


EMTl P R O D U M  LAND USE SY- P R O D  

L + Water H.rvmatiag 
srrd -11-Beale Irrigation 

lpung H. Yo0 
Olpartaent of agrioultural Engineering 

nubum tmivarnity 



Acknowledgements 

Exacutive Sumary 

Introduction 

TABLE OF COHTEMTB 

Observations and Recommendations 

A. Irrigation of Biointensive Gardens (BIGS) 

B. ' Water Harvesting ~echniques  

6. Soillwater Conservation Techniques 

a. Aquaculture Potential with Water Harvesting Systems 

E, Water Carrying Tools 

F, Suggested Future Activities to be Included 
in the  PLUS project  

Figure I: An extended rockwall or hedgerow installed 
across a shallow ravine on hill slopes to 
spread runoff water 
A gully plug des ign  to improve 
sustainability 
A design o f  roof runoff catchment for tho 
Northwest Region of Haiti 
Schematic of a homemade t oo l  to approxi- 
mately determine f i e l d  capacity of soil 

Irrigation scheduling for the BIG Garden 
Project in the Northwest Region of H a i t i  

Appendix I: A simple homema&& tool to approximately 
determine f ieLd capacity  (FC) Of a sail 

~ppsndix  ZI: schematic of a dug-out pond design 
~ppeandir III: lohematic of a conceptual f i e l d  water 

harvesting system 



..- 

. I acknowledge the assistance of the CARE f i e l d  personnel who 
i b  
F- 

provided their precious time for this consulting work. 
t special  

thanks are given to Mr. Yves Regis for h i s  excellent translation 1 ' and )lr. Yves Jean for h i e  driving skill and pleasant company.. 
1. Finally appreciation goes to the USAID who fund the  PLUS project 
k and provided the  funding for this consultancy through SECID/AUBURM 

and CARE. 



Tha objrativs of this consulting work waa t o  Bevelup reumm- 
dati-s fur wager hsrrvesctfgjg-ryrt~gn devqlapmept fn tb M~rghwest ia & h 2 a ; l i  w - -theh ' &w4 $~~,Pc;& rw ~ ~ ' C I Q ~ ~ O R  ~itwi 

-.' &W&kW& &I& ' 6w/ & .trip b intfy "u*@ 
wini .rtq v i v i m l  EL a* aeruear*, *wij 

%&Mg%' %&Btaaitar*i*, I , - .  -* 

The following int@rvmtiuns for water hpxrvrarting and 
#uflJmtmr conmrrvatierrt were obsawed On the thrae CARE regtianat 

a. ~ h o i n t e n s f v e  Garden (BIG) profecta, 
b. Rock wall Check d8m~. 
e.  Hadgarows. 
d .  Roof runoff catchments, 
€9. Roadside runoff catchments. 
f. Springs. 
g ~ r r i g a t  f on projects : head works and oanals. 
h. A large male  hill-side runoff catchment system 

(approximately 3 0  m by 3 0  m) in Pas~e c a t a h i s .  

Any water harvesting system@ (either from f f e l d  or roof) in 
the Northwest region will offer various benefits: 1) water for 
irrigation, ilvestack, and other beneficial uass; 2 )  reducing 
runoff and eramion in ravines; and 3 )  recharging aquifsra In tha 
region. The f irs t  benefit will provide direct incentive# to .the 
BIG patrticipantia and others who build water harvrsrting s y s t e m  and 
the other two will provide a long term benefit to the  region ah6 
the country. 

The clfaaats and landscape af the rergioa netm to bm aduquutm 
for water harvwting systems and dmand for ouch watLr sources is 
high. It waa o&aarved that many villaqero wers interested in the 
BIG projaat. Suacrmak of t h e  B I G  grojret would raly en good water 
Bources for irrigation and Ifvestock aa well as the participants' 
dtrufig will. 

In qmsral it i a  feasible to hrrvmat water from mufa, 
roadsides, and hill slopes i n  the thresa region& vi~ited durirmg the 
wn~ul tancy .  A roof catchment system is proposed for the Northwest 
lbqion, It ia similar to the axiaeting rystems i n  the  tegfsn but 
with a few modifications. In Bm&ardopolis and Passe eattab$& 
raqionm large seals comunity-based water harvemtinq s y a t t m ~  (OWE 
1,000 d water holding capacity) could ba developed should pond 
sites be available. 

mrrstruetion of water holding dams for irrigation in streams 
and rivara would h ineffective un&er the wrrant aware 
sedimentation probleme, Any large scale irrigation schemes in the 
area ~hould be considered only af tsr conssrvat i o n  measures show 



evidence of reduction of h i l l  eidg m s $ o n  and lower sediment loads 
in the s t r e a m s .  

Soil conservation and erosion control can be achieved by any 
fimld &wactiooa which reduce the aroeive forces of runoff froee 
h i l l s  and erodible f i e l d  conditions. Overall the PLUS project 
seems to be working in the right direction and has been achieving 
its objective of conservation by mitigating erosion problem while 
providing incentives for the partiafpating f a m e o .  However, some 
probltqm and eawbacke  exist in the gully control and the BIG 
Cumponent of the project. In the Northwest ~egion many ravines 
have been badly damaged by paat erosion that it may not be feasible 
t o  protect the gullied areas from further expansion without imple- 
menting extensive conservation meaerwes such as gabions or ooncrste 
structures. 

The efforts of the PLUS project would be more succs~sful by 
further mphasizing the conservation measures on the primary source 
areas of erosion-causing runoff. Erosive forces of runoff would be 
reduced by controlling runozf Prom hill tops, hill sides,  and newly 
devmloged shallow ravines. Gully-control check dams should be 
strengthened w i t h  rocks behind the vegetative plugs and hill sides 
groWcted w i t h  rock walla. 

Reduction of runoff is the first step to control most erosion 
p r o b l a  and it should be done from the top of hills. It may take 
a w e  arue to deal w i t h  than controlling runoff in gullies but it 
is technically less' d i f f i c u l t .  Any f i e ld  practices and systems 
wtrich rduce  runoff and its concentration from hill tops and hill 
sides would reduce the erosion potential by reduced erosive forces 
of the runoff. Successful conservation measures will directly 
benefit the participants w i t h  better soil anda more water retention 
and will also benefit the region and the country as s whole w i t h  
r e e d  expamion of gullies, increased aquifer recharge, and less 
s d h t  loads in the valleys. 

