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Mark:
Thanks, Steve. Actually, when you first published the announcement for this conference it was picked up by our president of our Pennsylvania operations and they said, "What's going on here? This looks interesting." And so I contacted Steve to find out what was going on and of course he said, "Oh, well, I'm planning to have you come here and present." In fact, from that perspective of being the director of innovation and environmental stewardship, so I direct the research and environmental program for American Water, a large water and wastewater utility. We operate in 32 states in the United States and the province of Ontario in Canada. It does give you a perspective around industry and so it was fun to step back and look at that. And I'll touch on some of the infrastructure issues. But since the challenge of this presentation was challenges for water in the next century, holy smokes what a challenge. I can hardly figure out what I'm going to do next week, let alone what's going to be in the next 100 years.


So I really struggled with that task that Steve had given me. But then I realized whatever predictions we make here, by the time the next 100 years are over everyone will have long, long forgotten and probably be long gone to decide whether we were actually right or not. So with that kind of security in mind I kind of felt that we could just launch on all kinds of interesting predictions about the future and we'll just leave it at that to see whether they actually come true.


So it's really from this perspective of looking at water, wastewater, the fact that we operate 400 drinking water systems and 300 wastewater systems, over 80 of those wastewater systems practice a reuse to treat that wastewater for reclaimed purposes. We operate the largest desalinization plant currently in the United States, so really from that kind of overall perspective I thought I would kind of launch a top 10 issues for water challenges, kind of in a David Letterman top 10. It's not particularly funny but it is 10 ideas that we talk about for water. 

And I think the first most fundamental change is going to go on in the next century and that's already here is around climate change. That's going to be very fundamental into how we look at our industry, how we manage our water resources, how we operate our water systems because of this fundamental shift that's going to go on. And we all are aware of those impacts. 

Because of that, in 2005 American Water became one of the first water/wastewater utilities that were part of a voluntary program sponsored by the U.S. EPA called Climate Leaders and that is a program for businesses to voluntarily track and set goals for reducing their greenhouse gas emissions. And the nice thing about this for a water industry is that our greenhouse gas footprint is not real complicated and so I like simple things. 

First of all, the EPA said only track items that are more than half a percent because we're looking to track and look for opportunities for reducing so diminished sources of CO2 emissions are not so important. And it really comes down to three different areas: Our stationary combustion, that is our boilers, generators and heating within our buildings account for about four percent of our greenhouse gas emissions. Within American Water are mobile sources of emissions which is our vehicles, account for about 3 percent of our greenhouse gas. So all our trucks, our vehicles, if we converted them all to hybrid or eclectics we would really only move the needle a little bit. You can see from refrigerants and wastewater treatment plants only primarily because the 300 systems we operate tend to be very small, it isn't a very important portion of our carbon footprint at this point. 


But our use of electricity and as Steve already alluded to, to treat and to pump water, is our huge portion, 93 percent of our greenhouse gas emissions come from our use of electricity. And when we look at that, Alan had already alluded to this, between 3 and 4 percent of the electricity in the United States is used for treating water or wastewater and in California that can go up in the range of close to 20 percent. And that varies widely depending on the nature of the source, groundwater or surface water, if the water can come by gravity from mountain or has to be pumped around and that's really the reason for the high energy use in California. When you have to pump the water from the northern part of the state to the southern part of the state, you start to use some energy. 

And when we look at the trend towards increasing levels of treatment, we see what Alan was referring to, that UV and ozone, even microfiltration will add about a 10 percent increase in our energy use. But when we get to some of the more advanced treatments, ultra filtration or nano filtration or reverse osmosis, it's a doubling of the energy use just for the treatment portion alone and so that's a significant investment in energy and it's interesting because our Environmental Protection Agency that's protecting our environment supposedly really doesn't consider sustainability in these environmental regulations and perhaps that's area one where we could better talk about sure it's important to protect public health. That's what the basis of the Safe Drinking Water Act Amendment is. But gee, we ought to be doing this commensurate with protecting the environment.


