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Abstract

The Gonaives Flain lies in northern Haiti at the head of the Culf
of Gonaives. Oround water in the plain is used widely for domestic
and stock purposes but only to limited extent foi irrization.s The
future agriculturel development of the plain will depend in lorge
measure on the proper utilizetion of available ground-water supplies
for irrigetion.

The rocks in the region of the Gonaives Plsin belong to the upper (?)
Cretacenus series of the Creteceous system, the Focene and Oligocene
series of the Tertisry system, ond the Fleistocene and Recent series of
the "usternary system., The structursl depression ocoupied by the
Oonaives Plzin wes formed in post-Miocene time by the dislocstion of
Oligocene =nd older rocks along normal Tsults 'nd by the tilting of the
od facent cruastel bloeks, The lower parts of the depression contain a
Pleistocene snd Recent alluviasl fill deposited by stresms tributary to
the plein.

The uprer (?) Cretscecus rocks inelude an'esite and baselt love
flows loeally intercalated with some beds of tuff and sgzlomerate,

These rocks are genwrally dense and impervious but loeolly gmall springs
rise from fractures smd bedding plenes or from wenthered zones.

The Foecene rocks ere hard, thin-bedded, cherty limestones with some
beds of massive chelky limestone, Considerable ground water circulates
through joints, bedding planes, »nd solution passages in these rocks
giving rise to importent springs suech as 3Sources Madsme Charles. These

apringe dischsrge at the rate of sbout 110 liters per second.



The Oligocene rocks include limestome, shaly limestone, limy send-
stone, marl, and shale, The limestone beds contnin solution passnges
and othsr openings and these mey afford capacity for the circulrtion
of ground water., However, no wells or springs in Oligocene rocks were
observad during the present study.

The elluviesl fill of the plain is composed of interbedded lenses
of clay, silt, send, and g-avel, These deposits econtain a rzone of
saturetion whose upper limit is morked by & water table. The depth to
the water table beneath the alluvisl lowland of the plain ranges fyom
lesa than one meter to about 20 meters, In most plnces in the plain
the depth to water is less them 15 meters. 'there present in the zone
of saturntion the co-rse, velle-sorted nand and gr-vel beds of the
alluvium will probably vield moderste to large supplies of water to
wells end infiltretion galleriss, '!‘hc.h individunl yiélds of existing
wells renge from & few liters to about 60 liters per second.

The most favorable part of the plain for qm‘id-water prospecting
end development lies § to 10 kilometers nonhaust‘ of Gonaives. In this
sren yields of 10 to 50 liters per sccond could be obteined from the
alluvium in simple wells drilled to depths of sbout 35 to 45 meters.
Additionn]l informetion on the yg:m and rhysicel charseter of aquifers
in the alluvium would be provided by test welle drilled to depths of

40 to 60 meters.



Introduction

The Gonaives Plain is loested in northern Heiti st the hesd of the
Culf of Goneives,{7ige 1)e¢ The principal eity of the plain is Gonaives,
cepitel of the Department of Artidonite and 180 kilometers by rosd northe
northwest of Torte-su-’rince, :

A genersl atudy of the gaolbgy and ground-water conditions of the
plu!n‘was mede by the writers in Febru ry 1949.. This work wes part of
8 lareoy progr=m of sround-wrter studics in Haiti by the Institute of
Inter«/mericen Affairs in cooper-tion with the U, 3, Geological Survey.
The work was done undey the generes]l direction of Mr, ¥, Alan Lafiin,
ehief-of-party of the Food Supply Division of the Inssitute in Heiti.

At precent irrisetion is preeticed in the Gonaives Plein end its
tributary velleys by diversions from strnems. During tﬁe dpy se~son
the flow of these stremms is usu-lly -~ufficient %6 cover mueh of the
valley arcas, but the plein isself receives only sporsdic irrisstion or
none 2t all. The principal object of the precent atudy was to investignte
the ocecurrence of ground water in the plain sand ;ho fensibility of

leveloping water supplies from wells or other structures for irrig-tionm.



Precipitation

The Conaives 'lain receives roin prineipslly from the northenst
trade winds which reach the north coast of Taiti laten with moisture,
Howevop, in pusaing over the high mountsing of the Masssif du Nord cone
densetion ocours ‘nd most of the moisture is precipitsted on 'th. northe
east slopes of these mountainse On venching the Conaives Flain to the
s uthwest of the nounteins, the winde are largely deprived of moisture.
gonseguently the plein receives very little rain snd is perheps the
driest lowlend region in Wniti, %9 based on 42 years of racord the menn
monthly sand enmusl rainfell et Goneives is as followa:

Painfall ot Ooneives, in ¥illimeters
TOMUATYeeesessecassces “od TulVeasesssavcescse 7440
PobrUSYYesscessccessse 14s0 ‘gustesscsscnscsns 0003
Norchessessesevessance 1048 3¢ sesessness 002
Arileceecsssncesssces 29e8  OotobOTesascesscces 60,0
HAYesoescnssasncoccese 02,8 HOVErbeTeesssssscee “Bal
JUNBeeevssssesssccsses Gleb DeetmbEressscereess 10.8

Yo apecee=580,1

These date suggest thet the merked concentretion of reinfell in twe
wet seasons charseteristic of most of Maiti does not oceur in the Gonaives
regions Rather thare seems $0 be only one long wet senson leating from
May through Ootober with s ghort bresk in Julys In the G-months dry
season from November through April the total reinfall avereges only
973 millimeters »t Conaives. During the seme period the northesat
trede winds blow with grester intensity end constaney then in the wed
season in the Conesives “lain., Consecuvently eveporation 4a ineressed and
the 1ight precipitestion thot ocours is ineffective in =ainteinine soil
~oisture in the plein, JIrrigetion is therafore necasanry for crops dur!mj

the Apry seegon snd 18 Jesirodle for optimum plent zrowth Juring the wet:

