Thanks for the paper Jim. It is a must read for sure. I had this reference but had not read the specific details before. I have known Robin Anderson for many years and we had talked about this work when it was in progress. It is fair to ask why the Smallwood would show mercury releases of methyl mercury and that Muskrat will not release measurable amounts of mercury. 
We need to know the key variables in reservoir design that will minimize methyl mercury release. So far we have not done this and we have assumed that all reservoirs will release mercury. This was my view too until I started to think about Muskrat Falls and so have said it is the ideal design (neglecting the slumping problem). It is built in a steep valley, and the area flooded is relatively small compared with other reservoirs and much of the area is from the original river. The river is significantly large with the base flow is about 2400 m3/second up to the levels in the 6000 m3/second. This is remarkable and water renewal times (volume divided by flow) of only a few days result. In other words, an amount of water equivalent to the entire reservoir is replaced about every 10 to 15 days. 
Another key variable is if the reservoir will stratify (giving rise to low oxygen water or not). My best guess is that it will not stratify and surface sediments will remain oxygenated throughout the year. This is important as I have said earlier and will discuss below, methyl mercury is only formed under low oxygen conditions. It requires and Eh or reducing capacity of minus 200 and I do not think that will be reached. Muskrat Falls is the perfect design. 
In contrast, the Smallwood Reservoir (from Robin Anderson’s paper) is also fed by the same river so similar water quality but is less as she uses data from Muskrat and the flow is 75% of that at Muskrat. I do not know if Smallwood has other inflows or outflows. This gives a flow to Smallwood of 0.75X1840 cubic m per second times 60X60X24 to convert seconds to days. This  means that the flow into Smallwood is 119,232,000 cubic meters per day. The volume given by Robin is 2.83 times 1010 cubic meters. I may have made a mistake but this gives a water renewal time of 237.8 days. This gives ample opportunity for low oxygen and low Eh levels to develop and mercury to be released.   
Our view that all reservoirs are bad comes in part from Hydro Quebec’s data for reservoirs such as the Robert-Bourassa Generating Facility. If we type this into Google and see the contrast between this facility and Muskrat Falls. The flooded area is huge and it seems to be on relatively flat area. I do not have the data for water renewal time but suspect it is at least 6 months.  (Once I was asked to help the good people of the Belcher Islands because Hydro Quebec holds back the spring freshet and as a result it does not go out over James Bay as it did in the past. Such flooding over the ice increased light penetration and the time of ice out. As a result they were not able to harvest the ducks at the same time. Robbie MacDonald DFO, Victoria added to the story. The release of fresh water from Hydro Quebec stays intact and moves around Quebec and down Labrador where it joins with fresh water from melting glaciers in Greenland. The fresh water flow then moves down Labrador, making the weather cooler, across the St. Lawrence outflow and down to Maine where it then goes out into the Atlantic and meets the Gulf Stream slowing the heat flow from the south to Europe. The consequences of this are huge. In our case it might explain why Ryan Colder noticed a fresh water mercury signal in the Atlantic salmon that he sampled in Lake Melville).  
I reread the excellent paper by Britt Hall et al on the Impacts of Reservoir Creation on the Biogeochemical Cycling of Methyl Mercury and Total Mercury in Boreal Upland Forests. It is available at https://www.researchgate.net/publication/227144503_Impacts_of_Reservoir_Creation_on_the_Biogeochemical_Cycling_of_Methyl_Mercury_and_Total_Mercury_in_Boreal_Upland_Forests
Britt is now at University of Regina and did an excellent job on this paper but like many others working on reservoirs thinks that organic carbon fuels methyl mercury formation. This is the FLUDEX work that Reed Harris used to determine the flux rate from sediments. (Too bad there was a hot fire about 15 years earlier). I was pleased to see that the calculated water renewal time was rapid 6 to 11 days but the maximum depth was only 2 m. Much of this reservoir is very shallow indeed. In the future Muskrat Falls Reservoir the maximum depth is 36 m so the mean depth is about 20 m or so. Can people use such shallow reservoirs to predict a well-mixed water column of at least 20m? I think not and will explain why below.  