But 80 to 90 percent of the energy used by a water utility is actually in the pumping of the water. So fundamentally our business isn't so much to treat water. It's to move water from here to your house. And in doing so, that creates -- that needs a lot of energy. At eight pounds a gallon we're moving a lot of heavy stuff and that requires energy to put that into. And so, the concern here is that the pumps that are used may be actually older, as old as some of our pipes. And so why we've been talking about the problem with our aging infrastructure, it's not just that infrastructure part is in the aging pipes but it's not using necessarily very efficient means for moving that water and perhaps that'd be an area then for at universities to consider how do we optimize our energy use of our pumps. Are there new designs that we could do? Are there more efficient ways of pumping that water? That would be a huge benefit to this industry and an 80 to 90 percent reduction in our energy use.


For American Water, our electric bill is $96 million a year. So if we could even have a 10 percent savings of $10 million, I can tell you there's a whole bunch of executives who'd be really interested in that. 

Moving on to number two, infrastructure integrity top challenges in the next century. Each day, approximately 6 billion -- in fact this is a little bit dated. As I was writing the paper for this one for the updated civil engineering report and now this is up to 7 billion gallons, so about 18 percent of the water, Alan showed you about 42 billion gallons produced for drinking water each day in the United States. So if 7 billion leaks out that's about 18 percent of our water leaks out of the pipes as we pump it from the treatment plan to your house. And so 14 to 18, somewhere in that range and that's a big issue for us operating 44,000 miles of Maine is the concern about that leaking water. 

Not only is that leaking water a resource issue and as we get into climate change and have scarce water, we can't afford to lose that water. But from a climate change part is that there's an investment in energy to treat and pump that water that leaks out. So it's hugely inefficient on a number of different areas and something that is from the infrastructure standpoint not really tolerable. 

And so one way that we've been addressing this issue is looking for new approaches to looking at leak control. And one technology that we've been researching since 2005 is this acoustic monitor called an MLOG. It's a device about this big. It straps to a pipe, a copper pipe and it just straps onto it. At the bottom of this it has an acoustic monitor that in the middle of the night between 2:00 AM and 4:00 AM the unit wakes up and listens during that quiet time of the night to listen for the quietest period. And you get a tracing like this and here's a pipe that had been quiet for a period of time and then suddenly we start to see the first time that that pipe starts to leak. 

Now if you've ever been at home and kind of hear like water running through the pipes because maybe someone's toilet is running or a faucet is left on, but that same kind of sound happens out in the distribution system but under the pressures at a lot louder. And so these devices can pick that up and can capture those sounds and can send that sound through a fixed network back to a centralized computer. So essentially, every night we can scan our system, our distribution system to see if there's any new leaks out there. And this technology has been piloted in several locations. This is a community in Pennsylvania. It's along a river. It's very steep terrain here so if a pipe did leak it's not likely to come to the surface. It would travel down and you would probably never see, know that that pipe was leaking. 

The dots on this map, this is a street map from the town, are where these different MLOG units are located in the meter pit of different residences in the community. And the big red dot here is one that's showing -- every night it listens and it gives you three readings. It's quiet so it doesn't hear any sound; that's a green. It hears some sounds but it's not sure if it's a leak or not; that's a yellow, kind of indeterminate. And then the red sound is it hears sound and because it's monitoring in five different frequencies say that the characteristic of that sound is very characteristic of a leak. And sure enough when we -- this is the tracing from this unit to see it was kind of quiet. Maybe a couple different blips and then suddenly a lot of noise starting to come from this location. Other units in the area also picked up that sound and in between these two, right down the street is where we found this leak. And in fact, here is the leaking cast iron pipe. There's a pinhole leak, this water spraying up, hitting the sewer line which I'll come back to in a few minutes so remember this picture, and spraying off here and near the sewer line is this crack in the joint. 

Well, this MLOG technology has been very successful. Within the first couple weeks of installing it, it reported leaks in the system that the utility didn't know before and in the first six months it reduced the non-revenue water -- as a utility that's water we don't bill you, so that's water that we produce but we can't bill and utility managers don't like to have lots of non-revenue water. We like to have lots of revenue water. And reduced that non-revenue water 50 percent from over 20 percent down to about 10 percent water loss and that was sufficient to pay for this entire monitoring system with a payback in about eight months. 

But more importantly than just finding the leaks, it also started to tell us now when the pipes first started to leak. We never knew that before. The only way we would know a leak had occurred is when it started to gush up off the street and everything washed away. So using this technology now allows us to go beyond just asking are there leaks but what are the factors that start a pipe to leak in the first place.