Good maintenance of water harvesting systems is of utmost 
importance as well as design and construction af the systems. 
Propex compaction of pond s o i l  can effectively seal  pore spaces 
whkh results in reduced mapage losses. Sepage rates are further 
&wed w i t h  clay, ash, or animal manure which is spread on the 
wnU bottom and mixed w i t h  the soil before compaction. Inspection 
and necessary maintenance should be done after  major stom events. 
~iatemmc6i should f nclude; cleanf ng of sediments from sediment 
trap and pond, repairing of washed areas, and additional compaction 
ahbuld seepage increased. 

The following system and practices are recommended for 
iga;laediate or future implementation for improved performance and 
outcome of We BIG and PLUS prajwb. 



Field water-harvesting *ystoms with ponds for multi- 
ownership BIG pwojeut such as one in Bomburdopolfs and 
roof-runoff catchment systems for mingle farfly 
mreWl;p BTQ pmjeets. me water oo l l rc td  frbsn r o ~ f  
catcMmt may W aaP4ly u & d  For 
~ & W i w  of t h d h  r t r U e t u ~ & $ ~  %Pta 
* r i d  concept of the design was 
p h m h ~ l  in the regional offig@. 

hainin! 
wowkghop on matall acatIrs k r i g ~ t i ~ o n  and 

jrrigat on ichcduling fup the srb p j r d t  partXe'ip~nta 
through training of regional off iba promncsl. 

c. Installation of rack walls and hedgerow# in &hallow 
ravinss and chock dama in guflfes. Wiqn details of 
these retructurss are shown in Figurrra 1 a d  2. Brief 
concept of the design was preomted to the prlsennel in 
the regional office, 



Ohj.ekt$f;  tr+vay k0t;lsiltafaym sa?-a pon bay reWmndnsyon pou 
' k & t W ~ ~ .  e i a U 1  r h e r  dlo l-li has H W L s  p y i  Dsyiti pou fa 
jaded l e g h  aR p elvia$. K m i l t a n - a n  ta o~WWB tuu rsrayian ki 
'it516h nan Pwaj.&-a pou kqnbe ta ak Qlo lapli. a onjay&, 1i 
gabe r i  aartiriktf yo koll4, r i  yo ts by&n chwslzi, wen planifye, si 
yo te byen fa. 

Jadw legh (BIG: jadan byamtansif) 
Mi Bi83E man ravim 
mnp vivm 
-1 ~pou ramase dLa l a p l i  
men-kana1 bb rout 
Sous 
Estrikti irigasyon: baraj nan tit sit& nan ak kana1 yo 
Yon gwo eiat&m ( 3 Q  &t pa 30 m & t  konaa) pou kapte dlo 
lapli nan Paskatabwa. 

Henpbt ki sistgm pou ranmase dlo  lapli (sou t* yo oubyen sou 
tat kay) ki fat nan WWw&s-la ap genyen plizig avantaj: 1) ap 
genyen dlo pots aroze plant, gou bat, k-ap savf pou lat bagay a&&; 
2 )  dlo k-ap deann ak erozyon nan ravinn ag diminye; 3) ap genyen 
p l f s  dlo anha t l  nan rejyon-an. Premyo pwm-an se yon avantaj 
dfrek pou noun k-ap fi jaden legin yo. frat de pwen yo se yon 
evantaf a l o n t h  pou rojyon-an ak py i -a .  

Klima ak geyizaj rsjyon NodwBs-la sanble ta favorab pou etabli 
e i s t b  pou rmase dlo lapli. Gsnyen anpil deaand pou dlo. Sanble 
tou anpi1 moun enterese nan jaden legh. Pou gen siksa nan fa jadm 
l q i m  non silnan fbk patisipan yo gen bt5n volonte men fbk yo jwenn 
810 pou aroza jaden-an ak pou bay Mt. 

Arrjeneral li posib pou ranmase dlo ki soti sou dal kay, I& 
rout, & sou d n  nan tou 1% t w a  rsjyon konrsiltan-an te vizite. 
Kwsiltan-an pwopoze yon gistam rallBtase dlo  sou dal  pou rejyon 
#bcl~as-la. Se nenm sistam ki egz is te  deja-a ak k&k ti chanjman, 
Man sbn Bonbadlopolis U Paekatabwa, se posib pou fouya quo basen 
p u  r a m -  dlu lapli pou savi kominote-a (yon s i a t h  le i  ka kenbe 
apupra 1.000 et kib dlo) . 

Li pa rekbmande pou konstwi baraj irigasyon sou rivyB ak6z gwo 
pwoblb dsbri (sadiman) triwozyon charye soti nan &in yo. Tout gwo 
siat4km irigaoyon nan zan nan ta dwe fat salman la yo fin pwoteje 
mtm yo kont eworyon, 1P gen wens  medinan ki vinn tonbe nan rivyi 
YO* 

Kontw61 ewosyon ak konsZbvasyon sbl  kapab f a t  ak nenpbt ki 

vii 



*kn$k ki ka aisaYnya %&I &lo khap 8draanm mn m h  ya cs ki anpaaha 
jka+aa* f#mE'L.. m?arte&h5, ~Pwoj l  PLUS aanlPlr ap t r rvay  n@n bun 
aiWA-Byu+rfi a rattbra ka rcpAli~$e objrktif imrtslvddyon li ya paaha 
nm &&he reeoud pwoblam ewoayon yo If l&nr%dera wa-j akonomik 
p u  pwtieipan yo. Sepandan, grnyen kak pwebl&n ki mgzirste n m  
k ~ n t t t b l  ravinn ak nan jaden l q i m  yo. Nan rsjyon rJb&&s-la awoayon 
#i talwan finn ravajc angil ravinn, pou angeehe yo vinn pi ma1 sm 
teknik tankou gabyon oubyrn beton ki t a  valab. 

Efh Pwojh PLUS ap PB t-ap gan p l i r  riksl si yo ta kontwol~ 
ewoayon-an dapi kote li kbmanse, Fbs dlo-a t a  dimi'nyu depi nan t 8 t  
m&n yo, sou man yo ak nan ravinn ki fQk f h e  yo ki goko t w 8  fan. 
I f  d k  nan ravinn yo ta dwe ranfbae ak wach day& baraj ki fat ak 
h a  ak plant yo, e man y o  ta dwe pwotsje nk kbdon w6ch. 

