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Introduction

Many small and medium sized communities in Honduras (1000 to 50,000 people) are served by gravity-driven water systems. Because of the mountainous terrain found in much of Honduras, delivering surface water directly to household taps by gravity is often a practical option. The surface water usually is collected from a stream, wetland or spring above the community. Many sources are located in watersheds threatened by deforestation, agriculture and housing. Watershed management should be a first priority for all communities, but frequently it is not enough. Most surface waters do not meet drinking water standards for turbidity especially during the rainy season. when severe downpours cause runoff, and erosion.

Disinfection by chlorination is the only method of treatment used by most Honduran communities. Chlorine is applied either by inline tablet feeders or by drip chlorinators. Tablet feeders can maintain the chlorine dose even if the water flow rate changes, but are more expensive than granular calcium hypochlorite. The chlorine dosage of drip chlorinators must be regulated by the operator, usually by the crude method of manipulating a standard half-inch PVC valve. Even when operators check drip chlorinators daily, it is nearly impossible to maintain a constant dose.

While the technology for dosing chlorine could easily be improved, the more significant problem with disinfection with chlorine is that chlorine will never be an effective method of treating turbid water. The chlorine demand of water above 20 NTU is so high that, even with careful application of chlorine, an excessive amount would be required to maintain free chlorine residual in household connections. 
For communities with water sources with turbidity consistently below 10 NTU, disinfection alone is a viable method of treatment. However, the majority of Honduran communities are faced with water much more turbid than 10 NTU during the rainy season.
Some communities in Honduras are the beneficiaries of high-tech, imported, conventional drinking water plants. Most of these plants have come from Spain and make use of conventional flocculation, sedimentation and filtration processes. They are computer-controlled and built with components and materials not available locally. While these plants may perform well in the settings they were designed for, they rarely are effective in Honduras. Local operators do not understand the plants and are unable to make repairs. Even if operators were able to repair the plants, the necessary parts are not available.

Many aid projects promote point-of-use treatment systems. Rotary International promotes both household slow sand filters and ceramic filters in Honduras. These technologies, when used properly, can effectively treat drinking and cooking water for a family. However, they do nothing to improve the quality of the water that families use for bathing and washing. Point-of-use systems require training and maintenance for every household and water quality monitoring is sporadic at best.
Municipal scale water treatment would only require two or three trained plant operators and it would be possible to monitor the water quality with multiple samples per day. The dilemma has been a lack of a robust treatment technology that can perform well without dependency on imported components.
Based on the abundance of gravity-fed water systems that produce turbid water in Honduras, there is a clear need for a municipal water treatment technology beyond disinfection. An effective technology will be inexpensive, robust, easy to operate, and maintainable with locally-available materials. The AguaClara treatment plant technology was designed with these constraints in mind. AguaClara is a program at Cornell University to design small scale surface water treatment plants for the developing world,. As part of coursework and internships, students are working to develop an robust and scalable design. In Honduras, AguaClara is partnered with Agua para el Pueblo (APP), a Honduran non governmental organization with over two decades of experience in design and construction of gravity-driven water supply systems. APP requested assistance from Cornell to develop a treatment technology. APP is in charge of selecting communities where plants will be installed, constructing the plants, and training local operators how to use the plants.
The Site of the First AguaClara Plant
The first AguaClara plant was built in Ojojona, Francisco Morazan, Honduras. Ojojona is a municipality located 33 km from the Honduran capital of Tegucigalpa. Ojojona’s water system is managed by a Junta de Agua or water board, which is directly elected by the community. The Junta is reelected every two years and is somewhat independent of the municipal government. Many Honduran communities have separate Juntas de Agua to prevent the politics that often dominate municipal government from interfering with the operation of the community’s water system.

