ESS 431 Principles of Glaciology
Assignment #3
Stable I sotopesin Precipitation

Assigned November 15, 2007 Due: November 27, 2007

This assignment is designed to give you a bettdifée the equations that describe the
evaporation and condensation of water vapor implei Rayleigh fractionation approximation to
atmospheric processes.

Things you need to know:

A) The fractionation between water and water vapapproximately 1.009 at 25°C:

R .
a=— -1.009 (1)
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whereR;qiq refers to the'f0/'°0) ratio in the liquid, an,apo refers to thé®0/*°0 ratio in the
vapor from which the liquid condenses.

B) “delta” notation is defined for oxygen as follsw
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where “sample” is just some ice core, or othemicerater sample. SMOW is the international
standard water, “Standard Mean Ocean Water” or SMOW

C) The Rayleigh fractionation equation for a constalue ofa is:

Rvapor( f ) - f a-1
Rvapor( f= 1)

wheref if the fraction of water remaining in the air magsany given time.

®3)

D) If the air is always saturated, then the amaidintater vapor in it is given by theaturation
vapor pressurewhich in units of Torr is:

P(T) = exp( 21.113 - 5350.8)) (4)

when temperatur€ is in Kelvin. (Note that this equation just givee equilibrium line for water
and vapor on the phase diagram fgbH So the “fraction of water remaining” at anye time
is simply

f=P((t)/ P(To). ®)

whereT(t) is the temperature at time t, afiglis the original temperature when the air massibega
to cool.



Quegtions. Please answer on a separ ate sheet.

1)

2)

Using the definition of “delta” notation from (2gwrite the Rayleigh equation using
“delta” rather than R’ notation. This simplifies the subsequent caltates. Note that
you never will need to know the actual valudRgfiow.

Assume that an air mass starts out saturated veterwapor at 25°C, having evaporated
from an ocean witl'®0 = 0%. (on the SMOW scale), and that the air masésc
adiabatically while always remaining saturated.ol@be air mass until it reaches 0° C.
Calculate and plot the following:

a) Thed'0 of the water vapor as a functionfof

b) Thed™0 of the liquid water as it is condensed from thpor, as a function éf

c) Thed'0 of the liquid water as it is condensed from thpar, as a function of T.

d) Imagine that all of the liquid water condensed fiitwv@ vapor over time is collected in
a single bucket. What will be i&°0 value?

e) *Bonus*: Write (but do not solve) an integral that gives #verag®'®O value of the
water in that bucket as a functionfof (However, it might be harder to run around
under the cloud catching all the rain drops inkibeket than to solve the equati@)

3) Assume that ice sheets during the Last Glacialiiviam had an averadg®0 of -30%o.

If the average ocean depth is 4000 m, and seawaglower by 150 m at the last glacial
maximum, what was the averad/€O of the ocean, if it is 0%. today? Ignore the $mal
amount of glacier ice left on land today.

Note that to solve this you can (and should) useftproximation that the amount of
water in the ocean, or the ice, is equal to thelbrarmof the H'°O molecules alone. That
IS, you can write:

Mas$cean= (Number of mols of F°0)yceanx (Molecular mass of £0)
= NlGO(Ocean)* 18

This is convenient because now we can write thebeuraf mols of H®0 in the ocean in
the same way, using th#/*°0 ratio, Reean That is:

- *
NlBO(Ocean) - NlGO(Ocean) Rocean

Now you can write too mass balance equations, antné& mass of the ocean, and one
for the number of 180 molecules.

MasScea{NOW) = Masseeafglacial) + Masg.(glacial)

NigoocearhNOW) = Nigoocearh@lacial) + Nigocefglacial)

I'll leave the rest to you. Note that to get timswaer, you'll need to keep track of the

conversion fronR notation t03'0 notation.



