Design Team Fall 2010 Challenges
Designs for Honduras
· Coordinate with the team in Honduras to create detailed designs for Marcala, Jalaca, and Atima.  Add these sites to the project sites page including design flow, population served. 
Wiki Documentation

· Update the wiki documentation (convert to Word documents and follow the updated Wiki Organization Guide)
· Create and document a better method of exporting CAD drawings for use in MSWord and the wiki. One possibility is export as a wmf (windows metafile). This creates a vector based drawing that can be imported into MSWord. It can be converted to a editable drawing object.
· Archive old files from the design part of the wiki (there is now an archive space in our wiki)
· Create a new wiki page with a series of tables of designs showing the variety of designs that can be created by the ADT. Parameters to vary are Q.Plant (5 L/s, 10 L/s, 25 L/s, 50 L/s, 100 L/s), N.SedTanks of 2 for the 5 L/s otherwise increase to 3 or more for large plants, N.SedBayEst (1 for small flows, increase as the flow increases and try different numbers of bays for larger flows to vary the plant layout). For each design, list the input parameters from the online ADT in a table and then provide links to the AutoCAD, xls, and PDF documents.
Variable Naming Guide

· Add a function naming guide to the variable naming guide. Review the naming guide with the team and then implement the naming guide
· Confirm that all variables in the VNG follow the naming convention and edit and update and noncompliant variables
· Extend the naming convention if there are additional types of variables that don't fit in the existing categories
· Check for consistency with variable names in the specifications document
· Confirm that all variables that are returned to the client in the spreadsheet are defined for all design cases. If there are variables that can't always be defined, then the LabVIEW code will need to be modified to not report variables that aren't defined. It is important that we eliminate errors in the spreadsheet that we return to the client so they don't assume there is a problem with the design.

Online AguaClara Design Tool

· Add language specific email responses that include the requirement that the design be reviewed by a professional engineer and that Cornell is not liable for any damages due to the design. These could be simple text files with a naming convention that includes the identifying number of the language (English is 0, Spanish is 1)
· Update the language data that goes with the ADT so that all labels are translated correctly. Determine if we need to add any new languages. 

· Update the language data in the variable naming guide.
· Review input parameters. Consider adding the slab thickness as a separate input parameter.

· Should there be an option for designing individual unit processes rather than always designing the entire plant? Consider how this will work when filtration is added.
· Considering adding an option for specifying the length of a flocculator channel. Handle this parameter in the same way that the depth of the flocculator is handled. 

Creating layouts and adding dimensions

· Create key 2-D views of the plants using the flatten capabilities of AutoCAD. Work with Monroe to determine how to send these 2-D views to the client.

· Create layouts showing views in paper space as required by the engineer and possible as required for the design specifications document. Create the layouts of standard views based on the suggestions by Gonzalo. 

· Finish debugging the new functions related to creating layouts.

· Find a way to create and edit multiple view ports in one layout. Alternately (and Monroe recommends this approach) only create one viewport per layout. Keep the layouts simpler and less cluttered.

· Add dimensions and elevations to the layouts

· Add a scale to the layouts

· Add the AguaClara logo and disclaimer to each layout page

· We do not have a simple method for adding text descriptions in the user specified language. We need to determine if it is going to be necessary to add text to the layouts. If it is necessary to add text to the layouts then we need to devise a method to do this. We would need a database of text blurbs and unique codes that identify each of the blurbs. The database would have a column of text blurbs for each language. The LabVIEW Design Server would need to send customized commands for each text entry based on the user selected language.
Documentation

· Remove the many unused variables from the VNG

· Update all variables to follow the VNG conventions.

· Determine what drawings are needed to supplement the written information.
· Carefully review the document and double check all reported values against the CAD drawings to make sure that all variables are described correctly. 

· Make sure that all dimensions are accurately specified to avoid confusion between inside and outside dimensions and center to center or space between.

· Request documentation review from field engineers

· Translate the document into Spanish.

Design Review (Error Testing – contact Julie Pierce for guidance)
· Check all elevations as drawn to see if they are correct. There appear to be problems with the rapid mix pipe elevation and the stock tank elevation equations need to be revised based on the actual head loss through the float valve orifice plus a factor of safety (perhaps 20%).

· Create a MathCAD document that executes at the end of the design process (at the bottom of the list of references in the master program)

· Devise a series of independent calculations (with equations that don’t rely on ANY other MathCAD files) to check the design
· One goal is to create an error message explaining what went wrong if the design tool produces a design that is incorrect or if there are variables that are out of range. This error message would be returned to LabVIEW and included in the email to the client.
· Design checks would include

· Energy dissipation rate in the flocculator

· Collision potential based on total flocculator head loss, flocculator residence time, collision potential efficiency based on H/S.
· Head loss through the launder orifices
· Head loss in the waste channels

· Energy dissipation rate in the inlet manifold ports

· The design checks could also be used to calculate parameters that are reported to the client in the specifications document.

