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EVALUATION

Please summarize the main findings of the study.

This paper presents the results of a field and laboratory investigation of the temperature and chemistry of
surface mine water discharges in the Midland Valley of Scotland. The hypothesis is that these discharges
contain significant quantities of recoverable heat as well as posing an environmental risk that needs to be
mitigated to prevent damage to Scottish watercourses. A field sampling campaign resulted in data from 66
discharge sites across Scotland 57 of which were chemically analysed in the lab and combined with in situ
measurements of temperature, pH, and discharge rate to give an overall pitcure of surface discharge chemistry
and potential heat resource. The main findings confirm the original hypothesis and emphasise the potential for
current and future necessary treatment schemes of existing mine water discharges to extract the heat.
The chemical analysis shows mine waters are predominantly meteoric in origin (rather than ancient
groundwater), mostly calcium-bicarbonate type with circumneutral pH, although some have sulphate as the
main anion. There is a complex origin to the sulphate and various hypotheses were tested without conclusive
evidence of a dominant source. Untreated discharges currently release 595 kg/day of iron into Scottish
watercourses.
Analysis of the heating potential of discharges shows a total of 48 MW across all the sites but highlights a
number of sites with significant potential in excess of 1 MW, and one in excess of 6 MW - enough for 1500
homes by the authors' calculations.

Please highlight the limitations and strengths.

Strengths
This is a very good, well-written paper with a rigorous experimental approach. A clear explanation of the
methods is followed by a discussion of the main results in a logical order.
The authors have collected and analysed a large number of discharge sites across Scotland and created an
important resource for future researchers, planners, and policy makers.
There are few limitations that are not already noted within the manuscript itself e.g. the authors accept that
surface water data may not be representative of deeper in situ mine waters, and a single value of coefficient of
performance is taken for simplicity when calculating the heating potential.

Limitations
One area I feel the manuscript could improve is with an estimate of the uncertainty of the heating potential - a
single figure is presented but it is unclear how representative this is of the long term discharge rates (e.g.
differences depending on season were mentioned for some locations) or if there was any uncertainty with
respect to the measurement of flow rates in the field.
Also, although considerable effort has gone into understanding the discharge water chemistry there is no
mention of the implications of the chemical composition of these mine waters on the heating infrastructure
(e.g. heat exchangers) and whether this makes a difference to the attractiveness of such schemes. This would
provide a connection between the heating and chemistry aspects of the paper.
Finally, although the identified heat resource is relatively small, my feeling is that this paper could create more
impact in a number of ways
1) showing the proximity (or not) of discharges to local heat demand (existing or proposed), (although perhaps
this would fit better in a follow up study including a techno-economic assessment)
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2) providing a suggestion of the future gaps that need solving to enable these resources to be uptaken, and
3) by being stronger in the policy implications of this research by highlighting specific cases. My
understanding of the results of this paper are that there are multiple sites across Scotland that need or receive
treatment and in many cases there is readily accessible heat currently being wasted e.g. Junkie's Adit and
Blindwells are both situated on/close to developments that are either proposed or in construction. This could
be highlighted more.

Please comment on the methods, results and data interpretation. If there are any objective
errors, or if the conclusions are not supported, you should detail your concerns.

Methods: Clearly reported and rigorous, showing the steps taken to avoid and/or catch any potential cross-
contamination in both the lab and field environments.
As mentioned in Q2, one area that could be improved is an estimate of the uncertainty of the flow rate
measurements in the field as they have a control over the heating potential calculations.

Results and data interpretation: The data are presented clearly in both the the manuscript and the
supplementary information. The large sample size is a reflection of the field campaign and provides a good
overview of the MVS surface discharge conditions. Considerable effort has clearly gone into interpreting the
complex picture surrounding the sulphate origin and appropriate analysis and interpretation methods have
been applied.

Check List

Is the English language of sufficient quality?
Yes.

Is the quality of the figures and tables satisfactory?
Yes.

Does the reference list cover the relevant literature adequately and in an unbiased manner?
Yes.

Are the statistical methods valid and correctly applied? (e.g. sample size, choice of test)
Yes.

If relevant, are the methods sufficiently documented to allow replication studies?
Yes.

Are the data underlying the study available in either the article, supplement, or deposited in a repository?
(Sequence/expression data, protein/molecule characterizations, annotations, and taxonomy data are required
to be deposited in public repositories prior to publication)

Yes.

Does the study adhere to ethical standards including ethics committee approval and consent procedure?
Not Applicable.

If relevant, have standard biosecurity and institutional safety procedures been adhered to?
Not Applicable.