And we've been tracking temperatures in the system and this is a graph of the temperature changes of the surface water at the treatment plant and the crossover here, all these diamonds, are the different main breaks in that system. And when we start to analyze this data we find that there are trends here. Whenever there was an increase in the temperature that was associated with a main break as well as whenever there was a rapid decrease in the temperature. So these rapid changes in water temperatures are putting stresses on the pipe as the pipe being metallic is conducting the temperature but the soil exterior to it will be relatively constant. So that temperature is putting stresses on the pipe and we can see that those stresses are resulting in when the pipe first starts to leak. 

So using this, we can start to anticipate the leak occurring. We can develop proactive leak management. So rather than breaking at 2:00 AM on Saturday morning, we know the pipe is leaking, we can develop preventive maintenance strategies and get out there ahead of time. 

In fact, this technology has been so successful we're rolling it out in several districts in California, not because California had a lot of leaks. In fact, their non-revenue water is about eight percent, which is pretty darn good. But the challenge in California is there's just not a lot of water and they can't even allow eight percent of the water to leak out and so this is, starting last fall, over 2,000 units, these MLOG units are installed so you can see where all those locations are. And just within the first weeks of installing this, we find a number of locations. These are all the red dots here kind of embedded through here where it's finding leaks that the utility didn't know had occurred before. 

So not only leak detection is preserving this precious resource but it's giving insights into the factors that are causing the pipes to break in the first place. When then leads us then to this issue around distribution system integrity. And this integrity is important not only the pipes to be able to convey the water but to convey the water at adequate pressure for reliability of supply. 

And so for about the last ten years we've been looking at these issues of pressure transience in the system. These are pressure waves that travel through the system whenever water changes in velocity. So if you had a pump that was pumping and the power went out and it suddenly stopped, that stoppage of that pump would result in these pressure waves. Eventually the system within a few seconds would come back to equilibrium but during this time and here is an example for 16 seconds it's drawing a negative pressure. So wherever that pipe was leaking, it was leaking because it was under pressure. Now, when it's drawing on a negative pressure, it's going to such contaminants back in. And that breach in that integrity of that pipe now is a portal for allowing contaminants to enter in.


So I showed you already one picture of a leaking water main next to a sewer main. So whatever caused this sewer main to break also caused this water line to break and so it's not too difficult to conceive how there might be sewage present in this area. And so if this water main had experienced one of these negative pressure transients, how contaminants could come in. And Michelle is going to talk about this in more detail. 

But it clearly shows the interrelationship between water and wastewater systems and that's the message I want to take here is not only do we have an important issue around drinking water infrastructure, we have important issues around wastewater infrastructure. And to get a better handle around these pressure transients, we also have been going back to the water meters because this is something utilities already have in place.


The approach here is to try and get utilities to use information they already have but look at it in a different way. And various manufacturers sell these backflow sensing meters. Normally the meter is flowing in one direction and that meter totals how much we can bill you in your water bill. But if the meter flows backwards then that's a problem because that means the water is flowing back now into the distribution system. That backflow has the potential to bring contaminants into the distribution system.


So using these backflow sensing meters we can start to understand the nature exchange of water. And so the meter has two different abilities to measure or capture a low flow if there's more than a tenth of a gallon. And actually recently they've changed this now if there's more than a gallon flowing backwards in a 15 minute interval, they'll put a one in a register and if there's more than 10 gallons it'll put a two in a register so you have a kind of semi-quantitative event that happened and a level of magnitude. 

We asked the meter manufacturer to send us some data. They contacted one of the utilities that had bought this and they sent us a 35 day dataset from 3900 customers and we were surprised to find that there were nearly 200 backflow events during that period. Well, they also sent us the addresses of those locations. So we mapped that out. This is a community in West Virginia. And you can see that these meters that are reporting backflow with the green flags here are having more than 10 gallons of water flowing back into the distribution system. But what had happened, they had a main break at this location here at the exact time this system had taken their water storage tanks offline for cleaning and for repainting. So that was really a bad idea to take both of them off at the same time. That left the system very vulnerable to this main break to drawing these negative pressures.


