop 

a ijoil with low wator-holdiag capi.c. -ty requires om;Llr ud moroe 
frequent irri:y.;Liono thw'n a soil with hi'Ji win.Lr-holdin:'; cap,.aciby. 

of days thmL oaLj be allowedThis is one factor in de'eviiiing'ito mmunbor 

is one b.sis for designing thefor applyin,- irrigation water an'd hence 

capacity of a system and equiprmont. 



4.43 Effective Rainfall for Diversified Crops 

Effective rainfall is that portion of the precipitation fallin' durinl 
the S'owint period of te crop that is available to m1oo the connunp­
tive wiater requirement of crops. It my be a nearly insifnifiourit por­
tion in arid areas or it may be a major portion in hi(1id areas. The 
engineer engaged in octimutinL irrigation water requii eients of a crop 
is confronted with the problem of determining what portion of total 
consumption use will be furnished by effective rainfall uid. what por­
tion will have etobe supplied by irrigation. Gince thei.e are no records 
of effective rainfall availablo in Haiti, it is necei;P.ry to utilizo
 
total rainfall that is effective. Tableslnd other data 
for oc'tir:tin;
 
the averae monthly offectivo rainfall, consluptivo waterI requirements
 
mid irriga tion wvtor requirements are 
 based upon Fublication TIL - 21
 
"Irrigation ilater Recquircments" SCU - USDA, ]LOvinod September 1970
 
and USDA Teolniical Bulletin Wo. December The
1275, 1962. sCS method
 
is developed from water bud,et studies 
over the entire United States
 
including the ]Iuniid south-oan- er[ United 
 States which appear to be ap­
plicable to Haiti. This method tkes into consider-Aion the consimptive
 
use rate of individual 
 crops, the available soil moistiu-e, and the ri;lto
 
at which the available moisture 
 from the soil profile is used. -t also 
provides an estino.to of the availale soil moisture capacity of the soil 
that could be filled from rainfall. The studies hving been mule in 
a humid area, include the posibility of a storm ocouriig after an ir­
rigation application has been made; at that time the losses from surface 
runoff and deep percolvtion ar.rhigh because the storagje capability of 
the soil cui be rapidly exhausted. Table 4-19 presents the calculations 

for effective (re) rainfall.
 

http:estino.to
http:necei;P.ry


4.44 Crop - Water Requiromento 

The amount of water used in producing a crop is commonly referred to 
as it 's water requirements or as "consuptive use" or "evapotrans­
piration". This includes the water transpired by the lecvos of the 
planwts and evaporation froi the iiet soil which -eiei'lly covers tho 
period from pro-plianting; until harves . The vzioiu1t of 11atorc needed 
in idition to effective rainfall -o satisfy the consumptive use re­
quirement of a crop is roferred to as the conismptive uuno of q)pliod 
waor. This is the arioiui 'thiwL must loo supplied by irvi(;ation. 

Only limited wor]k has bocn done on he waster roQuireonts for cropri P';1own 
in the lopublic of ]aiti: Tablo 4-17, devoloiod bY iIaru';,oavon in 1953, 
prosonts aver; :';o 001slUipbivo use of wter by principal irriatAod orops. 
Oly monthly vluos woro reported in this study. An a.ditional u'tucly 
was conducted in 1955 by Iiar,,roa.vos and the following seasonal 
sumptive use coefficients (K) were reported: 

conr 

CROZP K 

Rico 

1.olons 

1.07 

0.27 

Dewis 

Vegetables 

Feas 

0.40 

0.33 

0.36 

Corn 

Potatoes 

TomatoOs 

Sugar Cale 

13uinaas 

0.26 

0.66 

0.58 

0.70 

0.83 

Therefore, conavuptivo use, crop irrigation requirements, soil moisture 
holding capacity, and deep percolation are based on limited data available. 



'1,1 Conntuptivo Use 

Consumptive use, of-Len called evapotranspiration, in the amount of 

water used by the vofetativo growth of a givon area in transpiration 

and building of plant tissue and that evaporated from w.jacent soil 

or intercepted precipitation on the plwit foliuae in any specified tine. 

ConsuipLive use can be mapre.;sed in illifi'i s par season or per day. 

volume of water needed, the seasonal water requi-To computo the total 

reitlent is multiplied by the area to be irriigatod. The volune unit used 

most cormmonly is cubic meters. Only searjonal and monthly values were 

reportod by Hargreaves in his studios. 

Jany early studies on conswuptive use of water give little or no con­

sideration to weekly or daily uso-rates. None are available for the 

Republic of Haiti.
 

The oonsuptive use of water will vaxy with the type of crop, the soa­

son it in ,rown and the climatic conditions existing at the various 

stai es of plant gCrowth. The soasonal consuptive use values muy va.­

ry from as' little as 250 mm for short-season crops gro;wn in cool hunid 

1-rown in hot arid areas.areas, to 1800 nuii or more for long season crops 

Long season crops such -as sugar cane and ba anas are shown in Table 4-17. 

use daring the period of pea" wavter use (,,neral-T110 rate of consumptive 

should be availablo for ii''ig(atingly,detormine the size of strea that 

the crop. The rate of peak consumptive use may vary from 2.5 to 6 mm 

per day in humid areas, to 6 to 9 mm per dtW in arid areas. Rates of 

flow perconsumptive use can be converted to equivalent r 'ter of wateor 

unit area. A-].8 ivea; the equivalent continuous rates flow (24Table lL 

hours a daW) por unit area for various daily consumptive use rates. 

If water in used for irrigation only paxt of a day, the rate must be in­

creased aocordingly. 



4.442 CropL)inf. Pattorns 

Cropping patterns are quite varied in the Jean Rabol project area, and 

many individuals seem to have their wim i.md they appear not to adhlere 

to vany set schedules. In general, not all of the irrigable area is 

cropped during any one year. 

Typical cropping calendars prepared with the aid of the Il ronomo in 

Jean Rabel are shown in Tables 4-19 wid 4-20. These cropping clondars 

portrty the extent to whioh crop divorsification c~ai be a'hievod in the 

project area. A cropping pattern requires sophistication, for exlample, 

rotation irrigation, crop production-in-puts, pest oontrol, Lrain drying, 

marketing, etc. Not all famnors will be able to, or desire to growa 

crops on an intensive schedule. However, it is believed that the m,ore 

progressive farmers will accept intonsified cultivation. 

Land preparation for diversified crops must be accomnplish1ed wuder non­

saturated conditions. Soils that are 0too wot tend to ball up ;.id can­

not be properly tilled. Wet clay soils , also tend to become very hard 

when they dry out if they are ctltivated or worked w"1en -too wet. If 

diversified crops follow one ,nother, there should be enough residual 

bd for th!, :1i'x+ 

With proper croppinro' palterns it does not appear th t irri ,,vtion will 

be requaired for land preparation if good manwagement practices are fol­

lowed. The cnowunt of irriga.,tion wator required for a field can be com­

puted from Table 4-18 and the following equation: 

Field Irrigation-i;ater Requirement = Consumptive Uo-jEffectivo Rainfall 

Field Irrigation Efficienoy 

moisture left in the soil to proparo the ),d rop1. 

See Table 4-18 for an example to illustrate the use of the equation.
 



4.5 ACRICULTURAL ECON0N 

4.51 Current Land Use 

Bananes occupy an estimated sixty (60) percent of the land area irri­

gated from the Jean Rabel river. Sugar cane is being produced on about 
50 hectares, or nearly one fourth of the project area, for one factory 
producing olairin and another plant under construction which expects
 
to produce syrup. New plantings of bananes axe interoropped, most fre­

quently with mass, manioc and sweet potatoes, but sometimes with other 
crops. A large number of coconut palms are scattered throughout the 
area, though not concentrated in a grove or plantation. Plant disea­
ses have reduced yields of coconuts sharply, so that the contribution
 

to farm income averages less than 44.00 a treo per annum. An estimated 
16 hebtares of beans and corn in the project area were asaumed in addi­

tion to the corn on banana land.
 

In the area adjacent to the irrigated land the dominant crop by far
 
is mas, interplanted with manioc, or sweet potatoes, or different
 

varieties of beans. Under support from an IDAI loan scheme, cotton 
has been planted on a few farms in the areas; several farms in the hills 
had pois congo, and a few had peanuts. 

4.52 Land Ownership and Tonuro 

Lists of the owners of land and the area they owned in 17 irrigation 

systems adjacent to the Jean Rabel river ware supplied to us by 
Agronome I'aot. io in turn had been supplied the lists by an officer 
for each of the systems. The hectares and number of tracts for each 

system are shown in Table 4.6 - 1. 



The area reported is greater than that determined by measurement on
 
a topographic map. Apparently 
 some land has been included which is 
not always irrigable. When the project is completed, a revised list
 
which corresponds to the area irrigated should be prepared. 

Ownership was reported for 243 tracts of lcud occupying 435 hectares
 
and owned by 164 proprietors. The average tract size was 1.79 hecta­
res, with an average of 2.65 hectares owned per proprietor. The most 
common holding was a tract of .645 hectare (one-half a oarreau) for 
95 tracts, followed by 56 tracts of 1.29 hectares. Over half the tracts 
were less than one hectare, but these tracts occupied less than one
 
fifth of the 
 area (see Table 4.6 - 2). Sixteen tracts each exceeding 
five hectares accounted for 41 percent of the reported area.
 

Fifty-one of the 164 proprietors owned more than one tract of land.
 
M1ultiple ownership was distributed as follows:
 

34 owners, each with 2 tracts 

11 " of 3 " 

3 it " "4
 

1 " " " 5 "
 

2 " " 6 "
 

Of the 51 multiple tract owners, 45 owned land in more than one irri­
gation system. The majority (35) owned land in 2 systems, but 6 owned 
land in 3 systems, 1 in 4 systems, 2 in 5, and 1 in aix systems. These 
people should have a strong interost in and be supportive of an overall 
integrated organization for all the systems. 

Fifteen proprietors owned 51 percent of the reported aroa (Table 4.6 - 3). 
The largest land holder owned about 13 percent of the reported area. 



Nearly threo-fourths of the owners owned between .33 and 3.00 hectares, 
with an average of 1.20 heotaes for these 119 owners. Some proprie­
tors owned land in addition to that reported for the 17 irrigation sys­
tems, so the average size of farm for those two most comirmon ownership 
size classes would be a little higher (perhaps 1.5 hectares).
 

The majority of the land owners live in the town of Jean ikabel and
 
those with the 
largest holdings use hired labor to conduct their far­
mint, operations; a few leased land to others for cash. iWo examples 
of renting land out on a crop share bakds were discovered. About 40 por­
cent of the owers do not live in Jean habel; they operate their farms 
principally with family labor. The owners living in Jean Rabel make 
the management decisions on their tracts, and several perform some
 
labor on their farms.
 



4.52LI'vidence of Onership 

Records of ltuid ownejEip are maintained by a public official called 
a notary. In Jean liabel, the notary maintained offices in the seano 
building with a surveyor. ilhenover a sale of land takes place, a bill 
of sale is prepared for the seller and taken to the notary who examines 
his files to see that no one else olairas omership of this parcel.
 
The seller loaves his 
old bill of sale, which has served as a deed,
 
and the surveyor examines the trao4 of land to that
see all identifying 
points are located as indicated in. the now bill of sale. The buyer
 
deposits the purchase price with the notary. The 
bill of sale which 
is approved by the notary then goes to the local office of Contributions, 
which levies a tax on the transaction; the bill of sale is sent to the 
district office of Contributions Port-de-Paixin along with the col­
lected tax for approval by that office. 
 The bill of sale is then re­
turned 
to Jea iabel office of Contributions, and then to the notary. 
The notary then delivers the approved bill of sale to the buyer, and 

the amount paid by the buyer to the seller. 

4 .5 3 Home Consmiption of Farm Produce 

A very high proportion of the plantain aid sugar oane ,rown in the area 
to be rehabilitated occupying an estimated of 84 percent of the land 
area, moves farmoff the and is not consumed directly by the farm 
owners family. The sugar oae goes to processing plants, except for 
a few pieces of cane used by the fanily or by hired labor. Less than 
five percent of the sugar cane production is estimated as not sold. 



A reasonable 	 estimate of home consumption for the project area might 

be as follows: 

Product 	 Consumption Uithin Project Area 
Per Capita Consumptioil Production Percent of 
(kilogratno) (kilocrams)2/ (kilogramis) Production 

consiuand 
Corn 50 30,450 	 i1,51i4 209.00 

Beans 10 6,0O0 	 3,273 186.00 

Plantain 160 97,440 1,803,360 5.40
 

Sug-ar cae 100 60,900 2,640,000 2.30
 

,anioc 26 15,834 	 16,000 99.00
 

Sweet potatoes 18 10,962 	 11,000 99.60
 

l/ 87 proprietors times an estimated seven persons per household times 

estimated rate per person. 

The large excess of estinuted consumption of corn and beans over the 

production estimiwtes shown comes from production on uirrigated land 

onied by these samo proprietors, and by purchafnes from the local 

market or from other producers outsid~e the pro'jec; area. 

All of the garden produce and half of the tobacco and coconuts are 

estimated to be used by the faum families producing them. 

l. 4 Sale of 	Farm Products 

Bananso a 

Tho major product moving off far-ms into cormneroial chauiols from the 

irrigtod Icad. is banao (plantain). While some btuinues move to mar­

ket throughout the year, the period of heaviest movement is in Juno, 

July and Auglust. At that time some trucks will go directly to the 



outside
farms of the larger producers and assemble a load for movement 

the area (primarily to Port-au-Prince, but some atop at Gonaives).
 

into
During the period of field observation (March 19'16) bananer moved 

Jean Rabel from the nearby farms. The outgoing trucks usually had 10 

12 stems of bananes loaded on top (sometimes in the back end);
to 

the truck is the owner of one or more of the passengers onoftentimes 

is takinig the product for sale in Port-a'u-Prince, or
the sterns, and 


to be shared with family members or friends in the city.
 

iabel market in
The remainder of the btuianes are sold in the Jean 

most sellers carried an inventory of onlybunches or individually; 

one stem or regime. 

Sugar Cane 

Most of the sugar cane produced on the irrigated land is not sold 

pro­
as cane, but moves from the fields directly the -the local factory 

ducing clairin. The owners of the factory ovm the land on which the 

cane is produced, so in effect -these producers of caue are selling a 

is sold locally, and
processed product, clairin. All of the clairin 

the factory in 50 gallon barrels.is p.cka;od at 

to erect a mill to
A new producer of about 10 carreaux of cane plans 

the form of a syrup.process his ctuie in 

in th,Producers of small quantities of sugar cane sell their product 

form of stalks of cno in "Ahe local market. The unit of sale to buyers 

is small, usually less than five stalks, 



,ais 

Roar the en~d of i-arch sitnifioant quantities of mais wore boing,,
 
harvested tond sold. ,losot of it w.ao boing, sold in 
 the local market,
 
primxrily as ,round maisu, but also as shelled mais aud smaller qu;u1­
titios wore sold by the oar. 

One or two largo producors had onoug;h maio that they were able to hire 
a truck to move it to Por"t-au-ii. Othors expresoeL a dosive to 
do this but they head irnufficient qunuititios to aittract a trucker; 
none had considered pooling their product witn neighbou., for shipment 
and salo outoside the area. 

olaively siall quantities were observed for sale inA the market.
 
liore will likely be 
 sold when mais axd rice are less albundanit, but it
 
in believed to be grown primarily for housolold oonouption, and as
 
an innuralioe crop for food when other staple food 
crop yields are lo-a. 

Several varieties of bau, includin,,,, castor beans, were offered for 
sale in the local m'kot; the quatity of each type being sold was 
rolativoly small. Yields in 1976 had been low, though beans weresome 

roported an being purchased in January by itinerant traders for move­
mer't ou-tsido the area. 

Coconts 

No evidence of sale for shipment ouiside the area waa discovered. 
Iloa- of the coconuts seemed to be sold locally at the public market.
 



Charcoal 

Most of the charcoal moving into commercial channels (and it is a big 

item volume-wise) comes from farms located in non-irrigated areas. 

Relatively few trees remain on irrigated land which can provide wood 

for charcoal.
 

The pattern of market movement by truck is similar to that for bananes 

with several bags loaded on nearly every truck leaving the area. 

Probably the greatest amount moves via water from Bord de Mor de 

Jec Jabel, by boats specializing in moving charcoal to Port-au-Prince. 

4.6 COif.:Y IICIAL FACILITIES .if) ACTIVITIES 

I 4 ,nd Ritail Trade4.61 Retail arket 

An open space of bare dusty ground approximately 30 yards square
 

serves as a place where people from within and outside the area dai­

ly buy and sell farmn produce, fabrics, pots and pans, products made 

from dried fibers, and sundries. A relatively small area south of 

this space has a roof and tables for traders to sell meat and a few 

sundry. Traders with the product tend to associate near each other. 

Sua'roundiri the market area are a ntumber of retail shops, chiefly 

providing a basic food or foods and beverages; a few more shops of this
 

type are located in residential areoa of Jean Rabol. The streets and 

shops are also occupied by farmers'pathways in front of or behind the 

wives and children and by itinerant traders on the two major market days 

of WIednesday and Saturday. Between 500 and 1500 people patronize the 

market on Saturday. 



442 Wiolesale Facilities 

The only permanent exclusively wholesale facility is a warehouse
 
storing barrels of clairin from the sugar cane mill. 
Four retail shops 

carry appreciably larger inventories than the rest; the la-,rest might 

be classified as a general store, while the other throe are somewhat 
more specialized in products handled. 
These larger retailers sell to
 

other retailers, thus operating as wholesalers; they often extend
 

credit to selected bUyers.
 

4.63 Agricultural Processing Plants 

Mats Iills .- Two businesses mill mais for the community and produce 

the bulk of the mais moulu sold in the local market and/or for home 
consumption. They are especially busy on the major market days of 
ednesday and saturday, but they were busy on the other days of the 

week during, the latter part of March and in April when the 1976 corn 
harvest haL begun. One firm had two hammormills, and the other hl 
three (with the third as newly installed the first week of April). 

One firm has throe 30 horsepower diesel engines, and 3 Danish (SKJOLD) 

mills or grinders. The other fi'ni has one 25 II.P. and one 20 H.P. 

diesel engine, and a SKJOLD and a J.I. Case gOinder. Each mill can 

process about 40 marmites (200 pounds) per hour. 

Clirin Plant .- Sngar cane is now being processed at a plant pro­

ducing clairin. This plant does not buy cane from the public, but 
serves only its owners who produce the cane. At present the ow­

ners are not interested in purchasing additional product. 



The plant can process 40 tons of cano, with a out-turn of 400 gallons 

of olairin in an eight hour day. The cooling system is inadequate 

to permit continuous operation, however purchase of new equipment which 

will expaund capacity threefold is planned. The plant operates about 

nine months during a year. 

Sisal Plant .- Sisal is produced in the arid hills, and on some sa­

line flat lid. The factory was not in operations during the period 

we were in Jean habel. 

Bakeries, . - Six bakeries in Joan Iabel make bread products. 

Plato 4. 6 at the end of' this chapter shows the location of commeroial 

facilities in Jean Rabel.
 

-4. 'ralonportation Facilities 

4.61l1 Roado naid Vehicles 

Until 1968 there was nio roadl which could serve Jean Rabel throughout 

the year. 1o farm produce, except charcoal trmsported by water, 

moved outside the area by truck. The completion of' a rotai to IAse 

iouge by IAIO has facilitated shipment of produce outside the 

immediate community and has madle it possible for more itinerant tvap­

days to bring produce into or movo products out from the area. 

There is no automotivo service station in the commuiLy, though one 

is in the "talking" stage. Petroleum products aro brought in by the 

barrel and can be purchasod from several sources. 



One tractor pulls a trailer used primarily to haul sugar cane from 

field to factory. There are six 4 wheel drive vehicles in the com­

mnity, and two trucks used for local hauling. 

Large trucks regularly serve the community (two to three times weekly) 

bringing merchandise and people in, and taking produce and people out. 

4.612I1d1or'Praffio 

i'resently boats sorm to be used only for moving charcoal. The Government 

of Haiti expects to incorporate in, its next 5 year Plan the devololnent 

of coast-wise shilping. 

A65 Aricultural Credit 

The most recent development in this area in agricultural finaice has 

been the beginning of a supervised credit program by IDAI begun in 

October 1975. Loans have been made for crops of bouis and cotton, td 

applications are being received from producers of mais. Ani interest 

rate of eight percent per annum is charged, far below the rate char­

ged Iy private money lenders (alleged in some cases to be as high as 

100 percent for one month). Major elgibility requiroments for a loan 

include membership in a commiunity council and attendice of educational 

meetings sponsored by the council, following technical advice, and 

making progrss in learning how to road and write. 

Farmers in the area have traditionally received capital and bor.owed 

funds from one of four sources; first, from the sale of livestock or 

poultry which is held as a form of capital reserve; second, from friends 

or relations; third, from merchants who grant credit on merchandise, 



which the buyer sometimes resells immediately, even at a loss, nid 

then buys farm produce to take to Port-au-Prince, hoping to earn a 

trading profit; fourth, from money-lenders in the community, used as 

a last resort when the rate is high. 1-erchant credit usually is granted 

for one month at a rate of two percent, equivalent to 24 percent on 

an atnual basis. l,ost money lender credit was stated to run at an 

annual rate of 25 percent, with 40 percent being the upper limit. 

erohants secure loans from banks in Port-au-Irince, with the interest 

rate paid most commonly being 12 percent per year. 

The IDAI Office in Jean iRabel made 469 loans to producers of beans in 

November and December 1975. 

The number of planters, and the area in beans which they planted is 

shovai below: 

Number of Size of iarea Percent of: 
Planters Planted (carreau) Planters Area 

45 .25 9.6 2.0 

129 .50 27.5 11.4 

13 .75 2.8 1.7 

141 1.00 30.1 24.9 

25 1.25 5.3 5.5 
24 1.50 5.1 6.4 

55 2.00 11.7 19.4 

3 2.50 .6 1.3 

6 3.00 1.3 3.2 

3 4.00 .6 2.1 

1 4.50 .2 .8
 

5.00 5.1 21.2 

469
 



Seventy percent of the planters planted one carreau or less of beans, 
and they accounted for 40 percent of the area on which loans were made. 
Planters with 3 or more carreau of beaus accounted for 27 percent of' 
the araa. Rive hundred sixty-five carreaux were planted, or an itvera­
go of 1.21 carreau per planter. 

hE-The plcaters qualifying for louis 

ve farms above the average size 
 for z.ll farms in the area served by
 
the Jecui Rabel Office.
 

Loans were made to 369 pl.anters of cot Lon covering ani area of 395 
carreaux, or an average of 1.07 cavroau per planter. Seventy-six per­

cent of the placaters planted one cari'eau or less (283 planters with 
186 carreaux in cotton); 21 plaiters with 89 carreaux each planted 
three or more carreaux wuder the supoxvised loan program. Seeds was 
provided by LjAI, and repayment of the loan was to be made in cotton 
rather than in cash. 



