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Presentation Notes
If you have ever designed or worked with a monitoring program, you probably know how it is supposed to work. You collect baseline data before your project begins and in unaffected areas, then collect monitoring data and compare it to the baseline to see if there is any impact from the project. As with any scientific effort, there are assumptions made. You assume your samples and observations are representative of the system as a whole. You assume any changes to the system will affect something you are analyzing for. And crucially, you assume the baseline data that was collected, many years ago in some cases, represents the system as it would be today without any impact. We collect baseline data for surface water, groundwater, soils, vegetation, and wildlife, among other things. In an ideal world, baseline data shows a snapshot of the healthy, unmodified world so we can watch for changes. But any physical scientist can tell you that the world around us is always changing. So, how can that decades-old baseline data be used at all?
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Collecting monitoring data costs money, and of course, operators hate to spend money. Baseline data, especially, is collected before there is any income being generated by a project. Some operators are reluctant to collect data for fear of having it used against them in court. This is a false economy at best. Monitoring data is your only defense in court. It is how you can tell that the BMPs you are using are working, and if your reclamation is doing what you expect it to.
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Monitoring is vital to the protection of our resources. Anyone can see if a river is diverted, a wetland is drained, or a lake is overrun by algae. In this case, we are using the same process internally. The river used to run through here. There’s your baseline. It no longer flows. This is monitoring data. Therefore, there has been an impact. Or has there? The problem is that memory is a tricky beast. I remember swimming in the creek behind my house when I was a kid. When I go look at the same creek today, it is a sluggish, muddy trickle with the inevitable results of watering a lot of cattle. Impact? Not really. What I am actually remembering is one or two exceptionally wet summers through the filter of many decades. When I was six, dodging the occasional floaters was just part of swimming, and my standards for swimmable water were quite a bit lower than they are today. There were also only a couple of spots that were ever swimmable, even with my admittedly low standards. So my baseline is not really accurate. My data lacks a common context. A six-year-old mostly feral boy looks at a resource differently from a professional scientist. This is why we need data. When project timelines are measured in decades, chances are very good that the monitoring data will not be collected by the same people throughout. A native of Nevada has a different idea of what a stream should look like than someone from Ontario. But a cubic foot per second is the same, no matter who measures it.When we collect monitoring data, we are looking for change. Theoretically, change means impact, and lack of change suggests lack of impact. There is more to it than that, of course, but that is the basic idea. The crucial part of this is detecting the changes while we can still do something about it.
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Once we decide there has been a change, we must try to figure out where it is coming from. Sometimes it’s pretty simple. High nitrates downstream from a feedlot. Petroleum hydrocarbons near an old buried fuel tank. Sometimes it is very subtle. A slight shift in pH. A change in the ratio of dissolved sodium compared to calcium. An ephemeral stream that goes dry a couple of weeks earlier than it used to.
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When we have identified an impact and figured out where it is probably coming from, we use monitoring data to decide how to respond. What is the extent of the problem, is it moving, and how can we make it better, or at least keep it from getting worse? 
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For all this to work, we need numbers. Because we know that natural systems vary, baseline data must represent all seasons and conditions to the extent possible.
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Monitoring data is compared to the baseline data to detect changes. Here is where it gets a little tricky. We are dealing with natural systems, and natural systems change. Add in some outside influences, and it can get pretty confusing.
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So we have a baseline that varies with time, within a range. Now we are comparing monitoring data, which also varies within a range. In order to determine if there has been an impact, we need to determine if this fuzzy cloud of points is different from that fuzzy cloud of points. If there has been a really major impact, the points will plot in completely different places. Easy call, there has been an impact. But in most cases there is an overlap, and maybe some of the monitoring data appears to be outside the range of the baseline. Is this an impact? We need statistics to make that determination. We assume our data has a normal distribution, or close to it. If we can’t make that assumption, we may as well wander off to raise llamas in Taos. Because of the way variability works, we will never have the full range of possible values in a dataset, but we can assume most of the numbers are somewhere around the middle. So rather than comparing individual numbers we compare statistical descriptions, and usually this works pretty well.
