Clarke Farm, Gonaives, Haiti

The Clarke Farm consists of 49 ac (20 ha) of crop land that is being prepared for irrigation by farmers under the ministry of “Hands Together”, an NGO in Haiti that focuses, in part, on agricultural development and training.  The farm is located approximately 5 mi (8 km) southeast of Gonaives.  The irrigation well on Clarke Farm is situated at coordinates:  19° 24’ 35” N and 
72° 36’ 00” W.


Description of Problem at Well Site

The primary problem at the Clarke Farm presented to the ‘Engineers without Borders’ Irrigation Team was how to address the difficulty of moving water from the pump house to the upper end of the field, an elevation gain of some 7 ft. 


 General Geologic Setting

The site is located approximately 5 mi (8 km) southeast of Gonaives on a flat, gently sloping (less than 1 percent slope) alluvial plain.  This plain, called the Artibonite Plain, is considered a major physiographic feature in Haiti (figure 1).  The Artibonite Plain is a structural depression that trends northwest to southeast for approximately 93 mi (150) km and is up to 10 mi (16 km) in width.  The depression was formed by normal faulting and by the tilting of the adjacent crustal blocks along the Gonaives Fault Zone that parallels the mountain ranges in the vicinity.  The Artibonite Plain in the vicinity of Clarke Farm is less than 100 ft (30 m) above mean sea level and increases to elevations greater than 650 ft (200 m) at the plain’s far southeastern limit, about 75 mi (120 km) away.  The plain is bounded by two mountain ranges, the Montagnes Noires to the north and Chaine des Matheux and Montagnes d’Eau to the south.  The principal rock types in the mountains are Tertiary limestones and volcanics. The Artibonite Plain is underlain by a thick sequence (up to 2000 m) of coarse gravel and cobbles derived from the adjacent mountains and deposited by the largest river in Haiti, the Artibonité, that flows across the plain (Florentin J-M R Maurrasse, Miami Geological Society Survey of the Geology of Haiti, Guide to Field Excursions in Haiti, , March 3-8, 1982).


Regional Ground Water Conditions in Artibonite Plain

Although the following citation is 60 years old, the team considers it to be essentially current information because Haiti’s agriculture is still relatively undeveloped.  According to G C Taylor and R C Lemoine (AGI/GeoRef.  Economic Geology; March 1950; v. 45; no. 2; p. 127-141), “the plain (they refer to it as the Gonaives Plain) lies in northern Haiti at the head of the Gulf of Gonaives.  Ground water in the plain is used widely for domestic and stock purposes but so far to only a limited extent for irrigation.  The future agricultural development of the plain will depend in large measure on the proper utilization of available ground-water supplies for irrigation.  The age of rocks of the region are Upper (?) Cretaceous, Eocene and Oligocene, and Pleistocene and Recent.  The structural depression occupied by the Gonaives Plain was formed in post-Miocene time by the dislocation of Oligocene and older rocks along normal faults and by the tilting of the adjacent crustal blocks. The lower parts of the depression contain a Pleistocene and Recent alluvial fill deposited by streams tributary to the plain.  The Upper (?) Cretaceous rocks include andesite and basalt lava flows locally intercalated with some beds of tuff and agglomerate.  These rocks are generally dense and impervious, but locally small springs rise from fractures and bedding planes or from weathered zones.  The Eocene rocks are hard, thin-bedded, cherty limestones with some beds of massive chalky limestone.  Considerable ground water circulates through joints and openings along bedding planes, some of them solutionally enlarged, giving rise to important springs such as Sources Madame Charles.  The Oligocene rocks include limestone, shaly limestone, limy sandstone, marl, and shale.  The limestone beds contain solution passages and other openings and these may afford capacity for the circulation of ground water.  The Quaternary alluvial fill of the plain is composed of interbedded lenses of clay, silt, sand, and gravel.  These deposits contain a zone of saturation whose upper limit is marked by a water table at a depth from less than 1 m (3 ft) to about 20 m (65 ft); in most places it is less than 15 m (50 ft).  Where present in the zone of saturation the coarse, well-sorted sand and gravel beds of the alluvium probably will yield moderate to large supplies of water to wells and infiltration galleries.  The individual yields of existing wells range from a few liters to about 60 liters per second, lps (950 gpm).  The most favorable part of the plain for ground-water prospecting and development lies 5 to 10 km northeast of Gonaives.  In this area yields of 10 to 50 lps (150 to 800 gpm) could be obtained from the alluvium in single wells drilled to depths of about 35 to 45 m (115 to 150 ft).” 