Diminye fbo dlo-a 5e prenye pa n&n kontwola pwoblQn mwozyan r 
Xi t a  dwe f i t  depi nan tit man yo.  Sa t a  &and@ pou Pwoj&-r travay 
sou plia t4 pasta trrvay kontwalaa fbs 810 nun ravinn nilman, m n  
taknikraan li man difisil, Nenpbt ki teknik ak simt8m ki dfminys 
k&trt i l s  ak konrantraayon dlo  k-ap deeram raoti nan man yo rtp dininys 
poriblitm pou grnyen ewozyen paske f b e  dla-a dfmfnye. Bon taknik 
kons&vasyon yo np pate avantaj d i r i k  pou patinipan yo pnske ben t& 
ak p l i s  dlo ap rete nan jaden yo. Rajyon-an ak payi-a ap bonsfisya 
tou paske ravinn ap siopann laji, ap genyen plis d l o  anba ti, ap 
genyen mmnm ssdiman ki desann nan bafon yo. 

Li t r i k  enpbtan pou fa bon jan antratyen @istam pou rartglaae 810 
lqli yo, mamjan li mpatan pou byan planifye ak konstwi yo. F&k 
tQ barrn yo byen fouls  pou h u c h e  tout twou pou 810-a pa rantrm nan 
ta, V i t h  810-a ap rantre nan t P  (enfiltraryon) ka diminye ak a j i l ,  
mhn, ouhyan fimye nelanje ak ti nan fon bamen-an avan li foul.. 
Enmrgskiayon ak entretyen ta dwe fit chak Pwa yon gwo lap11 finn 
tonbe. Men ki ~a kf ta dwe f i t  nan entrekyon-an: notwayta basm-an 
pou retire elaiman yo ,  repare kote dlo-a andomajs, foule t&-a kote 
dlo-a ap rantre nan t&. 

Men sistPm ak teknik  ki rekdmande pou kounya-a aR p i  devan pou ode 
rstoud pwoblh  810 pou jaden lagim (BIG) ak lbt aktivite Pwoja-a: 

a. $istam basen pou ramasc d lo  lapli pou aroza jaden l e g i m  
(BIG) ki pou p l i z i i  moun ak oiot&m ramasr 810 rsou dal  
Lay pou aroae jaden lrgim ki p u  yon sbl fanmi. D l o  ki 
ramaare ~ o u  derl kay yo kexpab ~ i v i  can pwobl&m pou h a w k  
maun nan kay-la, Chema ortrikti ear. yo prezanta nan me8 
dokiman mama. Diskisyon te f8t ak pasonil rejyan yo pou 
planifye estrikti ra  yo.  

b. semln4i famasyon aou ti m i r t h  iriga~yon ak pou moun yo 
kunnen ki 18 pou aroze, t a  dws f&t nan eant famasyon 
rejyon yo ak m u n  ki genyan jaden legirn (PIG) yo. 

c ,  Konotwi kbdon wach ak ranp vivan nan ravinn ki pa twd gwo 

v i f  i 



ak mi a& IssAyX Ran pi  gwo ravinn yo. mtay eertrilrti a@ 
yo bay nan t 4 i  1 ak 2 nm dekiun-an. Kumsiltan-an te 
presante bag p&un&l him. rajyon yo jan li pansr emtrikti  
wa ya t r  dm 



0bjmt3va QS wh~.zmU&dng W ~ w a a  to devalop reamman- 
e%at$ons for water harva#timg ayrtrmr development in the Horthwsrt 
Raginn of Haiti far the BIG profaat and for livestock watering. 
The cemultant aloe obrerved the currently usad conservation 
marur#gi from englnae-hg v&&pbn.ts~ '/#wh a# stt%cW%i, rtrmngth, 
design ktnd inertallation. 

Tba f ~ l l u w i n ~  Wrw&tiom S watet hatvestfbg &mi 
~~.Awwa&ar mnmr"vabiaa wmra m-rvaa in **;a thmr CMW f i~(g$wW: 

am &&oim%srmfve Gardm [BIG) p m j ~ t s ,  
h. R a e  wall a h c k  dams* 
c .. M w ~ ~ ~ ~ Q w I .  
8. Woof runoff e&+aMmnta. 
a. Roadside runoff catchmawts, 
f. Spring8 . 
4f* Irrigation prerjectr: head W W ~ P  and eanalr. 
A. A Large mala kZ12*sitla runoff atttcktaenf sysrten 

(appmxista*tly 38 a by 30 m) in Pas- Catahis,  

The aenrultunt was aeaumpsaied by Yves Rag48 (a CntiE regtmal 
mmgW w h a  -met3 as kn*rpret'm) and Yvm $&an ( a driver). 

.Mar* as 
, 0 - 1  ,., 2 A d -  

.< ! '&' , r - ,  i 

O~&hrdopcrL is (Patrick Conde and Gust in 
JwlP~ar*lJ 
&arb Fanyo1 (Jaan Cl&u&e and mrry Dalpin) . 
Pas- CnaWltr (ifmabet and David: H e w b ] ,  #It, 
Jouhrt  t h e  rehtlrn trip to Ga~13.w. 
The tzip. Mar a~nrtplated arewfmd $:Wpm at 
Petion~i12e. 
Xaeting with W andl SfCXD. 
Memtihg w i t h  VdAXD. for delwiafing, 
V i s i t e d  the goutheast Ragion (Ilarigoe! B e t $ )  
for oW+rvaQlon of uarwrvatian pxactiuao 
un- high ~nrinLal1 &nd at-p &lope ecsdf- 
tionar. 
Returned to Auburn. 



The BIG project would be more successful if one or more 
irrigation water sources for each project site were easily 
accsasible, In order to produce good quality marketable 
vegetables, irrigation would be necessary year round when adequate 
amount of rainfall (minimum of 25 m/wk during cool and cloudy 
period and 35 m/wk during warm and dry period) doee not occur w i t h  
adequate frequency (the required amount at intervals of 1-2 weeks) . 
The amount and frequency of rainfal l  required are mainly determined 
by types of soil and crop. 