But this is not an uncommon situation. We start to look at meter data, here's some field desk data from a system in Pennsylvania. Here they have 3300 meters and the red indication here are meters that are reporting a backflow during one period of time. And so we went back to the utility and said what was going on and there was a main break at this location. We commonly think about a main break as a break, a breach in the system. So we valve it off, we repair, we'll disinfect that piece of pipe, we'll put it back into service. What this data is showing us is that that level of impact from that broken water main may be a lot larger than we thought. 

In 2008 there was a study conducted in Finland which reported an increase in gastrointestinal illnesses in customers that live downstream from a main break and so it's not just the contaminants that get in during the broken main but the potential for backflow during those systems. So we've been starting to tabulate that, how often that happens. Here, we installed 150 meters. This was done for a research project and you can see that the number that were positive for backflow, so it's really a negative flow, 22. So about 2 percent of the meters. You see that's pretty much between 1 and 2 percent every month are showing some level of backflow. In this other system in Pennsylvania, where we have 3,000 meters, again it's between 1 and 2 percent of the meters. And in West Virginia where we've been tracking it, again about 2 percent of the meters we would say from several different utilities, different parts of the country are seeing this backflow. So it starts to say there may be a substantial amount of interchange of water that’s coming between the service line and the drinking water system.

Well, how is this coming? It would be due to these pressure transients. And so again using the same automatic or advanced metering infrastructure we can send out an alert that any time the meter is flowing backwards to send us a signal; we'd really like to know about that. And as we start to collect this data, here for over a period of a three month interval where we were interrogating the meters every six hours we found a couple customers that had between 38 and 42 of these backflow events occurred at that location and that's probably due to variations in pressure at that system drawing low pressures in the system that's allowing the water in the house to come back into the distribution system.


So the nice part about this is we have the infrastructure that could do this analysis and report it to us. By reporting this through an automatic metering system and having that analysis we can have either the leaking system or the backflowing meter come to central computer. If it's hooked up through the internet it can text message you or phone you. Your distribution could call you up and say, "Hey, we have a leak out on East Elm Street. You probably want to take a look at that." So it's the kind of technology that we can start to employ now.


But that backflow could also be a security issue. So if a meter was flowing backwards for a period of time, it's not just a transient event. It means that someone's actually pumping something into your system and so again a backflowing meter might be our first line of perimeter around the security issue. And since 9/11 there's been heightened security. But as Alan showed you it's very disconcerting that the level of concern around security has been steadily decreasing until we have another event which will propel it back up. That's not the way we ought to be operating our business.


So studies that we did with USGS and US EPA looked at a number of different routine monitors and could look at the reliability because that's the first thing that utilities want to do. If they put a sensor in, you want to be certain that it was reliable. We found that temperature and specific connectivity, ORP, the oxidation reduction potential and chlorine and PH were pretty reliable sensors. They typically only need to be calibrated once a month. They were pretty accurate. Some of the other parameters weren't as accurate, having some failures of the probes.


And work with US EPA on this TEVA, threat evaluation and vulnerability analysis, is a software program that could look at where should we be placing these probes in the system. And the computer can pick the optimum locations and those are shown here in blue. So the computer is recommending putting them in these optimum locations. What essentially it does is run a routine that assumes that every point in the system could be contaminated and therefore where should you place a sensor to get its optimum response. 


But the problem is you don't always have access to those locations so the red dots on here show the practical locations where your water utility has a pumping station or has some opportunity to actually put in monitors. And when we look at the comparisons between those, the seven practical sites versus the seven optimal sites, in a scenario where at least hypothetically a microbial contaminant through a computer model is injected into the system, if there were no sensors it predicts that 10,000 people in this system would become infected from this contamination. If there were optimum sensors at optimum sites and we're able to detect the contamination right away and fix it, we would reduce the infection rate 82 percent. So it'd be a good investment in public health protection. But if we put it at only practical sites, we'd only reduce the health risk by 30 percent. And so having reliable sensors and putting them at the right location and having and responding quickly is a key factor because if we only have seven sensors at optimum locations but we don't respond for 12 hours then we reduce the public health protection down to 41 percent. So the security analysis is telling us that commensurate with those backflowing sensoring meters the monitors and the meters can be a network of being able to better monitor our system.


Which gets us now to number five -- we're about halfway through our top 10 list. And the kind of change was happening in the industry; they're starting to look at all this information from a risk standpoint. And that's very good because as Steve said kind of our career started with maybe doing a coliform test. And in essence, every time we went out and did a coliform test, we were kind of doing a risk analysis of the system. We did a coliform and if it was negative for coliform then we had low risk; if it was positive for coliform maybe we had some risk. 