4.66 CASH FLOW CONSIDERATIONS 

Thb gross value of production estimates correctly measure gross farm 

income, but only that part of production which is sold contributes
 

directly to cash income. Since plantain and sugar cane dominate the 

cropping system within the project area, and since more than 90
 

percent of the output is estimated as sold (see Section 4.6), the
 

gross value of farm production is also nearly all cash income. 

This generalization applies especially to the larger landowners within
 

the system who own more than half the land (see Table 4.6-3, and
 

Section 4.621). On the smaller farms a higher percent of the output 

would be used by the family ; these farms have relatively less sugar
 

cane than is true for the entire area, and somewhat less plantain,
 

with relatively more of their land area in crops used to satisfy farm 

food requirements. 

An offsetting factor, however, is that on the smaller farms unpaid
 

family labor represents a much higher share of the total labor used on 

the farm. In the budgets of expenses a charge was made for all labor, 

but not all of it can correctly be counted as a cash expense.
 

On the larger farms family labor would often be less than 25 percent of
 

all the labor used, whereas on the smaller farms family labor probably 

constitutes ?5 percent or more of the labor.
 

Overall, the net income figures presented probably do not overstate
 

the amount of cash available for family purchases, savings and ser­

vicing of debts.
 

Most of the larger owners carry on other business activities in addition
 

to their farming interests, and are not dependent on farm income entirely 

for family living expenses. Owners of an estimated 75 percent of the
 

land area should be able to finance input purchases. Some of the owners 

on the remaining 25 percent of the land would undoubtedly experience
 

difficulty in securing loans to purchase fertilizer and chemincals. 



Probably the greatest risk factor in the agricultural economy of the
 

project area is related to factors affecting the production and mar­

keting of plantain. Severe windstorms could reduce production sharply
 

in a given year, and a breakdown in trasnportation facilities could
 

temporarily, at least, reduce farm income. Income could probably not
 

be recovered in that year, since plantain is not a storable crop.
 

There are a few producers who are apprehensive about future plantain
 

prices ; they believe plantain prices are too high in relation to the
 

prices of other products, and must come down. Examination of prices
 

over the past 10 years, however, indicate that this relative improvement
 

has been steady and gradual, and did not all occur in one or two years.
 

Prices remain an important factor in making cropping plans ; that is
 

one reason why in the proposed budgets the area in plantain was not
 

increased, even though data suggest it has been by far the most profi­

table crop.
 



4.7 PUBLIC SERVICE FACILITIES JOWD ACMIVITIES 

4.71 Poiulat ion 

The conmune of Jean 2tabel (according to 197) toSNd-EM1- was reported 

have the following population in the town and its seven rural sec­

tions: 

Urban : 1840 

Rural : 57,159 

Rural Sections Populat ion 

1. Dessourcos 3,879 

2. Diondion 6,061 

3. Grand Source 3,135 

4. Guinaud6e 11,684 

5. Lacoma 17,504 

6. La Montafu e 2,347 
7 .Vieille Hotto ._12j53j. -

Total 57,159 

The estimated current population of the project area is 4,320 fwrwi­

lies. Including the population of the tomn of Jean liabol who will 

receive aor from the sy U-ern ad will boixefit directly from the 

rehabilitated irrigation project. '-lio plaimed consoivaLion projoet 

to pvotmc the wmLerohod rum''oiuidin17 te project (21.5 nq. 1i) will 

benefit 2,OOU pouplo or approximately 400 families. The total nuil­

ber of persons directly affected by the project is 6,320 (1,664 fani­

lies). 



SOparato data were reported on the mwbor of housoholdas in theso
 
areas; those data wore reported as 
 including dwellings or houje­
holds not nowl occupiod, and in part accoun't for thc low avert;e 
 of 
only 2.) inihabitants per dwqellinkg. Field obsorvitions sug,,[err that 
tho populaition data sho ir avove grossly undeiostirmato the cu:rent po­
pulation in the aroa, for the anumber residing in dwelling frequently 

is over five. 

47Local Government idrilinistration 

Jean iabol is a commume (ub District for most purposes) of the ALrron­
disomont of A,Olo 6t. 14icolas ropresont-ad by a Prefeoct wid a 1,.al-iu­
trat which is divided into zomunwoz; (2owu of Jeu itabol) ropreoeoiLod 
by a Communal DLeputy and a l1iaiotrat. Yhe co mio is further divided 
into Uections ."ur.0les of which in Jean I'abol, there are sevens each
 
heled 
by a Chef de ';oction. The Ju'put6 r-opresents tho people of the 
commiiUce at the 1'rosidenti al level in J'oa't-au-Prince while t11hOL,,i u­
trat appears to control judicial proceedingsi, police, tax collection, 
and recording of vital statistics at the commiue level. All othor
 
gover21nontal sorvices report diroctly through their parnt 
wency
 
(eg: lvrigation Sorvice, Agiculture, hduc;tion, and to sers extent
 
i'ublio ,iealti). 
 In oehor words, thoro is not contrcal cooidina-tin,­
authority for all governmental operations at the Joan IUael) Uub ias­
trict level. ]L, iI1O and U,i..operate quite independently , reIporin{,g 
directly to ioirt-ai:-Princo headquarwters but with some in-tor-faoin:: 
with government agencio /sorvicoc a't the local level whoa noconr"ay. 
Religious grxoups are entirely inueporldent (in a practical sone) of 
government control of their opertions. T'his diffusion of authority 
makes it all the more important that a wide cross section of contracts 
be established in order to determine the degree of support which could 
be expected during the various phaos of the proposed irrigatiun project. 



4.721 Corr iunity Cowicils 

In addition to government aad quasi-government groups in Jean Aabel, 

there are 68 Conseils Conmunautaires, the membership of which is conm­
posed of individuals living on the farm or in the community, each with 
a full set of elocted officers. These cons,ils are bouid together by 

a federation which offers policy aid technical -uidi'nce but has no 
authority over individual conseil oe rations. 2he leoership of those 
conseils. and feueratins were observed to be relttively str-ong arld of­

fective. Leadership of those Consoils falling within the area to be 
served by the proposed Jewl l'abel Irrigation System will form the basis 
for development of ca organization to control operation and maintenance 

of the completed system. 

4.73 EDUA'i'OI - SIIGOLS 

Education in the Jeai i abel Erea is a conglomerate of many different 

efforts. Aricultural education provided by the .epartment of Ari­
cultu-'s iural Development Division is through 22 Ecoles inu'ales ha­
ving an enrollment of 3,009 students (2,362 boys, 1,447 girls) wid 

which are staffed by 34 teochers. Theve are no farm schools (For­
mes Ecolos) in the area and no g;overnment supportcd voc-v.ional schools. 
There arc, a niuber of private schools in the area with the bull: of 

hose being sponsoroed by di'ferent religious groups. '21e 'roobytoriwi 

261001. if) Qllr4'nidy conft110lfl a1 oitus of' rippPo.r'v1Y 25 yovmgI. Ilirl 
(15-1L years old) in the elemon of basic agricultural rnibjects such as 
the use of fertilizers an~d improved seeds. 'The school also maintains 

a smal.l f'Lmri where stuionts receivo iruinil, in these practico. Yho 

hope is that those gir'is will go back to their onianities and demons­

•rateL their new skills be others, in ,'ond Zombi, one small privato 

school exists consisting of 20 first grade students, each paving a 

teacher one gourdo per month.
 



It is significant to note (refer to Tab1 1) that a high percentage 
of the students enrolled in the state supported schools in Joan Rabel 
fall in the 20 to 30 ae G-roups (47.2,,). Of those, 63.1 are women 
and 36.9d"are men. i;o information was available for comparison of 
porfomance for men vs women; however, participation at a.geo 30 through 
65 is indicative of a receptive attitude towards acquiring new ideas
 
and skills.
 



4.74 AGiICULTULiL ESEYIX;SIId (LC,S
 

At' tho i;ational level, the ±epartmeirt of Agriculture is divided into 
3 Divijions - jirricultuc, iiatural i~enourceu, wid itu'al Developi-ient 
Viul1 i ";Ltion(or Extenoion) falls within the LL;-icultural Division. 

At the local level in Jewi Rabel, the Agricultural "ervice responsible 
for extension ic the SVA (Service Vulaizution ;ii'riculture) or uiiDE 

representative, currently aj Agronome (iiot Jewi-F1,mi9oia). He has no 

official staff. 

I.:ethod demonstrations and training;imeetings to introduce new and im­
proved farming practices ae the principal approaches employed. 
Theoe are accompliohed with the aid of tho leadership of the 68 con­

seils communautaires in the Jean liabol area. 

In addition, the 4L,ronomo stationed at Jean hiabel nervee an a coordinator 

between jhj'ubijs, and a 1ai-ii/nmoeica or,;.nization (1iAdbHO) which alno 
works extensively throu,-:i (;roup!; to introduce new mothodc of farmingi -
conmiluity developmont activities- an~d practicoe to raise lovols of fa­
mily living. it in voco"',izcwi that DjiU i1 extension activitiec aro 
'orithe most part, carried out by lIb, i;O in the Joai iiabol uoa. However, 
liAGid) if involved ii areao other than a, riculturo ouch as public helth. 

1Exni.plea of t6AdhiO activities aro shown in charts 4.74 - 1 anud 4.7i - 2. 

DAiMiuii (loes not currontly mintain a full wc'kin(; otatff in the Jon 
iaL]. rlea. It in ii.,pora'tivo dha;tt a complote ComploIDMemLt of a,;riCui-­

tural exLenoion and teohnical pomnnel be asuigeod if peopoued aro 

dovelopment in to be realized. 



4.75JUCHO 

Of the various agencies: national, intezrnational and religiousoperating 
in the Jea ILabel area the most offeotive is the Haitian kmerictui Uoriu­
nity Help Organization, commonly knom uder its acronym as "IMAI[O". 
A brief roporit of their current activities at Jeoan liabel is :Lncluded in 
the two following soctions. 

HiACiO was created in l9u6 for the purpose of providing teolhical l'.d ma­
trial assistance to Haiti's poorest crea, the borLhuwst. Its statea
 
goal is to stimulate the rural people of this 
impoverished crea in prin­
ciples of self help and to ausist them in their socio-economic develop­

ment.
 

IlACiIO began field operation, in late 1966 at Je auel. The following 
year the uit at ,hse ouge was opened. Late 1971 saw HACHO's ,greatost 
expansion with the simultaneous opening of uits at Torre Jieuvo, Gros 
INorne ard St. Iichel. In 19'2 a regional support office uld garae wore 
established at Gonaives. irom a humble boginiing, 4 employees in i(,o 
.HAXiiO (row to employ 2418 haitiwis during 19'(2-73, Ludet reductions have 
reduced this total to 166 for the coming period. Currently there are
 
171 employees 
 along with several hundred casual labors.
 

hile fiuiding for 1ACjO has come 
 through Adl) Uho orgaization and Idmi­
nistratio~i was given wiN ato C under contractual arrangement between 
AID und C10. This m'rwigemont prevailed util Novem'er 1, 1972. 
At that time AID the timefelt that hwl come for more active partici­
pat ion by the Goi1 and the araneement with CAdWUchmged accordingly. 
UAR; oontinues to provide administrativo personnol, (at present three 
C0AE employees are au,signed to IA\CHO) and handles the purchasing of 
vehicles and medicines for hfACiO. Currently Go1i's contribution is 
;50,OO in cash and 90,000 worth of heavy equipment and personnel.
 



11ACHO operates in aa area of Haiti which is considered to have the 

fewest government services, the loast developed rocl system, the fewest 

toinio per wuit of area, t: e poor,-ot land and people. Its oconoiny in 

based on subsistwico farming. It is an area of unlimited need aod 

ideally suited to the "gLrass roots" cormnunity development approach of 

an orgaii.ation such as IACiTO. 

It is estimated that I[A(A1 serves an area of approximately 300,000, 

the majority of whom live in small toims and villa:eos. It is 1IACiIO's 

endeavor to miae available technical ascistance, health programs and 

direct project asiistance to as many of those towns ats posoiblo. 

HIACIHO projects can Lo fouid throuhout the iiorthwest; there is no con­

centration of projeots in any one area. 

1. 	 Health: Approximately Ou of llIUOi's personnel is involved in its 

medical or medically related servicos. 

a) 	 Curative 1edioine: IJACHO operates 20 clinics of which 15 are 

mobile clinics. Six doctors see approximately 55,000 patients 

a year. 

b) 	Preventive I.dicine: JIACIIO operates 10 nutrition centers, has 

a small but rowing family plauning progruan, trains midwives, 

has in active prenatal progrin and provides for thouswids of 

inoculations every year. HACHO will increase the nutrition con­

tars from 10 to 20 at the bo,imning of 76. Also IU11i10's fnily 

planning plan has now boon approved by GOHi; therfore this ac­

tivity will 	increase during 1916. 



2. 	 Agriculture; Although tacing oecond place in coat to IIACIIC's medi­

cal prolr.va, agriculture han first priority in IIACI[O 

pro-ramming. 1'rograms center arowid reforestation, 

land conservation and 'erosioncontrol, irrigation aid 
water preservation, introduction of crops, silos, 

fish ponds, re,-goneration of coffee, wd small ngicul­
turally related industry. HIACIIO has now concluded a 
5-year technical assistance plan with tiie Virginia 

Polytechnic Institute, V.i.I. which will comif.ence 

January 1976. This will enable IIACHO to increase 

Ag-rioultural production in the N1orthwest. 

3. 	 Community Development: ioad Construction and H-iaintenance - irima,.­

rily with the use of Fool for Work received through 
Care, but also with heavy equipment (1 grarlo 1 dump 

truck and 2 bulldozers furnished by the GO1L), ]IACO 

endeavors to maintain the road system in its aro of 
operation. Furthermore, e*fort is made to construct 

now farm to market roads where required in order to 
allow isolated areas to become p.rt of the national 
econotiy. Potable watter, latrinos, schools, modical 

centers, home economics and crafts centors 'epresent 

other activities carriod out uder this section. 

4. General Development: ]iACiO's Comriunity Development exports organize 

the comwwiitios and then work with the Community 

Counoils to bettor define needs, goals and how to achieve 

them. 
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4.76 Overview of IIACIIO Activities at Jean Rabol 

At'Jeo , Rabol, as in other areas of the 1]orthwest, JULCHIO is concerned 
with coi mauity development. Their approach is based on organization 

and motivation, a search for the bet combination of local aid outside 

rosourcon arnd the realiaation of projects within "the basic infrantruc­

ture of the area. 

In general JIACIHO works tiirouh local commnity oounoils that are formed 

to promote "the developifment mid interests of an area. At present, 1LACIHO 

assists 71. comiumity coucils at Joan Rabel. A present aim o1' IIAGUO 

in to reduce thin nunber to obtain greater efficiency and cooperation. 

The 111U11O program is divided into iour parts: health, agriulture, 

community orgaization wid motivation (animation) mid oomiunity work 

projects (g6nie). 

In the health field, there is a hospital at Joani habel mid two dispen­

saries at Cabcaret auid Tare-Rouge. Eedical personnel conist of two 

doctors, a dentist, a dental aosistmit, two nurses, 12 nurses helpers, 

a lab technician and an assistanit lab tochnioian. According to the 

latest available report, 763 patients were seon during June 1976 ( 702 

at Jean 1&'bol, 31i at Cabaret md 27 at 'l.are-RouL-e). 

In a,,riculturo, effort is concentrated on soil conservation with the 

construction of terraces and conrtour canals. In the area of crop pro­

duction liACiO in working; closely with a German f.,group at Fond-Ramiidou. 
In addition, IDAI makes use of HAUNiO ausisted coimunlity councils -to 

distribute a,-rioultural credit. At Jean Rabel, the IHACIJO staff con-

Ejiutn of two agronomistu, a veterinarian, 4 agrioultural teohnioimis 

and 4 ons0rvation specialists. 



Community development (or-maization and motivation) is ooncernod pri­

marily with incroaoin, the awaroneso uuon- oommnity momiWor3 of the 
problems of development aid with helping; thom build more viable social 

wid work orgtni:;ations. Theo include coil ruity counciln, coopor tivos 

(for oxanplo the fiuhing cooperative "iTchotuo Unin" at Dord do 1Eor 

do Joan itabol) and co7:uity gardeno - in thin task the comwunity do­
velopment specialist in annisted by 9 opocialists in coopnr;LLivo o­

gimization and 5 technical auuiutw'ts. Throe home oconomicn contera 

have boen established at A' are-,1ou;,o, *barbo Pafnol and Lca i,6scrvo to 

inotruct youinr womni ill Cooking, iowinfg, arto and orafln, reading, 

writing ald civics. 

In the area of community iork projects (gdnie) as, for exmnple, :onoral 

conotruction a.nid development of opriiacs, HAGIO employs al on,;inear to 
nupervile t)'ojectl iin, fou1 area'i tht; include Jean i(abel. In viojditiony 

OA11C. finnces a pro(,,,romz for the 0ovelonmont of npri,-,.;s as driikin:_ wa­

ter supplios. ,iiir proyram ic widow Lhoeroc-ion of two en, ,noor. 

HIiGO aluo han Luevoral foremen (Form&i,) anuld taruistunt foremen aLni: not 

to oonmtrucLion trnd repair of vocu/d: throe are arsignod wL Joan Raiiel. 

The followinr, in a list of projocts that have bon curried out by JT)iILO 
in ti, Jean diabel area (F,ood for .'ork lrojeoLo are not included in bhis 

list). 

1 - Hoopital e'op)air 

2 - haln:±dou wJare.houno 

3 - 01ourco Ca~ur3on 
4 - IAVriuO conl'ul"ctiomi 

- Veletable cultivation 



6- Coffee planting; 

7 - Arti-pariitio medicine
 

8- Soil conierlVation
 

9- Ofioe repair
 

10 - Dull breeding" station
 

11 - Awnp install"tion (1"ond itmmadou)
 

12 - Cultivation of yamo
 

13 - ioveair of Combo school
 

14 - Iotato oultivwAion
 

15 - Repair of ;,auval :jiuhool 

16 - Cultivation of uaoo 

17 - hepaiz' of ba'o-ioue dis])oJary 

16 - Cons3truotion of La Source bridge 
19 - Collection of oprint; iat-.r at Source I)6bauch6 
20 - Collection of sprinig water at Source Nan Pig6 

21 - Finhin- cooperative "T6ohours Unis." 

22 - Drinking water 

23 - Noh n olon irriration system 

24 - 1ntuVimont of Jean i/abel marks . 

25 - Cons-truction of commuity school at Darbe Palmol 
26 - Vogtable cultivation and oortruotion of a water reservoir at 

i3 auvoir. 



4.761 E:alaria Control
 

Malaria 
control in provided by Sii,1? (Service National Eradication do
 
Malaria). SNItiE proided houso to 11ouoe inspections and sprasying.
 
They 
also dispense various malaria control medicines. 

iialaria in provalent in the project aro;., according to D)r. Boutin, 
ohief phyaician for tho 5ogion. Elimination of stamlding water and 
regulated flows of irrigation w'tor through rehabilitation of the pro­
sent irrigaion system should appreciably reduce the mosquito popu­
lation. Yablo 4.762-1 shows the incidencos of malctria in the in
area 

1975. 

It is further planed to rc-in,roduco indigenous small fish of the 
Limia speuies into the Joan abel irrigation system for additional 
mosquito laval control.
 

4.7062 ii~ 

In the .JC habol moro than in most'4I area, of rural Haiti, the average 
diet is largely carbolVdrate. Corn, in various forms, whole or milled
 
is the base around which most meIal 
 are p'opared, Plontains, manioo 
aond nwot potatoes occasional are substituted or anded to the one main 
dish. 1,eat in may form in rarely available andc enters the average 
diet no more often Lhtn once weekly. 

CLhor than this small qumtity of moat, protein in obtained occasionally 
from uow or goat milk or rarely fish. Voptablo protein, in the form 
of be as furnish the balance of dhoir intico. Green vogatables aro 
seldom available eithor on the farm or in the markotn, with okra being 
the posniblo exception. Unions and hot peppers are used for seasonings. 
F.ruits are seanonal with only mangoos and oranges grown in small quantity 

looally.
 



The deficiencies of this unbalanced diet plus an absolute shortage of 
sufficient food of any kind has led to the prevalent malnutrition of 

tile area. 

Tuberculosis is common in Jean Rabel and can of course be partially 
attributed to mlnutrition. It is felt that increased production 
through development of an improved irrigation system will materially 
inoroace quantities and varieties of available food-atuffs in the 
area with ensueing improvements in the general health levels. 



4.763 DOMESTIC WATER (POTABLE) 

As 'in most rural areas in Haiti, an adequate supply of good quality 

domestic water is not available at Jean Rabel. The best quality 

water is obtained from a spring, Source Castron, located south of 

the town. It is piped into town and distributed at three public
 

fountains. These are opened for short periods during the day by
 

a watermaster. The water is used almost exclusively for drinking. 

It is of good quality and is tested once a year for contamination.
 

The quantity supplied does not meet the needs of the town.
 

Water in the Jean Rebel river and in irrigation canals is used hea­

vily for bathing, washing and watering livestock. Unfortunately,
 

these waters are also used for drinking. They are of extremely poor 

quality due to the presence of human and animal wastes and consi­

derable quantities of soap. The river water also contains abundant 

suspended sediment. 

Rehabilitation of the irrigation system will cause river flow to be
 

depleted or to cease altogether at the town of Jean Rebel, resulting
 

in heavy domestic use of irrigation water. It is likely that this
 

source of domestic water will become more polluted as a result.
 



Flato 4-1
 

Plancho 4-1 90 410,
 

CARTE GEOLOGIQUE
 

Jean Rubel
 

Gal II UVION IaCS o C CAICAIPII XICIrIUX ae 

M CC MARIS - PN10cNim 

}3Ja 
4 

KCI *ASALTI - CtIIAC! 
51 

%ASSIH VIRSANT 

A IOU AGI 

ECH 1:100,000 
a 



PLATE 4 -2
 

N 

COUPE9. LITUOL0610UCir -WE4VLL LOG'* 

JEAW ME 

raRACG45 NO. - WELL. PO' 

PROFOUPRUl Cm) 

"hSt.6 8 - A"M(.e Fr 0 

6.u~vaf 0 
-o0 ajiuma"Se 

- - 0­

- CL~.'C .. at UA 

toatA .LOTA,0. 0 LT 

- 0 0 

0 

&A. vL. 0 .- 0 - ~ Ag -lavt V~ e AO 

C- G Le rtu-5A.41 

- (D CLtAYAI g 

- s 0, 136L 

ts~20 ~C.LAX 

T6L4AP.G GLU1 

--- NIIINAU VrA7I4LE -c.LA-Y - A4 

GOV~ces1, 11I wfave Nu rVw 0llr L"SUAVX..., OAO/oWF14/HAI'I11 Xo I9ffovok 



o' 

z 

00 

LAN£AE 

'0 0 

o 
2 

DI5TRIBUTION OF 
PRECIPITATION IN 

AVERAGE 
HAITI 

A4NUAL 
4N - cL 

'-140 

----

IS0-IES 

RIVER 

NATIONAL 

EXPRESSED IN 

METE0ROL03 CAL 

CENTIMETER. 

