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Abstract

This project was intended to find a way to remove the high levels of H2S in the Coffin Butte Land Fill. The removal of H2S would result in the production of a fuel cell. Our experiment was to determine a way in which to read levels of H2S that fall below what the gas chromatograph and the RAY systems hand pump can detect. The GC can accurately detect levels of H2S above 10 ppm and the hand pump can detect levels as low as .2 ppm. The method being tested in this experiment for determining H2S levels beneath .2 ppm was the double pump. After the completion of the first pull of 100mL of land fill gas into the pump, and after the tube was finished detecting H2S levels, a second 100mL sample of gas was pulled through the same tube. This made it possible to read double the amount of H2S as a single pump. Also used to detect small amounts of H2S readings were the triple, quadruple and quintuple pumps. From the use of T Tests it can be determined that the multiple pump methods used in this experiment were 97% accurate.

Introduction


This study was to investigate the accuracy and uses of the multiple pump method for the Rae Systems LP-1200 hand pump in testing H2S content of the Coffin Butte Landfill gas. Currently, Coffin Butte Landfill uses three gas engines to drive the AC generators, providing energy for nearly 1,800 homes. However, some of the landfill gas is not converted to energy, but flared. Because Coffin Butte is expected to increase its garbage intake it would like to expand its energy output. Instead of burning the gas they could be using as an energy source, they would like to find a way to utilize it. In order to do so, they are looking at using more engines to transform the gas, or to use a fuel cell. The benefit of using a fuel cell is that it’s more efficient than the 30% efficiency of the engines they are currently using. Another benefit of the fuel cell is that its environment friendly so it’s cleaner than the method they are using now. A disadvantage, though, is that fuel cells must operate on clean hydrogen. Right now, the raw landfill gas that the fuel cell would be using contains 300 ppm of hydrogen sulfide (H2S.) In order to function properly, the gas must contain less than 1 ppm of H2S. 
The ultimate goal of the project at Crescent Valley is to find an efficient method for sulfur removal. As part of that project, we used the RAE Systems LP-1200 Hand Pump to measure the level of H2S present in the raw landfill gas as well as the reformed gas. We needed to find the best method for testing the gas with the hand pump, such as where to draw the gas from and how many pumps to take. In order to see if our H2S readings are correct, we compared our results with those of the people working with the gas chromatograph. Our main focus in our independent project is to determine a way to read the amount of H2S present when it is below the lowest possible reading of the RAE Systems test tube. The lowest content reading is .2 ppm, and we are hoping to obtain gas that is cleaner than that. Because the gas chromatograph can only read levels of H2S at 10 ppm and higher, it is important that we find a way to read those results accurately and efficiently. This is the main objective in our portion of the Crescent Valley - OSU - Coffin Butte Landfill project. 

To complete this task, reading traces of H2S content in Landfill gas, it was necessary to communicate with the other groups who collected gas on a regular basis. To be helpful and efficient enough for the other groups to want to use the results found this investigation had to find a stable way to store and measure the gas samples that had been collected. Another goal in this project was to find a way to compare results, to check accuracy to tests done by the Gas Chromatograph group.  


Testing the gas by directly pulling it from the gas sample bags will provide the best results. The pump would prove accurate and with enough trials compared to GC results. Our pump’s accuracy could be vital to the success of this project. It would provide on the spot results and very low level readings to help analyze gas contents. This pump will give Crescent Valley High School the ability to measure different types of gases and find out the purity of reformed landfill gas. It could be used in later research projects for students investigating new projects in the area. This pump’s accuracy will give a new tool to the science department; it will broaden the scientific horizons for all incoming students in the future. With more resources the CVHS science department can grow, provide more opportunities, and have confidence in future results. The pump will prove to be accurate and will provide more resources to the future of CV Science. 
Methods

First and foremost, a method had to be found for drawing the gas into the test tube. The H2S had to be in a standing container so that it wouldn’t allow any outside gases, such as oxygen, into the test tube. If outside gases were to find their way into the gas being tested, the results could be less accurate. Also, the gas couldn’t be drawn directly from the hose containing gas at the landfill because the gas was being pushed out of the hose and into the tube, giving a larger sample than what was wanted due to the pressure. It was decided to draw the gas from a gas sample bag because the bag provides a stable environment and there are no outside gases that could be acting upon the H2S to alter the results. The bag has no pressure that is forcing the gas out, so the correct amount of gas would be drawn from the bag. 

The next task was to determine a way to read the amount of H2S present when it was below .2 ppm. The method used was the double pump. The double pump was taking back-to-back samples with the same tube. In order to do this, the tube had to be connected to both the bag and the pump. After the reading from the first pull was complete, a second pump was performed which doubled the amount of gas in the tube. Since the reading of the second pull was the sum of the two pulls, that result had to be divided by two to obtain the average. (In the table, the second, third, fourth and fifth pull results are the numbers read directly from the tube, not the average of the pulls.) This method is also more accurate because it gives the average of two tests rather than the single result of one.