Ojojona has two different gravity-driven water systems, Agua Blanca and Payguagre. Agua Blanca serves 430 houses and Payaguagre serves 350 houses. The AguaClara plant only treats water from Payaguagre, the system with the highest turbidity. Payaguagre collects water from three different sources located near one another. The smallest source is an underground source and the other two are marshes. The wetland sources produce the most turbidity. Together, the three sources produce 50 gallons during the dry season and as much as 90 gallons during a storm in the rainy season. During the rainy months the turbidity of the combined flow of the three sources can be consistently above 20 NTU and spikes over 100 NTU during storm events.

Before construction of the treatment plant, Ojojona treated the water of Payaguagre by disinfecting it with chlorine. While this may have been effective during the dry months, when turbidity is normally below 10 NTU, it likely did very little during the rainy months.
Plant Design

The AguaClara treatment plants use three main processes in the treatment of water: flocculation, sedimentation and disinfection. These are the same processes employed in many water treatment systems in the world. AguaClara plants are unique in that sedimentation is not followed by filtration and AguaClara plants are entirely gravity powered and require no electricity in order to function. Some communities in Honduras do not have electrical power. Those that do often do not have power in the elevated outlying areas where a treatment plant must be built. Even when there is power, an electrically run plant would be expensive and often the electricity is the first thing to fail in a storm. It is during these storms when runoff to sources is the greatest and the water comes most turbid making water treatment essential. Filters are not employed because they often clog quickly, require electricity to be backwashed, and can be difficult to maintain. Another reason is that just using flocculation and sedimentation AguaClara plants have the ability to bring the turbidity under 5 NTU and at times, under 1 NTU. 

While the Ojojona plant’s primary purpose is to clean water effectively it was built with a secondary purpose to serve as a research plant for testing the effectiveness of the treatment process. With this in mind, two hydraulic flocculators of different designs were included. One is a horizontal flocculator through which water follows a zig zag path from left to right, the other is a vertical flocculator through which water follows a zig zag path up and down. 
Vertical flocculation is the flocculation process currently being used in Ojojona. The horizontal flocculator is used only during cleaning of the vertical flocculator in order to keep the plant in operation. The preference for vertical flocculation is due to the smaller footprint and construction cost of the vertical flocculator. The horizontal flocculator requires a longer and shallower tank with an elevated bottom, making it more costly. Once it was demonstrated that vertical flocculation produced flocs of sufficient quality to produce clean water it was decided that future plants would employ vertical flocculation. 
Overview
The Ojojona plant’s design flow rate is 100 gpm (380 lpm), which was chosen based on population statistics and to accommodate the increase in flow during the rainy season. Figure 1 is an AutoCAD drawing of an isometric view of the Ojojona plant. 
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Figure 1. AutoCAD drawing of Ojojona Plant

Grit Chamber

The grit chamber is where all three sources are introduced into the plant. Flow leaves the entrance tank through orifices in two vertical pipes. Each pipe has two circular orifices of 3.8 cm diameter that are placed about 20 cm below the top of the entrance tank. The four orifices are distributed with two holes in each vertical tube so that the flow from each orifice has a minimal effect on flow from another orifice. The orifice flow equation (1

 GOTOBUTTON ZEqnNum726327  \* MERGEFORMAT ) is used to calculate the plant flow rate.
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· H0 - depth of water above the orifice centerline
· A - the area of the orifice 
· g -  acceleration due to gravity. 
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Figure 2 One of the two vertical tubes through which water exits the grit chamber
The head loss through these holes restricts the flow and causes water to build up in the grit chamber. The higher the water level above the holes the greater the pressure and the faster the water flows through the holes, creating a constant relationship between height above the orifices and the flow. A ruler is fixed to the vertical PVC tubes to make the height above the orifices easier to read. There is an overflow tube installed in the grit chamber that allows the operator to set the max height of water in the grit chamber, or the maximum plant flow.
Chemical Feed Device
Both sulfate and chlorine are applied using the same method. The chemical feed device (Figure 3) provides a way to maintain a constant chemical dose despite changes in the amount of stock chemical solution in the storage barrels without the use of conventional pumps and electricity.
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Figure 3 Alum feed device, showing bottom of barrels, constant head bottle, and dosing holes