SERVICEb 

' 

JI. 

f -CC 

HINCr 

o 

10 

tt 

100 

OMNAINAU 



PLATE 4- 4 

SUFi701i, C-T t~l'l APPMOXgMAflI(, 
C17-MctW t.C'76)
 

ELEVAr(OU 

2tb 

199. 

(tel -77 

5 

14OR ~
 

'CAL (ULGE AVlic. LE. "MUI~ FSQLA.TtO.~ : s7 
 I w0A'-

UAJ77 



Qf.OA 

3 ,' 7 ,.gJAiLE CLAY 

7 

* ''3 

73 

L0CA71Cq:'I 5C4 ;'OF{!: 
.. ''- S ALL 5rRE-.33,3.33 

~.......1OAO 13333 

,A(Y !: 

3 3Y1'' A , 
3 

.133.333,3333~3',~..33333 \j 

3333 



PLATE 4.7-1 
PLANCHE 4.7-1 

COMMI~EMVCIAL ACTIVNI )Z"' t~~ 

X 

x 
t. 

p:tr.A'IA 
LE C-:,t EN 

Fp-1L = c 

?O'L64 

VU%AA 
OVCUEtNrO­



PLAYE 4.8-1( 
PLAN CHE 4C­

rr­

vK 
'ei AL--Vo( 

0( 

C"Ufzc.H " ';r~r~t 

tA%&L'eA Co T OI#1(7C 

A 1fA%6,A~auo~5 fl\\c 

W~iv kr-ooV i7e 



TABLAU4i-l PiLECIPI T 01 IOIS Ii7S1JELLF.S A JEAN iHU3EL (mml) 

Annie 0ot Nov D~o Jan F~v Mars Avr Mai Juin Juil Aofit Sept Total 

1923 0(?) 99 26 47 127 34 11 67 205 103 117 92 928 

1924 102 117 92 5 19 89 66 155 47 16 29 144 880 
1925 69 110 122 157 42 97 87 63 116 97 24 180 1167 
1926 236 22 39 144 9 3 11 246 52 98 26 81 967 
1927 110 237 31 129 62 14 3 123 95 6 68 128 1006 

1928 26 214 235 54 24 14 23 47 134 25 38 76 913 
1929 104 0(?) 12 26 179 91 105 45 68 7 5 32 674 
1930 53 551 52 223 77 251 261 166 135 17 7 23 1819 

1931 60 234 15 25 16 16 75 379 68 - 109 64 1061 
1932 88 191 49 0 0 .12 35 6 232 19 17 64 713 
1933 134 226 71 8 222 76 85 77 180 31 30 91 1233 

1934 15 246 97 51 43 0 0 1 25 - 15 99 592 
1935 175 105 119 88 98 174 90 24 130 59 113 - 1176 

1936 22 36 - - 39 79 58 233 77 54 - 121 720 

1937 95 165 275 165 70 4 0 0 0 29 10 108 921 
1938 21 50 71 23 0 153 50 176 27 27 49 23 671 

Moyenne 93 170 90 77 67 63 
 63 113 93 36 30 97 991
 

6f~rencea: Los Eaux do Surface do la lh6publique d 'Haiti, 

Bulletins Hydrographiqueo Nos. 1-17, 1918-1939, 

Direction GUngrale des Travaux Publics, 

Port-au-Prince, 1924-1941. 



TABLEAU 4-2 JEAN UDAflTL - PiRECIPITATO701, EV,,I'OTR ISPIATI0], ]DPICIT Ei EAU 

Pr6oipitations Evapotranspiration Diff6renco
 

(Thornthwaite)
 

Total Effeotive
 

A B A-B 

Janvier 73,3 55,0 77,0 -22,0 

F6vrier 62,6 47,0 78,3 -31,3 

Mars 68,9 51,7 95,8 -44,1 

Avril 62,3 46,7 116,6 -69,9 

Nai 117,3 88,0 145,8 -57,8 

Juin 88,8 66,6 156,6 -89,9 

Juillet 35,4 26,5 160,7 -134,7 

Aoat 31,1 23,3 156,5 -133,2 

Septembre 92,8 69,6 137,7 -68,1 

Octobre 88,2 6 62 135,0 -68,8 

Novembre 152,4 11413 97,7 +16,6 

D6cernbre 78,7 59,0 87,4 -11,8 

Total 951,8 713,9 1445,0 	 -731,1
 

R6f6rence: 	 "Enqu6tes sur les Teres et les Eaux...", 

FAO/SF: 45/fLI-3, Vol. IV, p. 135. 



__ 

TABLEAU 4-3 JEAN RIEL - FR!EQUMCES DES PLUIES PEIiDA' 24 I11URES 

No. do 	raig Date Pluie (rmm) Probabilit6 
M 24 heures D'exc6danco pendait 1 almFondant 

__________~ _ _ _ _ _ _ _ P(X:-X) 

1 Nov. 27, 1929 165 	 .077 
2 Dec. 9, 1928 164 .154 

3 ilJov. 20, 1927 105 .230 

4 Fov. 19, 1930 104 .307 

5 Oct. 22, 1935 
 i 86 .385 
6 Dec. 11, 1937 77 .461 

7 Aout 28, 1932 76 .535 

8 Sept 4, 1935 72 .615 

9Ym-a 13, 1939 66 .692
 
10 Nov. 12, 1932 64 .769
 

11 I.ai 13, 1939 59 .846
 
12 31, 1933 .59
*Oct. .923
 

( )+ 1 

1hWfelence: Lor de do 16pixblique-l.11uL urfaco la d 1haiti
 
J ullets I-ydJ'oi'aphicuer1-17,
Jios* Direotion 
G6n6rale des Travaux Publics, Port-au-Prince, 1924-1941.
 



AU44TENMLATURS 'A JAMMRJL 

11 
 14oyen1nes des maxima (TM), mensuoJlles() et-des miima (,2m) -' '*~~ ~~(~ de observatio~ns: Ootobre 1927' &etembr 91e aiir ~~~5 

Jan F~v Mars Avr ba unJilA~Sp Oct Nov D~o Anx3.e 

TM21 28.7 30-251 30.2 
3183033.4 32. 32.2 318
-~31 31831 6
62
 
Tx 22.2 22.8,23.6 24.4 25.6 26-5 
 26426.,826.4.,24- 240922.8 248
 

Tm 1,1. 1. 8695 
 2.3 20.5 20.826 20- 4 18.7 16 9 18­

~ ~frecsx' deR~enee: " Le' aeEaux do Surface de la Ilpublique dlHaitill' 

Bulltin 1WdrographiquesNo -7,18199 
Direction G6n~ialo des.11ravaux Piablios 
Port-au-Prince, 1924-1941-

U Moyennes 'MensueIles 

2A02~126'2"12~' 
 266 24.8 23.7 25.3
 

= 345 Vol I''~S 
 '-5,$P- F'~SF~~P 

5 5 1969 
5 .
,7 j' 

5'5 
' - S5 ' S .r ''" ' -s' 

1;t, Z.,. 
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Tableau 4-5 
Plaine de Jean-Rabel - Caractrietiques hydrologiques
des formations aquifares - Rsultats des forages 

Niveau 
 Raba.- D6bit
Forage Epais- Transmissi- Transmissi-Zone de l'eau --D6bit tement sP4cifi- seur vit6 remon- vit6 remon- Perm6abili-
NO. en m en i/s en m que q/s Rappe b te Tr en t6e Tr en t enm/ 
eisle en M2/8 

2/s 

Jean- 6,- 1,- 6,-
P Rabel 11,10 9,1 1,85 4,9 - 2
5 1,08 X 10-2 -3
(devant 1225 320 3,66 x 10 7,3 x 1038 
03
l'h8pi-
 3,20-3
 22,2
tal)
 

Observations: - Au ddbit de 12 I/s le niveau est instable et la pompe tend & d~samorcer car s d6passe b. 
- Si l'on doit exploiter ce puits, ne pas d~passer un d6bit de 8 I/s. 
- La courbe de remontde passe au-dessus du 0. 
Le pompage a entam6 la r4serve aprZs un essai 

de 32 heures. 

F2 Jean- 11,50 0,8 2,50 0,3 2,50

Rabel
 
(Pr eby­
tbre) 

Riviere 14,2 037 14,6 102
 

3 32,5 4,30 7,5 
Observations: d4bit de 30 I/s le niveau est instable - Au et la pompe tend & d6samorcer car s = b. 

- Si l'on doit ex-ploiter co puits, ne pas d6passer un debit de 20 I/s.
 

F4 Rivibre 8,40 6,- 3:30 1,8 2 215 1,6 X 1I- 1,6 x 10- 1,1 x 10- 3Prien 7P5 5,- ,15 

.Mf~renceo: --. %u~ues sar loo 2er-cos et le: Ezcu::..., 4-5//SS:: 10 



Tj3LEAU 4-7 JEAN RATEL - AIALYS], CIIIIIQUES DES EAUX 

pH C.E. lRes. Soo 1CO3 ISO ('1.1 IC,:, + l I V-] *A' 

Riv. do Jean 

Rabel .63 400 3.75 1.5 4..2J 1.9.1C 1.35 

Forages 

7.0 1.05 670 6.4 3.C 2.2 6.42 2.7 .0 1.5FI 

7.8 1.05 670 7.66 3.C 2.0 7.17 2.7 .12 1.4F2 


F3 8.4 .95 605 5.40 2.' 2.5 5.75 2.7 .15 1.6 

F4 8.3 .92 600 5.40C 2.1 2.4 6.06 2.8 .15 1.6 

Sources
 

Bassin Dlou
 
7.6 .51 4.5 -5 1.80 .4 .11 .42S1 


La Source 
6.1 1.2 7.0 3.0 9.29S2 

SAR = Sodium Adsorption liatio 



Table 4-8 Areas of Different Soils in the Jean Rebel Area 

Soil t pe or land type Percent of 
No. Name Hectares girrable land 

1 Fo~che clay loam 231 18.9 
2 Morquette clay loam 107 8.7
 
3 Bongne sandy loam 46 3.8
 

4 Dame loam and clay loam 570 46.5 
5 Jean RPbel clay 90 7.3 
6 Gravelly alluvial land 49 4.0 
7 Murille clay 71 5.8 
8 Colette clay 61 5.0 

Subtotal - irrigable land 1 100.0
 

9 Gullied land 94
 
10 Hilly land 1,676
 
11 Coralliferous limestone
 

rock land 423
 
River channel and lake 66
 

Total 3,484
 

Table 4-9 Selected Characteristics of Soil Series and Land Types 
in the Jean Rahel Area 

Parent material -Surface NaturnI. drm.noan 
t.x ure rnlor Well. Ymod, w'l.l Inper-frqc Poor 

Calcareous, stratified 
sediments 

Medium over coarse Dark 1. Foche 
Moderately fine Dark 2. Morquette 
Rondy loam Medium 3. 8ongne

Medium to mod. fine Medium 4. Deme
 
Fine Dark 5. Jean Rabel
 
Coarse Medium 6. Gr.al.land 
Fine Da7 7. Muraille 
Predominantly fine Medium 8. Colette 
Predom. mod, fine Light 9. Gullied land 

Calcareous bedriock
 
Weakly consolidated
 

Miocene siltstone,
 
marl, eta. Light 10. Hilly land
 

Quaternary coral­
liferous lime­
atone Light 11. La. rock land
 



TADIX 

Location 

Physiography 

Relief 

Precipitation 

Vegetation 

Drainage 

Parent material 

Al 

0-38 cm 
0-15 inches 

A 
30-74 cm 

15-29 inches 


a 
74-102 cm 

29-40 inches 


C1 
102-153 cm 
40-60 inches 

TIC2 
153-178 cm 
60-70 inches 

Diagnostic 
horizons 

4-10 Profile H3, Fodche clay loam 

Described by R. T. Odell, Miot Jean Francois,
 
and F. Schwencke on December 11, 1975.
 

Topographic map of Haiti, scale 1:50,000, Jean Rabel 
sheet 5575-I, coordinate 689.7-2195.3; from Jean Rabel
market, 1 kilometer south and 46 meters east of road 
and 91 meters east of Jean Rabel River. 

Alluvial terrace, L kilometer wide, of Jean Rabel River. 

Nearly level, 4 0.5 percent slope northwest. Altitude 
72 meters. 

Annual average 95 cm (37 inches). 

Banana plantation, irrigated. 

Well drained to moderately well drained. Water table 
> 125 cm (49 inches) below surface. 

Alluvium from calcareous siltstone (Miocene) and 
limestone of lower Eocene age.
 

Dark brown (?.SYR 3/2); clay loam; moderate, fine,
granular; friable; calcareous; clear, smooth boundary 
to horizon below. 

Brown to dark brown (7.5YA 4/4); heavy loam; weak, fine,
subangular blocky; friable; calcareous; clear, smooth 
boundary to horizon below. 

Brown (7.SYR 4/4-5/4); heavy loam; weak, medium,
subangular blocky; friable; calcareous; clear, smooth 
boundary to horizon below. 

Brown (7.SYR 5/4); clay loom; nearly massive to weak,
medium blocky with a few, fine, white (1OYR 8A)

CaCO3 coatings on pad surfaces; friable; calcareous;
 
abrupt, wavy boundary to horizon below.
 

Brown (lOYR 5/3); very gravelly loam; single grain;

loose; calcareous.
 

Mollic epipedon, 0-38 ;m (0-15 inches).

Cambic horizon, 38-102 cm (15-40 inches).
 



'i'£,:-4-10 Profile H3, Fo~che clay loama(ooil.)
 
cinsifrication: Udic Heplustoll, fine-loamX, mixed, isohyperthermic 
Horizon 
 A1 A3 8 CI II2 
Depth of horizon (an) 0-38 38-74 74-102 102-153 153-178 

Percent of entire sample > 2.0 mm * 0.1 0 0.2 0.1 73.6 
Particle-size distribution of 4 2 mm (0/):


Very coarse sand 2.0-1.0 mm 
. . * 0.1 0.4 1.4 0.5 6.2
Coarse sand 1.0- .5 mm . ., 1.5 2.4 3.8 2.2 6.1
Medium sand .5- .25 mm . . 3.7 5.6 6.5 3.8 7.2
Fins sand .25- .1 mm . .. 11.4 15.2 14.0 4.3 13.5
 
Very fine sand .1- .05 mm 
 . , 8.7 12.4 9.3 21.1 9.4Total sand 2.0- .05 mm , . 25.4 36.0 35.0 31.9 
 42.4

Total silt 
 .05- .002 mm . . 42.9 38.0 38.3 39.8 35.8
Total clay 4 .002 mm . 31.7 26.O 26.7 28.3 21.8
 

Bulk densityb @ 0 0 0 0 a 0 
 1.2 1.3 1.4 
 1.5 1.7
Moisture: 1/3 atmos. . . . . . . 33.5 28.8 26.2 29.7 22.1
15 atmos. . . . . . . . 16.4 15.2 13.6 15.4 10.5

Avail. moist.-hold. capacityC . 0.20 0.18 0.18, .	 0.21 0.05
Organic carbon ('A) ........ • . 1.47 0.66 0.43 0.73 0.31 
Calcium carbonate equiv. ( .). . . . 24.8 30.6 24.1 31.0 38.6 

Exch. cations (meAOOg soil):
Ca " .. . . . . . . . . . . . . 37.63 41.25 40.00 42.00 41.50

M . . . . . . . . . . . . . . . 3.88 2.75 3.00 4.00 3.25
K 	.. .. ............ 
 1.9g7 1.52 0.66 0.56 0.51

Na ................ 
 0.35 0.36 0.35 0.25 0.33

Exch. sodium percentage ....... 1.4 1.7 1.6 1.1 1.9Cation-exch. capacity (me/OOg) . . . 25.01 21.72 22.51 21.94 16.93
pH H20 .. . . . o .. . . . . . . . 7.8 7.9 7.8 7.9 7.9 

Available nutrients:
 
N03 (ppm) .... . . ..... . . 3 3 3 4 3

P205 (lbs/acre) . . . . . . ... 150 20 75 200 200

K20 (lbs/acre) . a . . . . . 100 100 200 100 100 

ElectricAl conductivity (mmhos/cn) . . 0.28 0.35 0.51 0.40 0.27
 
Sat. extract sol. cations and anions (meA):

Ca + I . . . . . . . . . . . . . . 2,6 0.6 2.6 1.2 1.6 
K , . , . , a, , , . . , 0 , , , 12.11 0.32 0.0 0131 0,16No ................ 
 3.2 5.0 10.8 8.6 i0.8
Cf)3 .. . .. . . 0 0 0 0 0
 
1iq3 ............. 
 3.4 0.6 0.4 1.4 2.6
504 . . .• . . . . .-- 2.0 - - 1.9 
01 .... . . ...... . 6.0 8.0 6.0 4.0 
 8.0


Sodiu;n-ndsorption ratio . , ..... 2.8 9.1 9.5 11.1 12.1
 

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

b 	Estimated values. 
O 	 Centimeters of available moisture-holding capacity per centimeter of soil, 

adjusted for the amount of > 2.0 mm material.
 



Table 4-11 Suitability of Soil Types for Irrigation
 

Soil type or land type 
No. Name 

Available moisture-
holdingq capacity 

Suitability for 
irrigation 

1 
2 

Fo6che clay loam 
Morquette clay loam 

High 
Very high 

Well suited 
Well suited 

3 8ongne sandy loam Medium Medium 

4 Dome loam and clay loam High Medium 
5 Jean Rebel clay High Well suited 
6 Gravelly alluvial land Low Poor' 

7 
8 

Muraille clay 
Colotte clay 

High 
Medium 

Medium* 
Very poor 

9 Gullied land Low Unsuitable 

10 Hilly land Medium Unsuitable 
11 Corolliferous limestone 

rock land Very low Unsuitable 

*Drainage needed for all crops except rice and taro.
 



Table _I-2 Estimated Crop Yields Per Hectare Lhder Different Levels of awnmt on 
Irrigable Soils in the Jean Pabel Area. 

No. 

Soil type 
or lend tvoe 

_N~, 

r.ana-E-
memt 
l evelC 

E-nane 

ReniKes 

Suaranioc 
cane 
Tons K 

Corn 

Ka 

Sorghu-i 

Ka 

Rice 

Ka 

Red 
beans 

Ka 

-:.eet 

potatoes 
Ka 

Forage 

Tons 
1 Fodche 

clay 
loam 

2 
3 
4 

800 
1,350 
1,800 

45 
80 

100 

-

-

-

2,100 
3,500 
4,700 

-
-
-

-

-

-

750 
1,250 
1,?00 

3,000 
5,000 
?,030 

6.0 
10.0 
14.0 

2 Morquette 
clay 
loam 

2 
3 
4 

?50 
1,300 
1,70cT 

0 
85 

110 

-

-

-

2,200 
3,600 
4,800 

-
-
-

1,800 
2,900 
3,900 

800 
1,300 
1,800 

3,500 
6,000 
8,000 

7.0 
11.0 
15.0 

3 Bongne 
sandy 
loam 

1 
2 
3 
4 

b 
600 

1,000 
1,300 

b 
30 
55 
?0 

2,000 
4,000 
7,000 
9,500 

600 
1,300 
2,200 
3,000 

55O 
1,100 
1,800 
2,500 

b 
b 
b 
b 

300 
600 

1,000 
1,300 

1,2200 
2,500 
4,000 
6,000 

2.0 
4.5 
7.5 
10.0 

4 Doane loam 
and clay 
loam 

1 
2 
3 

350 
650 

1,050 

20 
40 
70 

2,500 
4,500 
7,500 

900 
1,800 
3,000 

800 
1,500 
2,500 

b 
1,600 
2,700 

400 
700 

1,200 

1,500 
2,700 
4,400 

3.0 
5.5 
9.0 

4 1,400 90 10,000 4,000 3,400 3,?00 1,650 5,200 12.0 
S Jean Pabel 

clay 
I 
.2 
3 
4 

b 
550 
900 

1,200 

b 
40 
70 
90 

2,200 
4,300 
7,000 
9,000 

800 
1,600 
2,700 
3,600 

700 
1,400 
2,300 
3,100 

b 
1,500 
2,500 
3,400 

350 
650 

1,100 
1,500 

1,100 
2,400 
3,900 
5,500 

2.5 
5.0 
8.0 

11.0 
A 

7 

Gravelly 
alluvial 
land 

L4raille 
clayc 

1 
2 
3 

4 

I 
2 
3 

4 

b 
400 
700 
900 

b 
45C 
750 

1,000 

b 
25 
45 
55 

i5 
35 
.60 

80 

1,500 
3,000 
5,000 

7,000 

2,530 
4,500 
7,000 

9,000 

500 
1,100 
1,900 
2,500 

700 
1,500 
2,500 

3,300 

450 
950 

1,600 
2,100 

650 
1,300 
2,100 

2,800 

b 
b 
b 
b 

800 
1,600 
2,600 

3,400 

?-u 
500 
850 

1,100 

b 
550 
950 

1,250 

3900 1.5 
1,800 3.5 
3,000 6.0 
4,200 8.0 

1,300 3.0. 
2,600 5.5 
3,950 8.0 
5,700 11.0 

8 Colette 
clayc 

1 
2 
3 
4 

b 
b 
b 
b 

'1 
10 
18 
25 

,000 
2,000 
3,500 
5,000 

b 
b 
b 
b 

300 
650 

1,100 
1,500 

400 
800 

1,20 
1,600 

b 
b 
b 
b 

b 
b 
b 
b 

i.0 
2.5 
4.5 
6.0 

*See footnotes on fo'llo-Anag page. 



C 

ma -entlevels are defined as follows:a The four 

area.1. Unirrigated land - Curr-ent typical management practices used by most farmers in the 

2. Irrigated land - Current typical management practices used by most farmers in the area; 

no fertilizer applied.
 

3. Irrigated land - improved managenent practices, including better water distribution, 

better 	tilage and pest control, modest fertilization, better crop varieties, and timely 
within 3 to 5 years by farmersharvesting. These crop yield levels should be achieved 


who adopt the improved practices.
 

near optimumIrrigated land - Moderately high level of management practices, including4. 
amounts of irrigation water and fertilizer, well-adapted crop varieties, good tillage and 

pest 	control, and timely harvesting, storing, and marketing. These crop yield levels 
farmers who adopt these practices.should be achieved within 5 to 10 years by 

The projected crop yields under even the moderately high level of management are very 

modest and can readily be further incr-esed. For example, the projected coin and 

under a moderately high level of manageosent are significantly lessscr,-hum yields 
areas where these two crops arethan the yields that are currently obtained in major 

produced regularly. 

b Crop not adapted. 

Removal of excessSuppl mental drainage is needed for crops other than rice and taro. 


exchangeable sodium and soluble salts from Colette clay is also needed.
 



i'AL1 4-13 Profile H9, Jean Rabel clay 

Described by R. T. 	 Odell on March 12, 1976. 