A0ASON e



The rainfall at Gonaives is probably representative for nost S’f
the lowl=nd ares of the plein. lNowever, the bdbordering mountsin slopes
may receive hself again t0 twice as mueh rntnﬁll as the plain, To
lerge extent the emount of rainfall received by the mountain slopes
depends on their elevation and exposure to ‘tho northesat trade winds,

Topogrephy and drainsge

The Gonaives Plain is 2lluvial lowland of approximately triamguler
outline (Fige 1)e At its southern limit 1t attains & maximum width of
about 11 kilometers from esst to west. To the north the width of the
plein gredually deecrenses to about l=1/7 kilometers nesr the junetion
of the Riviere d'Ennery with the Riviere La Brenles The plnin has a
maximum lerngth of sbout 13 kilometers from north to southe.

Along itz entire western marein the plain is bordered by focthills
snd spurs of the Montegn-s de Terve Neuve, The highest point in these
mountains nesr the plain is Morne Biénce whose elevetion in 375 meters
shove sea level., The crest of this mountain is loceted 3 kilometers
north of Oonaives.

To the gouth of the valley of the Riviere d'Ennery the plain is
bordered along its eastern morgin by long linear ridges which sre spurs
of the Vontagnes Noires. Bayonnais Ridge lying between the valley of
the Riviere des Bayonnais emd the plain is rerheps the most prominent
of these, It nttains a meximum elevantion of sbout 400 meters =hove sea
level. On the northesst side of the Bayonnsis Valley is 2 second ridge
whieh extends northward beycnd the point of Bayonneis Ridge to the Ennepry
Valley. This ridge reaches elevemtions of sbout 500 to 600 meters. Near
i{ts southern limit the Qonaives Flain is split by the northern %ip of
Yorne Crammont. This ridee is a l-ree isolated outlier of the lontagnes

Noires, Its nmeximum elevetion is 406 meters above sea level,



& Horth of the nnery Velley =nd eest of the valley of the

o Rivicre La Brenle sre the mounteins of the Lmssif du Nord whieh border
. ‘the plein on the northesst. The highest point in these mountains near
q ‘the plain is Yorne Deux Memelles whose elevation is 78684 ﬁun asbove sea
level,
The surface of the Gomsives "lain rises evenly from the sea nt

. Gonaives Bay to =n elevation of sbout 120 meters »t its northern limit,
_ merr the junction of the valleys of the Riviere La Bronle snd the Riviere
d'innery. ‘%t the entrence of the alluviel vnlley of the Riviere Bagsin
the plain is sbout 80 meters sbove sen level and sbout the assme nat the
entrance of the Bayonnais valley, “couth of vonaives snd weat of orne
Gremmont the Gonaives Plein is contiguous with the ‘rtibonite "lain,
East of Vorne urammont the uoneives Plain merges imper-ceptibly with the
savene legolee, & smell alluvial beain which extends on southeagtward
for seversl kilometers, “here the plain meprges with this brsin the
generel elevation is about 20 meters above ses level., YNeer the see the
plein is low and berpely disgected, Inland the slope of the plain in-
eroragen preduclly ond the principsl streems sre incised %o depths of 2 teo
8 meters below its surface,

The trunk stream of the Goneives "lain is the Riviere 1a Tuinte
whieh 1s formed by the confluence of the Hiviere La Brenle and the
Riviere 4'Pnnery. Fapther south in the central port of the plain the

#iviere 1a “uinte is joined by the Rivieres Bassin snd des Dayonnais.



The Riviere Le “uinte is an intermittent streem through most of

_ its length, Tt carries water only in the reiny senson end into the
A

first part of the dry sesson, lowever, in the lower € kilometera of

_ the streem there is o amall perennisl flow thet peraists through the

 dry sesson. ‘his flow is sustoined prineipally by the discharge of

~ Sources Nonery (no. 2) located along the chemmnel of the stremm sbout one

kilometer upstream from the "uinte bridge on the Uoneaives-t,)ere road,
On Pebruary 16, 1942 the flow near the dridge was estimoted at about
90 liters per second. ihe flow was measured by the service des Zaux
et ¥Yorets on February 17, 1537 ot 130 liters per second. These dis-
chargea represent the order of megnitude of the atream flow in the
middle or latter part of the dry season. The Niviere lLa “uinte wes
entirely dry upstresm from sources Dongry to the iiviere 4'imnery during
Januery snd rebrusry 1949, In the rainy senson the xiviere la Tuinte
may cerry dischsrges of several cubic meters per second, 4 flow of
6/74 cubic meters per second was measured on November 12, 1924 by the
jervice d'Irrigation, Dept, des rreveux Tublies at the lapou Chevelier
bridge neer les Potesux,

In the lower rerches of their a2lluviel valleys and in theiy courses
asrosa the Gonsives ”lein ell of the tributary stresms of the Riviere
is “ninte ere intemmittent, They carry water only in the reiny season
and Auring the first part of the dry sesson, In their upper ond middle
ecourses the tridbutary stresms sre perenniel =nd carry smell dry-sesson
flows renging from n few ten to n few hundred liters per second., This
water 1a @1l diverted for irrigriion In the alluvisl valleys of these

streams,



Ceology
Udeneral features

The poecks that crop out in and »d jacent to the vonaives Plain belong
to the upper (?) Cretaceous series of the Gretaceous system, the Eocene
and Cligocene seriss of the Tertiery aystem, and the Pleistocene =nd
Recent series of the "Tuaternary system. The general geology of the
Goneives Plain and of the adjascent mountain borders is shown in Figure 2.