The chemical feed system consists of a 55 gallon drum filled with a stock solution. Exiting the drum is a piece of flexible hosing which connects to a 1 liter bottle with a float valve, called a constant-head bottle. The exit from the drum is 10 cm above the floor of the drum to prevent sediment from entering the tubes. The drum is elevated so that flow from the barrels to the bottle is gravity fed. As the level of solution changes in the 55 gallon drum, the level of solution in the constant head bottle is kept constant. Solution exits the constant-head bottle through another flexible piece of tube, called the doser tube, with a diameter of 2.74 
mm
 and a length of 50 cm. Since the constant-head bottle maintains a specific level within the bottle, the chemical flow rate can be adjusted by changing the level of the other end of the doser tube. The bottle is connected to a piece of PVC pipe with a ruler. The ruler is located so that 0 cm on the ruler is at the same level as the chemical solution in the bottle. Every half centimeter there is a hole drilled into the pipe to place the end of the doser tube. These holes allow the operator to place the dosing tube at different heights below the level in the solution in the constant head bottle. Using the Hagen-Poiseuille equation (Equation 2

), a fixed level in the bottle and a fixed dosing tube the flow rate at each hole can be calculated. 
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· D – diameter of doser tube
· hl – height of doser tube below the water level in the constant head bottle
· l – length of doser tube
· ρ – specific density of solution
· μ – viscosity of solution
Thus to change the flow rate of chemical entering the plant the operator only needs to manipulate the height of the dosing tube in relation to the level in the constant head bottle. 
The aluminum sulfate feed device is located to the side of the grit chamber and drips into the pipe exiting the grit chamber and continuing to the flocculator.

Rapid Mix

The rapid mix (Figure 4) follows sulfate addition and is a module of ½ inch PVC pipe and T’s, it provides 1-3 seconds of even mixing after chemical addition, evenly distributing water and alum. It is inserted in the pipe between the grit chamber and the flocculator and is easily removed for cleaning. 
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Figure 4 Rapid mix unit propped against the rapid mix tube

Flocculation 

The vertical flocculator is a rectangular tank 3.0 m long, 0.813 m (32 in) wide, and 2.22 m deep filled with baffles to create energy dissipation, The width of the flocculation tank was based on the width of the baffle material being used, while the length and depth were based on the length and depth of the sedimentation tank in order to facilitate construction. 

Baffle design – Theoretical

The baffles in the flocculator in Ojojona create a vertical serpentine flow, see figure ____. (need a good picture of the floc baffles here!!!!!) 
The tank was designed to have a Gθ of 20,000 which is on the lower end of suggested range (20,000 – 175,000) of Gθ’s for hydraulic flocculators (Lawler and Nason , 2004). When originally installed the baffles were spaced evenly using a G of 50 s​​-1, or a baffle spacing of 7 cm
. They were later spaced according to tapered flocculation to maintain floc formation. The tank is divided evenly into three different sections. The first section has a G of 75 s-1, followed by a G of 45 s-1 and finally a G of 25 s-1 as recommended by _____? (Okun and Shultz?) These G’s correspond to baffle spacings of 4.5 cm, 6 cm, and 11.5 cm respectively
. To calculate the G in each section, the headloss between two baffles is calculated using the 2-dimensional flow path and the length of the baffle (

). ____. 
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· ∑Kminor  - Sum of all minor losses
· n - Baffle number 
· f - Friction factor 
· Ls - Baffle length 
· b - Baffle spacing 
· w - Baffle width 
· V - Velocity 
· 
Flocculator Residence Time (θflocculator)
Viscosity (ν)

Baffle design - Structure

The baffles were designed to be an easily-disassembled part of the flocculator. This allows for manipulation of the spacing between the baffles to adjust shear levels in different parts of the tank. Vertical baffles of polycarbonate plastic or fiberglass in the tank direct the water. The baffles are grouped in 5 different modules. Within the modules, the baffles are connected using spacers made of CPVC pipe. The spacers are connected to the baffles using CPVC caps that are attached to the baffles using stainless steel machine screws. 