Location 	 Topographic map of Haiti, scale 1:50,000, Jean Rabel sheet
 
5575-I, coordinate 6.90.9-21979; from Jean Rabel market,
 
1.5 kilometers north on road, then 1.4 kilometers east on 
road, then 91 meters north into field. 

Physiogrephy 	 Lower part of colluvial footslope from a hill 300 meters high. 

Relief 	 2.5 percent slope southwest. Altitude 45 meters. 

Precipitation 	 Annual average 90 cm (35 inches). 

Vegetation 	 Corn, not irrigated.
 

Drainage 	 Imperfect to moderately well drained. Water table > 200 cm 
(79 inches) below surface. 

Parent material 	 Colluvium from calcareous siltstone (Miocene) and some from 
coralliferous limestone of Quaternary age. 

Al 	 Black (lOYR 2.5/1); clay;, moderate, fine, subangular blocky; 
0-36 cm 	 firm; calcareous; clear, smooth boundary to horizon below. 
0-14 inches 

A3 Dark grayish brown (IOYR 4/2); clay; moderate, fine, sub­
36-55 cm angular blod<y; slightly fim; calcareous; clear, smooth 
14-22 inches 	 boundary to horizon below. 

02 Grayish brown (I0YR-2.5Y 5/2); clay; moderate, medium, 
56-04 cm subengular blocky; slightly firm; calcareous, with common, 
22-33 inches 	 fine, white (lOYR 8/) CaCO3 concretions; clear, smooth 

boundary to horizon below. 

C -Brown (lOYR-2.5Y 5/3); clay; weak, medium, blody; friable; 
84-102 cm calcareous, with few, fine, white (IOYR 8/) CaCO3 con­
33-40 inches cretions; abrupt, smooth boundary to horizon below. 

Alb Very dark gray (IOYR 3A); clay; moderate, medium, prismatic, 
102-127 cm with common, black (lOYR 2.5/1) organic and clay coatings; 
40-50 inches very firm; calcareous, with CaCO3 concretions as in the 

C horizon and thin aC0 3 coatings on ped surfaces and in 
channels; clear, smooth boundary to horizon below.
 

Bb Dark grayish brown (2.5Y 4/2) to grayish brown (IOYR 5/2); 
127-153 cm clay; modorato medium, subangular blocdy, with few dark 
50-60 inches gray (lOYR 4/) onjanic and clay coatings; firm; calcareous, 

with CaCO3 concrotions and coatings on pod surfaces and in
 
channels as in the Alb hurizon above.
 

Diagnostic Mollic epipodon, 0-36 cm (0-14 inches). 
horizons Cambio horizon, 36-84 cm (14-33 inches). 

http:lOYR-2.5Y
http:I0YR-2.5Y


'TAJ-1.I 4-13 Profile H9, Jean Rabel claya 

(calwt.) 
Classification: Vertio Haplustoll, fine, mixed, isohyperthermic
 

Hori zon A, A3 82 0 Al b 8b 

DepLh of horizon (cm) 0-36 36-56 56-84 84-102 102-127 127-153 

Particle-size distribution of .- 2 mm (V/A): 
Sand 2.0-.05 mm........ 20 24 8 14 16 26 
Silt .05-.002 mm ....... 27 22 39 33 19 20 
Clay . .002 mm . ..... 53 54 53 53 65 54 

Organic carbon (Co) . . . .. . 1.84 0.72 0.26 0.29 0.85 0.31 
Calcium carbonate equiv. (/).. . . 20 25 27 25 10 23 

Exch. cations (meAOOg soil): 
Ca .. . . . . . .. . . . . . . . 47.8 39.8 35.8 - 39.8 -
V9 .............. .?09 - 15.9 - 15.9 15.9 
K * . . .. . .. . ....... 1.43 0.48 0.32 0.29 0.40 0.32 
Na . .. .. .. . . . . . . . 0.70 0.58 0.60 0.'82 2.28 2.32 

Exch. sodium percentage . 

Cation-exch. capacity (meAOOg) 
. . 

. . 
1.3 

52.0 
1.8 

32.0 
2.5 

24.0 
2.9 

28.0 
7.1 

32.0 
7.2 

32.0 
pH H2 0 . . . . . . . . . . . . . . . 7.8 7.6 ?7. 7.9 8.0 8.3 

Availoblo nutrients: 
NO(pP')) ............ 9 12 5 9 5 14 
P2 5 (lbs/acrao) . ... . .... 200 200 200 75 s0 125 
K2 0 (lbs/acra) . . . . . .... 40 40 40 40 40 160 

&ectricalconductivity (mmhos/cm) . 4.00 6.62 0.85 0.75 5.90 4.25 
Sat. extracL sol. cations and anions (mo/i): 

Ca + f€j . . . . . o . . . . . . . 0.6 1.4 1.2 0.8 0.8 0.6 
K ..... . . ........ 0.33 0.12 0.12 0.09 0.07 0.04 
No . . . . . . . . . ...... 0.7 0.6 0.9 2.2 3.0 3,0 
Co3 . . . . . . . . . . . . . . . 0 0 0 0 0 0 
HC10 . . . . . . . . . . . . . . 3.2 2.4 3.7 2.4 3.2 4.0 
SO4 .... . , . . . .. .. 3.4 2.6 2.2 0.2 2.6 4.3 

S..... . . . . .. .. .. 8.0 8.0 6.0 4.0 4.0 9.0 
Sodiun-adsorption ratio . .* . . 1.3 0.7 1.2 3.5 4.7 5.6 

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



TA31,' 4-14 Profile H1O, Colette clay 

Described by R. T. Odell and W. D. Cameron on March 13, 1976. 

Location 	 Topographic map of Haiti, scale 1:50,000, Jean Rabel sheet 
5575-I, coordinate 690.6-2197.6; from Jean Rabel market, 
1.5 kilometers north on road, then 1.0 kilometer east on 
road, then 87 meters south into pasture. 

Physiography 	 Near margin of drainageway one-fourth kilometer wide.
 

Relief 	 Nearly level, /- 0.5 percent slope. Altitude 37 meters. 

Precipitation 	 Annual average 90 cm (35 inches). 

Vegetation 	 Gress and scattered Prosopis juliflor (Bayahonde) trees. 

Drainage 	 Poorly drained. No water table to a depth of 142 cm 
(56 inches) on March 13, 1976. 

Parent material 	 Mostly sediments from weakly consolidated, calcareous
 
Lascahobas-M-aissade siltstone of Miocene age. The 
upper three horizons are recent sediment. 

All Mixed dark gray (lOYR 4A) end very dark< grayish brown 
0-23 cm (IOYR 3/2); clay to clay loam; moderate, fine, blodky; 
0-9 inches firm; calcareous; numerous roots; abrupt, smooth boundary 

to horizon below. 

IT'k31 Grayish brown (IOYR 5/2) with common, fine, faint light 
cm olive brown (2.5Y 5/4) mottles; loam; weak, fine, subongular23-53 

9-21 inches blocky; friable; calcareous; many roots; abrupt, smooth 
boundary to horizon below.
 

IITA12 Dxir< gray (lOYR 4/1) with com-,mon, fine, faint brown 
53-451 cm (lOYR 4/3) mottles; clay; moderate, fine, subangular 
21-32 inches blocky; slightly firm; calcareous; common roots; abrupt, 

smooth boundary to horizon below. 

IVA.) Very dark gray (lOYR 3.5/1) with conwnon, fine, faint dark 

81-112 cm grayish brown (lOYR 4/2) mottles; clay; moderate, fine, 

32-44 inches subangular blocky; slightly firmw; calcareous; few roots; 
clear, smooth boundary to horizon below. 

IVA3 h Very dark grayish brown (IOYR 	3/2) with common, fine, faint 
mottles; clay; moderate, fine,3.12-)A2 cm 	 dark grayish brown (lOYR 4/2) 

114-56 inches 	 subangulor blocky; slightly firm; calcareous.
 

Diagnostic 	 Ochric epipedon, 0-23 cm (0-9 inches).
 
horizons 	 Cambic horizon, 23-81 cm (9-32 inches). 



TA-IIZ 4-14 Profile H1O, Colette claya 

(coll-'. ) 
CInunificntion: 
 Thapto Aqullic Fluvaouentic Halauept, fine, mixed, isohyperthermic 

Horizon 
 A11 IIA3 1 iIIA 1 2 IVAib IVA3b
 

Dcp.1 of I orizon (con) 0-23 23-53 53-81 81-112 112-142 

Particle-size distribution of .4 2 mm C/): 
Sa nd 2 .0-.05 mm .. ....... 34 32 20 22 23 
Silt .05-.002 mm ........ 23 
 42 21 18 16
 
Clay 4 .002mm .. u . .. 43 26 59 60 61 

Orgonic carbon (I/) .. . . . . . . . . 2.02 0.91 1.36 1.21 1.02 
Calcium carbonate equiv. (cl.) . . . . . 28 25 26 28 27 

Exch. cations (meAOOg soil): 
C a . ..... .. . .' . 0 47.8 39.8 51.7 55.7 55.7 
,mg. ................ 15.9 17.5 15.1 - -
K ................. 0.92 0.56 0.47 0.?0 O.GG 
Na . 5.80 5.60 4.20 5.40 6.20 

Exch. sodium percentage 10.4 17.5. 1.. 8.8 11.2 15.5 
Cation-exch. capacity (me/1OOg) . . . 56.0 32.0 48.0 48.0 40.0 
pH 120 ................. 7.8 ?.5 7.5 7.2 7.8 

Available nutrients: 
N83 (p ) .... a 10 8 8 8 
P 5 (lbs/ co)r..... 125 75 so 75 125K20 (lbs/acre) ...... 40 35 38 35 37 

Electrical conductivity (mmhos/cm) ?5.00 10.20 12.50 11.80 9.90 
Sat. extract sol. cations and anions CmPA): 

Ca + Mij ............. 
K ................. 
Na ................ 

3.6 
0.93 

38.4 

6.0 
0.54 

50.7 

3.6 
0.85 

50.? 

6.8 
0.67 

49.3 

5.6 
0.36 
5.8 

Co3 . . 
HC0 3 . . . 
S04 . a . 
01 • * • • 

. , 

. . . . . 

. . . . . 
• • v 0 • 

. 

. 
• 

...... 
. . . 

. .. . . 
• d , 0 a . 

0 
3.8 
1.7 

48.0 

0 
3.3 
0.8

78.0 

0 
3.0 
4.3 

104.0 

0 
3.5 
4.3

6a.0 

0 
2.6 
8.6

64.0 
Sodium-adsorption ratio .. . . . . . 28.6 29.3 37.8 26.7 3.5 

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



TidfLJ 4-15 PI-ofilo iZL, illy Laxd. 

Location 

Relief 

Precipitation 


Drainage 

A 
0-28 cm 
0-11 inches 
02 

263-4a cm 
11-19 inches 

01 
4&031 cm 
19-32 inches 

C1 
31-127 cm 
32-50 inches 

Topographic map of Haiti, scale 1:50,000, Chateau 
sheet 5575-I, coordinate 690.6-2193 9; along Lhe
 
road approximately 3 ki).ometers southAeasL oF Jean
 
Rabel market, and 0.5 kilometer west of Jean Rabel River.
 

The soil profile was described near the crest of a
 
ridoeLop (altitude 1?0 meters) on a 16 percent slope

westward.
 

Annual average 95 cm (38 inches). 

Imp3rfoct to moderately well drained. 

Brown (lOYR 4/3-5/3); heavy clay loom; moderate, very
 
fine, subangular bloedy; firm; calcareous, with pH 8.1;
 
clear, smooth boundary to horizon below.
 
Brown (lOYA 4/3); clcy; moderate, fine, subangular
 

blody, with few, thin, white (IOYR a.) CaCO3
 
coatings on pods; finn8i; calcareous, with pH 8.2;
 
clear, smooth boundary to horizon below. '
 

Brown (lOYA 5/3); clay; weak to moderto, medium, 
blocky to subangular blocky, with common, thin, white 
(lOYR 8fi) CaCO3 coatings on pods; firm; calcareous, 
with p1-1 0.3; gradual, smooth boundary to horizon blow. 
-rown to light olive brown (I0YR-2.SY 5/3); heavy clay
loam; wcnak, medium1, blocky, with common, thin, white 
(IOYR 8/1) CaCO3 coatings on pods; firm; calcareous, 
with pH 8.3.
 

http:I0YR-2.SY


TABLEA:'U 4-16 D2-2u- D7, SOLS EU: :IUDISJ3IS DIF Z--r- TrFF3 -D! SOILZ 

04 ,D~D-'t~~I~c~~~ 
SOLS SUP,1 

SOL 
C--eSIFICATI-i a:aCit6 

?OIDS DU 
J__, ___ 

ou ce.,ta-e 

.2 JDE ?LL2LE 
SOLS I-,I:1]S 

Pouce Jc: iion. es 

CAiPACITIE 
S24-USDA-

e-7 ouo-Uo. 

E D.:~.Lt HUJDIT3J 
I-.JG=TiO. CULX-" cb. 

C ICouches Sol en ous-sol Couches 
es ter-rau*. :ez(en 

Asse:'.e 
u 

0 -
fL-iejeIce 

12" 12"-36" 
nf rieure :;.fI ea 
36" CO"0-30cm 6 -

LZuf'erieure. 
*-90CL 

Sable 3- 5 1- 3 .3- .3 2.5- 6.7 
P-cuc: 

.07-.05 
-au 

.06-

(c 

.0S 
e so! 

.03- .07 
"-,-a 

7- 96- 8 -

e 
7 

Sable peulironeux 

Sable limioneu:= 
4 

5 

- 10 

- 15 
2 -

3 -
5 
U 

.8 - 1.3 

1.0- 1.5 
6.7 ­

3.3 ­
10. 

12.5 
.10-.12 

.13-.15 
.C - .11 .08 - .10 

.12 - .1L .11 ­ .13 
10 ­

13 ­
12 9 - 1! 

15 12 - 14 
S - i0 

1!-13 
Sable finlimoneux 

imons 

imon 

Limon argileu 

Agile linoneame 

Arrile Iourde 

7 - 16 

10 ­ 17 
12 - 20 

14 ­ 25 

15 ­ 30 

20 ­ 25 

4 - 0 
5- 9 

0 - 10 

7 - 13 

7 - 16 
9 - 13 

1.5 ­ 2.0 

1.6 ­ 2.2 

1.7 - 2.4 

1.8 ­ 2.6 

1.6- 2.8 

1.9 ­ 2.3 

12.5 ­ 16.7 

8.33- 13.3 

1..2 ­ 20.0 

15.0 - 21.7 

15.0 - 23.3 

15.6 ­ 23.3 

.16-.18 .15 - .17 14 - .16 

.20-.22 .17 - .!19 .17 ­ .19 

.22-.24 .20 - .22 .20 ­ .22 

.21-.23 .13 - .20 .18 - .20 
-17-.19 .15 - .17 .14 - .16 
.12-.11. - .13 .10 - .12 

16 ­ 10 15 ­ 17 
20 ­ 2217 -19 
22 - 24 20 - 22 
21 - 23 13 - 20 

17- 15-17 
12 ­ 14 11 - 13 

1- - 16 

,3- 19 

20 - 22 

13 - 20 

14 - 16 

10 ­ 12 
gile'orie tr~s II25 - 40 12 - 20 2.0 - 3.0 6.7 - 2.0 .11-.13 .09- .1 .08 - .10 11 - 13 -11 8 - 10 



TAL-"J4-17 JA SiCOT i LA m. 0-)2L IhIA~i UL*?i Dxs:I-];"CLS i~ r'n PAR M~IS 

KOIS Frzcipitation- .ois __-_____.____ or-ho fliz T- Car-,e To:a es
Effect ive s 1 2 3 1 2 3 1 2 3 sucre 

nun 

Jaavier 51 35 124 62 36 159 16U 11 105
 
F6vrier 52 87 115 
 32 42 150 203 93 36
 
-:ars68 30 141 16 25 243 10- 95 82
 
ril 102 
 155 89 92 

iKai 135 153 21 12 57 95
 
Juin 132 164 75 
 57 250 107
 
Juillet 91 
 170 
 &5 24 77 14 224 117 
Aoat 125 151 42 69 55 53 250 142 
Septembre 130 150 17 75 26 6F 258 145
 
Octobre 125 141 39 51 60 138 

82 1ovembre107 12 15 17 9 40 130 40
 
D6cemere 59 19 100 
 45 35 152 20 il 48 

Total 221 1,671 240 219 170 1227 203 167 193 497 1,376 361 
Source: J)dvelor6 zr George M. Iiargreaves (S. iPA), 1953, .faires, Th..itut Inter-A-ericain,
 

AdzInmistraLion de oopersation ltter-ationale, Fort-au-rice, Haiti.
 



TABLE'AU 4-18 	 CODVEIRSI0U DU TAUX DE LA MOO;SCIN1,A'2101 JOUJALIERE 

EQUIVJIALE1T AU T'AUX DU VOLU;j. DU COUi. COITIiU, PIi0 iELOCTARE1 

(olsoji, ioIL do 1 'eu I(, iVJO1C(unto1fo c.u_ x du i.,it' Cooitiliu 
uar do~uirdo___ _ ,r hectauro iar acr-e 

Foucon Liti-es pzu' 1tro cubo 1iidC cuiho C(]J.lons paxA:illim.L'es 
par jou, par jour occolde ,:, jour par [O. illuo 

2.0 	 .03 .23 20 .0033 1.5
 

.35 30 .0050 2.2
3.0 .12 

.0067 3.0
4.0 .16 	 .46 40 


5.0 .20 	 .5U 50 .003 3.7
 

6.o .24 	 .69 60 .0100 4.5 

.0117 5.2
7.0 .28 	 .31 70 


8.0 .32 	 .92 ;W;0 .0L33 6.0 

9.0 .36 1.04 go .0150 6.7 

10.0 	 .40 1.15 100 .0167 7.5
 

L'oxcomple rjuivit d6noabL'o OOmmno21' I)CU- 6"ro calcul6 le volume du courrit. 

En aUIiIWmIwl (,U'UiO suporfioio do 15 ]hoctiLroc, du111 tno -6L0ion Uot il n'y a pas 

do p,6cipitaLions offoctive:, eot irxriLu6o chaquo jour porndoiL 12 houron, Lvoc 

11o ooommationincmcinlaln do 5 mm par jour, et uee irlii-t;;Liou ef:i'ioiento do .50 

(5u,). Lo Tablo;in indique qlo le volume n6cooaire dii courvnt otinu oat do 

el par hootuLr' moido, pamce quo 1'oau n'un6 employ6o ceulement.58 litroo par eoo. 

pondnwit 12 h. ohaque joiu, il faudrait le multiplier par 2: 

15 ha X .3 1/s X 2 - 34.. 1/iu 

L'ostimation de la conisommation miccimalo pout varier do 2.5 & 6mm par jour dumo 

doe r6gions humides. La vnoyonno 2.5_+ 6.0mrn - 4.25mm par jour. 
2 

Dann l Tableau ell ot do .49 litros par Scoonda. 

do:L'outimation 	rmibimnio des booinn du projet eat 

255 	 ha X o49 X 1 - 250 1/s
 

.50(50d )
 



TAB=U 4-19 I ?RECI?'ATI0--'rmRm2S C'ClOl DES FADi%?S DE CO,0siJATo- - RE CIPITAION:LLS, 

BT 1:0,E2.... CUL2UR2 A (Lat. 200 -.o) 

TeMnD6ature 1Pourcent-c-e Facteur de Pr6cinita-tion Pois Fois l:ais
 
oisoyere pendant le Consoinfn' iormale "ffective A~c 16-- i'ar 
31 Iars 1 - Juin 15 :ars 1 - JuiIlet 7Ltj jour t m 1) (r) (re) No1 7o 2 Ko 1
 

C OF (p) 100 (f (re) (f) (re) (f (re)
 

Janvier 22.2 72.0 7.73 5.56 2.67 
73 65 5.56 65
 
F6vrier 22.8 73.0 7.26 5.30 2.48 
63 57 5-30 57 

23.6 74.5 6.20 6.11 2.72 69 62 6.11 62 6.11 62 6.11 62 
Avril 24.4 75.9 8.52 6.47 2.44 62 56 
 6.47 56 6.47 56
 
Iai 25.6 78.0 9.14 7.13 4.61 117 
 88 7.13 88 7.13 88
 
Juin 26.5 79.7 9.02 7.19 3.50 89 76 
 3.59 38 7.19 74
 
Juillet 26.9 80.4 9.25 7.44 1.38 35 33 1.68 7 
Aolt 26.8 80.2 8.95 7.18 1.22 31 29 
Septembre 26.4 75.5 8.30 6.60 3.66 93 79 

Octobre 26.0 78.E 8.19 6.45 3.46 88 75 

lovembre 24-0 75.2 7.58 5.70 5.95 152 102 
D~cembre 22.8 73.C 7.88 5.75 3.11 7 70 2.97 t 

I_ I00.00 751o 7 19-94 220 23.30 24 28.58 289 
r prel._l. onre = 6rcipDi'ztioni:oyer,e Le rrci itation ef--ectiveIT u--"Le 



T'2ALSAU 4-19 f(suite) 

2 de 3
iKais Sais
Sorcho Sorfho 
D~c - -

Sorgho - Bananes Camrie ZI sucreAvril 1 Sep '6-Jan 13 IKar 1 -jul 15 
 D6c 1 -Avril 15"ep 16-Jan 31
o2 o3() (re) ( o ) (rc) _i_ o z(I) ) o(.r) () () () () ()(e 

5-56 65 5-56 
 65 
 5.56 65 
 5.56 65 5.56 65 
 5.56 65
5.30 57 
 5.30 57 
 5.30 57 5.30 
 57
6.11 62 
 6.11 62 6.11 62 
 6.11 
 62 6.11 62
1.50 13 
 6.47 56 3.23 28 
 6.47 
 56 6.47 56
 
7.13 88 
 7.13 88 7.13 88
 
7.19 76 
 7.19 76 7.19 76
 
3.60 16 
 7.44 33 7-44 
 33
3.30 39 
 3.30 40 6.6o 79 6.60 79


6.45 75 
 6.45 75 6.45 75 6.45 75

5.70 102 
 5.70 102 5.70 102 102
5.70 70 5.75 70 

5.70 

5.75 70 5.75 70 5.75 70 5-75 70
 

24.22 
 267 26.76 351 30.67 298 25-95 282 
 26.76 352 76.88 792 76.88 792
 



TABLEAU 4-19 (suite) 

3de_3 
Patates Patateo Patates 

Janv. 16 - Juin 30 Mars 16 - Aofit 31 Juin 16 - Doho. 15 

io 1 ho 2 jo 3 

Wf . (re) .Wf (ro) Wf- 6-0L) 

2.87 34 

5.30 57 

6.11 62 3.15 32 

6.47 56 6.47 56 

7.13 88 7.13 68 

7.19 76 7.19 7u 3.60 38 

7,44 36 7.44 36 

7.18 29 7.18 29 

6.60 79 

6.45 75 

5.70 102 

2.78 34 

35.07 373 38.56 311 9.75 393 



TABLEAU 4-20 CALCULS DE LA I LJEr -"C0:JS. cI;J3AiS0 , ;. L'I:h:JGATIO% ICESSAIiiP AUX CULTUriS A JEA . PRI--HAITI (Lat.20°Nic 

Terrain 
plan-t6 

?6riode de 
croissance -acteur(F) 

Consomruation 
Ooefficient(K, Q'uantit6 tU 

Calcul 
effectif des 

U 
moins 

Efficacit6 
Ju projet 

Besoins 
en 

Losoins 
en 

prcipitata-s 
_ _ 

Re Llirri-ati i 
(Re) 

-ti zi;Tiation 

Pois 1 J~cl6-C.ar31 19.94 .50 
mm 

232 
Mm 

216 
mm 

38 

Fource-ataGe 

.35 .50 
mm 

107 
mm 

75 
2 I-r 1-Junl5 23.30 .50 296 244 52 149 104 

I.ais 1 lar 1-Jul 7 28.58 .66 479 294 185 228 395 
2 Jc 1-Apr 7 24.22 .66 406 262 143 410 287 

Sorgho 
3 Sepl6-Jan3l 

1 Iaz 1-Jul15 

26.76 

30.67 
.66 

.66 

148 

514 
349 

304 

99 

207 
284 

591 

199 

414 
2 D6c 1-Ap-r15 25.95 .66 435 277 158 452 316 
3 Sepl6-Jan3l 26.76 .66 448 349 99 284 199 

Bananes 12 months 76.88 .83 1,621 793 828 2,364 1,655 
Canne & 
sucre 12 months 

Patate 1 Janl6-Jun30 

76.88 

35.07 

.70 

.65 

1,367 

579 
793 
340 

574 

239 

1,638 

682 

1,147 

478 
2 larl6-Aue31 38.56 .65 636 321 314 897 628 
3 Junl6-D6cl5 39.75 .65 646 393 262 1 747 523 



Notes explicatives du Tableau 4-20
 

F = Total de consomnation mensuelle des Facteurs(F) pendant la p~riode de la croissance ou de l'irrigation. 
K = Coefficient de l'usaze empiriue dterrin par des exp6riences. Tableau 2,iDonn~es Technicues 21, SOS. 
U = F = Consommation pendant la p6riode de la croissance ou de l'irrigation. 
Re= Total des precipitations mensuelles pendant la pdriode de croisa-nce ou de l'irrigation. 

