2nd Generation Design of Low Cost Water Sampler
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Objective of the Water Sampler

Our objective is to produce an inexpensive and simple water sampler that could collect water sample in third world countries, like Tajikistan. The collected sample would be used to send to the laboratory to measure the quality of runoff water, most particularly phosphorus considerations, in order to provide the necessary providences. We seek to produce a sampler that is simple enough that people with no proficiency in engineering can operate the water sample without a problem. Sampler users could change, clean, and manage the water sampler by themselves without an engineer’s supervision. As of now, one could simply hire an engineer, purchase a water sampler, and go to Tajikistan to manage the sampling. However, to do so can be expensive in terms of both money and resources.  The most limiting factor in the project is the engineer.  

Our aim is to create a new water sampler that is almost entirely mechanical. At first glance, one would think that water sampler should be made using electrical parts and programming. However, the problem with electrical parts is that when a problem arises, it requires the operator to know how the whole systems works and be able to fix it; in another words, a 50K engineer. Another problem is that if a part of the electronic parts is broken, it requires time for the replacement part to be shipped to Tajikistan. During that time, the sampler may miss important data collection. By building the sampler based on mechanical parts and principles, if a part is broken, the operator can simply find the part in a hardware store to replace it. The current cost for each sampler is roughly from $10K. Our cost objective for the new sampler is to reduce the manufacture cost by a magnitude of 10.  

The functional objective of the water sampler is to determine the load of nutritional elements such as nitrogen and phosphorus in the surface runoff from agricultural land. To do so, the water sampler must have the following functionalities: 

· Extract the runoff water through a vertical hole pattern plate that has a constant fraction of the total volume of the water going through the flume. 

· Pump that defined fraction of water collected into a splitter for storage in two separated containers with a constant split ratio. 

· Store and preserve the sample for laboratory testing

· Send the condition of the sampler, volume of the sample, rate of the water enter the sampler to a distant station by telemetry 

· Be independent from outside source of electricity

In summary, our main goal is to be able to produce a water sampler that is:

· Easy to build and maintain

· Cheap

· Easy to clean

· Accurate

· Reliable

· Modular

· Unitary

How does the water sampler work? (Calculation of load) 

The purpose of the water sampler is to measure and collect the flow of the sample from the surface runoff. Based on the flow rate, the water sample will be stored and preserved by adding pH of less than 2. The sample will then be sent to lab for calculating the total concentration of nitrogen and phosphorus. The objective in the lab is to calculate the load of a specific element, which is found by using the following equation where flow rate, or flux (QF) is the amount of water that flows through the sampler per unit time and concentration (C) is the amount of phosphorus in the sample. Both flow and concentration vary independently over time. 

Mass = Volume * Concentration

Load [mg]  = ∫ (Flux[L] ∙ Concentration[mgp /L] dt

Load = QF (L) * C (mg/L)

To calculate the flow rate, QF, the sampler must be able to record how long the pump has turned on and how much water has been collected. The flow rate, QF, can be found by different methods depending on the type of the water sampler. 

The SDS water sampler is suitable for measuring events from small plots (half acre or smaller) in which large particulate water is limited.  The current system assumes free-flow discharge with no backwater hydraulic events, thus the flow can be calculated as a function of the upstream head. The flume function q=f(h) is based on converting water depth (potential energy) to water velocity (kinetic energy).  Thus, if you consume water kinetic energy you can affect the flume function between depth and flux. 

Most data herein has been extracted from previous reports developed by former interns and a link to their website is available right next to the text.
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Figure 1: Schematic Diagram of the essential component of Water Sampler
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We have two types of sampler: analog sampler and encoder sampler. The analog sampler collects the water data continuously meaning the water samples collected are the representative of the fluid flow that passes over a certain interval of time. The encoder collects the data discretely meaning the flumes merely take discrete time samples of the water. Both can provide an approximation of the integration of the load. However since the analog sampler is a continuous sampler, it provides a more perfect integration than the discrete sampler.  A more detailed description of each sampler can be found in the latter part of the report. The similarity and difference between the two samplers is shown in the table below. 
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Table 1:Table 1: The Similarity and Difference between the two Sampler.
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Overview of the Analog Sampler 

The idea behind how the analog sample work is based on the law of conservation of energy and the law of Bernoulli. The analog sampler has a special mechanical device, or manifold, that was designed to simulate the law of Bernoulli to help determines the flow rate Q. Law of Bernoulli states that the flow through a small hole is a function of the square root of water level. A special manifold was added between the flume and the pump to calculate the flow rate. More details on how the manifold was created to replicate the calculation of flow rate is shown later in the report. 

See page 4-5/17 of Description and proposed solutions for water sampling system. 