The modules are not directly connected to one another. The spacers on the upstream end of one module simply rest against 1 ½” caps on the downstream end of the next module. When water flows through the flocculator, the modules are pushed toward the downstream end of the tank. Spacers that rest against the end of the tank keep all of the modules from running into the end of the tank.

[image: image9.jpg]



Figure 5.
Horizontal Flocculation
The horizontal flocculator (Figure 6) forms into a U shape with two different channels both measuring 5.25 m long, with an inner width of 1 m and a wall height of 0.61 m. The horizontal flocculator was designed with a Gmax of 50 s-1 and a Gθ of 25,000 (cite paper????). It uses a series of alternating baffles as well, but they are staggered left to right instead of up and down as the vertical flocculator. The same equation applies, but the spacing and length of the baffles will change. The baffles in the horizontal flocculator are supported by frames of ½” PVC pipe that are inserted to PVC sockets that are inset in the bottom of the tank.
[image: image10.jpg]2





Figure 6 Horizontal flocculation tank

Canal
Water enters the sedimentation tanks by first passing into a canal. The canal runs the width of all three sedimentation tanks and is connected on one side to the vertical flocculator and the horizontal on the other. Each entry side has a slice gate that can be closed to prevent flow between either flocculator and the canal. The canal was designed with a width of 30 cm, wide enough to accommodate the width of a 6 in pipe, and a depth of 40 cm. With these dimensions the velocities found in the canal are slower than those in the end of the flocculator preventing floc break up.
Water exits from the canal through tubes in the bottom that can be closed for cleaning or other purposes with iron threaded caps (Figure 7). One sedimentation tank has 3 tubes with 6 in diameters and the other two have 4 pipes with 4 in diameters. The tank with 3 6 in diameter pipes was designed to be able to hold the entire plant flow. Six-inch diameter pipes were chosen to decrease the head loss of 1/3 of the plant flow through one pipe
. This decreases the shear, and thus decreases the chance of floc break up entering the tube.
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Figure 7 The four tubes that exit the canal and lead to one sedimentation tank.
Sedimentation Tanks
The sedimentation tanks, like the flocculation tank, are 3 m long, 0.813 m (32 in) wide, and 2.2 m deep. However, the canal protrudes into the sedimentation tanks, so that at the surface they are only 2.6m long. The tanks were designed for a minimum settling velocity of 10 m/day. Each sedimentation tank can be isolated for draining and cleaning while keeping the plant in operation. 
Entrance Tubes

Water enters the sedimentation tanks through 4 (or 3) tubes that are evenly distributed along the width of each sedimentation tank in the canal (Figure 8). (autocad drawing here?) These tubes are designed to distribute water as evenly as possible along the bottom of the sedimentation tank. They drop vertically down from the canal to a level about a foot and a half above the floor of the sedimentation tanks, connect to an elbow and then run horizontally, until they connect to another elbow from which another piece of vertical pipe supports the end of the tube and acts as a sort of foot. In this foot are large holes cut on either side to allow water to exit slowly and not break up flocs. 

Plate Settlers

Water flowing up through the sedimentation tank passes through plate settlers. The plate settlers are 81.3 cm (32 in) wide, and 90 cm long and sit an angle of 60°, with a horizontal spacing of 5 cm.. They are supported by a 1 in PVC rectangular table. 
The sedimentation tanks are designed to have a critical terminal velocity of 10 m/day. The critical velocity is determined using the ratio of the flow rate over the surface area. The surface area calculation takes into account the use of plate settlers. Formulas 7

 were used to calculate the critical upflow velocity.5

 -
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· Vc – critical settling velocity

· Q – plant flow rate

· As – surface area of tanks

· n – number of tanks

· W – width of tank

· Lt – length of tank through which flow passes
· Ll – length of lamina
Plate settlers were used to decrease the overall size and number of the tanks. During design of the plant it was thought that one sed tank could handle the entire flow of the plant, which would result in a Vc of 30 m/day, but was reduced to 10 to incorporate a factor of security.
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Figure 8 Sedimentation tank entrance tubes.
Effluent Launder

