Challenges CDC Summer 2010
Objectives
Improve on current dose controller design. 
· Convert as practical as possible to locally available materials. 

· Eliminate components that have small pieces that can easily be lost (i.e. no more compression fittings) 

· Convert to materials that are suitable for both alum and chlorine dosing. 

· Material conversion includes changing orifice material to a polypropylene quick disconnect cap 

· What can't be obtained locally to be made of high quality, reliable components that will reduce down time /lead time in case of component failure. 

· Add sedimentation trap and calibration column between stock tank and constant head tank to improve testing, calibration and performance testing of dose controller. 

· Modify administering tube so that a positive visual indication of flow can be seen 

· Analyze any possible error caused by moving the slider to higher or lower concentrations(Dale), (which shifts the moment around the pivot point and effects dosing). 

· Create a poster and presentation to display P3 competition and award 


Validation testing of orifice 

1. Understand and accommodate surface tension issue.  Is the triple scale the solution?  Is there are simpler solution available?  How will the use of alum and chlorine affect surface tension?  Will it become a non issue once we begin working with these chemicals? (Literature survey on surface tension of alum and chlorine solutions) 

2. Test accuracy and precision of orifice.  Will drilling technique play a roll in dosing reliability?   Will Korifice change with different materials, or for that matter, different drilling techniques?  These tests to be performed over broad  spectrum of orifice sizes 

3.  Clogging experiments.  Check with Antonio and Sarah to determine if sediment is still a problem at Agalteca or if the sediment trap has solved the problem. Determine if they are stirring the alum stock tank  every few hours based on the myth that they are keeping the alum in suspension. If they are, that could be the source of the sediment. We have not yet discovered the cause of the clogs in Honduras - precipitation or sediment.  Run a series of gravity fed experiments to determine if alum precipitation is a potential problem.  If we can not prove alum precipitation then we can assume the problem is sediment.  Sediment will be much easier for us to deal with as a simple strainer or sedimentation trap can be used to solve these problems. 

4. "A second acrylic model plant needs to be constructed.  Also modifications need to be made to the first one: a larger manifold in the bottom of the sed. tank. Maybe for the second plan one in which water could be run through would be pretty stellar and would be a good educational tool." (Dale) (The design work for this should be done during the summer, but we should wait to begin implementation until after we receive the EPA P3 Phase 2 grant probably in August.)  May need a group of two others to work on this- Ill see how much time people plan on spending per week on Agua Clara 


Future Objectives 

· Automate selection of orifice and design of scale.  From a given plant flow rate, we should be able to produce the two (or three) orifice sizes and the two (or three) scales. 

· Incorporate rotometers in design between stock tank and constant head tank to allow quick and accurate visual indication of dosages. Determine the effect on the location of the stock tanks. Note that this will require the stock tanks to be elevated to accommodate head loss in the rotometers. 

· Generate a parts list of all components.  Work with engineers in Honduras to determine which components need to be compromised to allow local material access. 

· Work with the design team to create a float valve database of the Kerick valves that we will use for larger plants.  Also, find different fittings for valve so that we are using a barbed connection instead of compression 
· Create the design algorithm that will choose the correct float valve 


Research Areas

Material selection
For this topic- discuss the pros and cons of each material, the suitability for use with chlorine, price comparison between materials.  Availability in Honduras is going to be a difficult topic to discuss as we are not there to see for ourselves.  We do have two people on the ground in Honduras who can suss out materials in Honduras but we should make sure we know exactly what we are looking for before we contact them.  A good rule of thumb from my own experiences are that anything that can be found in a general hardware store is most likely available in Honduras.  If you spend an hour on the web finding this component, it probably isn't readily available.  There are more parts available in these countries than you would expect however, again from my experiences, they will have almost exactly what you need.  Try to keep material selection simple and elegant.  As of now, it looks like maximizing use of 1/2" PVC piping and minimizing the use of other specialty fittings will be the most realistic approach.  Still, document research on the various materials listed below.  Include suppliers.

What is our chlorine concentration in the dosing tank??

PVC and CPVC appear to be the most durable material, especially in regards to chlorine dosing
Acetal
Polypro
Kynar
Legris - right now this is the material we have selected - is this the panacea? 
Pex
PVC tubing - flexible
PVC tubing - rigid
Quick disconnect fittings
Flare fittings

I have already completed an initial component and material list.  This should be sketched in an Autocad dwg for initial reference then incorporated into the design tool once things are finalized.
 
Validation testing of doser I
Orifice testing measured as compared to calculated.  Determine if we can have repeatable dosing volumes.  Suggest starting with 5 each of 2 different sizes.  If there is no variance demonstrated, no further testing is needed.  If variance is documented, we need to continue testing and determine what amount of variance exists and what amount of variance is acceptable to us. 

Validation testing of doser II
Determine if material selection will play a roll on orifice performance.  Validation test I will be performed using the Legris Caps.  Repeat the experiment with

Validation testing of doser III
Experiment I will show inaccuracies in the low range that is a result of surface tension.  The current solution to this problem is to add yet another scale and orifice to the system.  Evaluate whether or not this is the best solution.  Test effects of surface tension when alum at 120 g/L concentration is used and also when chlorine is used (only if you can't find any data on surface tension as a function of metal salt concentrations).  The surface tension is most likely still a significant factor for these chemical solutions.   

Validation testing of doser IV
Clogging experiment.  Set up on this experiment is expected to take a while.  Last semesters experiments were inconclusive; we will want to make sure that we come up with a plan that will give us definitive results.  (Monroe doesn't think that clogging experiments are practical in our context. We don't have the same alum source and thus the level of impurities is completely different. Monroe recommends not performing clogging experiments.)  Monroe, my understanding is that the tests were inconclusive as the whether or not the clogging was from Alum precipitation or from dirt and sediment.  One using dirty water to see if the flocs that form lead to clogging.  Right now, it looks like the clogging issue is most certainly coming from alum precipitant that forms along the tube walls, then breaks off and leads to clogging.  We intend to solve this by developing a Preventative Maintenance Program.  This will include cleaning of the flexible tubing/  

Validation testing of doser V
The above experiments will be performed with out using the float and lever arm.  This will allow us to keep the possible errors isolated.  The fourth validation testing will be done using the lever arm and float to ensure that no other errors are incorporated into the chemical doser.   Use aquarium to simulate water level changes in entrance tank - see that levels match up to what is hypothesized and that doser responds accordingly. 

Invent a sedimentation trap
Available in Honduras is a low quality alum that has high levels of dirt and sediment.  Design a trap that will allow the sediment to drop out of suspension thereby reducing plant failures from clogging. (They have installed a sediment trap at Agalteca. Determine if that sediment trap is working and if there is a need for further refinement in design.)  I'll speak with Sarah this week and see is this problem is solved.  Sarah showed photos of current sed trap installed which seems to be working very well.  Monroe gave her some advice on how to make the design a little better and easier to manufacture.  At this point, we do not need to address this issue.

Experiment Procedures

Validation testing of doser I

Purpose
The purpose of Validation Test I is to determine the accuracy and precision of our dosing orifice.  Manufacturing technique plays an important role on the performance of an orifice when used for measuring purposes (quote Munson here).  The shape of the entrance region of an orifice is critical. Vena contracta is a direct result of the entrance region shape and therefore must be consistent from one orifice to another.  CDC team Spring 2010 documented difficulty in obtaining reliable performance between different orifices.  This was blamed on the material left behind from drill-bit break-through.  By changing our procedure to always drilling in the direction of flow, we hope to improve the reliability and predictability of the dose control orifice. 
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