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We figured out variability, so now we can venture bravely forth and monitor, right? Not so fast. There are also trends, even in baseline data.The environment changes all the time. Particularly in a project that spans decades, the environment today is not the same as the one you started with. Sometimes the variations are due to natural conditions, sometimes they are due to impacts of other industries or activities. How we look at data changes too.Vegetation communities change over time. Most of Montana’s coal mines were formerly grazing land, and likely will be again when the mines are gone. Although there is some limited grazing at some mines, for the most part the permit area has not been grazed for decades. This changes the plant communities, even in undisturbed areas. When the baseline surveys were done, the land had been heavily grazed, as ranchers tried to get the most they could out of the last year or two before the leases took effect. Wildlife ranges are not fixed. Populations respond to pressures and opportunities. Before 1700, elk were primarily prairie animals. Whitetail deer were nearly unknown on the plains. Coyotes were only found in the plains and deserts. Elk have moved to the mountains; whitetail deer and coyotes have spread throughout the continent. Most of the time, we are dealing with smaller movements, but it can still be enough to change the wildlife distribution from baseline to operational phases.
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People are clever, always figuring out better ways to do things. Fifty years ago, there were very few computers around, and those were too expensive and difficult to use for things like routine monitoring. Data was written down in hardcopy and filed. Because graphics were very time consuming and expensive, they were rarely used. You might get a scatter plot on graph paper, or maybe not. Today, spreadsheet software will pump out dozens of different graphs and charts at the click of a mouse. A couple of generations ago, most people looked at a new mine as a benefit, providing jobs and tax base. These days they are more likely to sue to stop it. There are certain points of attack that are commonly used, and monitoring must provide data to defend against these. Conversely, people are more aware of and concerned about the quality of their environment, and monitoring data must provide warnings of potential damage. As regulators we need to accomplish both with the same dataset.Regulations are always changing. By the time an application works its way through several state and federal agencies for approval, the requirements may have changed.
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Let’s look at some of these changes.In the 1990s and early 2000s, coal bed methane operations were big business in the Powder River Basin. They had nothing to do with coal mining, but they were dewatering the coal seams to extract methane. Groundwater drawdowns were seen many miles from the extraction sites, including wells used to collect baseline data. Regardless of the drawdowns, the mines still had to determine the effects of their operations on groundwater. Much of the data has had to account for up to a hundred feet of drawdown coming from outside.
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Here is a selection of baseline data from a coal mine in Montana. I’m a groundwater guy, so these are groundwater levels. This is probably about the simplest data most of us work with. Chemistry, vegetation, and wildlife are much more complex. These wells are all screened in the same coal seam, and none are showing effects from mining.If you look at this hydrograph (red arrow), there seems to be an alarming decline in groundwater levels. It’s pretty tough to call this a baseline and compare a small set of samples to it, looking for impacts.So why not just use this one (yellow arrow)? It’s nice and level, easy to tell if new data is on the same line or not. It will work for some areas, but the groundwater here is two hundred feet lower than the other well, and it is several miles away. The problem here is that coal bed methane came into the area in the early 2000s (yellow line). Pumping was pretty well discontinued by 2012, but the coal seams have not recovered yet. These coal seams are really poor aquifers, and take a long time to recover. We could try to put a trendline on this, but the aquifer will recover at some point, so it will start back upward. We don’t know when or how fast. Probably the best solution is to maintain several baseline wells.
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As if the last set weren’t bad enough, what do you do with a baseline like this? Here we have a well screened in clinker, left behind by a prehistoric coal burn. It is fairly shallow and much more permeable than the coal. We see spikes whenever there is an unusually wet year. Not every year; there are seven spikes here in just over 20 years. To look for impacts here, look for changes in the pattern.
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When I was analyzing thesis data, many years ago, I was working with an atomic absorption spectrometer that ran on vacuum tubes. Even then, it was badly out of date, but the geology department didn’t have a varsity team so we didn’t get the funding we thought we should. These days most analyses are done on computer controlled inductively coupled plasma mass spectrometers, which are much more precise. The science has moved on.
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Much of the vegetation monitoring that used to take months of painstaking collection, identification, and counting can be done with satellite or UAV surveys. In the 1970s, there were no offroad utility vehicles. You packed in your equipment and packed out your samples or did your analysis on the spot with primitive portable test kits. 
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Even in extremely remote locations today, samples can be in the lab within 48 hours, to be analyzed in state-of-the-art, accredited facilities.
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Society’s values change over time. Many things that were considered modern miracles a couple of generations ago are major problems today. Doctor Rutstein discussed the changes in attitudes toward asbestos yesterday. It may well be that the biggest challenge to a particular operation is something nobody is worrying about yet.



