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Good (afternoon).My name is  Lindsay WhalinI’m an EG in GWP. Today I get to talk to you about two of my favorite things, mines and mercury..
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First up, why we care about abandoned mines and especially mining sources of mercury in this region.Then I’ll give a status update on them, discuss the desktop analysis completed in 2017 and our strategy for inspecting those that ranked as our highest priority.Finally, I’ll discuss new ways I’m approaching mine investigations and cleanups in our region.
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First, let’s talk about why mines are a water quality problemTo illustrate…



New Almaden Quicksilver Mine, 1863 (Oakland Public Library)
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An 1863 photo of the 2nd largest mercury mining district in the world, New Almaden in San Jose.  In the foreground is a light-colored slope of solid mining waste,  ***on the left’s a pipe spraying water,  ***possibly process wastewater or groundwater from mining tunnels,   and off to the lower right, but out of view at the bottom *** is undoubtedly the creek that all of this is being discharged to,  because creeks were regarded at the time as a convenient waste disposal mechanism.It can be difficult for people to reconcile the idea of a native geologic material being a waste,  but mining brings these subsurface materials to the surface, making them vulnerable to erosion and exposing them to weathering.Weathering alone can make the metals (like mercury) and metalloids (such as arsenic) in the geologic material more likely to dissolve in water.Meaning it isn’t just the crushed and roasted waste rock from ore processing that we define as mining waste, but also soils and bedrock removed to get at the ore – or overburden, liquids leaching from wastes…Really any mining-impacted material that can become a pollutant if it gets into a waterbody.
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And we have a lot of mines in our country, tens of thousands in California alone. I am happy to say that staff in this office have been working on mines at least since I was in high school in the 1990’s.



California
Gold &
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Being loyal Bay Area residents, we are all familiar with the 49ers and therefore know that many of these are gold mines in the Sierras.Perhaps less well known are the mercury mines from the Coast Ranges shown in red, *** here, where cinnabar,  the primary mercury ore, was extracted and roasted, producing liquid mercury, or quicksilver, Mercury has many uses and was mined even before gold in California and intermittently up to the 1970’s. Its use in munitions resulted in mining during both world wars.About 10% of the mercury mined in the Coast Ranges was used in the Sierras to extract gold from ore,  because one of the many interesting properties of mercury is that it can form an alloy with other metals, known as an amalgam.



Carlton Watkins

Denver Public Library
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One approach to gold mining was to blast soft ancient streambed geologic deposits that contained gold with water cannons, and direct the slurry into a sluice box, ***Where it was mixed with liquid mercury to amalgamate gold.Being heavy, the amalgam would settle out in the bottom of the sluice box,So it could be removed. The amalgam was then heated in a retort to evaporate the mercury, leaving behind the gold. The remaining water-sediment slurry in the sluice box would be discharged to a water body at the end of the line. *** Problem was, about 30% of the liquid mercury in these sluice boxes was not recovered, meaning it discharged to that water body.
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*** Some of the liquid mercury used in gold mining in the Sierras still makes its way thru the delta and into the Bay today,  ***then of course there is the mercury from cinnabar ore in the coast ranges that enters our water bodies,Meaning there are two different mining sources of mercury to the san Francisco Bay***To add insult to injury there are also atmospheric sources of mercury, for example from coal burning in China.



Mercury impaired water bodies
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So, quite a few of the water bodies in our region, shown in brown, are on the 303(d) list because mercury exceeds water quality standards.The entire san Francisco bay, also Tomales bay, and rivers in san Jose wait
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you might be asking, So what’s so terrible about mercury?, …



… and is a neurotoxin

Cossaboon et.al., 2015
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Well, it’s an especially worrisome metal. Like others, it transforms as it moves through the natural environment,  moving between different forms and becoming more or less soluble and toxic.But mercury is specially complex because it can be methylated by bacteria under conditions common in wetlands, floodplains, and riparian zones.Methylation produces an especially toxic form called methylmercury which biomagnifies, meaning it concentrates up the foodweb.This is dangerous because it is a neurotoxin. Humans and wildlife are typically exposed by eating contaminated fish.Given how many of our waterbodies are impaired due to mercury, it is no surprise that we have a high concentration of fish consumption advisories compared to the rest of the state.