When soil moisture is not enough so that plants can not 
extract adequate amount of moisture the plants start to suffer 
drought etrs~s. If soil moisture is excessively low and continues 
long then the plants may not  grow well, start to w i l t ,  and 
eventually die. Plants transpire moisture t o  supply nutrients to 
grow as well as to prevent excessive increase in temperature. It 
may be observed that maize rolls its leaves to m i n i m i z e  
transpiration loao of moisture on a hot afternoon. This may or may 
hot indicate lack of moisture in the  soil. It would be more likely 
that the plant needs more moisture t o  transpire than the  soil can 
supply even though adequate moisture exists in the soil. But if 
this phenomenon continues for ~everal days thia may indicate lack 
of aoisture in the soil which should be irrigated. 

Tho source of irrigation water should be located close to BIG 
sites t o  minimize irrigation time. A BIG site a t  Bombardopolis waa 
visited where the B I G  participants transported water from a spring 
where it takes 2 0  - 30 minutes for a round trip to collect and 
deliver. Actual irrigation with a spray bucket (10-liter s i z e )  was 
done by another participant for a demonstration. Most of the BIG 
participants seemed to have a misconception that  a vegetable garden 
needa to be irrigated twice a day, in the morning and in the after- 
noon. There is nothing wrong with irrigating with such frequency 
as long as they irrigate to meet the water needs of the plants.  
Howevmr , this frequent irrigation activity demands t i m e  which could 
bs better utilized for other important garden activities such as 
pest control and garden maintenance. 

A vegetable garden may be irrigated two or three times per 
week, at the most, to supply the required amount of water as 
mentioned above ( 2 5  - 35  mm per week) depending on the age of 



plan- albd tha weather. W i t h  the tool (la-S-itur sptif-hWWt) 
amreatly used in the area, thia c b  b4rw:%y ':&rigiting 10 
i t  to r.0 mz &rent t i  n 4 [*- 
praoti-) every ether day ar%crmiag 565 im&$atfon 
(asdnmdng 50% 02 the watlsrr runs off the gar-). This 
w i l l  &wlbv%sr 2 clzn 09 watw awry 0 t h ~  day to grrdm, 
in a . k c p t ~ l  of  3 .5  am added ta khr oeil mr wa& eo~i&mrhq w - M %  
u f f i c h w y .  or tha matie rewlt m y  bm abtairisd with watsrirtg unee 

a0 li.twg. eta rM maaa amah -En t b  ek* bf yotxng . 
wnm &la Wtr f r~ ig&Yun *y iw &ah t h  -.-way 

, *r*a. %hi& wjL;ba tacitiv+er rn e e l  :'& 3 ,s  @m a* *wite~r 
8s A*%& QI W&N,.~@W s@$Z P W  plaat *- =a 

*& lwm 1 ~ 3 . w a $  mme& awl sawre, plamm #Id a 
tQq Mf*Amwy m h bm@emM =a* B* 
@ v @ k d i ~ ~ + m n - p l  mmBf 5-* ( B m  'Wble 

frrig~tion efficiency would h flnprovrd by adjurting watering 
speed depending on the  mil  type. Watering &peed should be alower 
for a clay eofl (as found in Barbe Panyol) than a sandy aoil (as 
found in Bombardopalis) to irrigate tho same size area. The ageed 
may be reduced by t h e  parson doing the watering as hs/rirhe Beer 
runoff lora over the garden area, Thia will re~ult in losits runoff 
loasera from a clay ro i l ,  Fastar infiltration on a randy soil will 
permit reduction of irrigation time with faster water application. 
However, sandy soil holds less water than clay soil, 

A soil sample from Barbe ~ a n y b l  was tested with a peroolatian 
can (sea Appendix f) and its f i e l d  capaaity (FC) was faund 358 by 
voluma. ~y the same method it was Pound that a Bornhurdopolir soil 
had 25% f i e l d  capacity by volume. In this test t h e  sail eamplrs 
were assumed dry as no rainfall or irrigation o c m t r r d  mere than a 
week before the sampling. Duo to tha soil property of atrongly 
binding watar o n l y  a portion of FC is available for plant uses. 
This  portlon is called water-holding capacity and approximately SO- 
6 0 %  of FC. Because of tho different water holding capacity (higher 
far c lay   oil and lower for sandy soil) and infiltration rate 
(lowar for c lay soil and higher for sandy soil), one-time 
irrigation amount and irrigation f raquenay ahould 'b. adjusted J I. 9. 
l ee r  water, faster application, and more frequent irrigation for a 
sandy soil and more water, .lower application, and l s ~ a  frequent 
irrigation for a clay roil. The BIG participants mhould ba trained 
in tschniquas to achieve an efficirnt irrigation t o  canserve water 
and labor. Table blow providca wat%r-holding capacity (WHCJ for 
rsprreentative mils. For other roils or better information the 



m e t h o d  described in Appendix T may be used. 

W.1 type mc, 
mm water/Cm sail 

S W ~ Y  1-0 
Silty 1.5 
Clay 2.0 

A precious water source for irrigation is mrrently being 
wasted in the region. The consultant warn told that most BIG 
puticipants did not use household waste water fox garden 
irrigation a= they believe that the watar is bad for vegetables. 
Thisl may or m y  not be true depending on the content of the waste 
water. More l i k e l y  =st household waste water contains plant 
nutrients which are good fertiliesr sources. In many caaes waste 
water from household may be used for vegetable irrigation unless 
the water is high in salinity due to exceesrive uses of soap. Most 
industrial waste w a t e r ,  of course, should be avoided for vegetable 
irrigation as it may contain toxic  aaterialo to crop and human. 

Any water harvesrtf ng syatems (either from f 5eld or roof) would 
have potential benefits: 1) providing water for irrigation, 
liwestock, and other beneficial uBes; 2 )  reducing runoff in 
ravines; and 3 )  recharging aquifers in the region. The first 
benefit would provide direct incentives t o  the BIG participants and 
others who huild water harvesting sy~tems and the other two would 
provia  the region and the country w i t h  a long term benefit. 