Above the plate settlers in each tank is a 10 cm (4”) diameter effluent launder Figure 9 with 24 orifices on each side. These orifices have a diameter of 2.7cm and are spaced 10cm apart center to center. The effluent launder was designed to have greater 
head loss through the orifices than through the tube. In each sedimentation tank the effluent launder exits through a port near the top of the wall. To take a tank offline, the effluent launder can be removed and a cap placed on the exit port. On the other side of the wall the exit tubes connect to one tube that runs to the distribution tank. The height of water in the sedimentation tanks is controlled by this exit tube. Raising or lowering an elbow above the distribution tank sets the water level in the sedimentation tanks
 (Figure 10). 
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Figure 9 The end of an effluent launderer.
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Figure 10 Effluent tube. The water level in the plant is controlled by the level of the elbow indicated by the arrow.
Chlorination
A chemical feed device of the same design is used to chlorinate as to apply sulfate. Chlorine is applied in the tube that runs from the three sedimentation tanks to the distribution tank.
Plant Construction

Construction of the Ojojona plant was managed by Agua para el Pueblo (APP), a Honduran NGO that specializes in the design and construction of potable water and sanitation systems. Interns from Cornell University were present during the first half of the construction to provide technical supervision. As is the norm for APP projects, Ojojona, the community being benefited, provided the land, unskilled labor and locally available materials (sand, gravel, wood and stone) for the project. APP, through AguaClara funds, provided skilled labor, engineering supervision and all materials not provided by the community. Table 1 breaks down the construction costs by category and by who paid them.
Table 1 Construction costs of Ojojona plant
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Paid by 

APP

Paid by 

CommunityTotal

Materials $28,579.99 $1,058.48 $29,638.47

Construction Labor $5,519.49 $4,710.22 $10,229.71

Engineer and Technician $13,964.64 $13,964.64

Transport (personel and materials) $3,686.61 $3,686.61

Operator and Junta Training $991.08 $991.08

Administrative $6,351.22 $6,351.22

Land (0.7 hectares) $3,166.06 $3,166.06

Total $59,093.03 $8,934.75 $68,027.78



The Ojojona plant was the first plant of its kind and because of this there were several setbacks in the construction. The plant was structurally designed by a Cornell University student with oversight from a professional engineer in the United States. It was designed to U.S. standards using concrete block and poured concrete. Honduran contractors working on the project claimed that the plant was structurally over-designed and were not accustomed to building in the manner called for by the design. The high permeability of the concrete blocks used for the tanks caused problems with leaking. The inside of the tanks were later spackled and painted with swimming pool paint to seal leaks. The material and labor costs were also high due to major retrofitting that was required due to changes in the design for assembling the plate settlers and flocculator baffles.
Future plants will be built with brick, which is preferred by Honduran engineers and contractors. Brick is available in Honduras in higher quality than concrete block and is less permeable to water. 

Plant Operation

As with all water treatment plants, the quality and quantity of water entering the plant is constantly changing. Depending on the time of year and the type of water source, this change can be rapid and significant. In Ojojona after it begins to rain, or if there is a disturbance at the source, the water entering the plant can change in under 20 minutes. When these changes occur, operational changes must occur to ensure that the plant continues to function. Since AguaClara plants use no electricity, imported parts or machines, there are no warning alerts or automatic methods to change plant operation. The only way to ensure that an AguaClara plant is running smoothly is for the operator to always be vigilant of any changes in raw water quality.
Plant Operator

An ideal plant operator has experience as a plumber, can read and write, is dependable, and has at least a 6th grade education. These requirements are important because general day-to-day operation of the plant requires that the operator read tables, make decisions based on these tables, and record data. Ideally, the operator would live close to the plant and be on-call during the day permanently from 8 am – 5 pm, and be vigilant 24 hours especially during the rainy season to check the plant and make changes. 