The roeks of the Gonalves region were disturbed st & number of dif-
ferent geologic times dy orogenie movements, According to Woodring, Erown,

and mrbanhg/three prineipsl perilods of folding probably sffected the rocks

2/voodring, tendell P., Brown, John ., Burbeank, 7ilbur 3.; Oeology of the
Republic of Haiti: Nepublic of laiti, Uept. of Public "orks, ueologicel
Survey of the iepublie of Waiti, p.35l, Port-su-Prince, 1924,

of the region~-one near the end of Cretaceous time, one a2t the end of Nocene

time, and snother near the end of Miocene time, ¥ach suceessive movement

involved all older rocks,



The structursl deépression occuppied by the Uonaives Plain probsbly
origineted in post-iiocens time by the tilting of crustel blocks along

3
"'/Cp. eite, D336

normal frults. *This depression is the southern extension of the Trois
Rivieres trough, » narrow graben thet trends north-northwest from the
north end of the Gonaives Tlain $o the north coest of Haiti nesr Port-
de-Paix. ‘The graben is 5 to 8 kilometers wide and about 50 kilometers
long. /long most of its eestern »nd western flanks it is bounded by nor-
mal high-engle feults, The foult line which limits the engtern side of
the greben extends south inte the tUonaives region and dies out # few kilo-
meters south of the mmnery Valley, Ferther south are two fsults which lie
en echelon with that of the emst side of the grsben., One of these is on
the socuthwest side of Bayomneis Midge end the other is elong the north-
engt flenk of the Bayonnais Vaelley. (3ee Fiz.?) Poth of these are
apparently high-engle normsl faults dipping southwest and slong which the
northe=st bloek has been uplifted snd tilted to the northesst, A aimilar
and psarallel normal feult probesbly lies along the southwest side of the

Morne Urammont block whieh is nslso tilted to the northeas ‘/. 711 three

%p. eite, P336,

of these faults die out to the southenst and pass benenth the slluvial £111

of the Conaives “lein %0 the northwest,



St SR

The structural depression of the Gonnives Vlain is directly under-

o BAL - i il

lein by an extensive slluviel £111 deposited by stresms that enter the

E plein from ndjncent mountein areas, Most of this £ill wns probebly laid

: down in Pleistocene and “eeent time, Hvidently there were two prineipal

f byeles of filling-an carlier cyele of probable rleistocene nge and »
later eyele in wecent time., PFollowing leistocene alluvietion the stresms
eut down in their deposita to 8 level considerably below the present sur-

 face of the plerin. During the ensuing cyele of renewed slluvistion in
vacent time, the Tleistoeene deposits in the lower pertas of the plain
were covered by the younger deposits. However, in nrotected recenses
along the borders of the plain the Fleistocene deposits were left nas

fiigsected alluvial fsns or terrsces which lie 5 to 20 meters shove the

present surface cf the necent =lluvium,
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Oeologic formetions end their water-besring properties
Cretaceous volesnie roeks

The oldest roeks in the Oomeives region are of probeble upper(?)
Cretececus nge snd =re of extrusive igneous origin. They inelude =n
ertensive secuence of leves with some pyroclastics thet may attain s

8/
thiekneas of 1,000 meters or more in this region, ¥ost of these

E)_/ Ope 0i%., »e 265,

rocks cropping out in the borders of the Goneives Plain appesr to be
amdesites slthough basalts salso occurs Loeslly beds of 'tnllnjod
agglomerate or tuff sre intercalsted with the leve flows. The aress

of outerop of upper(?) Cretaceous rocks observed during the present

study ere shown in Pigure 2, However, outerops of upper(?) Cretaceows
rocks not observed may be present in arers mapped sas Rocene espeeially
elong the southe atern mergin of the plain and slong the ssstera border

of the Javene Desclee., THornblende andesite erops out in a gut of

!_/' Cp. oit., p. 278,

the absndcned Oonsives-Ennery roilrosd 4 kilometers airline northenst
of les Fotesux, 't this point the andeat)c is in foult contnet with
bes -1t which is younger them the sndesite elthough =lse of upper(?)

7/
Cretacecus nge, WHssexite , » bosie igneous rock of disbeaie texture,

Z/ Cp. 31‘0. p. 280,

was alsc observed neop the bege of s prominent comieal knoll sbout

one kilometer northesst of lLes jotemux.

a3ie
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E The upper(?) Cretsceous andesites and besalts with the intercalated
Bmlaotlcs are hard dense roeks with few openings through which water

Quy eirculate., locally amall aprings rise from fractures emd bedding

3 planes or from weathered wones where the rocks erop out n the surface,

;a towever, generslly the rocks sppeer to form en impervious basement on

- which younger formstions rest,

Toecene limestone

i

Rejting unconfornedbly on an snejent erosion surface cut in folded
jupper(?) Cretnceous volesniecs is » thick series of merine limestones
. of upper ¥ocene age, These rocks form most of the hills end ridges
- elong the esstern border of the plein and Yorne Grammont (Pig.2)s In
“most pleces the upper Woceme rocks sre hard, thin-dedded, gray smnd white
F cherty limeastones. loeslly, however, magsive chalky feeies occcurs The

- characteristic upper Hoeene forem Dictyoconus puuéemmncta nennoides

{

ﬁoodring wasg collectedg at the north end of Yorne rammont snd on the

' B/op, o1t., D 144.

southwest slope of Vorme Hiensec. It was also found bv the writers in

limestones ot the north end of Bayonneis Ridge.

12



The upper 7ocene limestones nre moderastely soluble in water w o R

ey
Wy,

werged with cerbonic acid. Commonly in outerops the roek is pltted
frotted by solution. In many places underground percolsating weters
heve enlql;ged the joints =nd bedding planes of the rock by solution.