I = U - Re = Besoins en irrigation pour le champ. D = Efficacit6 du projet.
E 



TABLEAU 4.73 - 1 

JEAN RA31L 

Ecoliers Orouves Claw - Ecole de l'Etat 

Total 5 - 9 10 ­ 14 15 ­ 19 20 - 24 25 ­ 34 35 ­ 44 44 - 54 55 ­ 64 64 plus 

Deux 
Sexes 1757 291 347 289 160 205 168 123 31 93 
1asculin 694 142 136 ill 50 77 58 56 40 24 
F6minin 1063 149 211 163 110 128 110 67 41 69 

Tir6 du recensement de la population de la !l6publique d'Haiti, 30 Juin 1971. 



TABLEAU 4.73 - 2 

JEA . RPBEL 

Personnes de 5 ans et plus, selon la fr6.-,ertation scolaire, Page et le sexe - Ecoles de l'v-tat 
Mas culin Masculin F~minin 

Total Ecole 
de 

l'Etat 

Deux 
Sexes 
Priv&-e 

Auc=ie 2otal Ecole 
de 

L'Etat 

Privge Aucune Total Ecole 
de 

1'Etat 

Priv6e Aucune 

Total 1757 1176 374 207 694 421 151 122 1063 755 223 85 
5 ans 57 45 8 4 33 25 5 3 24 20 3 1 
6 ans 57 29 15 13 29 15 6 8 28 14 9 5 
7 ans 58 21 24 13 28 9 10 9 30 12 14 4 
8 ans 66 23 26 17 35 11 11 13 31 12 15 4 
9 ans 53 16 25 12 17 6 4 7 36 10 21 5 
1 ans 72 23 35 14 30 6 16 8 42 17 19 6 
11 ans 56 20 24 12 22 4 10 8 34 16 14 4 
12 ans 85 30 32 23 33 11 10 12 52 19 22 11 
13 ans 64 20 27 17 22 4 7 11 42 16 20 6 
14 ans 70 19 27 16 29 6 15 8 41 13 22 6 
15 ans 74 29 37 14 29 10 11 8 45 19 16 10 
16 ans 67 21 27 18 27 4 13 10 40 17 15 8 
17 ans 63 31 28 18 21 7 5 9 42 24 11 7 
18 ans 55 36 16 16 21 12 2 7 34 24 8 2 
19 ans 30 19 10 9 13 6 7 - 17 13 3 1 
20-24 160 138 10 1 50 40 9 1 110 98 8 4 
25-29 101 98 17 - 45 42 3 - 56 56 - -
30 plus 569 558 8 1 210 203 7 - 359 355 3 1 



TABLEAU 4.73 - 3 

NOMBRE D'ELEVES DIWS LES ECOLES RURALES 

DISTRICT JEA14 RAEL 

NOMS DES ECOLES TOTAL EFFEW2IF E11BC'IF 
(gargons) (filles)
 

1.- Barbe Pagnole 144 76 68
 

2.- Cabaret 441 231 210
 

3.- Cahouin 221 133 88
 

4.- C6tes de Fer 226 149 77
 

5.- Desforges 152 76 76
 

6.- Dos dl'uie 153 93 60 
7.- Dessources 198 127 71 

8.- Gaudette 240 170 70 

9.- Combo 60 42 18 

10.- GrEnde Source 156 116 40
 

li.- Labolloy 162 102 60
 

12.- Mare Savon 158 79 79 

13.- Mare Rouge 201 131 70 

14.- RIserve 190 135 55 

15.- Sauval 238 180 58 

16.- Philippe 123 75 48
 

ly.- Dubois 137 75 62
 

18.- Fonds du Riz 128 68 60
 

19.- Boucan Patriot 163 118 45 

20.- Lacoma 160 87 73 

21.- Fonds Ramadou P/D P/n P/D 

22.- Loubier - 158 --

Total 3,809* 2,362* 1,447*
 

* Noins lea donn~es de Fonds RIwadou
 

P/D Pas de donn6es
 



TABLEAU 4.74 ­ 1 DEVELOP-E.-T COI.UNTAU A2E 

Latrines 

m 

0 0 

4' 

0 

E 

0 

24 

S0 
0" 

00 

0 ;4m 

0 

d 

. r '+A C 
-z0 0 

-o=,c 
4 0 

;qo0 
4'A .14 

O 

k 
H 

"-ri410( 40 
4'-
,,
Cd 

-$4 

r-4 
1 

-" 

-P 
r 

-2 

0 

0 

, 

0 

m r -
0 

'4 

QC 

04 0 
C 

qC 

-- 4 -0 
0 

C 

P,4 m/ 
Zo 

4 
-1-

d 

4 
CS 
0)0 

z 

$4 

0D 

0090 

*-4 

48 

M 

12 -

00 

ler~~~ 9z 
0$-i 

an 

0 

0d0 

P 
Ca 

-
1 
M0 

' 
V2 U 

0 

a), 
-

~1 

45-q 
C m 

7d 

-

V2 
-4 

0o 

P 
t 8 

16 
4d-P 

0 
-i 

4.4 

d 

m1 

00
0A 

k 
a 

m 

5.C 
0 

2 
.0 

q-4
'0g7 

53 5 81 
! -4%0-Pa%07 

00)> g 
0 

0E 0~ 
0 ~ 

2 77.-

0> 

0, 
6 

0-

7 
8 

.2 

0 

-C3 

Avr. Juin 75 
ler trirest %4 2 - 2 54 5j - 46 1161 9 6 32 535 31 18 1 2 4 

Juil.Sept-75 
2e trirestreL 2 - - 6 16 2448189 6 26 64 484 192 - 37 19. 3- 4 20 

Oct. Dec. 75 
3e trirnestre 

Jan. I-lars 76 
4e trinestre 

31 

98 

5 121 

L -L3 

5 

2 

4 23 4 .32819448 

45222385609 

9 

9 

30.841 576 

5942 

25 

233 

160 

-77 

2 

- 6 

48 

2 

124 5..2.11.20 

Tot.a des 4 
or msres ,12 2 39 42 !244Q7 L2II87 2.62.6"70 a 3 01 2R306 132 1 , 3__j2 

Source - HACHO 
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TABLEAU 4.6 - 1 

NOMBRE D)E TERIAINS ET LEUIi SUPERFICIE
 
DANS LES 
 SYSTEES D'IR1IIGATION AVOISINANTS JEAN RABEL 

Nom des Systmes 


d'irrigation 


Bassin Bleu 


Bois d'or 


Bananier Blain 


Grand Rao 


Pere 


Vincent 


Fond Zombi i / 

Guildive 


Petit Riohard 

1an Dixhuit 


Joseph Lucas 


Nan Coton 

-9/
La Source

Trou Niao 

Trbs Faible 


Fond Toussaint 


Nan W)pot 

Bord do er 


Total 


i/ Eau provensalt du systt~me 

Nombre de 


Terrains 


7 


26 


6 


21 


1 


39 

9 


17 


18 


7 


12 


9 


22 


4 


8 


22 


7 


8 


243 


do Vincent. 

Superfioie en
 

hectare
 

5.16 

22.58
 

12.25
 

46.76
 

7.10 

67.08
 

32.90 

49.02
 

54.82 

7.42 

21.28
 

31.28 

2;.61 

9.68 

6.77 

20.32
 

12.58
 

645
 

435.06
 

2/ Surplus do la Source d6vers6 dane la Rivibre do Jean lRabel. 



TABLEAU 4.6 - 2 

REPARTITION DES TERRAINS 

Puperfioie Nombre 


des terrains de terrains 


.329 	 or less 22 

•330 	to .999 107 


1.000 to 2.999 90 

3.000 to 4.999 8 


5.000 or more 16 


TOTAL 243 


TABLEAU 4.6 - 3 

APPARTENANT 

Superfioie 


en Ia. 

7.022 

72.568 


146.090 


30.702 


178.665 


435.047 


REPARTITION DE LA SURFACE APPARTENANT 


Superfioie Nombre Superfioie 

des terrains do terrains en Ila. 

Lens than .33 14 4.446 

e33 to .99 58 39.669 
1.00 to 2.99 61 102.875 

3.00 to 4.99 16 64.565 

5.00 	 or more 5 223.492 

T .AL 164 435.047 

A DES GROUPES 

Pourcentage du total
 

des terrains de la superfioie 

9.05 1.61 

44.03 16.68 

37.04 33.58 

3.29 7.06 

6.58 41.07 

99.99 100.00 

A DES GROUF]ES 

Pourcentage du total
 

des propri6taires de Ia superfioie 

8.54 1.02 

35.36 9.12
 
37.19 23.65 

9.76 14.84
 
13L
 

100.00 100.00
 



NOrTIRE ET DIFFERENTS GC.NWrS D'OCTIVITES
 
REALI SE7 PPR Ll SrCTInP 1VELrPrEr[-NT ':r'r! IP.'%UTAInr
 

TABLEAU 4,75-1 nU C n7, Dr.S io- DE JfN\vIEIl, DE FrVI-Rn ET DE MR. 76
 

'I C T 1 11 T T F.-T r) 1 1I!7 " E7 C, LAT'IINE5 ,h. . ' 
(I IiU 

n. I in --
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JEAN RABEL 

1. Lacoma 6,299 17,504 792 7 295 12 245 11 258 11 43 3 109 - 1,742 44 
2. Guinaud~e 4,685 11,684 45 2 49 2 22 - 56 - 108 - 124 3 404 7 
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Total 22,912 57,159 ,142 23 668 26 564 40 754 36 496 16 441 14 4,065 155 

% 3, 1% 

Source - SIMM 



- MAITIJ CE AND DUNAGEM4ENT5.00 OPERATIONS 

5.1 Present Operations
 

One person from the Irrigation Service serves-as the sole coor­

and management of the presentdinator of irrigation operations 

as the Syndia or "Ditch hlider". Itsystems lie is referred to 

is his responsibility to coordinate the distribution 
of water 

and maintenance of canals of the Jean Rabel System. 

He accomplishes his responsibility by making daily contacts 
up
 

and down the system with groups of farmers having property
 

If there is a dispute
served by each individual canal system. 


between two groups of farmers nerved by two different canals,
 

he acts or between farmers supplied water by the same canal, 

Since he has an as arbitrator in settling such disputes. 


over-all knowledge of the entire system, he is in a pouition
 

of the available water is maintained.
 to see that equitable use 


Water is currently diverted from Jean Rabel River by means 
of
 

a number of temporary diversion dams, usually constructed 
by
 

across the riverbed and placing banana tree
driving stakes 

stalks and other debris against the upstream side of these 

The same method is used to divertstakes (see photographs). 


water from the main canals into the laterals. Soil and grass
 

plus other debris are used also to provide the turnout 
points
 

None of these struc­
from the laterals into individual farms. 

of water or stable volumes of 
tures guarantee measured amowts 

delivery to the canals, laterals or individual farm 
plots, nor
 

do they provide any degree of permanence.
 



Wasteage of water is wide-spread due to excessive and uneven
 

distribution. Evapotranspiration occurs at a heavy rate where 

water stands too long on mismanaged sections of the systems. 

Common waste of water is also due to both unmetered diversion 

of water into main ounals and to where deep grades have been 

established throughout the system allowing excessive run-off 

back into the river. 

5.2 Present Maintenance 

The Syndic reports maintenance requirements which he observes 

throughout the system to farmers who are concerned with that
 

particular section of the system. Where a maintenance problem 

affect a main canal, all farmers on that canal system are ros­

ponsible for maintenance. If the problem involves a lateral, 

all farmers concerned are responsible for and work jointly to 

accomplish the required repairs. Individuals are responsible
 

for making repairs and cleaning their own turnouts and ditches. 

5.3 Proposed Project Operation and Maintenance 

Coordination of the proposed project operation and management 

will be the joint responsibility of all members of a cooperative
 

who are represented by leaders elected from equitable groups of 

farmers being served by a single or several laterals. To faci­

litate efficient use of available personnel and to provide adequate 

supervision of operation and maintenance of a system, the sys­

tem will be divided into two zones; (A) irrigated properties 

above the town of Jean Rabel and (B) irrigated properties below 

Jean Rabel. 



5.31 Diversion Dam
 

The primary function of a diversion dam is diverting water from
 

the river into the main canal. The operation of the diversion
 
dam isthe responsibility of the Damtender. In this case he
 

is also the Watermaster. It will be the responsibility of the
 

Damtender to see that minor cleaning operations are conducted
 

on a routine basis in order to keep the dam and headgate free 

of debris. The sluicegate should be operated in such a way that 
sediment or riverbed material will be prevented from being de­
posited in front of the headgate. It is also the responsibility
 

of the Damtender to perform maintenance on the appurtenances 

associated with the headgate and diversion dam. 

5.32 Main Canal and Laterals 

The Ditchtender will be responsible for adjusting division box
 

flows and water allocations from the main canals and principal
 

laterals serving irrigated areas below the town of Jean IRabel. 
He will also be responsible for the areas being served by water
 
deliveries originating from La Source.
 

The Damtender will be responsible for coordinating maintenance
 

and repair requirements for all the main canals. He will also
 

be responsible for coordinating water distribution from the
 

division boxes, maintenance and operation of the principal la­

terals above the town of Jean Rabel. lie will coordinate all 
personnel and water user activities related to the system. He 
is also directly responsible to the Board of Directors of the 

Cooperative which controls and is responsible for the operation 

and maintenance of the entire system. 



I'Inor cleaning and clearing operations of the canals and prin­

cipal laterals will be performed by the Damtender and Ditchtender
 

as these items come to their attention. Minor repairs of late­

rals will be performed by farmers served by their respective 

laterals. Their work activities shall be coordinated by the
 

Damtender or the 1itohtender. Repairs requiring materials to 

restore a part of the system to its original condition will be 

reported to the Board of Directors. In turn, they will obtain 

the material and arrnge for necessary labor to make the repairs. 

the Damtender will be responsible for keeping and submitting all
 

records required by the Board of Directors.
 

Flows in the main canals and principal laterals will be controlled. 

Water will be measured at the beginning of the main canals so 

that metered deliveried can be make to the principal laterals, 

cooperative farm laterals, and rotational blocks in accordance 

with established and adopted schedules.
 

During the major irrigation demand period, there is an estimated 

maximum crop water demand of 5.05 mm per day, which corresponds 

to a diversion demand of approximately 12.42 mm per day or 1.45 

liters per second per hectare. 

The average annual flow of the river as taken from Plate 3-3, is 

assumed to be 312 liters per second. However, in studies made 

200 liters per second during March through June. Thus, there 

will be periods when discharges fall below 255 liters per second 

and rigid time control will be required to make effective use of 

water to irrigate the maximum hectarage. 



In periods of low flow, the water can be reserve for irrigating 

those areas which receive irrigation before rehabilitation. 

However, during 6 to 8 months of the year, some amonits of water
 

presently passes into the sea. It is during these periods when
 

additional water is available that the area of irrigated land 

can be increased in the Jean Rabel Valley. 

5.4 Proposed On-Farm 1iater Nanagement 

Improved methods of water distribution throughout the project 

and the application of water to the land by farmers, can subs­

tantially increase production. This can best be achieved and
 

maintained by providing technical assistance to the project 
on
 

an intermittant basis for a period of two years.
 

It is recommended that an irrigation engineer be assigned to 

the project for the first 3 months of operation to perform liai­

son with the controlling cooperative and Department of Agricul­

ture officials in the Jean 2Rabel area. The principle tasks 

are to work with Haitian personnel responsible for operation 

and maintenance of the system, adjusting distribution schedules 

and establishing reporting schedules.
 

It is further recommended that during the construction phase an 

extension agronomist familiar with irrigation requirements of 

the system be assigned to assist local people within the project 

area, Ile will help to develop a cooperative organization and 

establish a training program to p;'epare those responsible for 

the system's operation and maintenance. camination of the ef­

fectiveness of extension methods being used to obtain efficient 

use of the system and introduction of more effective methods will 

be his major resposibility.
 



It is questionable if such technical assistance is available
 

in Haiti at the present time.
 

It is also recommended that an intenaive training progtram in the 

principles of irrigation and practical operation and maintenance 

be established which will provide a capability to the officials, 

organization officers and personnel responsible for the new sys­

tem. This program should include but not be restricted to pro­

viding on-the-job training of the Damtender, Ditchtender, Pro­

sident and Vice-President of the controlling cooperwLive, and 

to the Agronome assiped to the Joan Rabel area. Such training 

is to be so arranged as to allow individual involvement in each 

phase of the operation, maintenance and management of the system 

on location. Training in irrigation principles is required on
 

a broader basis. All leaders involved in the project are to 

receive this training along with training in extension method 

which will continue for the duration of the project. They in
 

turn will disseminate the information to all farmers involved 

in the project. To carry out this training, an additional year
 

of intermittant technical assistance will be required. 

5.5 Proposed Project 1ana mement 

The establishment of a cooperative, legally constituted, and 

operating under policy guidelines set forth by DARND,is re­

commended. The cooperative would be made up of all land owners 

using water from the proposed irrigation system. The membership
 

of the cooperative will elect representatives from their respec­

tive areas within the system to serve on a Board of Directors 

which will administer all of the affairs of the irrigation projeot. 



These affairs will include, but not be limited to preppxation
 
of budgets and assessments of wator taxes. It is recommended
 
that taxes be collected by the Tax Service and transferred in 
part to the cooperative for administration. 

The organized cooperative will control all operation, managemnnt 
and maintenance acquirements of the Jean Rabel Irrigation System. 
Specifically, it will establish its own laws and by-laws which 
will permit it to accomplish the following:
 

(1) Employ and compensate personnel. 

(2) Establish a budget and assess water use fees. 
(3) Operate, maintain, repair and regulate use of the system. 
(4) Establish privileges and responsibilities of water users. 
(5) Make disbursements. 

(6) Reemburse DAIPMDR for technical services provided. 

The project area is to be divided into 4 zones, each containing an 
approxamately equal number of land owners (not hectares). The 
land owners will elect one representative to serve on a Boaxd 
of Directors which will govern all affairs of the cooperative. 
The board will also include a representative from DAiaDt. The 
Board of Directors will establish mid elect a full set of offi­
cers from its membership, officers will be elected for one year
 
terms and no president may serve more than one 
consecutive term.
 

Personnel recommended for operations, management and maintenance 
include: 

Number Position 
1 Damtender
 

1 Ditohtender 



It is recommended that the Syndic or head of the existing Irrigatioz
 
Service in Jean IRabel be authorized by DiAI-lDri to assume the posi­
tion of Damtender and that his base salary, expenses and office
 
expenses continue be
to the responsibility of DAI{IWR at least
 
for the first two years 
 of operation of the project. Control 
over his activities, however, will necessarily have to be trans­
ferred to the Doard of Directors of the cooperative. Office
 
space now occupied by the Irrigation Service should also be
 
transferred partially to the cooperative. 

With policy established by the cooperative Board of Directors,
 
the Damtender responsibilities will be 
:
 
(1) Coordinate -the execution of operation and maintenance 

of project facilities, equipment aid records. 
(2) Operate diversion dam gates, main canal diversions, and 

implement water distribution to principal laterals in 
accordance with scheduled totations.
 

(3) Supervise Ditchtender's activities and responsibilities.
 
(4) Report maintenance and repair requirements to the Board 

of ±iroctors as they occur which caniot be carried out 
at the site by the land owners involved. 

(5) Submit such reports and records as required by the Board 
of Directors.
 

The Ditchtender will be a regular full time employee operating 
under the direction of the Damtender.
 



5.51 Ridht - of - Uay and Eminent Domain 

Irrigation systems necessarily must cross the natural features 

of the lands being served. Canal line and grade cannot be al­

tered or greatly modified without destroying the effectiveness
 

of the system. When such a system is superimposed over land­

ownership patterns, it is obvious that many problems are bound 

to occur. Participation among resident land-owners must be 100%l 

and one may anticipate such things as structures and irrigation 

canals intersecting houses, favorite fruit trees, cemeteries and 

so forth. It can also be anticipated, relatively significant
 

of land being divided by a canal whose line ad gradientareas 

cannot be disturbed. ien conflict occurs, the technicians 

must have the means to resolve them. ]Lights-of-way, and when 

necessary, eminent domain should be clearly promulgated. A 

system of indemnity may be required in some cases where subs­

tantial damwae may be done to an individual's lands. The alter­

native is a redistribution of land following completion of land
 

forming construction. The GOH will of necessity be required
 

to establish regulations to be applied in resolving issues of
 

rights-of-way which may arise in Jean Rabel. 