Currently in Ojojona the operators are the same plumbers who are in charge of the water system. They switch off weekly caring for the plant and have been given a bonus for the week they are at the plant. They work from 6 am – 11 am and from 2 pm – 6 pm. This has been problematic as during the rainy season if there is a storm during the night the increased turbidity can cause the flocculation process to fail. As such a permanent operator is needed and the water board has committed to hiring a permanent operator for the plant during the day as well an operator to cover night shifts during the rainy season.

General Duties

When the operator arrives in the morning he or she first checks how the plant is operating, and if sulfate is being applied, if flocs are being formed. There is a table with hourly information that should be collected regarding the operation of the plant called “Monitoring Table” that serves as a basic guide to what they should be checking. At least every hour or if there is a change in the water entering the plant, a column in this table is to be filled out. Upon arrival after filling out a column in the table, if the plant is operating the operator should check the status of the chemicals and chemical feed systems. If the plant is not operating the operator will make the appropriate changes based on two different tables explained in Changes in Operation. Other general maintenance includes cleaning tanks, sources, and the distribution tank to keep the plant operating smoothly as well as monitoring the turbidity and chlorine residual in the houses on the water system. 
Changes in Operation

There are three tables that the plant operator will refer to when recording data and making changes. Two of the tables are chemical dosing tables one for sulfate, Table 2, and the other for chlorine. The third is a table, made from experience, which suggests a dose based on the turbidity in increments of 5 NTU.
Table 2 Table used for aluminum sulfate dosing in Ojojona, Honduras 
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These two tables were created in MathCAD. The top four rows relate the height of water in the grit chamber, to the flow rate of the plant, and the residence time of the flocculation tank and the sedimentation tank. The first three columns relate the position of the doser tube to the drip rate and the duration of a 200 L (55 gallon) drum at the current drip rate. The heart of the table displays the alum dose in mg/L. The operator can find the current dose by simply reading the height of water in the grit chamber and the position of the doser tube and then finding the intersection of the corresponding column and row. The chlorine table is laid out in the same fashion.  

If there is a problem with the alum dose the operator can use this table in conjunction with the table relating dose to turbidity, Table 3, to elect a dose. The operator simply uses the height/flow rate of the plant to find the correct column, picks a dose using the current dose and the turbidity table as a guide and then uses this information to find the doser tube setting. 
Table 3 Table relating turbidity to aluminum sulfate dose. Used to serve as a guide for aluminum sulfate dosing.
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Table 3 was created after 3 months of operation of the Ojojona plant. It was made based on plant operator experience and data gathered daily. A table was chosen as opposed to a graph because tables are simpler and easier to use.  
Monitoring Table
The Monitoring table is essential for daily operation of the plant and for logging of plant performance and is shown in Table 4.
Table 4 Mointoring table for AguaClara plant in Ojojona 
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This table includes information on the water entering the plant (flow rate and turbidity), chemical dose, if the plant is flocculating, and finally if there are any changes in the dose of chemicals. To fill in most of the information such as flow rate and chemical dose the operator first needs to reference the chemical dosing tables, to extract such information as the caudal of the plant, and dose of the chemical. 
Difficulties
The operators in Ojojona have received various training sessions on the functioning of the plant and the use of the tables. They have about 8 months of practice running and maintaining the plant. The tables can be challenging to learn how to use as most plumbers are not accustomed to reading from a table. There is also the use of new equipment such as turbidity, pH and chlorine meters. The filling out of the Monitoring table can also be difficult as most plumbers are not used to logging their activities. However, after about a month of operation the three operators at Ojojona are able to work with the tables, and are logging data daily. 
Cost of Operation

The most significant operation costs of the plant are the purchase of aluminum sulfate and the salary a fulltime operator. The cost of chlorination is not considered, since most communities where a plant would be installed will already be chlorinating. The operation cost is calculated only as the additional cost that will be incurred after the plant is built. Because the turbidity of the water entering the plant changes with season, the rate of aluminum sulfate consumption will also change. This cost estimate divides the year into three seasons: the dry season, January to April; the heavy rainy season, July to October; and the light rainy season, May, June and November. Table 5 shows the annual aluminum sulfate consumption for the Ojojona plant. Average sulfate doses are based on the experience gained from operating the plant for one year.
Table 5 Ojojona projected aluminum sulfate consumption and monthly cost
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Duration 

(days)

Average 

Dose 

(mg/L)

Daily 

Consum. 