	
Figure 1.  Physiographic Provinces of Hispaniola (Artibonite Plain in red)


Soil Properties of Site

At the Clarke Farm top soil up to 30 cm deep has formed in the uppermost layer of alluvium in the Artibonite Plain.  Without the benefit of irrigation the soil supports mainly desert-like vegetation, including several types of cactus.  From the main highway turn-off and the along the access road are patches of ground where wind has desiccated and deflated the fine fraction (silt and fine sand) leaving a lag gravel on the surface.  Soil properties that were observed in the field by using visual-manual procedures include:  dark brown color, earthy odor, medium to high dry strength, slow dilatancy, low to medium toughness of plastic thread, dry moisture content, and low to medium plasticity.  Typical soil texture consists of approximately 5 % very fine sand, 75 % silt, and 20 % clay.  Given these results, the top soil classifies as lean clay, CL (Unified Soil Classification Visual-Manual Procedure) and as silt loam (US Dept. Agriculture Soil Texture Classification).  The clay content is sufficient to give the soil fair to good moisture holding capacity, and therefore a favorable response to irrigation.  The high silt content indicates the soil is easy to dig by hand tools or plow, under moist conditions.  


Team Findings

The root cause of the problem was traced to the fact that the steel outlet pipe from the pump house was discharging directly into a plastic 30 gallon drum.  The irrigation supply line, made of 6-in PVC Schedule 40, was spliced into the lower side of the drum.  The potential head from the water well system was then lost at the drum and the effective head was reduced to approximately 2 ft, the height of the water in the drum (photo 1).  Hence, water in the PVC pipeline could only move upslope 2 ft, or about one-third of the length of the field.  


Actions Taken

First we needed to prove beyond doubt that the existing well pump was capable of lifting the water to the desired elevation.  At this point in time, all our information and well data had to be considered hearsay because we were unable to make any direct measurements of either static water levels or pumping water levels within the water well itself.  So, we decided to test the well as follows.  Using a hack saw and a welding torch, we had the 6-in steel pipe cut just above the elbow (photo 2).  The elbow was welded into a vertical position, 4 ft above the ground.  Using available materials, we then butt welded another 7-foot length of steel pipe onto the stub, making top of pipe 11 ft above  the ground.  The pump was turn on briefly, and we witnessed full pipe flow spouting from the top of pipe (photo 3).  Finally, with some effort, we fitted a 10-foot length of 6-in PVC pipe on top of the steel, putting the top at 21 ft above ground (photo 4).  This configuration provided a minimum estimation of head, as follows:  21 ft pipe above ground + 10 ft down to STL + 30 ft down to top of screen (to allow for any question in depth of pump bowls), total of 61 ft head, minimum.  If the pump bowls were set as reported at 70 ft below ground, then the head would be 91 ft.  

The pump was run for a few seconds to observe that a full bore of water spouted from the top of the pipe.  Although the plastic pipe popped off the steel stand pipe, the test proved the system is easily capable of moving water anywhere on the field.  The steel pipe was then cut off and the elbow restored to a 90° down position.  A valve was installed on a T below the steel elbow, and the 6-in PVC supply line attached to the valve (photo 5).  In its off position the valve shunts water up the PVC supply line.  Workers were then able to attach several hundred linear feet of supply pipe all the way up to the high end of the field.  The pump was turned on and we observed full pipe flow at the end of the pipe (photo  6).  There was some leakage at one elbow in the line where a valve will be installed soon.  The workers plan to install addition T’s and valves at proposed lateral hand dug ditches to deliver water to the field crops.  