Plant Design for Operator Access

Draw the walkways and any necessary stairs at appropriate elevations so it is easy for the operator to access plant controls. Make sure the operator can easily access the CDC and the chemical stock tanks as well as the tank drain valves. The walkways should be quite high (perhaps 50 cm below the tank walls) on the upper side of the plant near the chemical stock tanks. The walkway covering the drain canal could be at the same high elevation or it could be lower and hence closer to the drain valves. The operator must be able to control the valves and observe the sludge/water exiting into the drain canal from the walkway. Perhaps this walkway needs to be built using a metal grate so the operator can see the drain.
The stock tanks need to be accessible for filling with water and chemicals and for stirring.

There needs to be a place to fill a bucket with clean water from the exit channel. This should be a 1.5 inch pipe through the wall with a valve. The walkway must be low enough so that the bucket fits under this valve.
Chemical Storage Tanks

· Evaluate the feasibility of creating a plastic pipe database. Rotoplast is a likely source of plastic tanks in Latin America. 

· Determine how the chemical addition and mixing will be done especially as the tank sizes increase.  What is the upper limit for mixing using a paddle?

· Draw tank outlets, which should be located 10 cm above the base of the tank to allow for sedimentation.

· Add dimension calculations for the chlorine stock tanks to the “ChemStorageTanks” MathCAD file. The existing algorithm to calculate Alum stock tank dimensions can be useful to figure out how to do this.

· Edit “Chlorinestock” in the “AutoCAD Scripts” folder so that it draws the stock tanks (refer to the “Alumstock” file that contains design algorithm for the alum stock tanks). 
· Note that the chlorine tanks could be located lower than the alum tanks since the chlorine is applied in the exit channel. If we set the chlorine tanks lower, then it won't be possible to prechlorinate.  It may be better to set the chlorine tanks at the same elevation as the alum tanks so that the CDC can be used to control both alum and chlorine (and base).
· Draw pipes connecting the storage tanks to the float valve in the constant head tank.

· Include a T in a horizontal section of the line with a drain valve that can be used as a sediment trap to reduce the amount of sediment that gets to the float valve orifice 

Entrance Tank/Rapid Mixer
Entrance Tank Coordination with CDC
· Determine if the CDC should also control the chlorine and base chemical feeds. 
· Determine how the stock tanks for the various feeds should be positioned to make access and plumbing easy. 
· Determine if the CDC is going to continue to be positioned directly on top of the entrance tank or if there is a method to move the dosing half of the CDC lever off to the side to reduce the risk of spills into the entrance tank and to make the CDC more accessible. 
· If the CDC continues to fit directly on top of the Entrance Tank, then make sure that the entrance tank is wide enough for the CDC to fit. Devise means for the CDC to fit on larger entrance tanks for larger flows. 
· Coordinate with the CDC team to add the Kerick valves (mini and larger sizes) to a database so that the correct valve can be selected based on the valve orifice size. Note that the flow ratings providing by Kerick are for high pressure and are irrelevant for us. We need to use the orifice equation based on the difference in elevation between the stock tank outlet and the float valve. The orifice sizes are given for each valve and are not to be confused with the thread size! 
· Draw the CDC in the correct position. 

Entrance Tank improvements

Consider sloping the bottom of the entrance tank at 60 degrees like a cone to the drain. Or add a drain system that is similar to the drain system in the bottom of a sed tank. This drain would be opened daily to flush out accumulated solids

Use a minimum of 3” drain valve (the 2” drain valve at Marcala clogs). However, clogging might not be as big of a problem if this is purged at least every day. Perhaps the drain valve should be large enough to handle the entire plant flow so that the purge velocities are high and the large sediment can be scoured out of the tank. A valve to handle the entire plant flow will be large and expensive. How can we create a reasonable design algorithm for this valve?

Consider adding 

· inlet manifold - (to eliminate short circuiting). The inlet manifold would be directly connected to the LFOM that is in the Raw Water Control Box. In this case the bottom of the Entrance Tank would be a valley identical to a sedimentation tank bay.

· plate settlers - It would be good to test this in a facility. It wouldn’t take many plate settlers in an entrance tank and we could determine if they make any difference in water quality. Their effectiveness would depend on the raw water composition.

· launder – how would this connect to the rapid mix pipe and alum dosing line.