The double pump had to be tested with higher concentrations of gas first so that they could be compared with the G.C. since the lowest reading of H2S the GC can read is 10 ppm. This determined if the double pump method was efficient when used with the smaller concentrations. At least fifteen accurate trials were completed to confirm that the double pump method was precise. If all of those trials were compatible with the G.C., then it could be assumed that when this method was used on a smaller concentration of H2S then the results would be reliable. Further methods to obtain miniscule amounts of H2S are the triple pump, the quadruple pump and the quintuple pump. These multiple pump methods allowed the reading of H2S to an infinitely small amount. Each pump pulls through 100mL of land fill gas, allowing a larger visible appearance on the RAY systems tubes. With more volume of gas in the pump the reading on the pump shall be higher and thus can be divided by the number of pumps taken to find the H2S content for each pump. This permits the reading of extremely small traces of H2S in the land fill gas. 

When testing the landfill gas, the pump measured several different levels of H2S. Reformer groups provided their bags of reformed gas to test and each bag generally had a different reading of H2S. Because of this, different tubes had to be used. Each box of tubes contains a different range in readings. For example, one box will read levels of H2S 1-7 ppm, while other boxes read as much as 100-2000 ppm. The method used was the trial and error method when determining a tube range to use when testing gas. The level of H2S in the bags of gas the reformer groups collected was unknown, so it had to be guessed as to which range to use. The color of the chemicals in the tube changes, indicating the ppm of H2S in that sample. If a bas was tested and the chemicals changed color all the way up to the top, then a tube with a larger range had to be used instead. Once a tube was found that contains the ppm of H2S in the gas, the double pump, sometimes the triple, quadruple, and quintuple pumps, was used to complete our testing. 
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Figure 2

Discussion:


In response to the question of this study whether or not multiple pumps is an accurate way to test low gas samples, this study shows that it is. Using multiple pumps can allow the user the ability to test extremely low contents of H2S, which are unreachable by the GC. There have been inaccurate results but the flaw has been found in the procedure for each miss-trial. At first it was unknown whether or not to keep the valve on the sample bag open while drawing the gas, but it had to be kept open in order to maintain flow. This is true because closing it gave inconsistent results while keeping it open gave the same result each time. The reason why the early figures were so different than the results of the G.C. was because the bag being tested was two weeks old and the gas should only be sampled within two days of the sample taken. The next flaw was not opening the valve far enough to retrieve the amount of gas needed for testing. As soon as these flaws were fixed, the results were the same as those of the G.C. 

               A T-Test was used to check the accuracy of the results. A T-Test is a comparison between two sets of data with unequal variance. The results of the T-Tests show that the data falls within the ninetieth percentiles. The first pump data compared to the GC data was 97.24% accurate. This means that the first pull will be correct 97 out of 100 pulls. The double pump yielded a 98.9% accuracy compared to the GC. This T-Testing was repeated for triple, quadruple, and quintuple pumps compared to the GC, but these multiple pump methods were not tested a sufficient number of times to declare them with precision. These findings will allow future use of this pump. In the future of this Coffin Butte Land Fill Project, someone will hopefully be able to reform the land fill gas to a level that the GC is not able to read. The pump will give these people the ability to measure the lowest levels of H2S.

However, the results found in this study indicate a slight inaccuracy of the hand pump. The pump was tested and compared to be, an average, 97% accurate. The pump wasn’t 100% correct because there was no precise way to measure if it pulled in exactly 100mL every time. There was also no way to know if each different 100mL samples weren’t more or less saturated with H2S. Science is full of variables and the results of this study portray just how many variables can affect a seemingly simple procedure. In science, results cannot be 100% because nothing in the real world works 100 out of 100 times. Outside air could have contaminated the test samples. H2S could have leaked out of the gas bags. These aspects of the experiment were simply contaminates which were unreachable. In all investigations, it takes time to critique the experiment until there is the slightest possibility for error. In the future it will be necessary to discover ways to prevent gas sample contaminations. More tests should be taken to keep testing the accuracy of the hand pump. This study needs to be critiqued and modified to reduce the possibility for error on each gas sample and test tube. To continue this study one should test gas sample contamination, find exact H2S contents to test, and always compare results with any available resource.


In this study, it was found that silica gel reformation did not clean the gas enough. The reformed gas from the bug groups was never available to be analyzed and thus no conclusion about bug reformation has been made. With the data from this study the hand pump can be used with multiple pumps to extremely low traces of H2S content. Other gases may be measured, with different tubes, using the LP 1200 hand pump. Rae Systems has tubes that can be used to measure different gas traces in the landfill gas.


To continue this study it will be important to test multiple gas samples before the samples sit in the bags for more than two days. Groups continuing this investigation should communicate with gas reformation groups, the GC groups, and the people at Rae Systems. New updates for the pump could come out at any time. The study should be performed by taking up to three pumps on each tube to get more tests and less possibility for errors.


If this were continued, the next logical step would be to find a known, extremely low H2S content and test it using multiple pumps with the hand pump. This would show the accuracy of the pump reading extremely small amounts of H2S or other gases. The fact that the pump might leak H2S or air or air contaminates the pump is testing is one major unknown. To continue this project it will be very important to find the purity of the tested gas samples.
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	This investigation shows that, 97% of the time, the multiple pump methods are accurate. As shown in Figure 1, results attained for the single pump math those of the GC’s and results from the double pump are approximately double that of the original pump.


	Figure 2 shows that the overall testing of the hand pump is 97% accurate, the testing of the double pump is 98.9% accurate, the triple pump is 99.7% accurate, the quadruple pump is 98.3% accurate and the quintuple pump is 99.97% accurate. The results of the quadruple and quintuple pumps have not been tested a sufficient number of times to declare the obtained results entirely precise. 
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