5.6 Iater Laws - Reg-ulations Governing Water Usag 

The Haitian Rural Code, Law No. 7, Chapter III, Articles 151-171 

describe the conditions of water use and the operation of irri­

gation systems in the country.
 



a. 	 It is recommended that D&UJDI revise water laws to allow 

control of maintenance, repair, administration, person­
nel, and revenue received from water taxes to be the res­
ponsibility of irrigation districts (cooperatives) com­
posed of all water users in any particular system. Syn­

dics (or Controllers of Irrigation) should be phased
 

out and such personnel should function under the direc­
tion of the water users organization.
 

b. In connection with the above recommendation, it is fur­
ther recommended that DAi1i Dl) establish criteria under 
which irrigation districts will function, and should 
provide such organizations material and techmioal as­

sistance support.
 

c. 	 It should be understood that (a) and (b) above repre­
sent optimum conditions, and that the present will re­
quire time and experience to change. 

It is the belief of the consultant that operation and mainte­
nance of the irrigation systems can be best managed when there 
is farmer participation. As part of any rehabilitation of the 
Jean tabel system it would be recommended that the GO1I should 
gradually phase over to the water users association most of 
the functions now being manawed on their behalf by DAhW.Ut. 

In the past it has bean the exception rather than the rule that 

farmers have any real voice in the selection of personnel to 
operate their systems. It has also been rare when the farmers 
had access to funds collected from them for the purpose of
 

maintaining thea.. Istoms. 



To insure any degree of success in establishing viable farmer 

operated irrigation systems at Jean Aabel, the operating asso­

oiation must be able to directly employ operators and be able 

to collect and expend water taxes in the maintenance of their 

systems. 

5.61 	Recommendations For ater Use Assessments 

1. Set as an objective the attainment of a rate adequate
 

to provide sufficient funds to permit a given system to 

operate effectively on a sustained basis. 

2. 	 Maintain charges conmdstect with the first objective which 

will encourage maximum use of available water. 

3. 	 Allocate water supplied equitable throughout the years; 

recognize that water received when supplies are scarce 

is worth more than when water is abundant. 

4. 	 Establish water allocations and charges for two levels 

of use: 

a) Establish a minimum allocation and charge which is 

related to the minimum amount of water available every 

year; this charge should cover the fixed costs involved 

in maintaining the diversion structures aid main canals, 

and the employment of the minimum number of people needed 

to inspect canals and monitor water du. Very. 

b) Additional allocations and charges should be made by 

the governing body of the system as supplies of water 

permit; this charge should be related to the additional 

costs (if any) in delivering the additional supplied of 

water. 



The above plan would permit the fixed costs to be covered, 

and would relate additional charges made to the quantity 

pf water delivered to each user.
 

5. 	 If current rates are inadequate to cover indicated costs, 

move to higher rates in a series of increases rather than 

all at one time. 

6. 	 Do not set fixed rates in advance for more than two or
 

three years, since costs of operating the systems are
 

likely to change.
 

7. 	 Permit different irrigation systems to set rates that 

may not be identical to those in another system; costs 

of maintenance and returns from crops. will vary among 

systems.
 

5.62 	Subsidized Rates 

The guides given in the preceding section do not accept the ne­

cessity of subsidies to water users on a permanent basis. No­

vement toward a self-sustaining system may involve a temporary 
subsidy in moving from present rates to those required to be
 

self-sustaining.
 

Administration of subsidies involves time and effort which could 

be better utilized in maintaining an effective system. Often 

times rigidities are introduced, and inequities are intoduced 

which are not self-correcting. 

5.63 	Marginal Value of '-ater 

The marginal value of water to the additional value products 

obtained is not easily determined with present data available. 

Not only will it vary for the different crops for which water 

is used, but it will vary as prices of commodities and the 

costs of other inputs used in producing different crops change. 



Rough estimates of yield increases that might accrue solely from
 

improved delivery of water without provision for other inputs 

have usually been less than 25 percent. 

Land values within rehabilitated irrigation systems will almost 

inevitably increase due to the improvement of the absolute pro­

duotivity level of land in the system, its improvement relative 

to land not receiving watrr, wad. the continuing pressure of popu­

lation on the available food supply. 

This unearned increment received by the luid owiers within an 

irrigation system is anothor rec:son why subsidized rates to wa­

ter users do not seem justified. Furthermore, land onors should 

bear the costs of any future capital expenditures needed to keep 

the system fiuctioning effectively, for they benefit not only 

from improved farm income, but from the rise in luid values. 

Projections of increased land values are utilized in the farm 

budget; i.e. residual value. To the extent that g'oatex, quan­

tities of water become available throughout the year, the pro­

duction of more than one crop during the year becomes posoible. 

Abundant evidence from other areas indicates that two or three 

crops may be gTown in a year where tempo'ature is not a restraint 

in crop production. This possible increase in food production
 

output becomes one of the strongest axy~wnents favoring the re­

habilitation of irrigation systems. 
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6.0 	 COST ESTIIKIATES 

Tlio basis which cost ostimLtos mhad.x presented thison wer, are in 

section. Yhe construction costs mia estimAted capitL). costs for pro­

jeoL facilities cre traulatod in the followingr tables. Tuble 6 - 1 

presents e.3timlatod direct capital construction costs; Ti-blo 6 - 2 lists 

estiMaLted ai-terials to be ptu'chasod; Table 6 - 3 presents a summary of 

ostimated total project costs; Table 6 - 4 presents annual operationsi 


aaid maintenwico Coo .'s.
 

6.1 Estimzvtinl. rethods 

Unit prices used are the best locally available current rates in the 

aroa for mterials, laboor, ud conptruction services. (osts for raiu­

factiued items are estim;ated from catalog txd quoted prices. 

Costs for installing structures such as diveroion darm, oeck]s ard t1u­

nouts, chutes, flmies and siphons hvEO I,,:en computed by ucin.-, .alculatod 

quuitities for typical sanuctures end multiplied by the estir,,Ated Jnou'­
ber required. ia!sonry oinial lin.inp, onstruotion of main canls "nd ?a­

teralse, excavation wnd comlpacte( earth embtuinkent volum,.s were computed 

from filled measuremonts mid surveys, proposed layouts on topo-r aphio 

mpso, profile Pjid cros.-soection sruveys of proposed structure siter'. 

Voltnes for excavation and material needs for all main canals ud late­

rals were computed by multiplyini,, -uit, voliumies per lineal muter by the 

total lei1jiih of each size. similur procedures were used for determining 

quantities of materil akd worl for other oategories of work. 

All estimatos are based on wha,.t is considered to be tile most reliable 

prices available at the present time. 



6.2 Construction and Hiohilitation Cost Catopories 

Cenotruotion and rehabilitation coots are divided into the following 
major item; to facilitate estimating procedures: 

a) Diversion iUawn 

b) Ilain (uial in '.;a,,onry 

C) Total lhtor Supply and Quildive Canal 

d) Structuren; 

e) Fond Zombi 'asonry Canal 
f) Unlined or Earthen Canal cnud Laterals 

6.21 Dive'sion Jam 

A lumip sun of ,3,485 is estimated for the construction of' the diversion 
darn aund inctallation of all appurtoiances such as canal hocLui,,,LLLuid 
slulicolIZ13,' bo
 

6 . 2 2 1,a'i ., C~ a .i ll ~ t o n 

This part of tlo canal symtoL oonriitrs of t1e followin;r pri nip;',l items; 
ma onryf li iin' , of airoxima .toly i830) zote~u, concstruuion of chute 
division boxes and taunoU s, 6ully orossingi, road orrsin',rj flures 

and rorwi.ma. hsiLtcd corrt of &l.M4,932 is ansifned lo this catwoory. 

6,.23 oLwJlr 'i.cl (~lic G . ,
 

Plcis aewo proparod for ;.Lue ,ouio; Jo;anT'iver abovo t,f te Th,,ol 
town of Jecul Jiailel to uurp.y doiesio water for washia' LU i[ to sup,]ly 
irri;.,tion water' to the Guildive oanal zyston. included j.n the ostiimate 
is .mnioriry owuial t]irou,,;1 the to., road crosuiiis and a flume across 
Ooioou iRivor. '±'ho vnouit allocu.tod for this section of the system is 
022,764. 

http:rorwi.ma


6.21 Fond Zombi Easonry Canal 

Tim major part of tile construction work on this cawl is coveredthe 

section of iasnry camnl wid &rade control structures with ruv ostimated 

coat of 7,66u. 

6.25 Stuclures 

Included in this catet;ory aao tile structures to be installed in the cLaials 

wld lterals. i1ajor items of conIstr'uction are chutes, ohock3 aLd drops, 

division boxes und "b-uriouts, ,.,-ally crossings, road cros.;intqs and invertod 

siphons. ii estimiaed value of 1i,500 is allootod for the cost of 

install inn structures in iiasenry. 

6.26 Unlined or ]warthn ualn ;.4id zaerals 

The major items included in this cateoory are: construction of new ois 

and laterals ,ad grajLingand laterals, rehabilitation of existing canals 

-oad. A linnp stun amourt of 420,663 is alloc,,ted -toof the main canal 


construction and rehabilitaion costs for this portion of the system.
 

6.27 Othev C ts 

is mdle to cover -tile cost of items whichi'n allowalice of - 10 percent 

ing' have been overlookod or not taken into consideration. The Eaount 

of '25,601 is allocated for this purpose. 

6.23 1inineer'ing ii d Adminis'ra'tioi 

in allowanice of 10 percent was udod for engineering, supervision and 

adinistration. 12his allowace is intended to cover the cost of line 
an~d f;]e sutrveys, engineer'ing design studi.s and construction dcrawings. 

for this coot item.The amo u ' of Q25,601 is added 



6-.22 Contingerncies 

A.contingeIJlo.oIILu~co of - 20 percent is acdod to cove, costs of in­

flation, iu forseon conditions Luld. possible variations in quoxtitios ,TdA 

wit prices. The amount of ,61,657 has been added for this cost item. 

6.3 Cost Per Iectare Benefitted
 

The e'3tiiiod oost per hoctae bonofittod is Ai,446.00.
 

http:Ai,446.00


TABLEAU 6 - 1 

PROJEIr DE JRAj IlBEL 

J1 TA IMEBEL PROJECT 

MNTANT ESTIMIATIF DE L'IMI STISSEID2n4T AU COUT )" LA 
ESTIrTATMED DIR1:;UT CAPIT2AL COSTRUOTION COST 

ITEMT - RUBRIQUE 

DIVE]ISI014 DMlI BDAUMAGE D1IVATION- DE 

Diversion Struoture, Yasonry 180 in3 

Structure do d6rivation en inagonnerie 180 m
 
Retrinin.r haill, ITaonry3 80 m3 


Ihur do soutonemlont 80 m
 

Install Head, Sluice 
and Trash U1aok Gates 

Wlnne, Pertuis do chasse at 
 ,rille d'entr6e
 
Excavation (including Temporary by-pass) 3
41 m 3
Fouille & compris une d6rivwbion temporaire) 415 m 

f lif CUiLL- MCAIAL P11111CIIL
 
I.h4monry Cwaal (4,300 in), 5737 m3 3 

Canal en inagonnerie (4,300 ni), 5737 in
 
einf. Concrete Cover and Slabs 


Couverture do b6ton renforc6e et dalles
 
Drop Structures 10 each 
Chutes 10 chaque 
Division Box 4 Each 

Basoins de distributions 4 charue 
Gully (Drain) Crors:Jin., 10 each 
Groisoments do courants cupordiciels - 10 
Ovei-JRoad Pluile Structuros, 2 each 
Travorsa6s - 2 
E!cavwlion, 85 m3 (Fine Grade and Compaot) 
Fouillo 18550 m
 
Roadway, Compacted Embmuikmont 
Voie, Remblai Compact 

CO]1STRU0IOIOI 

DOLLAIS 

4,860.00 

2,160.00 

1,050.00 

415.00 

154,899.00 

2t070.00
 

1,000.00
 

600.00
 

2000.00
 

71200,00
 

6,413.00
 

10,750.00
 

http:10,750.00
http:6,413.00
http:1,000.00
http:2t070.00
http:154,899.00
http:1,050.00
http:2,160.00
http:4,860.00


TABLEU 6 - 1 (oont.) 

lITIH! - UUBI3IIQUE DOLLABS
 

TO;1, ,INE: 
 SUPPLY i wD GUILDIV2 CA-AL - APPROVISIONNEM11T Ell EAU DE LA VILLE 
ET CilIAL DE GUIUhIVE
 

3
Masonry Caal (570 m), 650 m 1705000
 
Canal on magonnorie (570 m), 650 m3
 

Roinf. Concrete Covers 60 m3 2,700.00

Couverture de b6ton renforc6e
 
Road Crosoing; Structure, 1 each 300.00
 
Travors6o de Route
 
Over-fepd Fliune Structure, 1 each 
 1,600.00
 
Travers e
 
Eacavation, 819 m3 

61400 
Fouill1
 
FD ZOI,i3I i4AZOIUTfY CAJAL -
CAIIAL Ofr I1hQ01ERIE DE FOND ZO I
 

IEasonry Canal (130 n), 209 in3 35643.00
 
Canal en maponnerio (130 m), 209 3
m

Reinf. Concrote Covors, 15 m3 
 67500Couvorturos de b6ton ronforcdo 15 m7
 
Drop Structures, 8 each 
 1200.00
Chuteo
 

Excavation, 200 m 
 150.00
 
Foui1le
 

Division Dox, 6 oach 600,00

BawLdin do distribution 

Gully (Drain) Crossing , 14 each 2600.00
 
Croisnomits do 
 Courmats suporfioiolu 14 ohaque 
Drop Strucutoes, 8 each l,200.00

Chutes, 8 chaquo 
Road Crooning, 7 each 2,100.00
Travors6e do route 7 ohalue
 
Inverted Siphon Structure, 2 oaoh 
 31200.00
 
Siphons
 

Ovor-Ioad Fume Struoture, I eaoh 
 1,600.00

Travoro6es
 

http:1,600.00
http:31200.00
http:2,100.00
http:l,200.00
http:35643.00
http:1,600.00
http:2,700.00


TA3LEAU 6 - 1 (oont.) 

ITEIV -	 RUDRIQUl'E 

UNLIMRDOUIR EMUZEEEi; CAITALS AID LATE"IALS - CAITAUX EN TERME 

Now Canal Sections, 17,400 m3 

Sections du ouveau Uanal, 17,400 m3 

Reshape lcisting Canalo, 10,150 D 3 

Remodela(o de Canaux aotuols 10,150 m 

Other Coot 1O'J 
Autres 1)6pensos 10,
 

En ineering Supervision and Administration I10, 

Supervision Tacchniquo st Administration 10,p
 

Contingcncies 20;j 

Imprevuu 20,; 

TOTAL 


Note: 	 Technical Consultant Costs are Exoluded. 

lon compris lea frais d'un oonseiller teclmique. 

DOLLIAS 

Of CAIAUX SECONDAIM'S 

13,050.00 

7,613.00
 

25,601.00
 

25,601.00
 

61,657.00
 

368,657.00
 

http:368,657.00
http:61,657.00
http:25,601.00
http:25,601.00
http:7,613.00
http:13,050.00


TABLEAU 6 -2
 

ESTII ATED 1ITLERIALS TO PIURC13im; ASED 

DEVIS i;;3TIIUITIF 	 DU INATERIEL A AOIJiM.R POUH L1, PROJIM 

Quantity Unit Description 
 Coat/Colt 
Qi tit6 Unit6 Articles Dollars 

14,079 	 Bags Portland comont at V3.50 49,277

Sacs FOB Joan itabol - cimont de Portland
 

3.50
3 	 413 ta7,176 111 	 Rock at '03.00 per I 3at sito 21,528 

Rochoo h. 03.00 par- M rendu our 
place 

l132,295 llortor sand Lt "2.00 per 13 at3"ite 4,590 
Sable pour liortier 1',2.00 px I rondu 
sur place 

132 	 Feot 11oldod Stool 1ipo 24" Dia. .4,224
1"iod Tuyau on acier soud6 61 cm. 

351 	 Feet Iloldod Stool Pipe 81" Dia. 3,861 
Pied Tiuyfau on aoior soud6 20 om, 

1,150 Foot 	 Stool cable ,3" Dia. 667 
Piod Cblo on a oior 13 mm. 

240 Bach Clanipo for " ia. Stool ceoble 300 
Chaque Cranpon pour cable on acier 13 mm 

19 3 	 Gravel at '2.00 per 113 at site 218 
Gravier & '02.00 par Ii rondu our 
place 

11,065 	 Foot 11cinforcin- Dcos, -!" ia. 2,213
Pied For pour Akrir.t urO 13 mm 

6878 Sq. l. 1iei3iforcin; Iouh, 6" X 6" 688
 
Pied T±roillis ronforo6 15cm X 15cm
 



TABLEAU 6 - 2 (ont.) 

Quantity 
Quntit6 

150 

Unit 
Unit6 

Lbs. 

65 

205 

200 

Sit. l. 
ied-

Foot 
Pied 

Lbs. 

2,000 13F 

Dosoription Cost/Coat
 
Articles Dollars 

Tie wire 90 

Fil a ligwh'rr 

Steel Plato, '" 88 
T6lo 6mm. 

Ainglo Iron, 2" X 2" X 2" 103 
For cornier, 5cr X 50m X 13rmn 

flails 110 
Clolr 

Lunbor - Forms , Stoplog s, Frounos, 
DracinG"u etc. 

Doin - pour coffraeon, Pl nches polr 
vnnos d 'ar.6t, ]3oic pour charpente 
Etreisillonl 11 200
 

l;iscollaneous 3,600
 
Divers 

TMAL 92,757 



TABLEAU 6 - 3 

SUI, dA Y OF ESTI IATED PROJECT COSTS 

RESUEE-, DU COUT ESTII-TATIF DlU PRlOJET 

ITEM - RUBRIQUE COST/OUT 

DOLLUS 

Roads 
 10,750

Routes 

Diversion Dam 
 8,485
Barra,"e de D6rivation
 

CaIals and Laterals 
 211,377

Cmanxm prinoipaux at Seoondaires
 

Structures for Unlined Canals 25,400
 
OuvraWes d 'Art
 

Other Costs 
 25,601

Autres D6penses 
Supervision and Administration 25,601 
Supervision et Administration 

Subtotal 
 307,214
 

Continrolvies 61.443 
Impr6vus 

Subtotal 
 368,657
 

Teohical Assistance 30,700
Assistance Teohnique 

On the job Couterpart Training 
Formation our le terrain do la Contre-Partie 

TOTAL 
 430,057
 



TABLEAU 6 - 4
 

ESTIIMATED AMIIUAL OPE"',\IOlfS JaD .IAIPPENA CE COSTS 

COUT ESTIIIATIF IMUEL DES OPEIATIONS M'? .DE L'E: :"v T,,. 

ITEM - RIIBRIQUE COsT/COu2 

DOLLARIS 

Operations -Op6rations 

1 Water master/Dantender 100
 
Syndic on ohef/Gardion du Barrago
 

1 Ditchtender 60
 
Syiidio
 

INainteaunco - Entrtion 

Divorsion Dam and Headgato 
Barraie de Drivation et Vannes de Prises prinoipales 

Iaterials 50 
at6riaux
 

Labor 75
 
Ilain-d'oeuvre 

I-ain Canals and Laterals 
Cmaiauc principaux et seocondaires 

I;aterials 75 
J.at 6riaux 

Labor 125
 
Main-d ' oeuvro 

Niscolleneous Supplies 100 
Divers
 

TOTAL 645
 



7.0 EC010 ANALYSIS: 1110JLCT DIMTS AND COSTS 

7.1 Estimated Gross Rturns 

Previous chapters in this report have shown the area where rehabilitation 

of the irrigation system is planned. An estimated 255 hectares will be 

able to draw irrigation water from the proposed structures and canals 

throughout the year. This is the primary area for which increases in 

income have been projeocLed. 
7.11 Secondary aroas 
The other parts of the overall Jean Rabol irrigation system may obtain 

additional water for part of the year, and may sectu,,, ideas and per­

haps have access to some equtipment that will be useful in upgrading 

those systems. Aon of these possible benefits are included in the 

economic analyses made for this chapter. 

7.12 Ditribution ofCro 

The estimated distribution of the 255 hoctares among crops is as follows: 

Prosent Use Projected Uo 

iHeotares A of total Hlectaros of -total 

Plantain alone 137 53.7 132 51.8 

Interoropped 
Plruitain* 17 6.7 21 8.2 

Corn* 8 3.1 17 6.7 

Hanioc* 4 1.6 3 1.1 

Sweet potatoos 5 2.0 2.5 1.0 

Sugar Cane 60 23.5 60 23.5 

Tobacco -.5 -.2 - .5 -.2 

All other crops 21 8.2 16.5 6.5 

ilonorops 2.5 1.0 2.5 1.0 



S efgsted changes in land use minor. The five year cycle forare 

plantain production is reduced 
 to a four year cycle; this involves 
increasing the intercropped area for plantain, corn, manioc arid sweet 
potato from 34 to 43 hectares, aid reducing the area in baiane alone 
from 137 to 132. The share in manioc aid sweet potatoes is reduced 
with an expectation of being able to furnish home consumpLion needs
 
with increased yields. The 
 area in suflar cane aund tobacco is riot chan­
god in the proposed budget, but the sugcar cyclo is reduced from 6 to 5 
years. These reducLiow in cycle periods should help in a program to
 
improve yields. 'iho area in other crops is reduced in total, buL 
 an
 
increase in inLensity of land use, 
 using half of the reraining area
 
for Pt least one more crop during the year, is proposed when more
 
water becomes available, it is also recommended that diseaed 
coconut 
trees be removed, and a prograui of replacerent with resistant varieties 

be commoenced. 

7.13 Estimnted drop Yields 

The most questionable assumption inused maing the economic analysis 
is that of budgotin, present and potential yields. iata were seciured 
from farm owners, agronom;es, lIAI personnel, axnd pu lished roporto of 
UN/FAO. A recently completed study by PiqUi for the Trois iivi res 
Vall6o is considered to be viout closly related in crops grown, cli­
matic conditions and soils to the Jean aabol Valley. l otential yields 
were takon directly as indicLod by PiUD. Present yields were ad­
justed upward slightly bafjod upon kniowledgable opinions from people 

living in the Joan i(abol area. 



Even on the irrigated land groat differences in the stand and vigor 
of the plantain exist, so yields among different tracts can be ox­
pected to vary -reatly. NO shipment data or estimates of produc­
tion were found. 6imilarly, the stoms 
 of bananes taken to the market 
vary ureatly in weight. The average used by PNUD watn 13.6 kilograms 

per regime. 

Producers of sugar cae estimate they will obtain a yield of about 
155 tons/hectares; this estimate appoars high when oompared with ASUCO 
production on land near Port-au-Prince. The figruros used were there­
fore lowered in the present yield budgets.
 

7.14 Prices Used in Estimating Income 

More statistics in selling prices are availablo than for production
 
figures. Both IDAI zuld IIIPOADE assemble price data for 
many markets.
 