The alum feed line must be installed securely because it can’t be easily checked during operation.

Eliminate the macro/micro mix orifices and replace with a single orifice that generates 1 W/kg of energy dissipation. This will eliminate or significantly reduce clogging problems. Design the rapid mix orifice/alum feed line so that it can easily be accessed and removed for inspection.

Raw Water Control Box 

All of our plants should be designed so that the transmission line is allowed to run continuously even when the plant is shut off. This way when there is dirty water coming to the plant the plant can be turned off and the transmission line will eventually clear itself of the very dirty water. This will be accomplished with a raw water control box. The overflow will be across a sharp crested weir. This will make it impossible to send more flow to a plant than it can handle. 

The raw water control box will be a small shallow tank inside the entrance tank. The raw water control box should contain the screen that is used to catch large debris to protect the control orifices from clogging. It must be easily accessible to the operator because the screen will need to be cleaned.

Water will exit the RWCB through a pipe that goes through the bottom of the RWCB. This pipe will serve as an inlet manifold into the entrance tank.
Low Flow Rapid Mix Design
· Create a micromix orifice interface on the coupling.
· Create a method to adjust the total head loss through the plant by adding more small orifices to the orifice plate. This is necessary to get the desired relationship between head loss and flow for the entire plant. It is done once at plant startup. 
· Determine how to calculate the number of micromix orifices. This number is constrained by the goal of being able to easily add more orifices to adjust the total plant head loss at plant startup
High Flow Rapid Mix Design

For plant flows that require rapid mix pipes larger than 8 inches in diameter it probably makes more sense to build the entrance tank sharing a wall with the flocculator. The rapid mix would then be a constructed square duct. The micro mix orifice would be the inlet at the bottom of the floc tank wall.
· Create the algorithm to select which plant layout is used
· Create the design logic to draw the two different plant layouts
· Determine how to choose the entrance tank dimensions and location. Should the entrance tank be a channel that is similar to a flocculator channel? Or should the entrance tank have geometry that is closer to square? Do an analysis of construction materials. Note that the entrance tank is higher than the flocculator and thus if it shares a wall with the flocculator, that wall will need to be higher. Should the entrance tank be along the side of the flocculator or along the end of the flocculator channels? Consider the plumbing connections to the stock tanks and operator access.

Air entrapment in vertical rapid mix tube below micro mix orifice

We have strong evidence that air is being trapped in the vertical section of the rapid mix tube below the micro mix orifice at Agalteca. The head loss in the rapid mix tube increases causing the entrance tank to overflow even though the flow rate is less than the design flow rate.
We hypothesize that the air slow accumulates below the vena contracta because the velocity in the vena contracta is too high for air bubbles to travel upward. Below the vena contracta where the velocities are lower the water velocity is too low to carry the bubbles down and into the flocculator. In addition, the pressure in the middle of the vena contracta can be reduced significantly. At Agalteca the dosing tube was hanging down into the vena contracta. The low pressure in the vena contracta (The Bernoulli equation can be used to show this.) may have caused air to flow through the dosing tube into the vena contracta.
To solve these problems we need to make several changes. 

1. The dosing tube should not be in the vena contracta. The dosing tube should be centered at the very top of the rapid mix tube.

2. We need a low velocity escape route for air that is caught below the vena contracta. We are proposing that a 1/2" PVC pipe be inserted inside the rapid mix pipe against the inside wall of the pipe and down to a hole in the micro mix orifice plate. This 1/2" pipe will extend up through the maximum water surface in the entrance tank. It will provide a stagnant water path for air bubbles to travel up and out of the rapid mix pipe.

3. It may be better to have the orifice plate attached to a pipe coupling rather that have the orifice cut into a pipe cap that is at the very top of the pipe going to the flocculator. The plate would be submerged further below the water surface and the dosing tube would not be so close to the orifice. That would provide some opportunity for some mixing before reaching the micromixing orifice.

Drain Systems for Entrance Tank and Stock Tanks

· Add a drain for the entrance tank that can be opened by pulling a pipe nipple (that protrudes through the water surface) out of a coupling embedded in the entrance tank slab. 

· Connect drains from the stock tanks and the entrance tank to the drain line that runs along the side of the plant to the drain channel.