Shown below is a Functional Table of the Sampler’s parts 

	Unit
	Part
	Function

	Collection Unit
	Field
	The sampler is set up in the field/ranch to collect water sample.

	
	Ditch
	Water will flow from the field into the ditch.


	
	Flume
	The surface runoff water is then passed into the flume.

	
	Filter
	Filter is set up to filter out the soil from the field.

	
	Manifold
	A special designed manifold will take a constant ratio of the runoff water and pass the water continue though the sampler. The current manifold is designed with the ratio of 1/300 of the total surface runoff. This ratio depends on few factors such as the size of the flume, the size of the collector bucket that will be sent to the laboratory. For more information on the ration, See _____    

	
	Collection Tube
	The water is then accumulated in the collection tube.

	Trigger Unit
	Switch
	When the water in the collector tube reaches a certain level, a switch is trigger to activate the pump. The current level that was set up is 600ml.

	
	Pump
	The pump will pump most of the water out of the collection tube, leaving only some water behind for the operation of the switch and to prevent air from pumping into the latter system.

	Splitter Unit
	Pipe
	The pumped water will enter into a pipe into the splitter system.

	
	Splitter System 
	The splitter system will divide the sample into 2 storage units: 1/43 and 42/43 of the pumped water. The ratio is subject to change depending on factors such as the setup of the splitter system, the diameter of the tube, and power of the pump. The splitter system is set up to make sure that water will be sample no matter if there is a heavy or light rain. When there is heavy rain, the water from the 1/43 storage unit will be used since the 42/43 units will be overflow. Water from an overflow tank cannot be used for sampling since it will not reflect the actual concentration of the mineral.

	Storage Unit
	Storage
	Dose of sulfuric acid is added to preserve the sample. The amount added is proportional to the amount of water is collected.

	Control Unit
	Basic Stamp 
	A control unit is set up using a microcontroller- Basic Stamp. It is programmed to control the activation of the pump, record the number of cycle it has pumped and the time that it took place, and control the power supply of the battery.

	
	Telemetry
	The information from the Basic Stamp is sent to the researcher’s computer though telemetry.

	Power Unit
	Solar Panel 
	Solar Panel converts solar energy to electrical energy. 

	
	Battery 
	The battery is set up to store the electrical energy from the solar Panel in order to provide power for the whole sampler. 


Table 2: Functional Table of the Sampler's Component
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Figure 2: Water sampling units installed on the field to collect water sample

Collection Unit 












[ For more detail picture, please refer to Appendix A] 

Purpose: 

To collect samples of the water from the field’s surface runoff.   

Requirement: 

1) Easy to Clean since the manifold always get clogged up 

2) Easy to Assemble [modular design], but need to make sure the parts are fit tightly together to avoid leakage 

Past Design/ Existing System: 

a. Description 

The parts of the collection unit such as the switch, manifold and the collection tube was welded together. 

b. Problem 

With the welding, cleaning and changing parts would be difficult.
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Figure 3:Current Collection System. Difficult to change and clean the Manifold. Modular design for Manifold needs to be improved.

Possible Solutions:   

Due to the fact that the hole in the manifold always get clog, improving the attachment of the Manifold would help facilitate the cleaning and assembling process. Below are two possible solution proposed by the interns. 

1) Spring System by Laetitia Goues

· Description 

With the Spring System, the manifold can simply be removed by pushing the manifold. The springs will be compressed and the manifold can be lift up by inserting hands into the collection unit.  Gasket will be installed to insure there will be no leakage. For more information, see Appendix ___
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Figure 4: Schematic of Spring System

2) Guide Rail System by Matthieu Marrecau 

· Description 

With the Guide Rail System, the manifold can simply be removed by sliding along the rail. Metals Plates are inserted between the Manifold and the Collection Unit to absorb the shear stress that will occur during the removal of the Manifold. For more information, see Appendix ___ See Modular design for Manifold.doc [ By Matthieu Marrecau]

[image: image6.jpg]



Figure 5: Schematic Diagram of the Guide Rail System
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Figure 6: Detail Diagram of the Metal Plate

Information From: 

Modular design for Manifold.doc [ By Matthieu Marrecau]

Report Manifold.pdf [ by Laetitia Goues]
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Figure 7:Left-Top View of the Trigger Unit. Right – Schematic Diagram of Switch 

A) Purpose:

To activate the pump in order to transport water from the collection unit to storage unit.  

B) Requirements: 

 It must be:

1. Able to activate the pump when the volume of the sample is reached 600ml

2. A simple mechanical mechanism. 

3. Easy to mount and assemble. 

4. Easy to fix. 

5. Cheap. 

6. Waterproof.    

 C) Past Designs of Switch:  

1) Magnetic Sensor System

i) Description: 

Magnetic sensor system triggers the pump whenever the storage volume inside the sampler is filled. A switch that was installed on the top of the pipe will be activated when the switch detects the magnetic float: a magnetic ring glued on top of a plastic ball that floats on top of the water sample. After the switch has detected the magnet, it will close its contact and switch 0V to the trigger of the LM555 timer, which starts the pumping process for the adjusted time. 