The climate and landscape of the region seem to be adequate 
for water harvesting spiteme and demand for such water is high in 
the area, ft was observed that villagers axe interested in the BIG 
project, which requires good source of irrigation water for better 
crop production a8 well as livestock watering. During the 
consulting visit to the Northwest Region various water harvesting 
systems were observed. Some of t h e m  wore completed and partially 
in uma aria othmrs were under construction. It was found that some 
of the  completad eyetents were not functioning as deaiqned or not in 
use at a l l  duo to various problem: inadequate design and con- 
struction and Pack of maintenance to list some. Water harvesting 
systearle under construction in the  region include HARHDR and a 
French organization funded roof catchmsent projeats and a road-side 
uatchment project funded by a German agency. If the  PLUS project 
ia not interested in funding such water harvesting systems 
development, it would be beneficial to find a way to coordinate the 
BIG project sites with one or more of currently functioning water 
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&a >f the problems mentioned by tha pmopLe who had installed 
dug-out ponds wan Beepage l o s ~  of tha stowad watrr. Another lose 
of  thr storrd water f r by evapuratium which is d i f  f Pcul t  to ,control 
hut &tun negligible eonpared to th,e problo~t causd by suapatge. 
The toea1 patentin1 evaporation l o r s  in the area war reportad to be 
up to 1500 m a year, the f u l l  capacity of a 1.5 m decap pond. 
Evaporation loss is only a portion of tho  total oupply capacity of 
tha pond, r ime  a water storage pond is often designed t o  fill 
several tines a year by providing the ~atchmaat s i z e  many times 
larger than the pond size. . 

Seepage raters vary from lesm than 1.0 mm to samral mm per 
hour depmding on t h e  conditions of the pond ho t t om and walls. Of 
coursa seepage can be controlled if a pond is lined with fzapervfous 
raatetirrl8: plastic rhrrte, concrete, or clay. nmQ calcarrous 
nature of the linertone formation in the region paswits meeesively 
high reepaga losaas, Seepage may be prevented with lining as 
mentioned above but these materials are expensive to user for lar9s 
pbnds and mom have short life due t~ dateriaration or cracking. 
An appropriate technique which i~ insxpenaive but labor intensive 
ib  to compact the pond bottoa-soil. 

Proper compaction of pond mil can mffrctivrly e puma 
spaces which raoulta in reduced seepago lornoma. Seepage rates are 
further reduosd with clay, ash, or animal manura which l a  spread on 
the pond bottom and mixed with the soil before compaction. There 
are no references found presenting mixing ratio of much materiala 
with so i l  but it is my recommrndation to have approxinatrly 2.5 em 
thick cover of a mixed material with 1 : 5 to 1 : 10 mixing ratio. 
Of course, a thicker layer of such nixed material would Iurthmr 
reduce scsepaqr Losses even more* 



Proper soil ~ & ~ c t i o n  sf a dug-out pond u g  b. achieved by 
k b  follo~ing %$a&m$qtm with w, o~ rinimm monetary wtlay: 

I. Fill the pond with runoff water after completion. This 
would McJ, come fine lg(aesrPa1m wried hy the  mwmff to the 
PQM- 

2. men met pan4 water is completely lost by seepage waft a 
a y  or,* tbarfaro ooapactfon ta obtain a proper s6il moisture 
amten* $ql the pon& soil for prupr cumpaation. c o m ~ c t i o n  of 
soil m y  not be we11 a@Rieo~d if the soil fr too dty or kaa 
mt. .$em@ mtrriah such as clay, kitchen ash, or an-1 
m e  aay be spread o m  t h e  pond battom and walls and mlxd 
w&t;h: mil bePoma compaatiem. 

3 .  mild a so i l  compactor w i t h  a 1.5 ft by 1 ft by 1 ft thick 
(approximately 200 Ibs) locally available flat stone, Hang 
the cosrgactor w i t h  a rope from t w o  handles in a cross 
arr-t an that t w o  mem urn lift and drop me compactor. 
A rdaa91ar C-1 may hilt uith a palm tree t rmR.  A m i n i m  
of fiw ckoppings on the a m  ep&t nauld be needed to achieve 
a gwrd wmpaction, This compactoy. say be used to compact the 
hmds * r o d  take pond which are built w i t h  the etxcavat&d soil .  

4 Wid a 1 ft by 1 ft by 0 - 5  Et thick compactor 
(approxhtoly 30 lbs) for side wall compa&ion. A t t a c h  a 
stake type handle ao that one man can h i t  the find walls t o  
compact. 

If w e  still remains excessive water level in the 
pond drws -mom than 5 to 10 cm zs. day) it might be naaessary to 

agsin or Line w i t h  plastic or other impervioue materials. 
flmd nraa should be fenced to reduce t h B  danger of d r m i r z g  of 

okdl@en er Iivestock. Hedgerows of leucaena or other t rees/shmh 
ax+ appropesi- for this purpose. 

6ood maintenance of water hawesting systems is af utPaost- 
-ncr am we11 as deeign &ma c u w t ~ c t i o n  of the systms. 
Checking of the systems and neceS8ae maintenance tshcmldl be dome 
after major storm events. Plaintenance should include; cleaning of 
r M i ~ k s  from sedhent trap and pmd, repairing of washed areas, 
md addbti-1 mmmtion &haul4 ~"ebpaqe increased. 

En abservation, hedgerows w e  found the best among the 
PLUS conservation measures. me technique was successfully 
controlling eroeion on the hill aides.  It also caused runoff to 
slow d m  and to spread out aver a wider area. This provides m e  
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a narkat sim from fingerling) &ad no or minimum commemial feeds 
ass nu&. TfLapia feeds on raw* in pond wmter where anilsal 
wnW8 and a-r types of o~ganio nutrients are used to Sertilise 
-9 tsana- 

Wss vat= harvesting systems available, WB type aS 
bfgfi fnc-8 &Bd w~&d#l p ~ O d ~ ~ ~ b 0 2 2  prwratla S ~ Q P I ~ ~  be wnrdderred W& 
it would provide great Wefits and opportunitia for the 5x6 
participants. Even with the 600 - 900 l a u ~  per year rainfall the 
~ a i n f a l l  gattqrn in the region could provide emugh we* in ponds 
for me m W e d  lengt& of grewfng to m u e e  f kBOh from -ria 
tbro?uqh lVoy!usber. H u w w e r ,  r&Ing fish requires mare than fust 
water and $wd. &upply of fingerlings and meeasrary buwledge and 
SnEomatian 6- -1 1-1 mrtdtiti~tlbl &ouLd ba provided to the 
parti oipants 

There are currently two aquaculture program graduates in Haiti 
who ~tud-fmd at Auburn University. Ruburn Univorsi- ie well known 
Pntamtatfonally fur its aqwoulturs rerearch. 