§ hese openings afford passages for eireulsting ground water, Vhere
‘é.prns-nt in the =zone of snturstion the limestones would probebly yield
g moderate to large cusntities of water to wells. Yowever, in the hills
Eibm'derlng the plain the upper Tocene limestones ore comsidernsbly dies-
% sected and sare probably rether thoroughly drsined st least to the level

t of the surfece dralnege of the reglon.

o

Jources Madame cCherles, Yo. 1, iz a notable group of springs that

e

- issue from upper Focene limestones, These aprings are about 4 kilometers

4

Y northeest of les Potesux a2t the edge of the Mmnery Velley, There are
1 seversl spring hesds in the group located on o line about 100 meters
longs the sprinrs issue from bedding plenes and joints ln_ thin~bedded
1 white lirestones. The spring line is situsted =t the base of a dluff

- on the west side of the alluvirl valley of the Riviere d'Emnery. The
3 totel discheprge of the springs wes mensgured ot 110 liters per second

by the Jervice des 7aux ot rorets on rebrurry 18, 1937, vhen visited
by the writers in rebrusry 1949 the flow wes epproximstely the aeme,

. The temperature of the water is 26°C.
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Oligocene limestone
Rocks conaidered to be of upver Oligocene age form most of the
wostern border of the uvonsives “lain, They slso =ppeer along the
southwest bone of the Vassif du Yord where they sre in fault contsct
with Uretneeous or Rogcene roecks, ‘long tﬁe southeastern flenk of Yorne
Biense neayr uonaives gsome rocks shown in Figure 8‘ aa Cligocene mey be

Toeene, OCharscteristie upper Yocene fossils were oolleetoa!/ 2t & number

9/ 1dem, pe 144.

of locerlities on the southwest slope of this mountain, However, the

upper Cligocene foraminifere Jiogypsins sntillea (Cushmen) and lLepidocyeline
girsudi i, Usuville were founa®Y on = low h1ll sbout 4 kilometers morth-

10/ op, eit., pe 156.

enst of sonrives nesr the tonaives-lort-de~Paix rosd, The upper Oligo-
cene rocks include thin or massively bedded yellowish-grey merine limestone,
ghaly limestone, limy ssndstone, msrl, and green shale,

The limeastones of the upper Oligocene series show solution feetures
similar to those of the urper locene limestones, Surface outerops are
eommonly roug* ened by solution, snd in meny pleces joints and bedding
planes have been anl»rﬁﬂd by solution of percolating weaters. These
openings mey afford considersble capseity for the circulation and storage
of ground «ator. Becsuse the limestomes ere interbedded with impervious
shales smd meprls, the over-all permesbhility of the upper Cligocene series
mey not be sa grest as that of the upne- Hocene limestones. %o wells or

springs in uprer Cligoecene rocks were chaerved during the present study.

14



Older alluvium
Pleisteecene streem deposits erop out in terrsce remneants and dle-
sected alluvinl fana slong the borders (Fig.2) of the Coneives Plein
and probsbly underlie vecent =lluvium benesth much of the lowlendes In the
outerop aress the “leistocene deposits ere cgsentinlly coerae-textured
poorly-sorted gravels with considersble admixture of =211% end find sand,
The pebbles and cobbles in the grevels are mostly of limestone slthough
weathepred besserlt, sndesite, snd diorite pebbles oceur in se=ttered in- .
stances. 't the surface the "leistocene deposits are comwonly copped dby
celiehe, snd ot leest the nesp-surfsce ports of the deposits ere indureted
by n secondsry cementotion of emleium carbonste. Heneath the lowlend aree
| of the plain the Plefistocene deposita are very similer in physicsl cherse-
; ter to the overlying Recent elluvium except that they sre somewhet more
~ consolidated.
here consolidsted or indureted by cerentation the "leistocene
f deposits may have lost » considerasble part of their originsl permes-
bility. In other reapects the weter-beoring cherecteriatics of the

- Meistocene deposits are similer to those of the Recent slluvium.
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Younger alluvium
Hecent alluvium directly underlies the surface of the Gonaives
Plain as well as its tributary alluvial valleys (Fige 2)e¢ The alluvium

8 made up of intercalated lenses of unconsolidated clay, silt, sand,

| and gravel, Tt is coarsest textured in the alluvial valleys and in the

{

|

g

arcas where the valleys merge with the plain, In these zones the alluvium

. is principally gravel and sand with relatively little clay and silt.

In the central part of the plain ¢lay, silt, sand and gravel appear to be
present in about equal proportions., The Recent alluvium in the lower parts
of the plain near the sea is largely clay, #ilt, and sand with only a

- little gravel.

The clay and silt facies of the Recent alluvium have very low

. permeability and hence have little capacity to yisld water to wells or

springs. However, the gravel and sand facies are moderately to highly
permeables To a large degree the permeability of the sands and gravels

is dependent o.. the extent of their sorting by running water. The
coarsest and best sorted gravels were laid down in the channels of the
larger streams. The fine~textured clays, silts, and. fine sands were
deposited from quiet waters in areas adjacent to the stream channels during
floods,

Shallow dug wells indicate that within 15 to 20 meters of the sur-
face the Recent alluvium is coarsest textured and best-sorted in that part
of the plain lying between the 30 and 100-meter water~table contours
shown in Pigure 2, It is believed that in this part of the plain the
Recent alluviwm is generally more jidmeable than elsewhere. The general
characteristics of ground water in the alluvium are discussed beyond.