For a more detail explanation:  

C:\Documents and Settings\Intern\Desktop\Arnard's Backup\WR-ARNAUD\kirton\intern_sites_2\oneumann\prototyping frames.htm
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Figure 8: A Magnetic Float Switch together with the Manifold and Collection

ii) Problem with the Magnetic Sensor 

· Contains complicated electronic system. 

· Hard to install the circuit 

· When problem arises in the circuit for LM555, it would be hard to locate the problem

· LM555 timer has been replaced with Basic Stamp

For a detail explanation: 

C:\Documents and Settings\Intern\Desktop\Tiffany\SOP-Sampler\Sampler_improvements_switch.pdf               [page 24] 

2) L-bracket 


 









Figure ____ : Operation of the L-bracket 



i) Description:


The switch is composed of two main parts: the buoy and the L-bracket. The aluminum L-bracket’s dimension was designed specify to allow current to run through when the buoy has risen to a specific height.  

For a detail explanation and how it was made:

C:\Documents and Settings\Intern\Desktop\Tiffany\SOP-Sampler\Sampler_improvements_switch.pdf



ii) Problem: 

· Hard to manufacture the specific angle 

· Need to create a special protective box for the angle 
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Figure ______: Prototype of the L-bracket made with plastic

D) Proposed Solution ( by Karim Jaber) : 


Splitter Unit 













A) Purpose:

To split the water runoff into two parts to prevent the storage unit from overflowing in order to obtain samples of the actuate reflection of the actual surface runoff. 

B) Requirements: 

 It must be:

1. Able to split the surface water runoff sample into two containers with a known ratio between them 

2. Minimize the reliance of pump 

3. A simple mechanical mechanism

4. Easy to mount and assemble

5. Easy to maintain, fix and clean

6. Cheap and reliable 

7. Water and sand proof

8. Build with minimum numbers of part

 C) Past Designs of Splitter: 

C:\Documents and Settings\Intern\Desktop\Tiffany\SOP-Sampler\Sampler_improvements_switch.pdf
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Eigure 23: The old flow split unit.

The main goal here was to make the splitting without needing any pressure
and so avoid the cost of a high performance pump. The idea is here to make the
pumped water pour into a bucket which allows the needed splitting (figure 24)
The problem after that is to keep the water in the bucket before the end of the

pumping to make the splitting correctly. For that the solution can be a valves
system commanded with the switch. As soon as the switch tums off, the vales
get open and released the water in the 2 different containers.

The dimension are 10 cm * 10 cm * 10 cm. So it is easy to build. The small
part is 5cm height so when there is 600 ml in the bucket the small part is filled up
We have also 1 cm wide and 1.3 cm large to get our 1/43 of the 600mI. It does
not need to be precise at the ml, which is why this system could work
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Figure 9: Current Splitter System

2. Two Holed Plates 

1. Description:

· Two holed plates with diameters that was cut in order to obtain desirable water-sampling ratio

2. Problem 

· Requires High Pressure Pump/ Increase in price of the pump

· Clogging Problems from sand particles 

3. Splitting Bucket (Have not been tested) 

C:\Documents and Settings\Intern\Desktop\Tiffany\SOP-Sampler\Sampler_improvements_switch.pdf (p.33)
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Figure 24: The splitting bucket





i) Description: 

· Dimension of Bucket: 10cm x 10cm x 10cm. 

· Dimension of the small part at the corner: 1cm x 1.3cm x 5cm[height]  

· For the splitting system to function correctly, when the pump filled the bucket full of 600ml of water sample, the switch for the pump will turn off, in turns, it will activate the two values at the bottom of the bucket that is connected to the storage unit. Each valve will be open to a different storage container. 

ii) Problem:

· Too complicate meaning this system include two different systems: Bucket + valves. If valves are chosen, this system could be simplified by controlling the operation and the timing of the valves electronically. No need for bucket. 

D) Proposed Solution (By Arnard De Meyer)


The following document contains 3 designs to improve the second splitter system.


1) Without Splitter

2) Electromechanical 

3) Mechanical 

See attach file: Splitter-Pump-062408-V1.0 [ By Arnard De Meyer]

Storage Unit 













[image: image14.wmf]
Figure 10: Storage system

After the manifold is filled the pump actives and deposits water to the storage system.  The storage system consists of two bins and two buckets which are filled after the water sample is split at the T-splitter.  One bucket will collect a small sample of water which should be uncompromised if heavy rainfall is experienced.  The other bucket will collect the large sample which should be collected during times of very little rainfall.