Finally even though this is n o t  a part of t h i s  consulting work 
I am compelled to suggest the following. It is strongly suggested 
that BIG projeat ssalreh for a better way for the pa&icipmt's and 
others to aarry wetter than the way they cuxTmtly do. They 
transport water in a 8-gallon plarrtic bwk& carrird on the head or 
by hand-. This is an inefficient and 6ffficultway to caPry water. 
There are better ways to carry the bucketa: on the back or on the 
ehozllder aueh as usnerd in the orient and many other countrferr. One 
is a leverage type arrangement by which two buckets are balanced on 
the shoulder and the other is a backpack type in whbh one buckat 
hangs om each sib. This sugqastion or any other better m e a n s  of 
aarrying water should be intrdueed to the villagers and the BIG 
garticipmtr to relieve the burden, especially on women and 
&ildmn* 

The following act iv i t ies  are suggested based on various 
dlscuesionsi W~UI the f k l d  gmrsennel am tha p t o j e t  amnagement 
officiala of USAID, CARE, and SECfD/AUBUlW. 

1. =-ion pr~diction - Sewera1 computer models have been 
updated af ter the  Umfversnl S o i l  Loss Erosion (USLE). meso models 
are based on various techniques far predicting runoff, erosion a M  
IM~ .BOC~BL~W --point o-ce pollution from crop fields and mltiple 
land- watertsheds. Theme madelta inolude RUSLE, WEPP, GLEIkHS, 
A W S ,  WSWEW to list ~cme. meas d e l s  maay be utilized to 
evaluate the eonsewation measures used in th3a pro$ect. However; it 



requira~ field data to verify t h e  model appl ica t ion t o  the  area 
blaoaure of the  steep and highly eroded f i e ld  conditions. The 
eonsultatt has been involved In  w i n g  t h em models for research and 
teaching purposes. 

2 .  Rainfall analysi~ of Northwest Region - X t  i8 pmeib l e  to 
nnalyaa the axiatirrg rainfal l  data rawrde a t  vardour rites of .the 
region t o  &termin. the rafnf a l l  trend: in tens i ty ,  duration, 
recurrence pattern, and asearonal vas i~~t i s s? .  

3 .  8 4 1  ~ ( ~ i o n  fi.14 afudy - Thr PLUS agroforestry 
exprrinantal site at Fseres e#rrl& be quipped  with a runoff and 
saadirrtant measuring device to study the impact of current soil 
consarvntion praeticem. The data from t h i ~  rtudy would be valuable 
to validate erasfon prediction models listad fn 1) above for 
severely eroded s t e e p  slope eanditiono. 

4 ,  Development of large s a l e  c~mmurnity baed water harvesting 
systma - Water hrrvaatlng syrtena would br h n e f i c i a l  by reducing 
runoff ti-= hlgh plateaus to tha ravines a& well as providing 
needed water for irrigation and lkwrtoak. Such project would 
rcquira preliminary stud before develagraent and implementation. 
 he aoneultant h l u  expart 1 ee to conduct aoch project development in 
arid  and semi-arid regions, 

5.  Training workshops for t h e  fie16 staff of the PLUg project 
on soil and water conservation, wafer nanagemsnt, water h a r v s ~ t i n g ,  
and irrigation. 

6 Cooperation end informatian mchanqe with Haitian 
research~rs for the suggoated activit irs  above. Thi. would provide 
opportunities for the Haitian remaarchmrr 60 interact with 
outsidars on those important natural rsaouroes conservation 
activities. 

TB* --~S*irtt: aktoq&y A~%oo+ai%ab in these actiu1ti .r 
C4chfiielll a@mi*tqp~e. = e W t i ) k i ~ n ~ ,  ~s diraet rmmm 

garti*ip&~gah,lbhMflQ . c  f d i n g  &it .+vailabla. 



Tabla 1. -xigation schduling for the sIo gudan projaot in thm 
morthwaat Ragion of Raitf. 

AsJraUmptf mls : 
1) 5 0 t  irrigation application efficiency - one half  
of the watsr applied to the soil surface would 
runoff of the f i e l d .  
2 )  3 .5  cm per week water required by the crop. 
This  is based on the 1500 lam evapotranspiration 
rate reported for the u e a .  

~rrigation practices: 
1) A 10-liter spray bucket. 

Far a mature crop - after one month old. 
a) Rn area of 1 m2 w i l l  be watered with a 10- 
liter water bucket. Each bucket w i l l  deliver 
1.0 cm of water to the 1 m2 area. ~ssuming 50% 
efficiency the amount of water applied to the 
soil surface should be 7 cm, which will add 
3 .5  cm of water to the soil for plant use. 

b This can be achieved by irrigating the 1.0 1 m area with a 10-liter bucket twice a day 
every other day (early morning and late after- 
noon) or once a day everyday (early morning or 
later afternoon). 

c) To irrigate 100 mZ area one hundred buckets 
of the  10-liter is needed per irrigation. 

For a young crop - before one month old. 
a) The saw, practice over 2 m2 area. Young 
plants  have shallow roots and are gmaller in 
area to irrigate so that more efficient 
irrigation can be achieved by pin-pointing 
where water is applied. 

2 )  The frequency may be reduced if the  irrigator 
feels that less water runs off the field during 
irrigation, i .e .  more efficient irrigation. The 
slower water is applied the more water infiltrates 
resulting in less runoff loss. However, it will 
require more t i m e  to irrigate. The irrigator needs 
to decide t h e  balance between the time to deliver 
water and to irrigate. 



3 )  Suggestion: A training workshop to t h s  f f r l d  
personnel on irrigation technique and other topics 
rebtive to watsrr am3 roil conservation for thr 
conditions in Haiti. 



Runoff wiil8pmd and flow over 
a wider area when runoff is high 

Runoff diredon 
/ 

An extended rock wall . 

(1 -0-1.5' wide) to match A rwk wall or a hedgerow. 
the elevation of the existing 
hill. 

Fig. 1. h extended ruckwall or h d p w  installed across a W o w  ravine on hill slopes 
to spread runoff water. 