16



Ground water in the elluvium

The most important ground-water body in the Consives Plain occurs
in Necent alluviel deposits snd possibly in similer underlying Fleisto-
cene deposits. This grounde-weter body is susteined end recherged, 1)
by infiltration from stresms that enter the plein, 2) by seepage from
irrigation in valleys tributary to the plain, 3) by the underflow of
the mlluvirl velleys of the lerger atresms, 4) by direct penctration
from precipitstion on the surfece of the plain, =nd possibly §) by
underground leaksge from watep-besring Tocene or Oligocene roecks, The
principal recharge to the ground-water body probadbly oseurs during the
rainy season when the atreams sre in flood and the precipitation is
greatest on the plain,

The upper limit of the zone of ssturstion in the slluvium of the
plain is merked by a water teble whose position, shepe, snd slope in
Pebruary 1949 are shown in rigure 2 by means of 1l0-meter contours re-
ferred to sea level. ‘In general the water table slopes southwestward
from the north end of the plsin to Conaives Bay with a grndient spproxi-
mately pearallel to thet of the lend surfece, Likewise in esch alluviel
velley tributery to the plain the water teble slopes downvalley until
it merges with the water table ot the plain,

“nter received in the zone of ssturation by infiltration from the
surfesce or from other sources moves down-gradient along the slope of the
water table., TYater is discharged from the zone of seturation, 1) by
aveporation or by trenspiration of plents where the wter table is st or
near the surfoeee, °) by aprings above sea lewel, snd 3) by submarine

aprings.

1?7
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Eveporation from the rzone of seturation oceurs where the water
jlablo is =t the surface or the cepilleary fringe extends to the surface. 4t
'1o-at in the dry sesson such evaporation sppeers to be concentrated prineci-
’ally in thot srea of the plein lying less then 5 meters sbove ses level,
baying She wet sssson with the rise of the wetey teble Whe ases of SvEpe
"‘ntion axtends to dher ports of the nplain, uround-water dlscherge by trans-
pirstion occurs wherever the roots of phrestophytic plants resch the water
teble or the eapillasry fringe, Considerable partsg of the centrsl snd
coastal sreas of the plain ere overgrown with thickets of b;yuhbado. i
thorny leguminous tree pesembling /‘merican mesouite. These trees together
with other phreatophytic plents evidently transpire lasrze quantities of
watey from the zone of ssturation espeeinlly during the dry season.
Ground-water discharge by sprinés tekes place chiefly along the chone-
nels of the Riviere La ‘ninte and its tributaries. “uech springs occur where
the weter table in the slluvium is intersected by a2 stream channel or other
depressions, 7ith the exception of Sources Bongry (No.2) all such springs
are of temporary charscter. They flow only during the reiny sesson and
the firast pert of the d¥y seesson when the weter teble rises and intersects -
the stream chennels. 7“hen the water teble declines in the dry season the
sprines go dry. ° typical exsmple is Jource Marchand (No. 565) in the chenne
of the Niviere Le Minte, This apring is reported to flow 2 few tems of
l1iters per cecond in the rainy sesson. Towever, when visited by the writers
on Tebrusyy 16, 1949 the soring was not flowing and the water toble was
shout 9.5 meter below tha stresm chennal at the spring head, Lvidently in
very reiny yeers the flow of this apring amy persist through most if not ell
of the dry sesson., On Februspy 18, 1937 epparently rfollowing mm exceptionslly
rainy wet semson the flow of the spring was measured et 20 liters per secend

by the jervice des 7sux & Forots.
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Sources Bongry,(llo. 2) are spparently tﬁo only important perenniel
springs thot rise from the alluvium of the Goneives lain., There are three
prineip=l spring heads in the group locnated along the chsmnel of the Riviere
Le ‘uinte sbout one kilometer upstresm from the wuinte bridge of the Gonsives-
S5%. Mare road. The springs issue from send end grevel in smell rocesses a-
long the banks of the stream and sbout 2 meters below the genersl land sur-
face. The total flow of the springs on February 16, 1949 nesr the Tuinte
bridge was ostimeted ot 90 liters per second., At the same place the flow
weg messured by the service des Teux et Forets =t 130 liters per second on
Februesry 17, 1937. Thege discharges represent the magnitude of the dry-~
gesson flow of the springs. The wet-geason flow is reported to dbe much greater,

FPormerly there were a number of perennial springs end swampy tracts
in the vieinity of Conaives snd in the srea 1 to 2 kilometers northeast of
the city. These ere now controlled by two systems of open drainnge ditches
eonastructed by the Service Cooperatif Inter-‘mericain de 12 Jante Tublinue.
One of these systems empties into Conaives Bay just north of the city. Its
total discharge on February 17, 1949 was estimated by the writers at sbout
79 liters per second. The second system passes through the eity snd flows
into uvoneives harbor., The discherge wes spproximately 25 liters per second on
February 17. The discharges of both of these drsinege systems increaseg
markedly with the rise of the water teble in the wet season,

A genersl seepage from the z2one of sstursetion also occurs in the
tidel flets along the shore of Gonaives Bay. Uround-water discherge may

also oceur in submarine springs nesr the eige of Conaives Bay.



During the present study data on the depth to water ond the charscter
of the water-bearing materisls in the alluvium were obteined for some 60
typicnal wells scattered over the Uonaives "lain. The depths to water in indi-
viduel wells in Pebruary 1949 are shown in Figure 2, Practically =sll of these
wells tep water in unconselidated or semi-consolidnted seand =nd/or grevel 1;
the alluvium, The depth to water measured in % ese wells ranges from 0,30
meters to 17.60 meters below the lend surfeace. The weter teable in the al-
luvimm of the Gonnives "lein is prectically everywhere within 20 meters of
the 1snd surface and generally is less than 15 meters below the surface. The
deenast water levels occur elong the margins of the plain where the surface
of the alluvium is high.