I seem to have a different view on the impact of flooded wetlands and peatlands on methyl mercury releases. One of the best predictors of mercury in lakes is to look at the area of wetlands in the drainage basin. I too had the view that since wetlands are a prime source of methyl mercury as they exist then flooded wetlands must also be a problem. Again it is likely the depth of flooding that matters. It was Marc Lucotte who set me on a different course and I will contact him to make sure that my memory has not faded. He said that since most of the mercury is stored in the organic rich sediments as mercury sulfide than it is locked up and is not bioavailable. Marc headed the Canadian Mercury Research Network which included about 30 researchers and at least 100 graduate students funded by NSERC. He had also been an advisor to Hydro Quebec and is currently doing work in the headwater regions of the Churchill River. 
However as in the ELA experiments, if the wetlands that are flooded are shallow there is light penetration to the sediments and an opportunity for increased oxygen which will oxidize the sulfides in the sediments to sulfate and make mercury and other metals bioavailable. This has the potential to result in methyl mercury formation. Also as Wolfgang pointed out some of the peat floated! This too could result in methyl mercury formation. Why would something on the bottom suddenly float? It likely comes from either gas formation such as oxygen from primary production, nitrogen from denitrification of methane from carbon dioxide reduction. It can happen but if the water is deep, wetlands will not release methyl mercury after flooding (as I have said all along). Capping will do no good. Digging them up is a mistake. Removing the soils will result in oxidation of the sulfides and releases of bioavailable mercury. 
Ryan Calder, on the other hand, obtained much high flux rates from soils than Reed (according to Reed). His values came from laboratory experiments conducted at Harvard University such as those described by Trevor for Aug 2017.  “A pore water experiment was conducted with Churchill River whole soil cores collected from 24 to 26 July 2017. All cores came from the Upper Brook (UB) site and were collected in pre-flood (12 cores) and newly-flooded (24 cores; flooded for ~5.5 months since water level continuously elevated in reservoir in mid-February) areas. Cores were drained of water in the field and kept cool during holding and shipping. From 15 to 21 Aug 2017, newly-flooded cores were incubated at 2 temperatures (3-50 C or 20-210 C), while pre-flood cores were incubated at 20-210 C only. Whole cores with leaf litter layer were inundated with Churchill River water also collected in July, and there was approximately 3 cm of overlying water in each core (not exchanged during experiment). There were 3 replicate cores for each experimental condition and incubation time point (day), and soil water was separated from 0-5 and 5-10 cm depth intervals in each core by centrifugation and filtration (0.22µm). 
The highest pore water MeHg concentrations in these whole-core incubations was for the newly flooded soils at 20-210 C (Fig. 1). 
Average MeHg concentrations increased with time to day 6 in both the 0-5 cm (4-8 pM) and 5-10 cm (6-16 pM) sections, and were higher in the 5-10 cm section. MeHg concentrations were slightly lower for newly-flooded soils incubated at 3-50 C, particularly in the 0-5 cm section (1-5 pM), but the trends were generally the same as for the cores at 20-210 C. 
Interestingly, MeHg accumulation in the 5-10 cm section was nearly the same at both 3-5 0 C (8-14 pM) and 20-210 C (6-16 pM) Pore water MeHg concentrations were lower in pre-flood soil cores (never previously exposed to Churchill River water) as compared to newly-flooded soils (Fig. 1). Concentrations did not increase significantly between days 1 and 6, but pre-flood soils showed slightly elevated MeHg concentrations for both 0-5 cm and 5-10 cm sections by day 6 of the experiment (3 pM). Similarly, MeHg flux core experiments conducted in June 2013 with soil cores collected near Muskrat Falls showed that pre-flood soils began to show an increase in MeHg concentration in overlying water after 5 days (Schartup et al., 2015). Notably, dissolved oxygen (DO) decreased from 47 to 9 percent saturation between days 1 and 6 for the pre-flood cores (Table 1), indicating elevated sediment oxygen demand. However, low DO levels did not lead to enhanced MeHg production in the pre-flood cores in this experiment.”
…………………………………………………
In addition pH values were fairly constant or increased to some degree. On the other hand conductivity values showed a substantial increase from about 50s to 150 or higher (µS/cm). 
………………………………………………..
On 21 September I wrote the following email 
		to Trevor, Ken, Jane, Maureen, Wolfgang, Jim, Etienne, Stewart, David, Marina, admin
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Very interesting results. For those that work in ng/L these values can be multiplied by 200 (approx. molecular weight of mercury) and take off 3 zeros. So 10 pM times 200 is 2000 pg/L or 2 ng/L. This is a lot of methyl mercury considering we are asking for values down to 0.010 ng/L.  I would still like to see total mercury as it can be methylated at other sites. 