Tbis s t r u m  and the structure in Fig. 2 should k providd with an overflow  pillw way at 
the center to prevent water flowing wound the sides which would cause erosion problems. 
The spiIlway may be 0.5 ft. deep (lower than the structure top) and 2-3 feet wide depending 
onttmesmctur8size, 



Rock 

Original ground surface 

* 
A layer of rocks to 

splash downfall of runoff 

Fig* 2. #kg to improve sw-ty. 

' 
7lt)a~~db'W aBB spllly dop: will cnatc a 4.5 m long fiat field filled with h-epped 
t?dimal# bbid the stnrctute. The height of each plug may be 
hi& dqtadhg on gully dop and sizegize 



3"pippe with 5-1 0% slope 

l nside volume 
and ventitation 

Manhole 

Catch basin with 
perforated bottom 
layer cover 
(50efil X 5Ocm x 30cm deep) 

Fig. 3. A design of a roof runoff catchment for the Northwest Region of Haiti. 
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Raccmm.nds@' d z e  a d n 6 r . t k  brick pr e*.w&llr&r- . 
6 *a* ;rki f ;h' ,a ,~~~id -Val. . . : , I  ' , '  1 

, 4 . -  5 I - 1 -  ..' 
. a  - 

1.5 m x 1.5 la x 1.5 m deep = 3.4 m3 
- .  . .  , . , . . A  ' 

' The thickness of tank walls built with lksl bricks 
or skonrs should be studied to avoid ~ o s e ~ l & t y : o i -  - 
oollapse from internal water pressure an* QU~; fdl-$rn:- 
me -11 ~houla t h i n  pariwa~tqflMiei-. : - 
but as thiUc as neoasrsry h u a v a & d ~ ~ ~ $ d p s  ; * *'sinoe -st 
inkana l  and outside pressures owur in the, Jopret. portion ' 1  

.a? s tan& it Is recammended to build a t&* "ylgh;.tuo., J .9  
. 'thlcflnrssu as shown in Figure 33 Ltwo 1a35>y of good 
. -.ocyerete bria or good stone on the lover vfikli .and one 

. ' : b * t a y a '  of them on the upper half. Structural 
31Hd ' b. cmf i n u q g , , ~ o ~ h  3 '.t4$BiTG') 
pgessure en the walf ' A ~ w h e i r ~ ~ ~ ~ 5  kq4k . . Chr top uHen thc'6,nW-$8 gul&,-::. : f .  - 

<,,, : . . a  * ?  , , 4  



A P P ~ ~ ~ x  1. A ~ i ~ l e  h~~~ . t oo f  
f i e ld  . . ~ I S g g t y  Im): of a ro i l .  I . . :. * J I 

, , ~,*.&G #;+&$, ou$. , ' :{ 
+ * 

~ibc?dUto: See Figyxe; Tw1 of ,hhk Appendik'., t .  ); .< ,<i; :: 
, a >  , i 3 f i + p  rn * ry&+ ,:A q&*-&2$,=+ di,tf5%d + 

1) Collect a soil sample from e designat@ .i$,qld where no:.. h 
rainfall or irrigation has occurred w~thinfa'!!wGfi$,.10q$-& .-; . 

. . T h i s  w i l l '  p d i d e  a well dried s o i l  sample for' thi.i 'jtest l ,.. . 
I .  

I 

2 ~ d d  the soil 83rnple $n a test- - W ~"dapth. Wghtly . tapthe  
bukkqat ba l : '  I ..- , , - I ,  - . , . . . . 3 )  Add a known volume of water into the tester (350 aa cola .: . . Bottler are readily available). 

. I  . 
; u . . wFgg3; 5 t r ' f ~ $  Y 3.t , - . *  - ::.. ,. -*,. 4;*" 

4 )  Set +he teeter' on a cat&-container with feee.~~dce'hetween' . 
the  container and bottom of the tester to provide free ,drain. : 
Store the tester indoor and .lat the water1 drain:' overnight. . r  

Collect the drained water. 

5 )  A f t e r  a complete drain of the water meakure:'the'. dmtned 
water. Determine the soil volume by measuring 'the soil+depth3 .: 

> .  and i n s i d e  diameter of the  tester. . .  . ' . 4 

6 )  Calculate f i e l d  capacity (FC) of the soil as follows. 

V, m d x 0 . 7 5  D~ -. ., L. . . "  .. ; . . H . t  -. . ; : I . : -  , ' - );. , , : $ ! : ;?v : > 8. -! .; . . , , ,< I .  

. . . I . ,  

-, *.-? : 
V, 3 soil. vo~Ullla, Cm3:., # .  ' ... a ,  ..I +. , ; - , ,  .; < i*V\l  

d sail. dtpth in the teetar,, -cl. , i :: 5, :+a .d,ii;gi~a 9 f,b.;! .'a@' -: 
'D irrskda diameter QS tastes, cfi. 

-. 
* .  .. : ? 4 < c j 3 $ f !  :2p, >:%kr!J Ejp ,,;&.d - , . . , . .  % 

. - i * ~ ~ ~ ~ ~ ; . : ~ : : i ~ : ~  fi~;,;~'~;:~~i<<>:$~if$ 
, . - .. . ,  :.:. ' " .-I - v, - v, 8:. . .::QT,, <, ,- ., ,. *.>(.:??.:: ,#, + '  

1 -r*--c-------,- X 100 ...,,.,e:yf$ Vi;,,,!.;?, !:-:[*!:>,f$:?, ; 
I P - .  . , 

V' ; )!?%?d :!?.l;:ll$l-$ 
' < ",. . , .- , -. . 2:. 

.<.*. :%.[ [;+, -: , , ; ; !, 5 ,\I,! ;pP-s 
FC - w % t 8 k  holding capacity, by voJ&ii.,-,t - i : .--'..,-. t: ,: - : . . , -. . PY.. I - a -  - t, 

, . 
V, - v6ha6 of w a t e r  added to the tester, cd; ' 
Vd ~ ~ 1 9 i h  of water drained irm t h e  tester,' ., 

, - ?  - .w6- 

.a 

, :.>,?"- , 

Field eapaaity in psrfsnt provides ilifornation that the tested - 
soil can.hold water up to the parcantage portion ot"tha root depth':.. 
However, . onLy s pbf tigo of FC is available f orn{p&ant -use. .  hie" : porti~n i s  aal'lod -w&er-holding oapacity (WHC)' M d  '%sf apfirdqtely(i'! 
30-605 of =I. " '  .Jpt: 1 :., . . . r 2.. * & I ;  

, I  - . . 
, l r - f : j ~ i , . -  i I . , ;  , . . -; :. 