Analysis of Irrigation Well Performance

According to Father Gerald Dormville of “Hands Together”, Gonaives Office, who is the responsible point of contact at the Clarke Farm project, the irrigation well has the following characteristics:  

Total depth of well – 100 ft
Casing diameter – 10 in
Diameter of cast iron drop pipe in well – 4 in
Screened interval – 40 to 100 ft below ground surface
Static water level (SWL) – 10 ft below ground surface
Drawdown pumping level (DPL) – 20 ft below ground surface, which is 10 ft drawdown
Typical pumping rate (discharge) – 350 gpm
Depth of pump bowls – 70 ft below ground surface
Type of aquifer – unconfined 

Given the above information, is it possible to calculate some key performance parameters of the well itself.  From the following analysis we can determine the optimum pumping rate, and from that information we can estimate the amount of time needed to apply, for example, 1-inch of water on the 49 acre plot.  Refer to figure 2 for a generalized schematic representation of a water well.  




     Figure 2.  Generalized schematic representation of a water well


Specific capacity is the yield of a well per unit of drawdown, and is usually expressed as gallons of water per minute per foot of drawdown (gpm/ft).  Specific capacity of this well is calculated by:  350 gpm/10 ft, or 35 gpm/ft.  It should be emphasized that for an unconfined aquifer, specific capacity varies with duration of pumping—as pumping time increases, specific capacity decreases.  Furthermore, as discharge increases by increasing the pumping rate, specific capacity decreases.  Without the benefit of a well pumping test conducted over a significant block of time (at least 8 hrs) to measure the change in DPL’s at periodic time intervals, we can make only the following preliminary calculations that relate to well performance.  However, these calculations should provide sufficient data to enable the existing 49 ac field to be irrigated this year with a fairly good degree of water management.

Maximum potential yield is the theoretical maximum rate that the well can be pumped, and it is determined as follows.  At the current pumping rate of 350 gpm, the DPL is 10 ft., which is 33 % of the maximum drawdown.  Maximum drawdown is defined as the elevation of the top of the screen (30 ft below SWL).  Thus, drawdown at 350 gpm is 10 ft /30 ft = 33 % of maximum.  From the relationship between relative drawdown and relative yield shown in figure 3, we can now calculate maximum potential yield (pumping rate).  At 33 % maximum drawdown, the relative yield of the well is 56 %.  Therefore, maximum potential yield is 350 gpm/.56 = 625 gpm.  However, because the relationship between relative yield and percent drawdown is nonlinear, it is impractical and uneconomical to attempt to pump the well to achieve its maximum potential yield.  Experience shows that the optimum potential yield occurs at 90 % of maximum potential yield, or 625 gpm x 90 %  = 562 gpm.  Using the curve again (figure 3) we can determine that at optimum yield (90 % of maximum), optimum drawdown occurs at 67 %, or 30 ft x .67 = 20 ft below SWL.  This level occurs 30 ft below ground surface (20 ft + 10 ft).  

In conclusion, the well at Clarke Farm is capable of producing an optimum yield of 562 gpm.  What we do not know from the available data is how many hours of pumping at this rate can be sustained.  Wells completed in unconfined aquifers cannot be pumped indefinitely, they need a period of time for the portion of the aquifer near the well to recover.  The next step is to estimate how much time is required to pump at the current pumping rate (350 gpm) and optimum pumping rate (562 gpm) to irrigate the 49 acre field.  



Figure 3.  Relation of drawdown to yield


The following formula is used to calculate the number of hours of pump operation required to irrigate 49 acres (20 hectares) to depth of 1 inch at a pumping rate of 350 gpm.  It is not to be construed as an irrigation schedule.  Rather, it provides an example of how much time would be required for a given volume of water associated with a particular application rate, in this case, one inch.  If the irrigation schedule calls for, say, 0.5 in, then the number of hours of operation would be one-half as long.  