· Add a 2 inch nominal diameter drain port under the perpendicular weir that will connect the inlet and outlet channels to the control box. The drain port will consist of 2 elbows connected by a short pipe nipple that is buried in the concrete beneath the perpendicular section of the weir. The top of the elbows will be flush with the channel floor and will provide a means to drain the part of each of the channel that currently can't be emptied into the control box. A pipe nipple that extends through the water surface will be used in the control box to plug these drain ports. This addition may require the control box to be made slightly larger or may require that the existing ports in the control box be relocated.
Drain Channel (Dchannel)
· Draw the drain channel along the inlet channel side of the sedimentation tank and flocculation tank.
· The channel should be sloped with the high end at the floc tank and the low end at the sed tank.

· Devise method of building channel when the flocculator tank slab is higher than the sedimentation tank slab.
Plant Pipe Plumbing

Identify high level drawing procedures that are frequently used and create high level functions with easy to use inputs to execute these procedures. One possible high level plumbing procedure could take a series of points in 3D and draw a pipe and elbows to connect those points. To get from the line connecting one pair of points to the line connecting the next pair of points would require a 90 degree bend – an elbow.
PVC Pipe Couplings
· Couplings are currently drawn to a user-specified length, but in reality come only in lengths dictated by the pipe geometry and pipe specifications. The coupling length is approximately twice the socket depth plus the pipe wall thickness. [image: image1.png]Pibe ind
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 Research at McMaster to find coupling lengths, add to the pipe database, and update so function calls pre-specified lengths. Compare the coupling function with the functions that are used to create tees, elbows, and caps and make sure that they use a consistent approach with similar inputs.
· Update all couplings to coupling subtract function so we do not have to keep both files/functions.
PVC Pipe Male Adaptors (female socket to male National Pipe Thread)

· Add PVC Pipe Male Adaptors to the pipe database.

· Make sure that all drawings of male adaptors (to connect to threaded components) are done using a high level function call that references the pipe database for dimensions.
Flocculation Tank

· Adapt the code used to create the plate settler modules to create baffle modules for the case where the baffles are plastic. 
· Review the construction photos from Agalteca to see how the baffle modules are constructed. Note the use of a large cap to provide an easy way for one module to connect to the next module. 

· Make sure that the hydrostatic force of the water (caused by the head loss across a channel full of baffles) is transferred to the wall by the PVC connector pipes at the downstream end of the channel. Thus direction matters in how these baffle modules are placed in each channel. 

Sedimentation Tank

· Add a constraint for the minimum flow per sed tank bay. Override the user inputs for both the number of bays and the number of tanks if the user specified values cause flows that are too small. The sed tank design fails for very small flows because the tanks get so short that there is no space between the channels.

· Insert MathType equations to show how the algorithm is solving for the various geometries.

Inlet Manifold

· Use a flexible coupling based on the new design that will make it possible to remove the Inlet Manifold given the tight space constraints in the sedimentation tank and the goal of having the manifold extend the entire length of the sedimentation tank.

Launders

· Launder connection at exit channel end needs to be updated to a flexible coupling: a short piece of tubing will extend out of the coupling that is embedded in the wall which will connect to the flexible rubber coupling connecting to the launder.
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· Maximize length of launder to extend tight against the inlet channel wall.

· Code and place small concrete ledges on the inlet channel wall of the sedimentation tank to support the end of each of the launders. Take into account the outside diameter of the pipe cap on the end of the launder.

Floating Floc Skimmer (Potential addition)
This item should be evaluated through discussions with the team in Honduras.

A drain pipe that makes it possible to skim flocs from the surface of the sedimentation tank. We have these installed at Marcala and Tamara. We need to assess whether they are necessary and useful or whether the new submerged chemical feed system at Agalteca makes these skimmers obsolete.
Floc Hopper (Potential addition)
This item should be evaluated through discussions with the team in Honduras.

This option may become necessary if we succeed in creating a floc blanket. The floc hopper would be used to control the depth of the floc blanket.

Filtration

We are in the process of evaluating filtration (either foam or stacked rapid sand filters) for addition to the AguaClara plants. Although we are still early in the research stage it would be useful to begin creating the design algorithms and the drawing tools for the eventual addition of filtration. This team needs to work very close with the filtration research teams. Given the concerns about long term durability of foam Monroe suggests focusing this early design effort on the stacked filtration approach.
· Create algorithms for determining critical elevations
· bottom of the filter
· backwash gutter elevation relative to water source coming from exit channel of sedimentation tank
· Distribution tank inlet elevation
· Add backwash velocity equation to fluids functions
· Add clean filter head loss equation to fluids functions
· Experiment with new plumbing functions for drawing the required manifolds, valves. 
· Determine what new user inputs will need to be added to the ADT.  For now include these inputs at the top of the MathCAD filtration file. 
· Determine what new expert input will be needed. For now include these inputs at the top of the MathCAD filtration file. 
· Create preliminary automated drawings. 