Wildfires             Erosion of mining waste

US Forest Service
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And our mercury problem is likely to get worse as climate change intensifies.Loading of mine contaminants to our water bodies is likely to escalate due to increased erosion caused by wildfires,  which we are all keenly aware, are getting larger and more frequent.In fact, two mines were hit by wildfires the past 2 years.
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that’s why we care about abandoned mines and mercury mining sources in particular.NOW let’s get you familiar with our mines and talk about what we are doing about them.
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We have around 50, not including quarries.The mercury mines are in pink, throughout coast ranges, san Jose area, Vallejo area, near Tomales..(MOUSE) You may be aware of your sulfur mines in yellow if you were around between 2013 and 15, when we cleaned up Leona in the Oakland Hills.(MOUSE) Some maybe surprising like the coal mines in black.



by Water Board 
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These are the mines where remediation work has been completed, many in partnership with sister agencies such as the Dept of Toxic Substances Control.Significant volumes of mining waste were remediated at our two largest mercury mines, New Almaden (CIRCLE) and Gambonini (CIRCLE), largely because of work by Dyan Whyte. (SLOW)
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We are currently investigating several mines, shown here. As you can see they are all mercury mines.I’ll discuss some in more detail later in the presentation to illustrate  technologies new to our region.***I’m working on one cleanup a the moment, Hillsdale mercury mine in San Jose.  I’ll briefly discuss this site later as well..
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That leaves about 30 mines that were not remediated or in process in 2016 when we decided to use some of the senate bill 445 funding to characterize abandoned mines.That translates to 30% of my time, so my first step was to prioritize these.
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In 2016 we presented to you our approach for a desktop analysis to rank these mines according to their  potential to impact water quality. 



o Evaluate available mine, hydrology, imagery data
§
§
§

o Score mines based on 12 weighted factors, 
including
§
§
§

o Rank mines by score
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Which we completed in 2017.We analyzed data available from the literature like previous inspection and state geologist reports, but also GIS dataon specific mines and hydrology, & water body impairment.We searched for evidence of wastes in google earth.And used this information to score the mines for water quality impacts..Those that scored high have potential constituents of concern that are especially mobile and toxic, like mercury or acid mine drainage…Have evident mining waste at the surface, especially if mobilized, for example eroding waste piles AND…Are connected and proximal to receiving waters, especially if impaired.The mines were then ranked according to their  score.



Ranked by 
water quality threat

Low
Medium
High

Presenter
Presentation Notes
These are the mines that ranked as low threat.For most, this designation was because the commodity mined isn’t typically a threat to water quality, other than turbidity.Low priority mines are unlikely to impact water quality and will therefore not be inspected as part of this effort.



Ranked by 
water quality threat

Low
Medium
High

Presenter
Presentation Notes
Mines in yellow were ranked as medium threat,2 Hg,2 Ag, &1 coalHere there is some possibility of discharge to receiving waters, but the risk is not as great as those in red, ***which are the highest threat, where mining waste piles are present, and connected to receiving waters with some evidence of discharge.We are addressing these first…
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 starting with an inspection where we collect the data necessary to identify if there is a water quality concern and to compare sites to prioritize regulatory action



oVisual Observations
§Mine features

• Openings (adit, shafts…)
• Structures
• Waste - unnatural topo, 

soil characteristics, color, 
odor

§ Contaminant mobility
• Erosion and erodability
• Mine drainage, ARD

oMeasurements
§Distance/grade to 

water features
§Solids 

• Metal(loid)s via X-Ray 
Fluorescence Spec.