Purpose: 

To collect samples of the water from the field’s surface runoff.   

Requirement: 

3) Easy to Clean since the manifold always get clog up 

4) Easy to Assemble [modular design], but need to make sure the parts are fit tightly together to avoid leakage 

The current storage system placement puts the openings very close to ground level.  This provides avenue for various wildlife (snakes, frogs, etc.) to easily gain access to the storage bins and compromise the integrity of the water samples.

Past Design/ Existing System: 

 Insert pic of the CONNECTION 

Improving the Modular design for Manifold

2) Description 

The parts of the collection unit such as the switch, manifold and the collection tube was welded together. 

3) Problem 

a. With the welding, cleaning and changing parts would be difficult. 

 Find Picture of the manifold [ best if  it show how it is dirty]

Possible Solution:   

Due to the fact that the hole in the manifold always get clog, improving the attachment of the Manifold would help facilitate the cleaning and assembling process. Below are two possible soluction proposed by the interns. 

1) See Report Manifold.pdf [ by Laetitia Goues]

2) See Modular design for Manifold.doc [ By Matthieu Marrecau

Information From: 

Description and Proposed Solutions for Water Sampling System.doc [ by Intern]

Control Unit 













See Report on Single Unit Design_2.doc[ By Matthieu Marrecau , Eunhye Yoon] 

Purpose: 

To collect samples of the water from the field’s surface runoff.   

Requirement: 

5) Easy to Clean since the manifold always get clog up 

6) Easy to Assemble [modular design], but need to make sure the parts are fit tightly together to avoid leakage 

Past Design/ Existing System: 

 Insert pic of the CONNECTION 

Improving the Modular design for Manifold

4) Description 

The parts of the collection unit such as the switch, manifold and the collection tube was welded together. 

5) Problem 

a. With the welding, cleaning and changing parts would be difficult. 

 Find Picture of the manifold [ best if  it show how it is dirty]

Possible Solution:   

Due to the fact that the hole in the manifold always get clog, improving the attachment of the Manifold would help facilitate the cleaning and assembling process. Below are two possible soluction proposed by the interns. 

1) See Report Manifold.pdf [ by Laetitia Goues]

2) See Modular design for Manifold.doc [ By Matthieu Marrecau

Information From: 

Modular design for Manifold.doc [ By Matthieu Marrecau]

Report Manifold.pdf [ by Laetitia Goues]

Power Unit 














The pump, controller, and datalogger are all powered by a 12 Volt, 75 Ampere battery.  The solar panel is used to continuously recharge the battery over the course of the day.  Two models of battery are employed in the samplers at Kirton field: 8A22NF and DC 24 625 500 150.  Both of these batteries are produced by Deka.  
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Figure 12: Battery

Battery Life and Maintenance

Operation of the original water samplers showed a shorter battery life than expected.  Normal lifetime of the batteries should be 2 years but the lifetime of the batteries in the water sampler was not even 1 year.  The reason for this is the additional power being drained from multiple components.

One of the objectives of the SDS water sampler is reducing cost, so battery life must be extended as long as possible.  Batteries easily accept charges due to their low internal resistance, but care must be taken not to over or under-charge.  Doing so can result in reduced capacity and shorter battery lifespan.  Overcharging causes the oxygen and hydrogen to be driven out of the battery through the pressure relief valve, which results in a dried out electrolyte.  Continuously undercharging, however, results in the buildup of sulfate on the positive plate which impedes recharging.  It is essential that the charger limits voltage and is temperature-compensated so that over or under-charging does not occur due to ambient temperature changes.

Purpose: 

To collect samples of the water from the field’s surface runoff.   

Requirement: 

7) Easy to Clean since the manifold always get clog up 

8) Easy to Assemble [modular design], but need to make sure the parts are fit tightly together to avoid leakage 

Past Design/ Existing System: 

 Insert pic of the CONNECTION 

Improving the Modular design for Manifold

6) Description 

The parts of the collection unit such as the switch, manifold and the collection tube was welded together. 

7) Problem 

a. With the welding, cleaning and changing parts would be difficult. 

 Find Picture of the manifold [ best if  it show how it is dirty]

Possible Solution:   

Due to the fact that the hole in the manifold always get clog, improving the attachment of the Manifold would help facilitate the cleaning and assembling process. Below are two possible soluction proposed by the interns. 

1) See Report Manifold.pdf [ by Laetitia Goues]

2) See Modular design for Manifold.doc [ By Matthieu Marrecau

Appendix A: Pictures of the Water Sampler’s Component 

Information From: 

Description and Proposed Solutions for Water Sampling System.doc [ by Intern]
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