The water level in wells in the slluvium fluctuetes semsonally-being
highest during the latter part of the rainy sesson »nd lowest neayr the end
of the dry sesson. These chenges eppeer to be greatest in wells situnted
neer the Riviere La ‘uinte and its prineipsl triduteries. For example in
well 5, the weter level has been observed to move throuzh a range of sbout
4 nmeters during the yesr, In wells more distant from the stresm channelg
comparable changes in woeter level smount to about 0,26 to 2 meters during
the years These fluctuations in the water teble reflect sersonsl changes in
the smount of water stored in the zome of saturation., In the rainy season
rechrrze exceeds discharze snd the water table rises, but in the dry season
dischnrpe exceads recharge nnd the water table declines.

The ground water at lesst in the shellow water-beoring beds of the
slluvium is cenerslly notable =nd of good chamicsl suality. Howsver, in a
amall sres extending inland 1 %o 2 kilometers from Goneives Bay the ghallow
ground water is generslly brockish. The inlend limit of the brackish ground
water 1sshown in Pigure 2. The shallow ground water in the apes e2st of Horne

Orammont is =lse brackish in places.



Ground water in bedrock formations

g The alluvium of the Goneives Flain probebly rests on & bedrock
§ floor of Yocene snd Oligocene rocks end in places on Uretaceous rocks.
4 sufficient dets ware not aveileble for the presgent astudy to ascertsin

definitely the water-berring charscter of these rocks or the presence or

LR

abgence of productive acuifers since none of the existing wells in the

~ plain penetretes through the alluvium, The Cretsceous rocks are menifestly
unfavorable, but some of the cavernous Cligzocene and Roeene limestones
should prove to be good acuifers where present in the zone of saturation.

It is reported thst ebout 1940-42, the J. O. ¥hite Mngineering

company drilled » number of test wells in the Gomsives Plain to depths
ranging from about 100 to 200 meters. Wowever, the well logas and other
hydrologic dnta from this drilling have been either lost or misplaced end
were not availsble for the present study. Jccording to 2 report of ¥r.
Bddy ¥. Borjesson, a former employee of the compeny, the test wells en-
countered either improductive strata or salt-wster aquifers in the bedroek
formations, Moreover, the weter-besring beds in the alluvium encountered
by the test wells wore comsidered by the driller to be more productive than eny

found in the underlying bedroek.



Utilizetion of ground water

The ground water in the slluvium of the Conaives Plain hes been
develoned extensively for domestie snd stock purposes »nd to limited
extent for irrigetion., 7Tt is eatimated thet there may be 200 or more
shellow dus wells used for stoek =nd domestic purposes in the plain. The
wella showm in Figure 2 are typiesl. Jeldom do‘thase dug wells extend
more then one of 2 meters delow the lowest stege of the weter tsble, Nost
of the wells are open and'unourbed and henee nre readily subject o pol-
lution by surfsce drainape and seepage. MNone of the duz domeatic or
stock wells 1s eouipped with a mechsniesl pump. A simple hend line with
bucket is generslly used for drewing up weter.

There are aprerently only two existing drilled wells in the plain.
well 1 1s located sbout 3-1/2 kilometers northesst of Gonaives on the
peronville plantetion., ‘the well is reported to have & depth of sbout 26
maters - a2ll of which 1s in sllumium, The principsl water-bearing bed is
in sand naé gravel.s The well is eguipped with a 6-inch Johnson turbine
punp end yields sbout 15 liters per second, The static end pumping weter

' lavels are not known hecsuse the well head i3 semled. The weter hng a
. temperature of 290°C, and hes a very good tsste, The well wes drilled by
} the T, G, White Co. nbout 1941, 7Tt hes since deen used from time to time

| for irrigetion although ot nresent it is idle,
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¥ell 2 at the Mapou Chevalier bridge over the Riviere La 2uinte
18 loested nbout 7-1/2 kilometers northesst of Conaives, The well has a
14-inech casing which is now cepped at the surfeee by = steel plate. It
is reported that the well is shout 75 metaers deep »nd that the vrineipel
water-beoring stratum is in grevel nesr the bottom. The atatio.wntar level
is reportedly sbout ome meter helow the surfece, The well was also drilled
by the J. G. Thite Cos in 1941, ¢ the time it wea put down = yield of
about 60 liters per second was obtained with a pump. However, the well was

never put into use,
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Oround water for irrigetion has been developed from shallow dug
wells end s treneh at three places (wells 19, 20 snd 29) on the Haysrd
property sbout £-1/2 kilometers esst of Conaives, 7t site 19 sre 3 dug

uncurbed wells 4,50 to 460 meters deep end spaced in line about 4 meters

apert. The wells are interconnected at the bottom with a G6-inch pipe line

and sre pumped os @ unit, The static water level was 2,30 meters below

the surface when the instelletion wes visited in February 1949, ' similer

battery of wells hes been constructed at 2ite 29, MHere are 5 dug wells
which =are each 2 meters in dismeter and spaced on line 4 meters spert.
The wells renge from 3,40 to 4,10 meters deop and the stetie water level
is 2,00 meters below the land surfece. The wells are interconnected by
| a 6=inch pipe at the bottom, 4t site 20 a rectangulsr uncurbed pit with
| dimensions of 3 x 4 meters has been dug to 2 depth of 4,50 meters. The

' stetic water level in the pit was 2,70 meters below the surfsce when ob-

served, The pit is connected to an open trench 3 meters deep =nd sbout 200

|
i

‘ meters long. Then the weter level in the pit is drewn down by pumping the

,; trench diaschargaes into the pit at asbout 3 liters per second, The sustained

 espacity of the pit end tremeh during pumping does not appear to be much

. more then sbout 5 liters per second, ‘1 of the three 1mnna§1«m. that

{5, wells 19, 20 and 29 sre pumped with the same portshle 4-inch centrifucel

- pump which is powered by a gesoline motore The yields obtained at wells 19

8 end 29 were not observed.

>

The pits and trench at all three installations ore dug in relatively

| tight =11t or elay containing only » fow thin gstresks of water-besring sand.