Well, now we're getting a lot more sophisticated and recognizing the limitations of that kind of approach. And a recent American Academy of Microbiology report said there was really great value in doing risk assessment but it's not just necessarily getting an answer. It's not a linear process from I ask a question is something risky, is there ______ my water or I do have contaminants to come deciding what is that risk. But the real value of this is the iterative approach, is the way of organizing information within a risk context and start asking when I've organized my various pieces does it allow me to be able to answer a risk question. 

And it's exactly this kind of approach that we've been building in looking at this question around pressure transients. So we ask the question how often do power outages occur at pumping stations? And surprisingly some parts of the country it's fairly common. It's not uncommon in the Midwest in the summer to have a lightning storm take out the power and suddenly the pumps go down. So that would create a pressure transient. We could identify using computer models where those negative pressures would occur. We could look at those leaking sewer lines and look at what the risk of those pathogens might be. 

In one small study we published in 2003, 56 percent of the soil samples immediately exterior to the pipeline had the presence of human enteric viruses, polio virus, hepatitis virus, Norwalk virus in the soil that were coming from leaking sewer lines. So if we have a level of pathogens we can determine the transport and the risk of the customer. 

This kind of framework now allows us to make management decisions about better understanding what drives that risk and where would we be putting our emphasis. Do we install more of the MLOGs so we can reduce the amount of leakage? Do we have better pressure management in the system? Is maintaining a disinfectant residual protective? Those are the kind of questions utilities want to know. Where do I make my investment that's going to give me my best return in public health protection?


And so this is too complicated to go into too much this morning but I'll show you one piece of information. By putting all those pieces of information together, one can do a sensitivity analysis and say even though I may have uncertainty about those different components, which of them is the most important. And as we did this kind of quantitative risk modeling for this intrusion event, what we found was this coincidence of contamination was real important. 

So here is an example where we had a 16 second negative pressure event. During that 16 seconds the model tells us that one liter of water could intrude into the system. As that water is flowing by in the pipeline, that one liter would be mixed with 38 liters that would travel during that time. So essentially we have a piece of water 38 liters large that's now contaminated with microbial contaminants and that piece of water now is going to travel through the system. So we asked what's the probability that a customer is actually going to be drinking that water? And we can put that into a probability context by doing Monte Carlo analysis. 

Here we see this would be just the dilution factor that would come from different events happening over different time intervals. But the risk of that shifts about a hundredfold because that 16 second interval, the probability that someone's actually going to drink that piece of water is pretty remote. So it's very helpful in telling us that the duration of that transient is real important. A very short transient for a few seconds probably is not going to have a very large public health impact just because the probability of someone actually drinking that piece of contaminated water is pretty low. But a longer event increases the probability that a customer will become exposed to it, which now tells us when we do our monitoring it's not just looking at the average quality of the system but we have to change our monitoring and distribution system to look at those individual short pieces. It's really changing our entire approach to distribution system monitoring.

Moving on, I've already kind of alluded to the fact that drinking water and wastewater are intimately related if not so much because our pipes are laid close to each other which raises a question we've talked about , the drinking water infrastructure challenge but is also an even larger wastewater infrastructure challenge. The American Society of Civil Engineers have given wastewater reliability a very low, a poor rating and every year it's estimated that 850 billion gallons of untreated sewage is discharged through unsanitary sewer overflows resulting in about 10 billion gallons of raw sewage annually. 

EPA estimates that $390 billion is needed for wastewater infrastructure upgrades added to the $300 billion for drinking water infrastructure upgrades. So you're now in about $700 billion. That used to sound like a lot of money before we started throwing around all this stimulus package money but nevertheless, it's still a pretty important chunk of change. 

And so one way that we've been looking at this because we said we operate 300 wastewater systems is this interesting technology called electroscanning. Because most sewer pipes are made of clay or cement, they actually act as a resistor and we can insert this electrode that's shown here with a ball to kind of blow up and capture some water. As you pull this electrode through, you put another one in the soil. Anyplace where there's a leaking break in the sewer line now has a decrease in resistance and we can see a signal. And so, you can pull the electrode through the system and get different blips. And it's interesting, here you can see a 12 inch, an 8 inch and a 4 inch crack resulted in a different size of the peak. So one can integrate the size of the peak here and estimate the size of the leakage.