(kg/day)

Seasonal 

Consum. 

(kg)

Dry 125 0 0.0 0

Light Rain 90 27 8.8 795

Heavy Rain 150 50 16.4 2453

Annual Total 365 3247

3247 kg / 12 months = 271 kg/month

271 kg/month * $0.53 / kg = $143/month


Table 6 tabulates the total operation cost of the Ojojona plant. The largest expense is a full time operator. The people who operated Ojojona’s water system before earned $169.36 (2500 L + 28% prestaciones) 
a month, including benefits. This budget calls for one full time operator who will be paid $203.17 a month, including benefits. A night operator will be hired to work during the five rainiest months for $52.92 per month. Averaged out over the 12 months of the year the cost of a night operator is $22.05 per month. Including other costs and a monthly amount to be saved for future repairs, the total operating cost of the plant is $434.52 per month. Divided between the 350 houses (with an average of 6 people per house) this comes to $1.24 per house or $0.21 per person.
Table 6 Total operation cost of Ojojona plant
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Aluminum Sulfate $143.17

Al. Sulf. Transport $21.16

Day Operator $203.17

Night Operator $22.05

Other Materials $15.87

Cost on Investment $29.10

Total $434.52

$434.52 / 350 households = $1.24/house

$1.24 / 6 people per house = $0.21/person


Water Quality Results

Regular operation of the plant started in August, 2007. Two AguaClara Engineers and an APP technician trained and worked alongside the three fulltime operators of the Ojojona water system. The first few months were dedicated to learning about proper aluminum sulfate dosing and making small changes to the physical structure to improve plant performance.  
In Honduras the maximum permissible turbidity for potable water is 5 NTU. Therefore AguaClara plants are considered to be providing potable water when it contains less than 5 NTU. We also use a standard for chlorine of maintaining a minimum of 0.5 mg/L in all household connections. 
During the first few months of operation water quality exiting the plant continually fluctuated, as seen in Figure 11. This was due to two main problems. The first was the lack of presence of an operator during the night. Many times rainstorms occurred during hours when there was not an operator present. When rainstorms occur the turbidity and flow entering the plant often increase within minutes. Thus when the operator returned in the morning the plant wouldn’t be flocculating. Often, after 15 minutes of operator presence the plant would start producing flocs. However, since dirty water had entered the sedimentation tanks it could take up to three hours to produce clean water. This problem was partially solved by installing an overflow in the grit chamber that allowed control of the flow rate entering the plant, but constant operator presence is still needed as the turbidity can change dramatically.  
The second problem was the quality of  aluminum sulfate that was being purchased. At first a form of sulfate was used that came in large granules. It is thought that the concentration of sulfate in the barrel was changing. After about a day it could be seen visually that precipitate had settled to the bottom of the barrel. Also at a sulfate dose that had previously created flocs for a given turbidity flocs would not be forming, but after stirring the solution in the barrel, flocs would begin to appear. This problem was solved by stirring the aluminum sulfate concentration once in the morning and once in the afternoon, until that supply of sulfate was gone. Then a different type of sulfate that was more powder-like was purchased and settling did not appear to be a problem. 
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Figure 11 Turbidity entering and exiting the plant from August 14th – August 31st. 
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Figure 12 Turbidity entering and exiting the plant during the month of September. 
During the month of September the two main problems were under control. An overflow to control the flow rate entering the plant was installed the 6th of September (Day 23). However, at times the changes in turbidity still affected the functioning of the plant at night. These problems were minimal in October and November as the operators became more knowledgeable about plant operation. In Figure 13 during the month of October while there were still temporary failures the majority of the time the water exiting the plant had a lower turbidity than that entering the plant, and a large portion of the time was producing water close to 5 NTU. 
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Figure 13 Turbidity entering and exiting the plant during the month of October
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Figure 14 Turbidity entering and exiting the plant during the month of November. During the 85th day the turbidity peaked to 96 NTU for one measurement, but 45 min. later was back down to 14 NTU. 
After Day 98 or the 18th of November, shown in Figure 14, sulfate wasn’t applied as the turbidity dropped below 5 NTU. Up until the middle of April sulfate wasn’t applied except sporadically when the turbidity climbed temporarily above 5 NTU. This happened for a week in January and about 10 days in February.  
The Ojojona plant using hydraulic flocculation has proven to be able to drop turbidities from as high as 80 NTU to below 5 NTU, as long as there is operator presence. The true test of dependability and plant performance will come during the rainy season of 2008.
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�We need a reference here. 