The Inter-Axori can 
 Instutut of Agicultural Sciences in 1975 published 
monthly prices for 16 importunt -aricultural products in 10 regional 
m arket areas, plus 39 other marketn, moSt of which are classified as
 
semirural. There no
are published data for the Jean Rabol market, 
though IDAI began collecting data for corn, corn meal, buffalo rice, 
milled rice, bouas, poanuts iial coconuLs in oecembor 1975. A few 
records from hiAi files wore mako available to us. 

A Problem with reop,:ct to aboveall of the prico is the extent to 
which they reflex actual prices roceivod by farmers. Usually a memr­
ber of th - famiily brings. the produce to the market and sells it at ro­
tail. Unl0s;:; the family member is paid a separate sun for performing 
this markting service it ci.U be consoidered dir;ot marketing, and the 
prico received is what the farm family receives. 



For the aialyses in this chapter the prices listed below were computed 
1973-1975 averages from published data on prices paid producers in the 

Por t-de -Paix market area. 

Plantain 
 1.50 a regime (1.484) 

Sugar cane 6.70 a ton 

.10
Corn a pound (.104) 
Bems, red .235 a pound (.214)
 
MIanioc .03 a pound (.038) 
Sweet potatoes .331 a pound (.039)
 
Tobacco 
 .66 a pound ( - - ) 

The plantain price was rounded to the nearest five cents interval; the 

V"1.50 per regime also represents m average of several quotations se­
cured from producers in the Jean Rabel 
area in March 1976. 

The sugar cane price of V6.70 was a reported net price (fixed govern­
ment price less transport charges axid tax assessmonts) received by 
producers selling sugar cane -o factories producing refined sugar. 
Sugar cane produced in the project area moves to a clairin processing 
plut owned by a few sugar cane producers. The clairin plant pro­
bably has lower transport costs than maly processing plants, for most 
of the cjne is produced in fields rolatively close to the plaint, anid 
most of the is theclairin sold in area. The price used is essentially 
an average farm value for Haitian cane sold to sugar factories in 1976. 

The corn price of 10 cents a pound is similar to the four months ave­
rage, December 1974 through Maroh 1976 in the Jean Rabel market (9.9 
cents). 



The bean price was moved up 10 percent from the Port-do-Paix price 
because the Jean 1(abel four months average was higher, 31.4 cents for 
rod bears and 26.7 conts for white benis, and because beans usually 

sell for more than 2 .11times the corn price. 

The sweet potato and manioc prices used were 80 percent of quoted 
Fort-de-'aix prices; in effect, a marketing cost of 20 percent was 
deducted to obtain what was believed to be a more typical farm price. 

The tobacco price of 66 cents a pound is similar to the averagre pri­
ce received by £-rmers for tobacco in the Cayes 4lain in 1976. 

7-15 Seasonal Pricc Dehavior 

An analysis of monthly prices for -ifive year period (1970-74) in 
the Port-de-Paix market area disclosed pricing cycles shown below: 

Months with hig,,hest Months with lowe'~t 

- i ces Prices 
Corn iIarch, June, December* September, October, January, 
Red beans November*, December, May March, Jaiuary, September, 
Plantain November*, May, December None consistently 

April, July, Feb. Septem. 

Sweet potatoes Dlaroh4V Jan. Feb. I'ay*, Aurgust, April 
often the sane for several 

1anioo Decembe:r July, Aug. Sept. Ot. 

after the same for several 
adominanit month, months.
 



A lonimr period of analysis in needed before much confidence cn be 

placed in the periods indicated above. The higher prices near the 

end of the year for several commodities reflect in part the upward 

tread in prices occuring between 1970 and 1974. 

7.16 Present Gross Returns 

The gross value of production for the present cropping system is 

shom in section A of Table 7.1. i)ata are presented on the equivalent 

basis for a single hectare. The 81.65 dollar value multiplied by 

252.5 hectares of croplLaid in the project area gives the present total 

gros, value for the system show. in Section 7.3. 

The value of plaitain greatly exceeds the value for all other crops, 

comprising as it does, 68 percent of the total value. Sugar c ,ne 

accounts for nearly nine of the remaining 12 percent of gross value. 

As long as present yields wid price relationship remain, one can 

reasonable expect plantain to continue to dominate the cropping sys­

tem in the Jean Rabel irrigation system. 

:.17 Gros.; lieturns with Improved Crop Iu,:wiemont 

The gross value of production for the projected cropping system in­

creases to 1612 dollars a hectrire (see section B of Table 7.1). 

This amotuit represents an increase of 83 percent over the current es­

timated value. 

The value of plantain represents 85 percent of the total value, and 

that of sugar cane still nearly nine percent of the total. 



7.2 ESTII,.TED pCjS OF PQDUCTIO; 

7*21 Inputs Required with Present Crop Ilanagement 

The major expenses incurred in producing the different crops are in­
dicated in Table 7.2. Under present practices, labor inputs account 
for 95 percent of all budgeted costs for all except under "other orops".
 

"Other crops" include beans for which seed is an amportant expense; s',od 
normally accounts for 20 percent of projected expenses for "other crops". 

The total cost per hectare for each crop in Table 7.2 was multiplied 
by the area planted to obtain the agrregate cost of production for each 
of the crops shot-m in Table 7.1. This agregate cost of ;130.76 a heo­
tare is only 15 percent of the estimated gross value of production. 
After subtracting costs from &grossvalue of production, an estimated 
net income of V751 per hoctare is indicated. Since unpaid labor at 
hired labor rates is included in computing costs, the net income shown 
represents a return to managerial laor and capital. This is far 
above net income estimatos for most farms on unirrigated land. 

7.22 Inputs Recquired 'ith Improved Practices 

To attain the yield potentials projected in Section 13, table 7.1 
requires substaitial additional inputs. The estimated total costs 
with improved practices are over 4 times those with present practices 
for plantain and mals, three times greater for sugar cane, and about 
2.5 times greater for manioc, sweet potatoes and other crops, appro­
ximately half of which are beans. 

Itelativaly minor ohtuiges in tobacco production practices were assumdp, 
so costs increased only 30 percent. 



Except for corn, most yield increases seemed attainable within 10 
years were on the order of 100 percont, or twice present yields. 

The greatest single item of expense increase brdgeted is in ferti­

zer and agrpioultural chemicals for plantain, Fertilizer purchases re­

presented a large increase for sugar cane, and is seoond to labor costs 

for corn.
 

The increase in labor is the biggest item for manioc, sweet potatoes
 

and "other Crops".
 

7.23 Fertilizer Qunanitios and Prices 

The dollar amowunts shown for fertilizer purchases in Section [5, Table 
7.2 were takenfrom the following estimates; 

Crop 	 Quantity Price
 

(pounds) (c/lb.)
 

Plantain 	 1650 
 .12
 

Sugar Cane 1320 .15
 

Corn 367 .15 (15-15-15)
 

" 
 220 .12 (26-0-G) 

Other crops 330 .12 

Sweet potato 330 .12 

The unit prices per pound are those used by IDAI in the budgets for
 

its supervised credit program.
 



7.24 IIPA02 ON CREDIT IEDS 

7.241 Increase in Cash Expenses 

Increased quantities aid improvements in distribution of irrigation
 

water will permit substantial increases in yields in Haiti. Budgets 

prepared by Uli - YAO and IDAI specialists project yields two to three 

times the present low lnvels on unirrigatod land. Increases of such 

a magnitude, however, are not achieved with irrigation alone. 

A breakdown of cash expenses estimated uder traditional and improved
 

methods is shoa in Table 7.2-1. The amoLut of increase in different items 

For most crops the absolute increase
of expenses varies among crops. 


in amount estimated for fertilizer is greater thau that for any of the 

other four types of expenses shown. For plantain and cotton the lar­

gest increase is recommended for aCicultural chemicals, aid for sugar 

cane the increase projected for hired labor is large. Perhaps surpri­

singly, increases in hired labor are budgeted for nearly all crops. 

On some farms there may be adequate underutilized family labor to take 

care of increased labor needs, but even uider traditional methods of 

culture small farmers often have cash expenses for labor (usucelly to 

pay for food and beverages supplied to work groups). 'i'his practice 

appears to be declining in importance in some areas. 

urchased seed constitutes a major cash expense in producing betas, 

and the aosiued irrigation ta represents the biggest increase in 

cash needed for producing manioc. 

To attain yield increafes two to three times the present levels (see 

Tables 7.2-1, 7.2-2 )increases in cash expenditures of 40 to 60 dollars 

per hectare are r'oquired for most crops, wid.for plantain and sugar 

cane they are much greater. 



7.242 Increased _..oenses VS Increased ileturns 

The increases in gross value of product usually exceed 2.5 times the
 

increase in cash expenses (se eTabe '2-; only for sugar cane is the 

ratio less than 2. 

The extra labor required with larger yields would earn an especially
 

high return per man day in plantain, and it would be above Q .30 for 
manioc, beans and corn, but loss than this minimum wage goal established 

by the Haitian Government in the case of pois inconnu, sugar cane, sor­

gho and sweet potatoes. 

After subtracting all budgeted expenses, the amount remaining repre­

sents a return to capital and management, or a su that could be used 

for' savings, or to service a loan. The increase in net return was 

greater than the increase in cash expenses for five of the eight crops 

listed. It was highest for manioc. 

One should not interpret these findings as a signal to put all the ir­

rigable land in manioc, for a substantial increase in manioc production 

would almost surely bring lower prices. The market for manioc tends
 

to be a local one, for the bulk and perishability of the crop and the 

relatively hligh cost of transport limit the distance this low-valued 

crop can move; moreover, the price of manioc has not increased as much 
as that of other staple foods (cereals and beans) in the past decade. 

Ruthermore, the extra return per man day of labor is much higher for 

plantain than for manioc. 

43 Rationing Cash 11penditures 

Despite the faot that the preceding estimates indicate that increased 

exponditures would be covered with greater increases in net income for 

five of the eight products, it is highly iulikely that cash expenditures 

in the immediate future will in fact increase by the amounts budgeted, 

in Table 7.2-1.
 



At least three constraints will cause the adoption of improved praotices 

to be gradual over several years rather than immediate. These are: 

i) 	 the availability of the 4uantities of fertilizer, chemicals and 

improved seeds nooed to reach the projected yields; 

2) 	 the availability of money to mcke the purchases of those inputs; 

3) 	 a lag anong some producers is understanding the possjible bene­

fits from different practices, and being willing to mke ohan­

gOs. 

A few farmers now have resou'cos that pormit adoption of improved prac­

ticos. Others have boon able to borx-ow; funds from various sour-cos to 

finmce purchases, Lnd as incomes improvo a g,'eator number iill qua­

lify for louns. Somc may have earnings; from work on the rehlabilitation 

of the irigation system which c.!n be used for farm expenses. Th1e 

majority of the farms will not increase purchases of inputs to the 

levels indicated Ls profitablo, and this fact in itself will reduce the 

yield increass (which in turn will reduce labor requireents). 

I-lore flexibility exists in fertilizer use than in chemical treatments 

of plants and product s, T'he use of chemicals is not effective unless 

specific prosoriboiquantitios are used (and overuse my be highly 

detrimental ). 

On the other hand, the first applications of fertilizer nearly always 

aOe ,eeomptmuiod with a groater yield rospono thwn later appliouLiona. 

'Use of only half the fertilizer budgeted would not reduce the increases 

in yields attained by one half. 



The response will not be the came in all crops; collection oid study 

of data for Haitian conditions will be necoca y before wore than 

Conoral rcormnondations on fertilizer use cm be properly made. 

For planning purposos it Would scoM feLLsible to provide for increased 

credit use as yield increases are projectod, but by a lower rate of 

increase, perhaps two-thirds as grov.t. 11rojoctod yield increaWos 

cannot be maintained unless organic materials aro returned to the soil 

or plant nutrients removed are replaced with commercial fertilizer 

applioat ions. 
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7,3 COST nir.RT SIIumlly 

The 	 costs tnd benefits ar, summarized in the following series of stops: 

Estimated initial investment $384,000 
Annual Costs 

a) Iiaintonanco and operation of barrage, structures, 

and canals 1,550 

b) Amortization of investment costs, 40 years at 

an interest rate of 8, (d.f. - .08386) 32,202
 

Total Annual Cost 	 33,752 

Primary Benefits to Laidoviners 

Source: Unit values from Table 7.1 times 252.5 

hectares of cropland. 

a) Estimated net farm income to capital and 

management at pr,,rjcnt. 489,600 

Gross value of production 	 222,617
 

lesr farm input costs including a charge for 

family, labor, seeds, and irrigation tax 33s017 

b) 	 Estimated net farm income after completion 

of project. 
 275,730
 

Gross value of production 	 407,048 

less farm input costfj of labor, seeds, plants, 

chemicals, fertilizer and irrigation tax 131,318 

o) 	 Increase in net farm income, which is net
 

annual primary benefit 
 86,130 



Benefit - Cost Ratio 

Annual benefit 686,130 

Annual coat 33,752
 

Ratio of benefit to cost 2,55 : 1 

Secondary Benefits (not included above)
 

Increase in land values due to appreciation over time, with
 

following assumptions:
 

Annual rate of appreciation Present Land Value/loctare
 

$550 4850 al,150 

Value/hectarQ at end of 10 years 

3 percent 739 1,142 1,546 
5 percent 896 1,385 1,873 

Value/hectare at end of 20 years 

3 percent 993 1,535 2,O77 

5 percent 1,459 2,255 3,O51 

An increase of $535 per hectare in 10 years over a present median 
value of $850 represents an average annual increase of 53.50 per 
hectare, or an amual benefit to the project area of $13,509. 

7.4_ INCO10 VS COST PER PRODUCT 

The present and potential gross income, cost of production, and net 
income for the major crops grown in the project area are presented 

in Table 7.4 



The amount of increase from the prese-nt to the potential for each of
 
the three measures, and the ratio of increased gross 
income to increased 

cost of production are also shown. 

The highest ratio is shown for tobacco, with only a small quantity grown 
for local consumption, and no increase in crop area is proposed.
 
Both the highest absolute increases in net income and the highest
 
ratios of increases are for plantain and corn. 
The suggested crop­
ping system includes an increase in hectares in corA. 
 The estimates
 
summarized in Table 7.4 show increases in costs for sugar cane almost
 
as great as increases in value of production. It is probable that the
 
growers of sugar cane are receiving higher returns than those projec­

ted, for they have plans to increase their area in sugbr cane.
 
However, the low ratio for sugar cane is consistent with a viewpoint
 
often expressed by growers while this study was being made, that sugar
 
cane is not 
a high profit crop under current conditions.
 

The higher yields of manioc than for sweet potatoes and nearly
 
identical 
prices result in a more favorable ratio of increased income 

to increase costs for manioc. 

705 INEuIMAL RATE OP UM1UM~ 

The potential increases in yields and in incomes oannot be achieved 
quickly. 
It will take time to gain acceptance of the need for an 
adoption of improved seeds and plants, chemicals and fertilizer. The
 
lack of money required to purchase these items will serve as restraints
 t
 
which means that only some of the farmers will make improvements each
 

year. 



Data in Table 7.1 show net income to be 341 dollars higher per heo­

tare with the improved praoices than with the present practices. 

have assumed that it will take 10 years to achieve this increase.We 

flote the rates of increase par year presented in Table 7.5. At the 

same time an estimated decline in not income is assumed with present 

practices if no soild fertilizer build-up maintenance program is 

adopted. The difference between the two sets of estimated net income
 

constitutes the potential benefit from thi,project. 

lhis flow of added income increases through time, but money to be re­

ceived later is not worth as much as money received today. A dis­

count factor was applied -o each of the yearly values to reduce all 

was
income to its present value. Dy the trial and error method it 


found that a discount rrte of six percent resulted in a total present 

value of income nearly identical to the estimated investment cost of 

the project per hectare. 

from the pro-Thus an internal rate of return of six percent per year 

jeot was determined. This is not as high as the market rate of inter­

est, but if appreciation in land values would be added as additional 

income at the end of 10 years, it should be attractive to most land 

owners. 

Y.6 I1,11AUT OF, I-i OJE'"2 ON LOCAL hI iIJLOYIJ!,ilT 

7.61 Employment on Construction
 

The most immediate effect of the rehabilitation project on local em­

ployment will be in the iumber of people hired to work in moving
 

earth, rook and materials in the construction of the structures needed.
 



The values assigned to this amount of work are included in the costs 
shown in Chapters 5 and 6. 

7.62 Multiplier Effeot of Oonstruotion Labor Income 

Monies received by the construction workers will, to a large extent,
 
be spent in the community. 
If these people held back 20 percent of
 
their added income to pay debts or purchase items not consumed (both
 
of which would be transfer payments), the remaining 80 percent would
 
be used to purchase goods and services provided by someone else's
 
labor. A multiplier effect of 4 is created from the income going to
 
people working on the project.
 

7.63 Additional Farm Labor Requiromonta 

A continuing and increasing effect on local labor will be the extra 
labor required to produce and harvest the higher yields of crops an­
ticipated. Since a significant share of the farm work within the pro­
ject area is provided by hired labor, an absolute increase will occur
 
despite under-utilization of some hired labor and some unpaid family
 

labor.
 

The additional man days of labor per hoctare included in the budgets
 
of crop production coats totaled 103 man days (an average weighted
 
by the share of a hectare in each crop) in the tenth year. 
For the
 
project area 26,091 additional man daVs per year would be required. 
At a rate of 70 cents a day, an additional labor income of 18,264
 
dollars would be created. 



Stated another way, if a full time worker averaged 250 man days of 

work peryear, the project areawould require the eq.aivalent of 104 

additional full time workers in the tenth yeav after the project ban 

been rehabilitated. The labor requirements for each crop are indicated 

corn.in Table 7.6. The greatest increases per hectare are shown for 

7.64 Additional Expenditures for Don Labor Purchaocs 

require g;roator expendituresAttainment of the yields projected will 

for seeds and plats, fertilizer, chemicals toid water taxes. The ad­

avora e 280.49 dollars,ditional expenditures per hectare in 10th year 

total of 70,824 dollars within the projectarae(s-e Table 7.6 - 2).or a 

is required by the mer-If an estimated 80 percent of the retail value 

chants to pay for the cosit of fertilizor, chemicals and seods sold, 

20 percent remiIIS to pVy for locl operating expenses. If 60 per­

cent of t:ese 	operating expenses is used to pay for local labor, 

of local labor would be hired to provide the purchased
8,49) dollars 

At a rate of 70 cents a day, the supplying of these inputs
inputs. 


would require 	 12,141 man days, or an equivalent of 49 persons per 

year. 

agencies whiohAdditional labor would also be required by firms or 

bring the purchased inputs to Jean 11abel. 

7.7 li Tu.GIB E,L F]ThJ Fi laoi i OJICT 

will permit attainment ofIncreased income resulting from the project 

the section.additional benefits not discussed in preoeding 



,7"71 Improved Health 

Increased output of food products, and greater income with which to 

purchase better quality foods (especially those containing protein), 

should lead to a reduce in illnesses and diseases arising from present 

dietary deficiences.
 

7.72 Increvned Comrninint Facilitz 5Uno.t 

Again, as income increase more fiunds will flow to support community 

activities and facilities including roads, the public market, schools 

and churches. 

7.73 Improved Corimuity H.oralo 

Another intangible benefit is related to the pride developed from ha­

ving something pormanent. The new structures and canals can serve as 

a reminder that the rest of the ncition Euid the world has not forgotten 

this isolated community. The work contributed by people in the commu­

nity can also serve as evidence of the value of cooperation in building 

an organization and developing a community. 