We've compared this against the conventional closed circuit TV and you can see that the electroscanning was far more effective detecting between two and 20 times more defects at a lower cost and a greater productivity because you just pull this on through. Any place you're finding leaks in the pipe it's going to show up. And this allows us then by understanding the size of that leak to start to put this into a cost benefit model for utility. As the cost of increased investment to fix those leaks increases we can see by reducing those largest leaks first we can reduce the cost of treatment shown here in yellow. Because that large leak is going to allow rainwater to flow in, that's going to increase the wastewater treatment cost. By investing a certain amount to reduce that inflow can find the overall lowest point as far as cost benefit. Going out and fixing the smaller leaks just has an increase in costs without really a dramatic benefit in INI control. So we can give a very rational approach to a utility, "You should spend this much to fix these many leaks at these locations." 

And since we're talking about wastewater and increasingly those lines between drinking water and wastewater are being blurred, the seventh trend that we'll see increasingly used, particularly driven around climate change is the growing practice of using reclaimed water. About 1.7 billion gallons is currently used today and that's a growing trend. 

In New York City along Battery Park there's the Solaire Apartment building there and in the basement American Water operates a membrane bioreactor wastewater treatment plant that takes the waste from this apartment complex, treats that and then recycles that treated wastewater back through the apartment building for flushing toilets. It irrigates the grounds around that and is used for makeup for the air conditioning. Not only is that done in Solaire but in several other apartment buildings along Battery Park. So we don't quite operate all of New York City yet but we're working on that as far as this distributed wastewater treatment process and we'll hear more about that later. 

But the terminology could be called distributed treatment or satellite treatment. I kind of like the idea of sewer mining because you mine things that are precious and it's really changing our perspective on sewage as just being a waste to get rid of. Sorry, Alan, you probably should have maybe given more thought to this in your studies about the value of wastewater and not just the waste but increasingly we're seeing this as a valuable commodity. Certainly, the water to be used treated could be used for other purposes. 


But when we start to look at this it starts to make a lot of sense. It enhances the collection system capabilities as we're taking that water, reusing it. It's not putting that stress on the wastewater collection system. Because that's water that doesn't have to come by advancing or increasing the size of the drinking water supply, it defers future costs for that. It minimizes the infrastructure requirement which as Dr. _____ talked about, we're going to provide water and we have this huge cost of providing this dual distribution system; we could treat it and provide it on location and it keeps the costs there. Because we're not pumping that, the wastewater treatment plant is usually at the bottom of the hill because the first thing they teach you in engineering is that sewage flows downhill and so if that happens then you have to pump it back uphill. So by having this sewer mining we're able to treat it and deliver that water on location. So it enhances sustainability and has a lot of other operational concerns.

Getting close, number eight, on desalinization. Again, due to climate change we'll be looking at alternative source of supply, reclaimed water being one that's already readily available. But desalinization is an option given that about half of the population lives in coastal areas where ocean water is readily available. And American Water is currently operating the Tampa Bay desalinization plant here, a 20 million gallon a day desalinization facility. But there's still a lot of challenges in desalinization: Brine disposal, pretreatment, energy efficiency. 

But one way that energy efficiency is being addressed is by co-locating these plants next to a power plant. Use the heated cooling water from the power plant to run that through the desalinization plant. That warm water requires less energy to produce -- to desalinate through the reverse osmosis membranes than does cold water. So we're currently doing a pilot at Moss Landing in Monterrey, California. America Water will be the operator for the Carlsbad now that it finally has gotten its last approvals. And Tampa Bay does the same kind of thing. 

But the issue around membrane fouling is still a major problem with desalinization membranes and this opportunity brings something we learned from drinking water, that is the occurrence of small molecularly biodegradable organic material called assimible(?) organic carbon. That's the part of the carbon that bacteria can assimilate or they can eat. And we see that really nowhere in the philosophy or design of desalinization pretreatment is a concern about this biodegradable organic material because that organic material can pass through the treatment process and accumulate on the membrane surface where bacteria can grow and foul. 

