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This is my second review of this manuscript (MS). This paper describes a
jokulhlaup model of a brine-filled lake draining through a R-channel taking into
account effects of saline water on the dynamics. It finds that the biggest impact
of the salinity on R-channel dynamics is due to the increased density of the
fluid.

This short paper has interesting findings and is novel as no-one has looked
into impacts of salinity on R-channel dynamics.

After clarifications from the authors in the last round of reviews, I am pretty
certain that the presented mathematical model of energy conservation is wrong.
This needs to be fixed before a publication is possible. I suspect that the fixed
model will lead to similar conclusions and that a publication is warranted.

1 Major comments

The energy conservation of R-channels is modelled with varying level of com-
plexity:

I the more complex models take water temperature as a state variable and
then resolve the heat transfer to the channel walls via some empirical
relation (e.g. Nye, |1976; Fowler, [1999; Clarke, [2003). (Note that Fowler
(1999) actually ignores pressure melting point effects.)

IT the explicit dependence on temperature can be removed by assuming the
water temperature follows the pressure melting point of the ice walls of
the channel (e.g. Rothlisberger, (1972 Werder et al., [2013])

IIT to simplify matters further, it can be assumed that the melting point does
not depend on pressure (e.g. Schoof, [2010; Hewitt, |2011; Kingslake, [2015)).

Of note for this review is that (to my knowledge) all R-channel models which
take pressure melting point effects into account use the water pressure to set
the melting point and not the ice overburden pressure as assumed in this MS.
The reason that the water pressure is used, is because the pressure felt by the
ice at the channel walls is the water pressure.

The MS is aiming to make a category II model (with salinity effects added)
but makes two, in my opinion, wrong choices:



e Eq. 7 states that the pressure melting term is dependent on the ice pressure
P;. Instead (as I just argued above), it should be the water pressure, i.e.
the last term should read —7.45 x 10~8(P; — N) (with effective pressure
N). Note that this means that the melting point and also water and ice
temperature (they are all equal in a category II model) will in general
change in time and space as pressure (and salinity) changes.

e Eq. 8 contains no terms related to the change in salinity and pressure
along the channel.

To derive an Eq. 8-like equation, I would do the following steps. Take Eq. 2.4
of Fowler (1999) (on which the MS is based already), which using the MS’s
notation translates into
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Now assuming a quasi steady-state % = 0 and a water temperature at

pressure melting point 6, = 6. To simplify the algebra a little, I drop the
higher-order terms of Eq. 7 (but they could be retained), Eq. 7 then reads

(8, N) =0, = —6.05 x 10723 — 7.45 x 10~3(P; — N). (2)
Now the 889;“ term can be stated as
00, 00,08 00,0N _,0p _gON
ZTw 7w TR — — _6. 1 — A4 1 —_—.
9s ~ 05 0s T AN 05 000X 10504 TS X100 (3)
Thus the Eq. 8-like equation reads
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with ¢g = 6.05 x 1072 and ¢y = 7.45 x 1078, So, for %—J! > 0 (ie. water
pressure dropping along flow) melt m is decreased as pressure-melting point
increases (see e.g. Rothlisberger (1972)); similarly for % > 0 melt is increased
as salinity-melting point decreases. This is how I would expect the model to
behave.

Last, note that the behaviour of above equation cannot be captured by the
MS’s Eq. 8 (even with corrected Eq. 7). I suggest to update both the MS and
the numerical code to reflect above. If there is something I am missing in the
approach presented in the MS, then it should be well explained as it does not
follow the usual approach. (But even then, I would recommend that the MS
follows the standard approach to keep it comparable to existing work.)

Also, I recommend to have both pressure-melting point and salinity-melting
point effects included in the model and to look at their relative importance.

If the authors agree with this change, then Section 4.3 (in particular Eq. 16)
needs to be adjusted as well (or remove the Section).



2 Line by line comments

3: “temperate ice”

4: maybe “cold glacier” the “cold-based” suggests to me that only the base of
the glacier is cold

Table 1: “melting point of water and brine at pressure”

Eq.4: T think it should be m/p,, as the ice melted will produce fresh water.
98: “in ice as used in Fowler”

101: “(Clarke, 2003)”

111: “density due to pressure or temperature.”

Eq.7: see above

118: As outlined in “Major comments”, this assumption is not how things are
normally setup. For instance the cited Clarke (2003) uses the standard approach
of setting the ice-wall temperature dependent on pressure (his Eq. 13).

Eq.8: see above
123: should be “L”

137: this equation does not describe a flux as flux should have units of kg/s (or
m3/s). Nonetheless Eq. 9 is correct.

Eq.11: remove unnecessary brackets

326: maybe state that the conservation of energy equation is substituted into
Al

359: remove extraneous bracket
367: the M is undefined
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