" The pit at Wo. 20 evidently enters a few centimeters into water-bearing asnd

g and grovel ot the bottom, but the penmetration is not sufficient to develop
|

:;tho strotum, The vields now obtained at all three instellstions could be in-

zmnod by deepening the wells until they penetrete one or more beds of pro-

{ ductive water-be-ring send and ‘or srevel.
PRSI T — . R S T . ., .




Conelusions
¥ith the exeeption of the few wells previously descrided ground
water in the Gonaives Flain is not utilized for irrigation. The results
of the present study indicate thet ground weter in susntity sufficient for
irrigation ean be obtained from the slluvium by grevity frem infiltration

galleries or developed springs and by pumping from drilled or dug wells.



Infiltration gealleries snd developed springs

The water tsble in the slluvium of the Uoneives Flain hrs a rela-
tively steep grndient espeeinlly in the northern part of the plain,
This condition suggests the possibility of developing ground weter for
{irrigation by grovity from infiltretion galleriese. The most favorable
sites for the construction of such gslleries would be in those places
where the weter table is neasr tho' surface and where the nesr-surface
water-bearing strata ere permeable, +The gtretch of the channel of the
Riviere Lo Quinte between sjource Marchend (No.55) end the 'apou Chevalier
bridge is fevorable for the construction of sueh s gnllery., lMoreover,
the stream channel at Source larchand i{teself seems to be r good loem-
tion. liere the water table at its low or dryeseason lies within sbout
one to ? meters of the surface of the chemnel, The weter-be-ring material
at this point is conrse permeable grevel., ‘n infiltration gellery eould
be eonstructed here 1) by trenching to » depth of a few meters below the
1low or dry-serson stage of the wster table, nnd 2) by laying perforsted
eoncrate or metel »iping in the bottom of the trench end beek filling.
fater collected by the gallery could be led by gravity from the perfora-
ted pipe section of the tremch into & similer blsnk pipe and bdrought up to
the general land surface of the nlain on = gradient somewhat flatter than
thet of the water table, Cnee 8t the lend surfece the water could de led
to irrigated lands through open diteches., It is estimated that » gravity
supply of the order of a few tens of liters per second eculd be developed
in this menner by en infiltretion gallery perhaps $0 to 100 meters long.
Of course such a gallery would heve %0 be conatrueted in the dry sesson

to svoid deomage from wet-gesson {loods in the river,
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The only permanent springs in the plsin susceptible of development
are Sources Nongry (No. 2), The dry-sesgson flow of the stream fed by
these springs is used only for domestic and stock water which could alse
be readily obt=ined from nesrby dug wells, The nommel dry-sesson flow of
approximately 90 to 130 liters per second is now egaentielly wested. By
means of & simple diversion dem sbout 2 meters high this water could be
diverted into ditches for irrigetion. 'ueh o dam could be constructed
at eny suitasble location downstream from the principal spring hesds,

The dry-seasson flow of the stresm would probably be considersbly in-
eresged by clesning the spring hesds of squetic vegetation »nd other

debris,

rilled wells
The two existing drilled wells (Noas, 1 end 2) in the Oonsives
"lain indicate that water supplies in cuantity suffieient for irrige-
tion eon be developed from wells of moderste depth drilled into the
alluvium, Well 1 vields sbout 13 liters per aseecomd and well ? has r'-
portedly produced sbout 60 liters per second, Both wells are epproxi-

mately 75 meters deep.
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It is believed that yields of the same order of msgnitude could
be obteined from properly constructed wells of comperable depth in
other parts of the plain., WHowever, the sress lying 1)between the 10-
ne ter water-table contour (Fig. 2) end Conaives Bay and 2) east end
east-northesst of Yorne Crammont may not generally be favorsble, In
these aress the nlluvium is probadbly either fine-textursd and of low
permeability or the ground weter is of poor chemie~l suslity., The
present geologie study indieates that the sree lying detween the 350 =pnd 100~
meter contours (Wig. £) 1s the most fevorsble zone in the plain for
ground water development by drilled wells., In this area the slluvium
econteins one or more beds of permesble water-bearing gravel ~md/or send,
It is believed that yields of 10 o 50 liters per second could he ob=-
teined by pmlping from simple wells drilled to depths of about 35 to 48
meters in this aren,

Before lapge production wellas are put down some additional
test drilling would Le desirsble to determine the position, thickness end
physicel charscter of the equifers mnd the chemigel quality of the water
at different places in the plain, The dats so obt-ined should be care-
fully tabulsted and preserved for reference. Juggested loeations for
test drilling sre in the general viecinity of domestic wells 55,40, 47,
end 58 (Fig. 2)¢ Teost wells drilled to depths of sbout 40 to 60 neters
at these loeations should be adecuete to prove the weter-beerins eharse-
teristiecs of aguifers in the elluvium. ODrilling to grester depth does
rot appeer worthwhile in view of the negative results obtrined by the

Te Os White Coe by drilling into the bedrock formantions,



fho economic resources of the averace individusl fammer in
fonrives Plain are far from sufficient to cover the cost of a desp
drilled well eculpped with rower pump or even the costs of operation
and maintenance of the pumpe This type of ground-water development
sppesrs limited to coopermtives or to large land owners,

The average individusl holding in the plain is only 2 few hectares.
it least conaldersble perts of thege lends eould be irrigsted at no grest
expense by windmil)l pumps pleced over shallow dug wellse

in cumntity to sustain the eapmeity of » windmill could be obtained

Dug Vells

>

the

Jater sufficient

readily from dug wells leas than 20 meters deep in the alluvium.

current cost for digging =n open, uncurbed well in the plain remges from

shout 60 to 80 cents per meter.

is most neoeded there is sn almost constent movement of the northeast trade
winds seross the plain. Thus sufficient motive foree is provided for
windmills, If sufficient surfsce storege fnpaeltr is provided for the
water pumped, 1 to 2 hectares of land could be readily irrignted from
one windn!ll, It is believed thet experimentation in irrigetion from

wind@mills would be worthwhile at fapmers' eocperstives such 28 that at

Dubedou.