And so we've been developing a bioluminescent AOC test, have developed that for reclaimed waters and now are doing that for salt water where we can follow the growth of these bacteria on the luminometer, fit that to a model that can tell us what the maximum level is, that's the AOC and not only that but how fast they're utilizing the AOC and it gives us an insight into the nature of organic carbon. 

 A few more minutes just to wrap up here on Alan had talked about the next -- this number nine on the challenge list, this intersection between energy and water. And this is going to be a growing issue in the next century as we need energy to produce water, as I showed you what our greenhouse gas footprint is but we need water to produce energy. And increasingly those are going to be at odds with each other and enough so that the Energy Policy Act directed our national research laboratories to start to examine this. And this is not something that isn't far from the headlines of the news. You remember back in December the earthen dams that captured the coal ash broke in Tennessee and that coal ash flooded the areas, contaminated the Tennessee River. Well, that's upstream from our Chattanooga, Tennessee operations. So it was quite a concern. 

But another growing issue that’s kind of a little more quiet is increased gas exploration occurring on the Marcellus Shale Reserve has enough gas to provide the energy needs for the United States and that reserve for the next 150 years. And so there's increasing gas exploration outside of the Texas area now in our backyard in parts of New York, Pennsylvania, Ohio and West Virginia. And so here is an example of a gas well that's being drilled and they use about 5 million gallons per well for hydraulic fracturing to inject that water into the ground and that water comes back up with very high minerals. And so also in December that was disposed of in a wastewater treatment plant and in the Mohanahala(?) River there was concern about very high levels of dissolved solids coming from this gas exploration. 

So the interconnection between energy exploration and water quality are intricately related and we need to find common solutions for that. One way would be increase in solar power. This is at our Canal Road plant in New Jersey. It's interesting because the solar power is a really good fit in that it's providing the peak amount of energy from the solar at the peak time of the day so it matches very well kind of peak usage. As much as the utility can move its pumping off peak still to meet demands, there needs to be times of the day when I would be pumping and so solar can be one option for that. And this plant alone is reducing over 200 metric tons of CO2 gases offsetting the operations from this plant.


But looking at wastewater as another option increasingly looking at natural gas coming from digesters. But using that may be a little bit more sophisticated than we had before, that natural gas coming in to produce electricity but the heat from that could be used in a thermal chiller to chill water and to also provide dry, hot air. So we can get our heating and cooling and electricity through better use of these types of resources.


And one case in Illinois, this came from doing one of our environmental audits of a pumping station, found that there was a landfill just two miles away. And so we're in the process of negotiating with the landfill operator to put in a two mile pipeline because we already have a natural gas generator at this location and so we can run all of the water pumping from the methane that comes from this landfill. In fact it has ten times more natural gas than what we need.


Finally, the last comment I want to put with you is since we're looking at this hundred year timeframe, is a question in 100 years will anyone actually drink piped water? Will that be considered as kind of quaint or archaic as talking with the telephone that still has a cord attached to it? And so this really comes to ask ourselves what in the next 100 years could be a disruptive technology that could completely change the way that we think about water and water delivery? And I just threw out one idea. Maybe this is kind of harebrained but we're moving from a fossil fuel to a hydrogen economy and what happens when we produce all of this electricity from hydrogen fuel cells? 

And I picked up here this picture of the Mr. Fusion, you recall from Back to the Future, in the future they had the Mr. Fusion on the back of the car that powered it. But it's not so surprising that once you're driving around in your hydrogen fuel cell car, the result of that producing electricity is water. And will someday you drive up to your home, go to the back of it and drain the water from your hydrogen fuel cell. Now you have molecularly pure water, no microbial contaminants, no chemical contaminants, no lead, no nothing. It's safe water. And would that completely change the way that we view our industry? Would it change the way that we operate our assets? Would it change the way we even regulate? So much of our regulation is based on public health. What if the issues around water had nothing to do with public health? 


 It would really start to change it to being stewards of this water environment. It would not mean that we would not have piped water. We just wouldn't be drinking that. As Alan pointed out, we still need fire protection. We still need waste disposal, irrigation and the rest. But what would the customer value? Currently the customer values water because it's safe. It's public health protection. But when public health is taken out of that how would water be valued? It'd be valued for its environmental sustainability. 