'7.3 EjCUIOI.IC JUTI CAPIO1 EFOiLi OJTvCT 

Justification arises from the primary, secondary and intangible bene­

fits which have been explained in the preceding sections. 

http:EjCUIOI.IC


TA3LEAU 7.1 DETEiI,Io! DU !REVU -i PAR !ECT?E 
ET C0M-:~LS ~ sDAI;s LEJ 
SYS'=zj:)E 1jG~C RFSTrA.LICEDMM=- JE JEAN RBEPourcenta.e Rdcolte par Rendernent Prix Valeur CofIt de la Revenu NetD'hectare 
 Hectare Unit6 Brute 
 Production
 

A.- Dans le syst~me Actuel 
 $ $ $ $Plantain 1 re annle 6.7 950 r6gimes 63.65 
 1.50 95.48 9.96 
 85.52
Plantain autres arines 
 53.7 850 r~gimes 456.45 1.50 
 684.63 
 77.91 606.77
Canne & sucre 
 23-5 
 44 tonnes 10.34 6.7o 
 69.28 28.81 40.47
)Kais 
 3.1 2000 livres 62.00 
 .10 6.20 2.43 
 3.77
Yanioc 
 1,6 8800 livres 140.80 .03 
 4.22 1.41 
 2.81
Patate 
 2.0 4840 livres 96.80 .031 1.81
3.00 
 1.19
Tabac 
 .2 1110 livres 2.20 
 .66 1.45 
 .30 1.15
Autres denres 
 8.2 900 livres 73.80 
 .235 17.34 8.13 
 9.21
 
Terre non plantge 1.0 -

Total 
 100.0 ­ - - 881_ _ _ 13o.7 6 5 t8 -o --B.- Pratiaues culturales amzlior~es dans le systime restaur6 re
Plantain 1 annie 
 8.2 1650 r~girnes 135.30 1.50 
 202.95 
 51.70 151.25
Plantain autres amnges 51.8 1500 r~gimes 777.00 
 1.50 1165.50 323.86 
 841.64
Canne & sucre 
 23.5 
 90 tonnes 21.15 6.70 
 141.70 94.27 
 47.43
 
6.7
Mais 7600 livres 509.20 .10 50.92 20.91 30.01
)anioc 
 1.1 17600 livres 193.60 .03 5.81 2.42 3.39Pat att-
 1.0 8800 livres 88.00 
 .031 2.73 
 2.20 
 -53
Tabac 
 .2 1400 livres 2.80 
 .66 1.85 .40 
 1.45
Autres denrges 
 6.5 1800 li-res 117.00 
 .235 27.50 16.46 
 11.04
(double r~colte) 
 (3.1) 1800 livres 
 55.80 .235 13.11 7.85 5.26Terre non pla-nt6e 1.0 - ­ -

Total 
 100.0 
 _ _ 1612.07 520.07 1022.00
 



ABLEAU 7.2 -sI4/ATION DU COJT DE LA PRODUCTION PAR HECTARE 

DANS LE SYSTERE D'IRIGATICN DE JIAN-RABEL 

Main d'Oeuvre Pour 

La Preparation Sarclage Rcolte Semences Proiuits Engrais Taxes 'otal
Denr6 a de la Irrigation Ap re's ou Chimiques d CIrrigation 

terra Autres FRcolte Plants
 

Plantain seulement . 17.50 
A. Utilisation du Syst

S 92.40 $ 29.75 
=e 
$ 

Actuel 
4-00 - - $ 1.44 s 145009 

Dal tures-4ul-tipl es 

Plantain + 17.50 92.40 33.25 4.00 . . .. 1.44 148.59 
Main + 34.30 17.50 23.10 2,20 - - 1.44 78.54 

Y.anioc 44.80 21.00 21.00 - 1.44 88.24 
Patate 44.80 21.00 23.10 .... 1.44 90.34 

3anne . sure 14.70 40.60 61.60 4.25 - - - 1.44 I. 122.59 

'abac 59.50 49.00 35.00 5.00 - - - 1.44 149.94 
Iutre yc. Jardin 40.60 9.80 26,60 20.68 - - - 1.44 99.12 

B. Praticues de Cultures Am6liorees. Systmo Restaur6 
8.16 625.21
217.50 198.00
Plantain seulement 26.60 116.20 52950 6.25 

Cultures multiples+ 

Plantain + 26,60 116o20 57,75 6.25 217,50 198.00 8,16 630.46 

Xais+ 60.90 58.80 87,50 12.00 10.40 81.00 1.44 312.04 

- - 2.06 39.60 2.88 220e24Manioc + 84.70 4900 42.00 


Patate + 84.70 49-70 42.00 - - 2,06 39.60 1.44 1 219,50 

anne A sucre 2.80 57,40 126.00 5.10 - - 198,00 3,84 401.14 

- ac 59.50 62930 44910 5.00 30-00 - - 1.44 202e34 

.=es, yCo Jardin 69.30 44,10 53.20 24.56 19.60 39,60 2.88 253.24
 



_ _ _ __ 

TABLE 7.2-1 CO!VIRLRISON OF CASH EXP~SES PIR H--:CTAR7-- -ITH TRADITIONAL AND IKRVED MzTRODS OF CU1' JRE 

Crop 

planae
plantain 

Canne i 

Sucre 


coo 


Main 

Sorgho 


Soja 

Xanioc 

Haricot 
rouge 

Patate 

Pcis imconnu 

Sesame 


m 

14.00 


81.20 


30.80 


_ 

30.80 


30.80 


30.80 


30.80
,o.Io 

30.80 


30.80 


30.80 


0.0 


Hired 
Labor 


26.60 


133.00 


4.80 


44.80 


44.80 


44.80 


44o80 


44.80 


44.80 


44.80 


.0 


oa
Total
Seeds or Plants Fertilizer Chemical !Irrigation tax increabe 

TR AM ICC AM INC A INC ITR AM INC 1 

12.60 3.20 8.33 5.13 160.00 160.00 233.67 233.67 60.78 60.78 - 414.40
 

I 1I ^ ; 

51.80 4.25 5.10 .85 72.00 72.00 1 - - 28.60 28.60 159.25
 

14.003.20 3.20 - 32.00 32.00 34.00 34.00 - 3.58 3.58 83.58.g 

_ ____i __ __ _ 

14.00 2.08 2.91 .83 24.00 24.00 ,L 14.96 14.96 - 10.73 10.7 64.52 

14.00 .96 1.28 .32 24.00 24-C0 12.36 12.36 10.73 10.73 61.41 

14.00 14.20 4.20 -24.00 24.001 8.24 8.24 l4.30 14.30 60..54 A/ 

- b I 
14.00 -18.00 18.00 1 26 c lo514555.51-358,358,
 
14.00 37.28 44.27 6.99! 24.00 24.00 4.12 4.121 3.58 3.58 52.69 

14.00 18.00 18.00 22.06 10.73 10.73 44*79 

14.00 10.71 12.1 1.90 24.00 24.00- - 358 3.58 43.48 

.96 096 -4o 4-00 6- 4 14j - 3 -343-48
24.0 16.8 - I 40.816481 ­

http:lo514555.51
http:14.003.20


TAMEZ 7.--

I/ Based on budgets prepared by PEUD for vallee des trois Rivieres, preliminary report, 

Dec. 1975. 

_/ Labor rate in PNUD budget r*duoed from $1.30 / day to $0.70 / day. 

/ Total includes $6.00 for tractor power hired. 

4/ PNUD budgets available only for improved method of culture; expenses for labor and seed 
Under traditional culture assumed. 



TABLz 7.2-2 RaATION OF POTENTIAL INCRELSE IN COSS PRODUCT AND SET RETURNS TO INCREASE IN CASH EXP-NSE, FOR 
SELECTED CROPS. PER HECTARR I/ 

Crop Improved Increase in Gross Product.? Return2_anaement
 Net Return to Capital and 
Yield 
 with Divided to wi th 
 Increase 
 Increase
 
Divided Improved by Xan Improved over Dyiided
by Practices Increase Day 
 Practices Traditional Increase 
Traditional in Cash aborExpenses
(dolars of3 Practices pnse
Yield 
 Expenses (dollars) (dollars) (dollars) (dollars)


-anioc 2.0 
 384 6.9 
 2.50 
 551 247 
 4.4
 
Haricot 2.8 326 
 6.2 1.47 222 150 2.8
 
rouge
 

Kais 3.1 312 
 4.8 1.36 208 2.0
127 

Patats 2.0 204 4.6 1.25 201 77 1.7 
Banane 
 1.9 1046 2.5 
 7.58 1577 
 583 
 1.4
 
Sorgho 
 2.7 
 200 
 393 
 1.17 
 177 
 61 
 1.0
 
Canne I

Sucre 
 22 255 1.6 93 
 153 45 3
 

Pnconnu 2.0 119 2.7 *61 19 A/ -12 
 -,3
 

I/ Based on data given in table 1 and PNUD report cited therein with labor rate adjusted
j_/ Yield per hectare multiplied by PNUD assumed prices. 

Increase in grosa prod-ict less all expenses except labor divided by extra man-days of labor. 
V/ Low return Is due partially to much lower price than for haricot rouge. 



-I-EAU7.'-3R jTIcN -ENTREACCROISSENTS POTENMELS DIE PRODUITS BRUTS ET B EFICES NETS ET L'ACCROISSE _-NT 	 DES 
DENS-zS :E SPECS POUR DE DNREES SLECIONNES PAR FEC7ARE . 

Lenrie Rcolta Accrcissemeat en Prcduit Brut Bnefices 34nefic- not investiss4aont et Gestir,nam~liore Pratiques Di vaH ar/ J i PZ-atiqueE Accroissement Accioissm,!ntdivia~e amhliorees l' _c-sempnrt Trataill/ amliox~es sul pmatiques divis6 parpar r~colte 
 en esp~ces par hectares 
 Accroissement
traditionnelle (iollars) D~penses (dollars) traditionnelles 	 des dipenses
 

en especea(doI
 

M!anioc 2.0 384 6.9 2.50 551 247 	 4.4 

Haricot
 
rouge 2.8 	 326 6.2 
 1.47 222 150 2.8 

.rais 3.1 312 4.8 	 1.36 208 127 	 2.0 

Patate 2.0 	 204 4.6 
 1.25 201 	 77 
 1.7
 
3anane 1.9 1046 2.5 	 7.58 1577 583 1.4
 

Sorgho 2.7 200 3.3 
 1.17 177 	 61 
 1.0
 

CQmne & 
sucre 2.2 
 255 	 1.6 
 .93 153 45 	 .3
Poin 

inconnu 2.0 119 2-7 	 .61 
 194/ -12 
 -.3 
j/ Rif~rences: donn4es tableau 1 rapport du PNUD avec r~ajustement du salaire de la main-d'oeuvre. 
2/ R6colte par hectares multipli6e par prix suppos6 par PNUD. 
3/ Accroissement en produits bruts moins les d~pensss, sauf main-d'oeuvre divis~e par Surplus J/H/Travail. 
I1 B~n~fices bas da particulierementauxprix plus bas que ceux du haricct rouge. 
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L--L-HATCRy NOCY12S FaH Tr- 3 7.4 

Reference sources: 
 (1) TDAI budets used in 1976 crop loan pro~rams. 
(2) acperimental corn production date, (D2 -AIJ), Lev- Far Cayes Plain 1976.(3) ?JUD/FAO,:/aiti preliminazry report pre-Pared for La Vall6e des Trois ivi~res, 

December 1975 by Jan Steverlnck. 
(4) -qcu 
 tes sur Les Terres et Les Eaux dLzns la Plaine des Gonaives, et le Dpartement

du I"ord'01aest, Haiti. Volume V.Socio - Economie. FA01iT. 1969.Labor costs are based on man days of labor required as estimated by FiMdi, with adjustmentsirrigating under present to include laboroperations, and further adjustments to account for differences in labor for harvestingdue to differences in crop yield estimates. A labor cost rate of 70 cents ( U.S. ) a man-day was assumed.
 
Seed and plant costs 
-were those used by nmqD, with corn and bean seed prices for present operatinC practicesthe same as those used in estimating gross income. Tobacco plant prices hose used in 1969 tm;/FA0 uere 

study multiplied by 2.5. 

Other crops were assumed to be dominantly red beans , but they include other beans, g-arden crops, coconuts,mais and grain sorghum. Labor, fertilizer and chemical requirements were assumed to be the same as for pro­ducing beans, and the seed cost was assumed as only half wihat it would have been for beans alone. 



-2-


IDAI budgets were used in estimating chemicals purchases for corn and beans, and ?.A estimates for 
plantain, sweet potatoes and manioc; the tobacco estimate 
came from the 1969 UNJ 
study price multiplie&
 
by 2.5.
 

Frtilizer purchases were 
 related to PMUTD estimates adjusted for differences in yield projections and 
price increases. 

Future sugar cane cost includes eight dollars for tractor hire for land preparation. 

Irrigation tax rates for the rehabilitated system are illustrative only and may not be the rates finally
establishad. The principle that charges should be related to the quantity of water received is recommended. 



_ _ 

TABLEAU 7.5 U ) CLJUA2. Lh? EA-i ?.j2?. " 

FIN pmvni ,- ,- . .... 31- "'L~- ",.si.:l:,.-.! V'.U .:2 = ir' I BA..I.UDE L. J;JZ.,R DIO. ""- -SSES lj-: ­
de PRATIQUi S C-LTUI-LLES A:LIOREMSLt -_A' _ _ _ _ _ _ _ 

P.LJTI 7 CULUT-t_-LES S77 iLZT EJ U' -L _2AIRZ_ _ _ _ _ _ _ T mL I I O :L =L A V EC~ -.P ; o __ _ _ _ _ _ _ _ _e-Le-.. .,,I ren Pols 

Pourcerrtbare Dollars Fourcentr E-e Dollars o, facteur Dollars 
aumen tation Dcrois-erent de la baisse
 
aDres 1 ' 

r e enn4e a-,ris i te e4e
 
I--TIS - ii IITIAL 


- 1521 

1 0 751 0 751 0 .943 0 
2 8 778 
 2 736 42 .890 37
 
3 17 809 4 721 
 88 .840 74
 
4 
 27 843 6 706 137 
 .792 109 
5 39 884 8 691 193 •747 144 

6 
 53 932 10 676 256 .705 180
 
7 67 979 12 661 
 318 .665 211
 
8 
 80 1024 
 14 646 378 .627 237
 
9 91 1061 16 631 430 .592 255
 

10 100 1092 18 616 476 
 .558 266
 
-otal (2318) (1513)


Grand Total 797 -08 



TABLEAUJ 7.6- 1 IKi D10ETIJRE : BECSSAIRE- FA2 ±LcUi 
F;CL1 "Aw~~ I ZLflTS ==m 

]ERSJOUP/ Ea01 II -DETIAVAT L .- CzSAjRF
 
Pratiq':es culturales Pratia-ues 
 culturales Accroissement
 

Actuelles Am41ior~es 

Plantain seuleent 
 199.5 
 279 
 79.5
 
Cultures multiples
 

Plantain 
 204.5 
 286.5 
 82
 
Mais 
 107 
 296 
 189
 
I.>.nioc 124 
 251 
 127
 
Patate 127 
 252 
 125
 

Caxne I sucre 167 
 266 
 99
 
Tabac 
 205 
 237 
 32
 
Antres Denr~es 110 
 238 
 128
 

Double Rgcolte 
 238 
 238
 



TAB EAU 7.6 - 2 DEP-USES ?OU, LA iel DI)'0EUVI 

C'-E A LA GESTIOIA1,U-I DESA-?ELICOMDS 

: M'IT=S 

CL1LTUhE',S 

FY-10--EIL IQ7=-S mCTIJELU-S F.XrIQUTS £.:-LIo--s ~ c~~~. PAjC IBQ-Po~rIo;I.LLE 

Plantain 1 r e annee 

Plantain autres armes 

Canne & sucre 

1Kais 

Kanioo 

Patate 

Tabac 

Autres denr6es 

Double r~colte 

Total 

Coat totzdl pour l'aire 

q5.44 

5-44 

5.69 

3.64 

1.44 

1.44 

6.44 

22.12 

-

du projet = $70,824 

Z429.91 

429.91 

214.94 

104-84 

44.54 

43.10 

36.44 

86.64 

86.64 

-

$424.47 

424.47 

220.63 

lO8.48 

45.98 

44.54 

42.88 

108.76 

86.64 

-

034.81 

219.88 
7.72 

7.27 

-51 

.45 

.09 

7.07 

2.69 

280.49 

1/ r-mltip!i6 par une fraction de la r6gion plant6e pour chaque denr~e. 



8,0 PROPOSED ADI4INISTIRATION OF 1iILAIILITATI01 

8.1 Attitudo Towards Rehabilitation and I'aintonanoo of System 

Contacts were mmle with most government leaders, ex-governrment offi­

cials, businerNsmen, religious leelers, non-reoident owners of lld, 

mid resident land-ovaiers on the area to be affected by the proposed 

irrigation project in Jean Rabel. In every instance with the exception 

of one skeptical farmer, complete cooperation was roceive] during the 

information gathering phase of the work. Enthusiastic response was 

received from those oontri±oted concerning major responsibilities which 

the people of Jean Rabel would have to assume if the project wore to 

beoome a reality. Specifically, t'!ose responsibilities would be: 

1. Rehabilitation of the system 

2. Organizing of a group to operate maintain, mid administer 

the system
 

3. Payment of equitable fees for water usage 

It wan clear during almost all interviews and meetings with rural and 

community lc;.lors that their major concern was that any system pliiined 

should be d6si,ped to provide water to the Fond Zombi area, yet not 

take it away from those areas alroeay receiving wter. To emphasixe 

this, there were currently requests for 112 carreaux of additional ir­

rigated lmd, all from Fond Zombi. Benefits of the proposed project 

recognized by those coiitactod included: 

1. Incroa,;ed fo-' u 

2. Increased incomes ; 

3. Inoreased educational opportunities 

4. Reduction of health prolletis associated with vater-bonte diseases. 

It was observed that, depeuding upon efficiency of the operation of the 

completed systoin(e: proventin:; exconsive rumoff back into the o(I. river 

bed), some disruption of present social, economic, wid personal practices 

involving use of the river water would ocour. 



Washing clothes, socializing at the river, bathing, obtaining water 

for cooking and driniking, cnd watering of meat and pack animals are 

examples of current practices which would necessarily have to be repat­

terned. Leaders contacted, however, felt *that there would be no major 

rep-rcussions from the people if these changes occured and that the be­

nefits derived would eventually outweigh any irediate disruption of 

daily routines. Of note is that the present control of the maintenance, 

water usage, and collection of foes isaccomplished by the Irrigation 

Service and the Tax Service. The one-man Irrigation Service head works 

together with fa'mers jointly utilizing individual calals, and coordinates 

their water allocations and mvointenaace activities. The tax serice 

collects the fees for water usage on a per hectaro basis. Jhile the 

responsibilities of these governmont services must be respected, policy 

changes are recommended which will turn a portion of the revenues over 

to the cooperative for administration. It is apparent that all of the 

elements favorable to the formation of an organization to effectively 

operate and maintain an improved irrigation system exists at the local 

level. Specifically, these elements consist of favorable attitudes of 

the a.lrea y existing Federation of Conseil Comunautaires, the Conseil 

Commiunutaire of the town of Jean label, and Department of ACiculture 

(DA]uDR) officials who have alrealy been considering the orgainization 

of a cooperative to meet operation and maintenance requirements of a 

new system. 

8.2 Efssential Features of a D3ew Overall Organization 

The establishment of a cooperative, legally constituted, and operating 

under policy gideline as set forth by the Department of Agriculture, 

is recommended. 



This cooperative would be made up of all land owners using water from 

the system. The membership of the cooperative will elect roprosentatives 

from specified areas within the system to su'rve on a board of diroctors 

which will administer all of tho affairs of the irrigation projects. 

These affairs will include but not be limited to preparation of budgets 

and assessment of wator taxes. Taxes will be collected by the Tax Ser­

vice and trwisferrod in part to the cooporative for administration. 

8.3 Steps Necessary to Create an Over All Organization 

Steps necessary to create the cooperative at Jean Rabel areas follows:
 

Orientation of Government of Haiti, (DuLiWDIl) personnel concerning 

the scope and objectives of the proposed irrigation project. 

Identification of agricultural groups and local 1ly-leaders in the 

proposed irrigation district.
 

Selection of extension methods to be employed in development of
 

the cooperative and its lealers.
 

Orientation of local lay-leaulers concerning: 

a) what is the proposed Joan la.el irrigation project. 

b) lsponsibilities of all parties concerned with its operation 

aid maintenance. 

Training of existing groups in the project area: 

a) What is the proposed Jean Rabol-irrigation project. 

b) Responsibilities involved in the system restoration ard 

orgrsiization of a managing cooperative. 

1. iesponsibilities of government.
 

2. Responsibilitie- of local people.
 

3. Economic benefits of the project. 

4. Social benefits of the project. 



o) 	 Organizational F1ooedure:
 
Organize special interest 
groups in areas of the proposed 
system where no groups cturrently exist. 
Conduct orientation meetings for representatives of all or­

ganized groups.
 
Meeting(s) 
 for planning the type of cooperative required, 

its laws, and by-laws. 
a) Election of temporary officersib develop shape of orga­

nization, laws, and by-laws.
 
b) Appointment of special work committees.
 
o) Preparation and approval of committees reports, 
 laws and 

by-laws. 

General meeting of all members of all groups concerned for tue 
purpose of: 

a) 	Operation, I4aintenance, and uiknagement of 	the completed 

irrigation system.
 
b) Improved farm management and oultural practices.
 



8.4 ENVIROVN,2nTAL IMPACT OF PROFOSEI) PROJECT 

The irrigated lowlands that are the subject of this report have been 
cultivated, and probably irrigated, since colonial times. 
The exis­
ting environment is one produced entirely by man. Vegetation is 
restricted to plants that produce food, cash, building material or 
fuel anid wild life is practically non-existent. 1very available 
piece of land is cultivated ir grazed and population densities are 
extremely high. 

The immediate impact of rebuilding or improving an existing irrigation 
system is to chwige the distribution of available water. Generally, 
less water will flow in natural stroams below diversion structures and 
more water will be put on the land for irrigation. In some canes, all
 
streamflow will be diverted.
 

For users that depend on streanflow below a diversion, the impact will 
be negative. The streams provide water for drinking, bathing and washing. 
These activities will shift to caals in the irrigation system. Access 
ii more restricted to cuials aud to places on canals where use can be 
made of the water. Heavj domestic use of enome locations in the canal 
system should be anticipated where stromwfj.ow is severely depleted. 

As irrigation is practiced on a small scale in the are . imventiwt.?. 
ani increa:ie in wat,'r supply or, in irrigted area will have little im­
pact on environment. Efficient use to .,at r and proper drainage cU 
reduce water-borne disease, particularly malaria, by eliminating sta­
gnant water. 

Rehabilitation of the Jean Rabel systoms will improve living standards, 
health and economic conditions. Those benefits outweigh any negative 
impact of streamflow diversion.
 

http:stromwfj.ow


In tho area investigated, water in the irrigation system serves two 
purpQses: 

Irrigation and domestic supply. Rehabilitation and improvement plss 
should provide for the domestic needs of the people.
 

Restocking of fish in rivers and irrigation oanals is not recommended 
except or mosquito larva control. For this purpose the indigenous 

Limia species should be reintroduced.
 



9.0 RECOMMENDATIONS AND CONCLUSIONS 

The Jean Rebel irrigation system, as indicated under 3. 1, is presently 
functioning at an efficiency of perhaps 1/-25/. By use of an un­
sophisticated and simply designed system, which can be built by labor 
intensive methods, this efficiency can be raised to 40% to 45%. 
This
 

is an increase of at least 100%. 

The amount of irrigable land which can be furnished with irrigation 
water will also be increased by approximately 100%.
 

This increase in irrigation efficiency plus a doubling of project area 
will have a definite favorable reaction on the economy of the entire
 

valley. Ultimately, through the multiplier effect, living conditions
 
will be improved for the population of almost 30,000 people residing
 

in the Jean Rebel area.
 

The favorable cost-benefit ratio of 2.55 to 
1 indicates the financial 
viability of rehabilitation of the Jean Rebel system. The attitude
 

of the people to be directly effected is most favorable.
 

The consultant therefore recommends that the Jean Rebel Irrigation 

System be rehabilitated, with work to start at the earliest possible
 

time.
 



10.0 PHOTOGIAPHS
 

1. 	 Jean Habel river 2 kilometers upstream of town.
 

La rivi~re de Jean Rabel 2 km en amont de la yile.
 

2. 	 Jean Rabel river ford at the town of Jean Rabel 

La rivibre de Jeall Rabol A Jeau Rabel. 

3. 	 Takeout and earth caulal 1.5 km upstream of towm (9 Juillet 1976).
 

Prise et oaal enteare 4 1,5 km en amont do la ville.
 

4. 	 East balk of river jest upstroam of proposed damn site (9 Juillet 1970). 

Berre est de la rivibre juste on aniont do 1'emplacement ohoisi pour 

le barra~'o . 

5. 	 Takeout site (see Photo 3).
 

Emplacement de la prise (voir rhoto 3).
 

6. 	 Earth canal in rough terrain (9 Juillet 1976). 

Canal en terre en terrain escarp6. 

7. 	 Froposed site of diversion dam (9 Juillet 1976).
 

Emplacement ohoisi pour le barrage de d6rivation.
 

8. 	 Typioal primitive takeout, located 3.5 km downstream from Jean Rabel.
 

Prise primitive & 3.5 km en aval do Jean Rabel.
 

9. 	 Earth canal near Bord de Nor. 

Canal en terre pros du Bord de er. 

10. 	 Proposed site of diversion dam (9 Juillot 1976). 

Emplacmont ohoisi pour le barrage de d6rivation. 

11. 	 Earth cwial shown in ]qioto 3, looking dovnistroam (9 Juillet 1976). 
Canal en terre vu dane la Ihoto 3 vers l'aval. 

12. 	 Jean Rabel river discharging into the sea. 

La riviLre do Jean habel se jotanlt dana la mer. 

13. 	 Jean Itabel - Market day. 

Jean Rabel - Jour de maroh6o. 

14. 	 East baink of river just upstream of proposed dam site (9 Juillet 1976). 

Berge et de la rivibre junto en amont de 1'emplaoemeni ohoisi pour le 

barrage. 
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