As I said earlier in my email when I sent the Avramescu paper, there is an inhibitor for sulfate reduction which could be added to some cores to verify that the methylation is due to sulfate reducers or not. Methyl mercury production will continue until sulfate is used up or mercury is depleted or complexed with sulfides and not available. There are redox probes which could be used at the end of the experiment to determine the reducing capacity of the cores from surface to the bottom. As I said before it is generally thought that minus 200 is needed for methyl mercury formation (thus the delay in some samples). Organic carbon does not fuel methyl mercury formation. Most is quite refractory but some may lead to oxygen depletion and stimulate sulfate reduction.  

Dave

…………………………………………

I would have liked to have had redox measurements from these experiments as these values are central to the story. In addition we should have had values for total mercury as this is an important flux in some cases. 

I could be wrong but Ryan seems to think that methyl mercury is rather like salt, and is conserved. It leaves the ground, moves through the food web and ends up in people. I asked the question about deposition of mercury from atmospheric sources into Lake Melville during his presentation. He gives the values as Moles per year so we need to divide by area and convert to ug/m2/year to compare with other data. He did not use total mercury deposition so likely underestimated the contribution from atmospheric sources. Methyl mercury in wet deposition is only about 2% or less so total inputs of mercury were not used. The dynamics of mercury in aquatic systems is rapid and the flux between particulate, dissolved inorganic and methyl mercury is very rapid indeed.  

…………………………………………….

Ryan Calder determined his flux from sediments (mass transfer) from the soils using the concentration gradient between soil methyl mercury and the concentration in overlying water from the core incubations discussed above (ng m-2 s -1 ) – see Steinberger and Hondzo  This is combined with a constant for molecular diffusivity D (m2 s -1 ) Molecular diffusivity for MeHg (2) 2x10-10 (macromolecular organic complexes). Most MeHg is likely bound to organic carbon but this is a story for later.  
As noted about there was 3 cm of overlying water in the core incubation experiments. What if the overlying water was 30 m not 3 cm. If the same amount of mercury was released it would not be 2 ng/L but diluted 10,000 times less and this is the concentration that would go downstream. There is more good news. If the Eh was above the critical level of minus 200, there would be no methyl mercury formed. This is a game changer and one that Ryan did not consider. 
My prediction is that the water going downstream from the Muskrat Falls reservoir will have much lower concentrations of methyl mercury than that predicted by Reed or Ryan but there is additional “magic” in Lake Melville. I have said this before but it is well known that when fresh water flows into estuaries higher in salt, the dissolved organic carbon (DOC) comes out of solution and since most of the methyl mercury is carried by DOC (paper available), the particles settle to the bottom. Since the deep water in Lake Melville is higher in salt, it seems to be permanently stratified and the mercury is taken out of solution. In addition, since the monitor data does show lower DOC values in Lake Melville, the processes of photo reduction to gases mercury that will volatilize and photo degradation of methyl mercury can occur. 
My hypothesis is that Muskrat Falls will not be like the small reservoir at ELA, the Robert Bourassa, the Smallwood or most of the others. I have not seen data for the reservoirs in Manitoba or British Columbia but would like to see a total review. I suspect that the increase in methyl mercury after closing of the dam in Muskrat Falls will be small and within our ability to measure. This will result in less methyl mercury going into Lake Melville and here the processes will also result in lowering the methyl mercury level so that changes over time will be small not the increases of 4 times or so predicted. 
The proof will only come when we find a reservoir with similar depths and similar water renewal times and good mercury data. Reliable flux rates from sediments can then be done using peeper techniques as I outlined in an earlier email. 
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