So now this future may not necessarily come about. But it's important that water policy thinkers start to think now around what if the water is not primarily valued from a public health standpoint but around its environmental stewardship? If we protect it from energy drilling, customers still value water for the quality of life that it gives to a community. 

So this is a very exciting time to work in the water industry. These ten challenges provide opportunities for innovative solutions. The challenge really is for students to come, think of creative ways of how we could do things differently in the future. And as Alan pointed out, we have this eleventh challenge around the aging workforce. It means that students who now come in are going to be a key factor for being able to deliver on these solutions in the future and really should consider this an exciting and challenging time in a rewarding career. As Alan pointed out this is kind of the reason why he got in. But you are literally saving lives and protecting public health, protecting the environment and providing that necessary valid service. 

So in my 10 challenges I think the eleventh challenge is out to the students to consider water as a potential career because it's a great opportunity to be able to make contributions to the science and to the community that will be far reaching and long lasting. With that, I guess we'll take some questions. And you have to use the microphone.

Q:
Thank you for the top ten list and I wanted to ask you is your company doing anything with your wastewater treatment plants to grow algae to make biofuels?
Mark:
Yes. A question on algae and biofuels is something that we are looking at and following that trend in the industry. Right now I said we operate 300 wastewater plants but they are all very small. So the opportunity for that kind of economy of scale doesn't exist, primarily from algal growths. But we're certainly looking at that again from the sewer mining, mining the wastewater, certainly looking at its potential as a biofuel. Just last week I was talking with an inventor that wanted to produce gasoline from bio solids, looking at that for mining the phosphorous and ammonia, valuable commodities. So definitely the perspective is changing around wastewater and what we'll be doing with it. 

I mean just last year there was an auction, an auction went for $80 million to buy the rights to the wastewater flows for a community in Arizona because that established future water rights in a very water limited area, enough so to make me think that I'm going to stop peeing and I'm going to save it and that'll be worth something down the road. That wasn't on TV, was it? Okay.
Q:
You’re the same guy that's going to drink non-alcoholic beer. You have to think about that. One of the things that you didn't hit on that I'm very interested in is what your future planning for water distribution is. And I ask that, I'm a resident of the City of Bombay so we don't have any water planning and we drink almost anything. But the reality is that is American Water for example looking at how they might plan future distribution systems compared to the traditional methods used in bricks and mortar today? 
Mark:
Yes, that was interesting. It made me think when I was nodding my head north and south with Alan's response around dual distribution systems. From that standpoint I don’t think that that is credible in existing cities. Out in Arizona where it's a completely planned community, we operate a system that has -- we provide the drinking water, we provide the wastewater collection, we treat that and provide the reclaimed water. I'm certain some executive up on our third floor said, "Wait a second. Tell me this right. We charge them for the drinking water. We charge them for the wastewater. We charge them for the reclaimed water. We charge the same water three times. That's brilliant. We should be doing that more often." But the reality around the planning is not that that's likely to do most places. Where we see the more likely example in New York City where we can provide distributive treatment and provide that treatment locally. An advantage is that could be tailored. Now these were apartment buildings. But we've provided for a golf course or a school. The treatment can be tailored commensurate with its particular applications. I see a lot more around reclaimed water delivered on that than kind of dual distribution systems.

But kind of the larger part is why we have a horizon talking here for 100 years, the reality is that our planning cycles are much shorter. Even a 20 year horizon would be a long time at this point and we don't see those kinds of dramatic changes happening in the next 20 years. We're a very cautious and conservative and slow changing industry and we were doing pretty much the same thing 20 years ago. We'll be doing the same thing that we are today in 20 years. Unless there is that revolutionary change in technology which we should not forget because that could be around the corner. 
Q:
I was thinking more in the lines of system design or redesign. You'll hear some discussion this afternoon about security issues. But have you or are you as an entity looking at creating discreet areas in terms of you were talking about backflow prevention, you were talking about that kind of mechanical architecture of a system. 
Mark:
Well, we pretty much have discreet areas because just of our way of managing pressure and pressure zones. So that'd be one component. But we're not changing the design or operations of the distribution system from that standpoint. We have a long ways to go around our security and I think to use the technology we already have out there, we have 3 million meters out there. We need to make those meters start working for us more than just telling us how to bill the customer. So I think we kind of take the low-hanging fruit first before we start looking at the more complicated issues. 
END
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