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- Seaice in winter




Oil movement in ice: oll spill recovery

Example of oil encapsulation and upward migration
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Sea ice nutrient flux

permanent ice cover argmal ice zone
pond snow algae /g
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Enrichment of Fe in sea ice

10...30—fold enrichment of Fe in sea ice
with respect to ocean water
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Seawater: 1..3 nM
Lannuzel et al. (2007), East Antarctica

Fe sorptive to ice or
particulate matter?



Surface flow

Deep flow

Bottom flow

Deep Water Formation
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Labrador Sea
Nordic Seas

) Wind-driven upwelling L

(+) Mixing-driven upwelling N

m Salinity > 36 %o w Weddell Sea
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w Salinity < 34 %o Ross Sea

Kulbrodt et al. (2007)



Arctic sea ice isn’t what it used to be

End of February Arctic Sea Ice Age
1981-2000 Median 2009

NOW:
e younger
 thinner
* saltier
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Bulk Salinity
Multi-Year vs. First-Year Sea Ice

Johnston & Timco (2008)
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Significant changes during melt
— within a few days —




Sea Ice Microstructure
resembles
Porous Medium

Brine inclusions make
sea ice porous
- more so when ice Is warm

vertical section

horizontal section

not transparent
due to brine
Inclusions




Summer First-Year Sea Ice, Svalbard
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Scale in fluid dynamics model:

local average effective medium/
continuum scale

microscopic scale

microscopic structure described by
one parameter: effective permeability I

atmosphere




Governing equations (2D)

e.g. momentum conservation:
(porosity: f)

L o( fu) N o(fuu) N o(fuw)| (0*(fu) . O*(fu) B fﬁ_p s
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transient advection shear pressure friction

« similar for heat and solute conservation
* mass conservation

« local thermodynamic equilibrium ZA
* volume expansion during freezing

reduce to >
* Navier—Stokes equations in liquid
* Darcy’s law in porous medium

Petrich et al. (2006)



Coupled governing equations
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Solved on staggered, rectangular grid w/ multigrid solver



Example:

Development of the bulk salinity (salinity of the melt)
e.g.-30°C

0.72 m

Os 2.5 days 14.5 days

Temperature of brine entering domain: 10 mK above freezing point



Example bulk salinity distribution
as a function of permeability—porosity relationship

0.5m

M(g)=¢>10°m>  TI(¢)=¢* 10°m° (g)= ¢* 10°m°
AR =1 AR =1 AR =10
(grid too coarse) (grid too coarse)



Example: bulk salinity on 250um grid

120 W/m2

()= ¢° 10°m’
AR =1



Averaged salinity profile
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Steady-state bulk salinity as function of initial growth rate
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for various boundary conditions, grid sizes, permeability parameterizations



Sea ice thickness (m)
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Measured and modeled salinity, Barrow 2008
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Disclaimer: Landfast in Barrow may have originated elsewhere

* Ice formation starting late October

» On-shore ice may break out and be replaced by ice formed elsewhere
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to illustrate this:

2009 MODIS sequence of relocating landfast ice

Terra MODIS, January 2009

Jan 22 06:30Z Jan 23 07:10Z Jan 23 23:50Z Jan 24 07:552
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coastal lead opens, chunk of ice drifts toward Barrow

landfast ice breaks out
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coastal lead closes

Tele Atlag, Google - Tern Report a problem | R,



Toy model of desalination

» explicit solution for power-law e
permeability—porosity relationships e

« ,, . £
Result for “stable” bulk salinity: el | O ———
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(independent of oceanic heat flux)
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Advective ice—ocean
interface flux from CFD model

e log turbulent volume flux
(i.e. flux less mean)
at the ice—ocean interface

* plot as function of growth rate




Potential “enrichment” of nutrients in sea ice

100 —

Volume flux

10

Growth rate

10
Growth rate v (m/s)



Wakatsuchi and Ono (1983):
brine flux from experiments

107
recalculated, assuming more
dilution
5 recalculated, assuming mixing
10 | as W&O
calculation by
107} Wakatsuchi and Ono (1983)
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Model Results

ice temperature gradient
(or ice—ocean heat flux)

Parameter of winter salt flux, summer surface
interest in physical brine salinity meltwater flux
oceanography
Parameter to look at “stable” salinity, porosity profile pore space
in sea ice model ice—ocean flux (pockets, tubes)
permeability M(g,) / / /
e v v
M(g,)
I1,(¢) /
1, (¢)
growth / /
. th rat
conditions growth rate
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Conclusions

* developed 2D 2-phase (solid—liquid) CFD model,
capable of producing realistic
» salinity profile
* ice—ocean salt fluxes
for sea ice growing in calm conditions

 developed toy model producing the same fluxes and profiles
in a few ns

« Salt flux from growing first-year ice: typ. 28 kg/m3 * v, give or take 10%.
systematically lower only in thin ice (e.g. leads, polynias)

« Salinity of rejected brine increases with growth rate >
high in leads and polynias (?) = mixing???

* lce—ocean volume flux large enough to support order-of-magnitude
enrichment of nutrients.
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