§Liquids (mine 
drainage, creeks, 
seeps…)
• pH
• EC
• Potential contaminants

Inspections (screening investigations)
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On site we make visual observations, including looking for mining features that could cause contamination, like adits, structures, and evidence of solid or liquid wastes, such as wasterock piles – these are usually mounded unnaturally at the site,We search for evidence that this waste is mobile, such as erosion of solids, leachate draining from waste piles or mine openings.We also take measurements. such as the distance between waste or mining features and receiving waters, especially if we find high concentrations of metals or metalloids there, which we measure using an X-Ray Fluorescence Spectrometer (or XRF), This is a point and shoot analytical instrument that measures concentrations of metals and metalloids in solids.
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Shown here are the results our XRF returned at an ore processing area at Hastings Mercury Mine just east of Vallejo.As you can see mercury concentrations were high (MOUSE) including over 2000mg/kg, 1000, 400. Those in yellow are above human health soil criteria.But concentrations are also variable there are also some 15 and 16mg/kg and under the detection limit.This variability is due in part to soil heterogeneity, but we also sampled non-soil materials, like brick remnants from the furnace.We are concerned about this area and wasterock piles located just upslope because they drain to springs on site that are connected to a creek.
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The connectivity between the mining features and surface waters well demonstrated in this drone video Terry Seward took during our inspection.(  Talk thru )You can see why Hastings was a high priority for us.
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Advances is science and technology like the XRF, GIS data, and google earth imagery have improved our approach to abandoned mines.To be clear, the XRF is not new to mining. Modern miners have used this tool to measure the concentration of the valuable commodity in their ore for a while.Only in the past decade or so has it been sensitive enough to be useful used in mine cleanup and there are some myths out there that mean it’s still not used very often.We’ve had ours for a year and I’m so impressed I’ve been encouraging its use every since. Because …
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it‘s more cost-effective and quicker than lab soil samples.With an XRF you can take hundreds of measurements for the same price as a dozen or so lab samples.With so many data points, you can better delineate the extent of waste and address soil heterogeneity. As you saw at Hastings, it isn’t uncommon to find 15mg/kg, then move over a few inches and get 15-hundred. The shear number of measurements mean you are less likely to miss a hotspot with an XRF.Finally, you get results in minutes rather than weeks, meaning you can make decisions in the field. Like, we’ve removed all the material above the cleanup level and can stop digging.It is a powerful tool when used properly.
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This is a figure of XRF data from a Guadalupe Mine mercury screening investigation.Each white box with black text is a data point. It’s bout 150 measurements in total taken by the consultant in less than 3 days.Results indicate elevated mercury is widespread at the site, but especially around the creek, shown in blue. ***In fact mercury tailings form the banks of the creek in some places. The mercury problem is so vast here that addressing the entire site at once may be difficult, even cost-prohibitive. We also want to limit our impact on the creek during cleanup…
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So we are evaluating the erodability of that mercury to potentially phase our remedial actions, targeting erodible mercury first.The red are the reaches of Guadalupe Creek identified as highly erodible.
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An XRF is also being used at Hilldsale mercury mine also in San Jose, here  to segregate soils above the cleanup level, in a combined investigation and remediation.(MOUSE) Shown is a stockpile of soil with elevated mercury that will be safely buried below the ground surface before development of the property, It will be deep enough that people should not come into contact with it, even during digging for landscaping.To make sure this approach is sufficient to protect people, we needed to make sure the soils don’t contain the type of mercury that could volatilize.Vapor monitors are used for this as well as an innovative lab method …
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called selective sequential extraction.It provides information about the forms of mercury in the waste sample.Different forms have different mobility and toxicity.One way to think of this is that some forms of mercury form toxic vapors and some are more likely to be dissolved in water and methylated.This method tells us what fraction of a waste could be harmful if released.We may find one mine poses more risk than another. Or one waste type at a specific mine is more dangerous.It also helps us develop biologically meaningful cleanup levels based on risk, rather than background concentrations. These methods and tools should help us maximize the benefit to water quality from our efforts.
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So, I’ve told you about the region 2 mines that have been remediated and discussed those in process. I’ve described how we are prioritizing and evaluating the rest. What’s next.We have one more high-priority mine to inspect. Our timeline got derailed a bit by an unplanned investigation at St. John’s mercury mine which I’ll discuss briefly next, and now we need to wait for a good dry spell, because the XRF only works in dry conditions.We’ll determine which of the high priority mines to cleanup first based on factors associated with loading and impacts.We are considering requiring interim cleanup for egregious discharges, and we will take advantage of efforts by other regulatory agencies on high priority mines  when they come up…



Solano Historian, 1991
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Which brings me to St. John’s mercury mine in Vallejo.On the top is a historical photo and below the same mountain as it looked on our inspection.Surface mining scars are clearly evident.
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These are the areas we earmarked for evaluation during the inspection..Mining  generally occurred on this mountain top, which drains to 3 watersheds (mouse)Of particular concern is Rindler creek, which discharges to Lake Chabot in Vallejo, which has levels of mercury in fish above human health criteria.The lake discharges to wetlands and Napa river, which are also at risk for methylmercury production and biomagnification.



Potential Brownfield Investigation 
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Waste rock with high mercury concentrations are eroding from a steep slope into the Rindler Creek drainage.This mine has been identified as a potential cleanup site by a special  Brownfields grant program. We are working with US EPA to design and hopefully perform an investigation that will meet their grant requirement and our water quality protection needs. This requires significantly more work than our typical oversight role,  so we’ve adjusted our schedule to take advantage of this opportunity.



o 11 remediated

o10 undergoing 
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o20 case closed
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To review:11 mines cleaned up.10 more under investigation or being cleaned up.20 mines we can close the case on that we’ve concluded are unlikely to impact water qualityremaining 7 have been prioritized using a scientific and evidence-based approach.And we have a strategy to address the worst water quality problems first with improved characterization and cleanup capabilities For my part of all this, it because of the XRF, you, the folks at this desk, and…



“Freddie Mercury” by Pablo Bustos
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2 amazing scientific aides that we’ve accomplished this much in a relatively short period of time.Sarah Acker, who I am proud to say was recently accepted into a graduate program at the Colorado School of Mines, and Nicholas Piucci who thankfully has not left us yet and was instrumental the past year and a half and in creating this presentation.Since I have the floor, I’d also like to express my immense gratitude to Bruce. Under his leadership, we have focused on making regulatory decisions using the best science, we’ve become more transparent and learned to better communicate with the public, IMO the 3 pillars of our workand he managed to do this while keeping his staff passionate and happy, which is remarkable. Thank you Bruce.
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