Please provide your detailed review report to the editor and authors (including any
comments on the Q4 Check List):

This is a well-written study into the chemistry and temperature of surface wine water discharges in the
Midland Valley of Scotland. As noted in the summary in Q1, the main findings confirm the hypothesis that
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there is heating potential in mine water discharges and that where these need treatment to prevent
environmental damage, the heat should be extracted and utilised to satisfy local demand (where applicable).
There is also an interesting, and unsolved, story regarding the origin of heavy sulphur isotopes in the sulphate
across the sampled sites.

I would recommend publication of this manuscript upon consideration of my minor comments below. I feel
that this study contributes to the mine water heat field as it highlights potential synergies between mine water
discharge treatment and heat extraction and could act as a resource to identify possible locations for
development. I have noted what I see as the strengths and minor limitations in Q2 but include some general
and specific line-by-line comments below:

General comment – please be consistent with “groundwater”, “mine water”, or “mine groundwater”
General comment – with composite figures please specify which part of the figure is being discussed in the
text by including letters e.g. on Line 410 – Figure 2A. This just makes things slightly easier for the reader.
Here is a list of where this would help in the results and discussion section:
- the physicochemical properties section – e.g. line 489 (Temp), 504 (EC), 510-511 (pH), 523 (Redox), 526
(total iron). You could perhaps also rearrange the text or figure so they are introduced in order.
- Element properties section – here the figures are not really referred to yet there are a lot of data presented in
them.
Equations – please be consistent with the symbols for each parameter e.g. in equation 2 flow rate is ‘Q’ but in
equations 3, 4, and 5 it is ‘Z’. I also find it strange that temperature is θ rather than T? and specific heat
capacity is not ‘c’?
Line 52 – The Gillespie paper estimates the 12GW heat resource to be “1/3 of Scotland’s heat demand” which
is why it is in GW, not GWh/annum for annual heat demand. Please remove the “annual domestic” part of this
sentence.
Line 52 – Todd et al (2019) also estimated the potential thermal resource of Scottish coal mines and found a
sustainable resource of approximately 8% of the annual heat demand. While, Todd and Gillespie were not
calculating exactly the same thing (one is the instantaneous heat demand and the other the annual heat
demand), the important difference is that Gillespie assumed a heat flux of 2.5 W/m2 which would result in
heat mining and unsustainable heat extraction in the long-term.
Line 117 – It would be interesting to know if the increases in flow from seasonal rainfall would lead to enough
additional heating potential in colder months – does the additional rain water lead to a reduction in water
temperature for example? I couldn’t see any discharge rate data in Burnside et al 2016a?
Line 235/236 – when was the second sampling taken? Was there any difference in temperature or chemistry
between the two sampling periods?
Line 268 – why is this unadjusted? (might be worth including the reason for this)
Lines 291-303 – Could the authors comment on the uncertainty of these data, particularly the velocity as the
volumetric flow rate is a critical parameter in the potential heat calculation. For example, did the authors
conduct multiple velocity measurements and take an average? I am not a field hydrogeologist but is there a
reference for the 0.5 correction factor for the irregularity of the stream channel?
Line 310 – why were 9 not sampled for chemical analysis?
Line 463 – This is an important point. Perhaps this could be illustrated in some way? Is it possible to calculate
the shortest distance to heat demand on the Scottish Heat map? I think this would give the thermal resource
argument more impact.
Lines 481-488 – are these lines meant to be in italics?
Line 493-498 – do the data collected in this study show any correlation with mined depth, or historical
pumped depth?
Line 545 – In Figure 5 you do not present bicarbonate (just alkalinity) but the text shows bicarbonate as the
dominant anion in 34 samples. Could you include bicarbonate in the graphs?
Line 573-575 – perhaps you could label #39 and #52 on the Younger plot for ease of reference?
Line 583 – figure 8 = Figure 8
Line 636 and 655 – I think it would aid the reader to label the Douglas and Glenburn data points on Figure 11
Line 677 - repetition of “at 48‰”. Also the sentence on 677-678 needs to be rephrased slightly.
Line 703 – “this research provides useful dataset…” add 'a'
Line 706-707 – “...protons released oxidation and dissolution…” I think this is missing ‘from’ or ‘via’ or
similar?



Figures
Figure 4 – please order and label to follow how they are discussed in the text (as mentioned above)
Figure 2 and 3 – please label each panel and refer to this in the text (as mentioned above).
Figure 5 – Please include A-D and refer to each plot in the text. The top right histogram y-axis does not have
any units. In the top left histogram should the sulphate be SO4 2- ?

Typos/spelling
Line 48 – ground water should be “groundwater”
Line 357 – all relevant data are included…

QUALITY ASSESSMENT

OriginalityQ 6

RigorQ 7

Significance to the fieldQ 8

Interest to a general audienceQ 9

Quality of the writingQ 10

Overall quality of the studyQ 11