BUT MY BASELINE WON’T HOLD STILL!

 Changing Environments

 Changing Methods

 Changing Perceptions

 Changing Regulations

Presenter
Presentation Notes
We need to keep abreast of changing regulations. For example, many of the mines I work with started operation in the late seventies or early eighties. The Black Footed Ferret was declared extinct in 1979, so there was no need for awareness of ferret habitat or impacts on populations. A couple of years later, a few were found in Wyoming, and today there are recovering wild populations which very much must be taken into account in certain areas. The Environmental Protection Agency adds Maximum Contaminant Limits for new substances every few years. In some cases there is no way to predict what compounds may be concerns a few decades down the road, but most of the time a contaminant has been on the candidate list for several years before it is actually regulated. Getting in ahead of changing regulations is sometimes as simple as watching what is added to the candidate lists. Regulatory agencies are always learning what people are concerned about and often add a new requirement to the application procedure. The problem comes about because applications often take years to process, given comment periods, environmental impact statements, and appeals. What happens when a new concern is identified after an application is submitted, but before final approval? Most of the time we can’t require the applicant to change an existing application that met all requirements when it was submitted, but are we really acting in anyone’s best interest to just let it go?
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So we have baseline data that moves around, regulations that keep changing, and any number of variables to account for. What can we do about it? Unfortunately, we live in an imperfect world, and one that is often driven more by litigation than science. My attitude is that I will be sued by someone no matter what I do as a regulator. If I’m wrong, which is less often than I would like, it’s a bonus. If I am right I have the ammunition I need to defend my decision in court.Complete and detailed records are a must. Talk to the people collecting the data, and ask for detailed field notes with dates, times, and personnel involved. Keep track of what is happening in your project area, whether or not it seems to be relevant. Note construction, climate patterns, wildfires, and economic factors. If you are monitoring a coal mine and local agriculture changes practices or crops, make a note. Keep records of meetings with sampling crews. If you add or remove analytes from your chemistry analyses, write down what you changed and why. 
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Be consistent. Don’t make big changes when your baseline is not as solid as you would like. If you add something to your sampling plan, make sure it is included in every subsequent event. Don’t add something this month and take it out next month. Regulatory agencies are not always as consistent as anyone would like, but making your monitoring plan in compliance with all the relevant guidance documents, and keeping it up to date, will head off the need to make a lot of changes. Not always, unfortunately, but most of the time.

https://www.osmre.gov/
https://www.doi.gov/index.cfm
https://www.osmre.gov/
https://www.blm.gov/
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Look for proactive solutions. Check the EPA candidate lists periodically for possible upcoming limits. If there is a substance on the list that could conceivably be linked to your project, look at adding it to the sampling plan before it is required. Keep up on the news. Pesticides, metals, or chemicals that are in the news today could well be regulated tomorrow. Network with colleagues. If someone a couple of states over is having issues, look at your own program and see if you have done everything you can to prepare for the day those issues come to you. Include field audits in your monitoring plans.
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It all comes down to professional standards, in the end. You are the professional. Whether you are a regulator, an operator, or a consultant, your reputation is on the line. Any decision you make may be challenged. Assemble a collection of good sources, and cite them whenever you can. If you can cite accepted industry practices, you are covered. In today’s world, science is less important than it should be. Most agencies end up regulating by litigation, at least to some extent. I always assume that any decision I make will be challenged in court. This does not affect the monitoring I do, but it certainly affects the records I keep. You can’t possibly monitor for everything, but look at your list, and especially what you have left off your list, from a litigation standpoint. You will very likely need to defend it in court someday. If you are not comfortable with the plan and execution, check it over very carefully. Your subconscious may be trying to warn you about something. If, in your professional judgement, all reasonable efforts are being made to monitor for possible foreseeable impacts, you will probably be okay. You won’t always win, but you will never be negligent.



Thanks for Your Attention!

Kevin Krogstad

Montana Department of Environmental Quality

Helena, Montana
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