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	Comments
	Reviewer

	Extraction Method

	While the extraction method for TOC used by Azimuth (2007) may result in somewhat lower absolute amounts and percentages, it represents a commonly used method and at a minimum should allow to detect relative differences in the content of labile C between soil types in the Muskrat Falls reservoir area.

Guigue et al. (2014) state that “Many extraction protocols have been used to extract organic matter from soil which complicates inter-study comparison. Such protocols diverge in terms of pressure, temperature (up to 200∘C), extraction duration (from a few minutes to several hours), type and proportion of extractant and type of extraction (including leaching, end-over shaking or soil suspension). This variety of protocols could therefore lead to differences in the results obtained for extraction yield and water-extractable organic matter (WEOM) quality”. The authors further conclude that “the implications of these potential differences have rarely been studied, and have been limited to a single soil type in any given study”.

The extraction method used (cold-water extraction with three 24-hour repeats) by Azimuth (2007) is one of two principle methods compared by Landgraf et al. (2006), who also provide four references for other studies that have used cold-water extraction. Azimuth (2017) give a detailed description of their extraction procedure (page 4) which differs from that of Landgraf et al. (2006) in that dried, pulverized samples were used (unlike field-moist samples) and that the actual extraction with deionized water was repeated three times (as opposed to one time). Based on the results of Landgraf et al. (2006), who also used hot-water extraction and incubated one set of soils for one week to simulate litter decomposition, cold-water extraction without incubation likely yielded lower C (DOC) concentrations from the soil samples compared to hot-water extraction and extractions without prior incubation. This was also acknowledged by Azimuth (in sections 3 and 6). 
	WJ

	Extraction Method
	Has the method used for measuring labile organic carbon been used in other mercury studies to determine the fraction of organic carbon that will stimulate MeHg production? There are no references cited for the statements “Labile carbon is the principle “fuel” that supports the early microbial conversion of inorganic mercury into methylmercury (MeHg) when soils are inundated under a water cover” and “With respect to the amount TOC left over at the end of the three extractions, we saw some unusual results for some of the samples, with much lower TOC remaining than could be accounted for by the loss of DOC after the aqueous extractions”.
	JK

	Extraction Method
	It was asked (JK) during the reservoir subcommittee conference call if the extraction method used by Azimuth (2017) to describe “labile” carbon (i.e., the fraction of TOC that is easily decomposed by microorganisms and thus can be a good energy source for methylating bacteria) corresponds to what studies on soil mercury methylation potential have used. My very brief look at that literature indicates that for the FLUDEX studies at ELA “labile” carbon was not explicitly measured (i.e., no extraction method used); instead it was estimated as the weight of all carbon present in tree foliage, shrubs, herbs, mosses, lichens, and in the litter fungal/humic soil layer (Bodaly et al. 2004). 
	WJ

	Extraction Method
	The report [states] “Other published studies suggest this method gives results that are reasonably comparable to incubation studies. Results indicated that 0.8% or less of the total organic carbon was readily extracted and measured as DOC using this procedure”. This is likely true but the correlation with mercury in water and in biota is with total DOC not the bioavailable fraction that is poorly defined and not studied to any great extent. 
	DL

	Selection of Soil Horizon
	Azimuth choose to select only the uppermost humic (H) horizon of the soil samples to determine the ‘labile’ proportion of carbon (section 4), the Litter (L) and Fermentation (F) layers were removed.

This sample selection may have differed from the method by Landgraf et al (2006), which was referenced in Azimuth (2017) as the method they “generally followed” (p.4, 1st paragraph). Landgraf et al. (2006) chose the entire O horizon of a forest soil to determine the composition of cold and hot water-extractable organic matter. According to the German soil classification (https://de.wikipedia.org/wiki/Bodenhorizont), the O horizon includes the fermentation layer (Of) which Azimuth (2017) considered as a separate soil layer (F) and discarded prior to analysis. (Note: one cannot be absolutely sure about this, because of inconsistencies in the classification of soil horizons. Landgraf et al. (2006) refer to the subhorizons of the O horizon as Oi, Oe, and Oa, i.e, Of is not mentioned, and other soil classification schemes refer to the subhorizons as O1 and O2 (https://en.wikipedia.org/wiki/Soil_horizon).
	WJ

	Selection of Soil Horizons
	Why were only the humic layers analyzed when there are other soil layers that contain organic carbon?
	JK

	Selection of Soil Horizon 
	The report states “Each sample had the litter and fermentation layers removed, to focus on the humic soil horizon, with measured total organic carbon (TOC) content ranging from 28% to 48%”. They should have provided details of how this was done. What indeed is the fermentations layer? Is this the same as decomposition layer? Not all decomposition is fermentation as occurs where oxygen levels are or near zero. Litter and surface materials are likely important to oxygen depletion after flooding. In other words they discarded important fractions. 
	DL

	Sample Size and Location
	A sample size of 6 does not seem adequate.  A sample design should cover the different soil types within the projected flooded region. A map of the sampling locations and a reference to the methods used for sample collection would be valuable. 
	JK