Ve Fe Oeologicnl urvey
Yaghington, D. C.
jeptember 1, 1949

lKoreover, in the dry cesgson when water
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5:65

1.85

2,05

5.10

bold
3,20
3.80
3.80

5,60

1,05

1,75

be80

3.20
2.7
3.20
3.35

Character of Water-
Bearing Material

Gravel

Coarse well-rounded
gravel with sand,

Unconsolidated sand

Clayey sand

Firm sand
Sand with gravel

Drilled, Well yislds 15 lts./sec. with

turbine pump, Water temperature 29° C,
At Deronville property.

Drilled in 1941 by J. G. White Co., lh-
inch easing. At Mapou Chevalier,

Dug. Water rises to within le-2 m, of

land surface during floeds of Rividre La
Quinte,

Dug, Concrete curb 2m, square, Water rises
to about 0,35 M, below surface in rainy
season,

Dug, Uncurbed. 1 m, diameter. Water level
rises about 0,5 M. in rainy season,

Dug. Uncurbed. Water level rises about
1.0 M, in rainy season,

Dug. Uncurbed. Goeod Water,

Dug., Uncurbed, Brackish water,

Dug. Uncurbed, Good water

Dug., Uncurbed. Water somewhat brackish,
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1.90
1.0

350
5010
3.20
Le30
2,00
he 50 = 60

50

10,00
10,10

3040
3.90
2,50
3450
1.90
2,30

2,70

9020
8,90

Ch-ndur of Water-

P

Unconsolidated gravel

Clayey sand
Gravel with sand
Clayey sand

Dug. Uncurbed. Water rises to within
0.5 M, of surface in rainy seasen.

Dug. Brick curb,

+ Uncurbed, Water level rises
0,20 to 0,25 M, in rainy seasen,
Good water,
mo Uncurbed,

Dug, Uncurbed, Goed water

3 dug wells, Uncurbed. Each 2 m,
in diameter and 4 m, apart, 6-inch
pipes connect welis at bettem.

Dug. Uncurbed, 3 x 4 m, connected

to drain about 200 m., long cut about
0.3 M, below water tabls, Temp, 25° C,

Dug. Uncurbed, Brackish water
Dug. Uncurbed. Good water
h‘.m.
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TABLE I (Cont.)

e ey o - 2 o S TSR A R

35

Depth

9.50
12,20

650

2,60
30h0 = 400

7.60
6490
6400

550
5+20

6.70

2,90

Depth to Water Below

950
11.80

6440

2,00

2,40

1,90 - 2,00

5.60
5.00

1400
500
6460

2,60

Character of Water=

Sand with gravel
Gravel

Sand with elay

Sandy clay

Coarse well-rounded gravel

Sand with clay

Dug. Uncurbed. Good water
" " " "
" L} L L
" " " "
" " " "

5 dug wells, Uncurbed, Good water,
Bach 2 M, in diameter and 4 M, apart
é-inch pipes connect wells at bottom.
Pumped with A~inch mobile centrifugal
SUBLD PUMp o

Dug, Masonry curb. Goed water

Dug. Uncurbed, Water rises in well
during rainy season,

Dug, Uncurbed., Good water

Dug, Uncurbed, Water level rises
about 2 M, or more in rainy seasen,

Dug, Uncurbed. Water slightly brackis
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Map No, Depth Depth to Water Below Character of Water- Remarks L3
(Meters) _Land Surface (Meters) Bearing Material '
I 420 3430 Sand Dug. Uncurbed., Good water
, 38 3,00 1.90 Dug. Uncurbed. Water slightly brackish
/39 3.20 2.90 Dug, Uncurbed, Water slightly brackish
v KO 2,80 2. 40 Dng. Uncurbed, Good water, In w
seasons water level rises almost to surfl

&1 10,60 Dry Sand and gravel Dug. Uncurbed, Water rises in well dur
rainy season,

2 11,00 10,90 Sand with fine gravel Dug. Uncurbed, Water temperature 28° C
Water level rises about 1,5 M, in the
rainy season,

b3 15.30 15,10 Gravel with sand Dug. Uncurbed., Good water

| Indy 17.,40 17.30 Sand and gravel » » . .

48 10,25 10,20 Gravel " " . .

“hb 5,10 5.00 . " " " "

“W7 7.25 7.20 " " . " "

k8 11,70 Dry Limestone (?) Dug. Uncurbed. Bottom of well appears
to be in Eocene limestone,

&9 7.60 7.50 Gravel Dug, Uncurbed, Good water
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Map No, Depth
+ 50 90”
751 17,70
“$3 13.50
~ 5k 10.45
55 0,40
- 56 5.80
57 5,00
”'” 6.”
59 9.50
“60 6410

Depth to Water Below

9.20
17,60
12,80
10,40

0.30

5+50
Lo b0

6.10

9,40
6400

Character of Watere

Sand

Gravel with sand
Coarse cobble gravel
Sand and gravel
Cobble gravel

Sand with fine gravel

Sand with clay
Clayey sand with gravel

Coarse cobble gravel with
sand

m Marchand. Flows in wet weas
Natural well in dry season. In chs
nel of Rividre La Quinte,

Dug. Uncurbed. Good water

" Dug., Masonry curb, French colonis

in rainy season,

Dug. Uneurbed, Good water,

D\l‘p Uncurbed, 000‘. water, At
Ferme Ecole de Dubedou, Water leve
rises to within 2 M, of surface in

rainy season,
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