�Based on the Mathcad files, it is 0.108 in or 2.743 mm. I measured a hose and was able to tell that it is less than 1/8”


�Isn’t this 1/8”? But report it in SI units as 3.2 mm.


�Would a schematic drawing work? The baffles are a pain to take out, but more importantly, I think it would be tough to get a good picture.


�This came from the design paper for Ojojona, should it be referenced or can you only reference published papers?


�Measuring I got 4 baffles with 12.5cm spacing, 15 baffles with 6cm spacing and 18 baffles with 4.5 to 5cm spacing (It’s hard to measure exactly). Looking at the Ojojona module manual, it says the spaces should be 4.5cm, 6cm and 11.5cm


�I’ll stop changing all of these till we discuss it. I like pipe better than tube, but I’m thinking that may be nothing more than personal preference.


�I think it would be worth giving a little more information on the settling velocity here: what is the actual upflow velocity? What is the apparent upflow velocity with the plate settlers and how do we calculate that?


�Each of these pipes is supposed to end in the middle of the tank. Thus the short pipe needs to come from the middle connection and the long pipe needs to come from the side. Then each of the pipes can be slightly angled so that it terminates on the centerline of the tank. I don’t want this picture published because it will not create good flow distribution.


�We understood that the original design was for the pipes to be like they are in the photo and that putting them in the center was a new idea. At least, all of the operation data we have is with the pipes as shown in the photo and they are currently as shown in the photo. How should we handle this?


�A much greater headloss I think, how many times greater we should probably say


�I think we could use a picture here


�These community figures need to be looked into. The labor figure includes a lot of other things, like tools, capacitations.


�But how will this solve the problem? One operator can provide 24 hour coverage.


�We need an English version here.


�Do the operators use this? And how was this created? Is this based on plant operating experience? I think it is. You could describe how you use the first months of operation to generate data to create this guide.


�Their salaries were upped to 3000L in January, 2008 because of a rise in minimum wage. I think we should still report the 2500L figure, since it’s what they made before they had the plant.
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		Description		Cost/month

		Aluminum Sulfate		$143.17

		Al. Sulf. Transport		$21.16

		Day Operator		$203.17

		Night Operator		$22.05

		Other Materials		$15.87

		Cost on Investment		$29.10

		Total		$434.52

		$434.52 / 350 households = $1.24/house

		$1.24 / 6 people per house = $0.21/person
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		Cost		Paid by APP		Paid by Community		Total

		Materials		$28,579.99		$1,058.48		$29,638.47

		Construction Labor		$5,519.49		$4,710.22		$10,229.71

		Engineer and Technician		$13,964.64				$13,964.64

		Transport (personel and materials)		$3,686.61				$3,686.61

		Operator and Junta Training		$991.08				$991.08

		Administrative		$6,351.22				$6,351.22

		Land (0.7 hectares)				$3,166.06		$3,166.06

		Total		$59,093.03		$8,934.75		$68,027.78
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