" ' (  . - . '  . . . C .  * r .'I For an exaaples' 
L 

h 



Corn has a root depth of 35 cm which w i l l  be irrigated. 
issue a soil which has a FC oP 354. Than tha soil in the root 
ageat aan hold 0 .35  x 8.6 x 35 cm or approximately 7 . 0  cm of water 
for plant use. When this water is filled in the soil the soil can 
supply water up to 2 wa&s assuming 3.5 cm per week water use by 
the m o p .  Xf irrigation efficiency of 50% ie cansidered then the 
so,i1 t&ould i r r i g n t & . w i t h  14 cm of water every two weeks. 
H~wewer, oftan it is toa late to wait until a l l  the water in the 
sai l  is used up because the low moisture content at the end of aist 
wrid may cause a drought stress, Instead, irrigation shuuld be 
&one when one-half of the WHC is cohsumed. Therefore, t h i s  f i e l d  
shoirid be irrigated every week with 7 . 0  cm of water per irrigation. 

considering the field conditions in the Northwest Region the 
7 . 0  cm irrigation amount may be applied every week as the BIG 
participants prefer frequent irrigation. Daily irrigation of 1 cna 
(10 liters per 1 m') or 2 cm ( 2 0  liters par 1 m2) every other day 
will meet the irrigation demand. T h i s  is similar to t h e  irrigation 
scheduling pr~s~ental  ,Am TaBle  Z, 



, . 1 15-20cm Known volume of water 
diameter can 

I 1  rain water container 
(~30 cm dia. pan) 

M 

Fig. I- 1. Scherni~tic of u ho~nade tmI lo approximately determine field capacity of soil. 



&ppe&dix Tf. Bchmatfc  of n dug-out: pond. 

. # ,  c&QWr3& used i'n t h i s  dwS;$n basad oh information collected . . .c)'~iw ma rfirld tkip. See ~ i g u l r e  11-1 at );bar end of this 
hppemaix. 

Ij WmfT * ftm a skar~n q$ 35. mm per I f  l l i r n g  'D~CA?. Bhio metans 
&Tf from 25 am zabn%sll w&Jd f &I& tka dwakgme$ 
3 s  . 4 .  Tbe1~4kW*e, an$ st-, bigher man 
'if Fasri ' - f&l&s yhpe -6 5s hat W k y  w-d , au&e 

. I  

a j , , - . ~ ~ ~ ~ f : ' ~ ~ o r m t i a l  par rainfall oi 25 ma 
1 

a, 10% from mild s l o p  ( x 5% slope) 
bs 35% fmm iedfum $lope ( 5 - 15% &lope) 

+ c .  4 0 %  fm ,steep blo$e ( 15 - 3 0 % )  
d, Pond construction should nut be -worrmnehded for elopes 

3)  A to ta l  a£ 7 0  mm water per irri~atfon is needed to add 35 
mni into roo t  zone. Water loss due to deepage and evapczratian. 
is assuaed 25% of the full pond uater. Then to irrigate 100 
m r t h e  storage capacity per irrigation needed L: 

I I 

4 )  Three s i z e s  of catchment area w i l l  be calculated to collect 
5 n? water considering t h e  runoff potential from dffferent 
8 lopes. 

a. < 5% slope surface w i t h  con tou r  terraces, 

10 m3 / (Q*025 x 0.1) B 4 , 0 0 0  m2 H 

b. 5 - 15 % slope surface with no contour terraces. 
Catchment area may be small~r should canbur terraces w 
okher meage i s  prwd&d to d % t e ~ ~  r u n ~ t f *  

'10 ,m3 1 ( 0 . @ 2 5  x , 2 5 )  - 1,600 ta2 

c. 14, - 36 1 s3age surfake with no wnkcrur %erwaoes, 
' c$%$~nt area m y  b~ s~a2 .ker '  sKozxld wntour terraces 0& 
t&hw @ems is p r e v i d  Eo tfirect runoff. 

10 m5 / ( 0 . 0 2 5  x 0 . 4 )  = 1,0139 m2 

A h i l l  s i d e  water harvesting system w i l l  be coqosed of three 11 components: hedgerow to trap rook. sediment trap basin, and vator 
, skorapa basin. An open channel will connect the sediment trap and 



the storage basin. A t  the lower end of the storage basin an 
a ~ e r f l ~ w  spillway will be inskalaed (&ee Figure 11-11. . . . 

' .  I 

A pond depth of 1.5 m w i l l  be used for a l l  design considering 
safety. However, with secure fencing around a pond the. pond'nay be 
built deeper than 1.5 m. A square Ps the most & f i c i e n t s h a p c  of 
pc~nd t o  build in twms of the r a t i o  of earth movcmsnt-am3 storage 
- p i t y  cornpired. to other rectangular shape. In faot a circle 
provides the m o s t  storage ~ a p a e t t y  far the same amount sf digging. 
Hawaver, a d i f f e r e n t  dimension of rectangular ahape will be u ~ s d  on 
hill slopes to minimize height of bunds an the lower oide as shown 
in figures. 

J 
1 

See Figure IIyl b e l o w  for dimensions for a dugout pond design. 
Dimensions for different surface  slapas are: 

(All u n i t s  in matsrs) 

To facilitate a pond to irrigate more than once between Z i l l i n g a  
and the pond surface and catchment sizes should be multiplied by 
the assired number of irrigatian. i I 

Side slopes of a pond ahou.1ld be 1 horizontal to 4 v%rtical 
diskranaer, ~ k i s  w i l l  have approximately 7 5  degree slops on the pond 
s i d e  waL1.8. f f desired a fence may be used around the storage pond 
and the sediment trap to keep livestock and children for safety and 
maintenance- A t  Bomhardo~olis site,  where a mult&plft family BIG .. 
project is loaatsd, heaqeroys may be used along boeh sides of the 
hi11 walkway to mduca sediments mving into the catchment area. 



Bun& built with 
exc:w&ted soil 

Fig. & 1. %hem& Qf u &g.out pond design fur a field wilm harvestjog system. 




	Thursday, May 17, 2007 (2)
	Thursday, May 17, 2007