	Sample Size and Location
	They say “Six soil samples were randomly chosen” – they were not random and they should have provided coordinates for the locations for future reference. On Table 1, we see that the choice was quite specific and not random. Sampling was Black spruce/feather moss at 19 cm (seems a little deep); fir white spruce at 2 cm; spruce/feathermoss at 14 cm; mixed wood forest at 6 cm; fir white spruce at 5 cm for samples AP126A, AZ132A, CS79A, BQ116A, BV86A, DV46A respectively. In other words, these samples were from specific areas and specific depths. We have no way of knowing if these samples provide a good overall estimate or not. 
	DL

	Sample Selection and Storage
	Re the comment “Azimuth Consulting Group Partnership (Azimuth) quantified the labile portion of carbon in a subset (n=6) of previously-collected organic soil samples (AMEC 2016) from forested areas within the region forecast for inundation by the Muskrat Falls Reservoir along the Lower Churchill River” we need exact locations including coordinates. We also need details of storage because if just kept open to air the organic fraction would be depleted. The analysis of DOC extracted by the distilled water was taken in 3 24 h intervals but we do not know if during these 3 days if some of the DOC was indeed decomposed. At top of page 4 it states “Samples had previously been dried at <60 C and pulverized to pass a 2-mm screen” but what is <60 C? Samples were extracted for 24 h using deionized water three times so a total of 3 days. During this time of course most very labile organic carbon could be used by soil microbes and some converted to carbon dioxide.   
	DL

	Sample Selection
	From the soil samples collected by AMEC in the Muskrat Falls reservoir site, six were used to measure the labile proportion of carbon by Azimuth. Two samples each were selected from three forest ecological land classes: Black Spruce/Feathermoss Forest (AP126A, CS79A); Fir-White Spruce Forest (AZ132A, DV46A); and Mixedwood Forest (BQ116A, BV86A). For each class, there were 12, 4 and 6 samples to choose from, respectively. For the Black Spruce/Feathermoss Forest class, the two samples selected were from soils with the thickest humic horizons (14 cm, 19 cm) and in the upper 50% of TOC content (40.1%, 45.7%). For the Fir-White Spruce Forest class, the two samples had the highest TOC content (42.9%, 44.45%) and thin humic horizons (2 cm, 5 cm). For the Mixedwood Forest class, the two samples selected had moderate to high TOC content (28%, 47.9%) and modest horizon thickness (6 cm, 8 cm). No indication was given in the project report that samples were selected randomly and in comparison with the suite of available samples, they appear to have been selected on the basis of higher TOC content and thicker humic horizons. 
	TB

	General (Executive Summary)
	One conclusion is “This suggests that only a very small fraction of the organic carbon in these soils is labile and capable of supporting growth of microorganisms that can methylate mercury”. I would argue that none of the organic carbon supports the growth of microorganisms that can methylate mercury but this fraction does contributed to the right conditions for this process to occur by reducing oxygen levels so that the sulphate reducing bacteria can operate. As noted above there is a high correlation between total DOC and mercury in the food web. DOC does plays a role as a) a carrier of mercury; b) absorbs UV radiation and limits the photoreduction and photodegradation processes. However, this is total DOC and not just the small fraction that is “bioavailable”. 
	DL

	General (Introduction/Objectives)
	The report states “Labile carbon in soils is the fraction of total organic carbon (TOC %) that is readily decomposable by soil microorganisms. Labile carbon is the principle “fuel” that supports the early microbial conversion of inorganic mercury into methylmercury (MeHg) when soils are inundated under a water cover”. This is a view shared by many but is likely wrong. See comment above. 
	DL

	General
	I don’t think that the study done supports the conclusion that “the “typical” nature of our low measured labile carbon concentrations are not expected to provide a greater “fuel source” for methylating bacteria than other soils, and thus no greater rate or prolonged duration of mercury methylation should be expected at the Lower Churchill River project compared to other locations.”
	JK

	General (Questions for IEC Discussion)
	The obvious question for the committee is: given the soil-sampling regime as described above (see pages 2-4 of “TBell Review of Soil Sampling for TOC and labile carbon”) would you have any confidence in the reservoir-wise assessment of humic layer volume/mass estimates and TOC averages?

	TB

	General (Questions for IEC Discussion)
	Considering that we are dealing with two reports (AMEC 2017, Azimuth 2017) that are partially flawed, and a parameter (labile carbon) that is not clearly defined and for which no single, well establish soil extraction method exist, where do we go from here?

One way would be request clarification to the several incidences of methodological vagueness in AMEC (2017) as flagged in Trevor’s report and Dave’s comments. We could also request additional soil samples to be analyzed for “labile” carbon (i.e., TOC) using the same or a different method applied by Azimuth (2017). This would give us a better idea about the variability of “labile” carbon content within and among reservoir soil types, and perhaps a (slightly) more realistic measure of the proportion of water-extractable carbon. 

However, before we ask for additional information, particularly additional studies, I believe we first should be clear on what information are we hoping to obtain from the two reports (or any others on this topic) and for what purpose? 
	WJ

	General (Questions for IEC Discussion)
	We need to think about these soil sampling programs in the context of how the results are used to address the IEAC objectives. If they are being used to “ground” certain inputs to the reservoir and downstream modelling efforts and/or the Reservoir Clearing Feasibility Study, then we must look at them critically for their representativeness of actual conditions in the reservoir.
	TB