H   =   27154  x  I  x  A 
			          60 x (pump rate)
where:

H = hours of operation
27154 = gallons in one acre-inch of water
I = inches of water to be applied to the crop
A = acres to be irrigated
60 = minutes per hour
Pump rate = gpm

			H  =  27154 (1) (49)   ≈  63 hours
			             60 (350)

If the well is pumped at the optimum rate of 562 gpm, H ≈ 40 hours.

The irrigation requirement for crop production is the amount of water, in addition to rainfall, that must be applied to meet a crop's evapotranspiration needs without significant reduction in crop yield.  Estimates of irrigation requirements can be made from long-term historical observations and experience of growers in the locale, or numerical models.  


Pump Characteristics

The pump is a type – R26/4L/24 Modena Italy, no. 164105/2, ratio 1:1.5, manufactured in February 2007 (photo 7).  This is a vertical line shaft pump with submerged pump bowls, with a right angle gear drive powered by a diesel engine of unknown specifications.  The diesel engine is equipped with a throttle to control engine speed, although there is no gauge to measure rpm’s (photo 8).  The pump is rated at 26 horsepower, which is theoretically capable of raising 350 gpm to a height of nearly 300 ft.   The maximum head at the site is 47 ft which equals maximum drawdown (40 ft below ground surface elevation) plus highest elevation of field above well (7 ft).  For all intents and purposes, the head loss due to friction in the delivery pipes is negligible; the existing pump and diesel engine can easily supply water through the 6-in diameter delivery pipe to any point on the field.  


Recommendations

 All PVC pipe should be covered with a layer of soil about 3-in thick.  PVC is subject deterioration by ultraviolet light.  
Additional valves should be acquired and installed, preferably at existing joints in the 6-in main delivery pipe where convenient to lateral ditches.  Consider installing a short section of flexible tubing, say 10-20 feet in length, from the valve to the lateral ditch.  This will provide for various crop planting configurations along various parcels that may change shape from season to season, depending on the crops grown.  
Install an end cap at the terminus of the main 6-in PVC supply line.  
Develop an irrigation schedule based on the net water requirement for each type of crop.  Use the system of valves in the main supply line to isolate parcels for irrigation.
Use the throttle on the diesel engine that drives the pump to control the discharge to provide just the amount of water needed to reach the end of an irrigated parcel’s lateral hand cut ditches.
Flow in lateral ditches can be readily managed by workers using hand tools to make temporary mini-dams to direct flow where needed.
There is no need to construct concrete ditches anywhere on this land for water conveyance.  A system of pipes, T’s , elbows, and valves strategically located about the perimeter of the field should efficiently convey the water to hand dug laterals.
To enable the well to recover, do not pump continuously (24 hr/day).  It is advisable to develop a schedule to spread a given irrigation application period over several days.  For example, at a pumping rate of 350 gpm, irrigate every day for 6 days at 10.5 hours per day.  Or, at a pumping rate of 562 gpm, irrigate every day for 5 days at 8 hours per day. The actual schedule will depend on the water requirements for the seasonal crops and trees under production.  
There is no need for drilling additional water wells for this 49 acre plot of land.  The existing water well system is capable of supplying the entire plot.  






Photo 1.  Configuration of irrigation pipes upon Team’s arrival at Clarke Farm.  Steel pipe (6-in dia.) with right angle down discharges into plastic drum.  Main supply line is the 6-in PVC; a smaller 1.5-in PVC pipe spliced into lower right corner supplies nearby garden plot.





Photo 2:  Welder cutting off elbow of steel pipe


       Photo 3:  Water flowing from steel stand pipe 11 ft above ground



Photo 4:  Temporary arrangement of pipe for head test.  Top of plastic pipe is 21 ft above ground







Photo 5:  Finished joint with new valve (blue) at pump house; 6-in PVC is the start of the main supply line.




















	


Photo 6:  Workers observe pump test of supply line which was construction.  View looking down edge of field toward pump house, about 500 ft away. 












     Photo 7:  Water well pump at Clarke Farm




Photo 8:  Diesel engine for water well pump at Clarke Farm.  Red metal tube is a protective shroud around the drive shaft between the engine and the pump (lower left corner of photo).  Fuel tank is against wall.
image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image5.jpeg

