Closure rates expected for a Ross Ice Shelf
drill hole at 166 0 W. 82030'S.
J . WEERTMAN

U.S. Army Cold Regions Research and
Engineering Laboratory
'0-I

A site at 166 0 W. 82°30'S., on Ross Ice Shelf, has
been suggested for a drill hole in the Ross Ice Shelf
Project. It is interesting to estimate the closure rates for
this proposed drill hole. A detailed calculation (Weertman, 1973) was made of the expected closure rates. The
results are presented in the figure. This figure shows a
plot of the closure rate, C , equal to R 1 dR/dt (where
R is the radius of the hole and t is the time), as a
function of the depth from the upper surface. Calculations were made for an unpressurized hole, and for holes
pressurized at 10 bars and at 20 bars.
In order to calculate the closure rate it is necessary to
know the creep equation of ice, the hydrostatic pressure,
and the temperature as a function of depth. The pressure
at different depths can be estimated from ice density
profiles obtained at Little America and at Byrd Station
(Ragle et al., 1960; Gow, 1963; Hansen, 1972). An
approximate temperature profile can be estimated from
the heat conduction equation for a steady-state condition
with the assumption that the upper surface temperature
is at about —28.5°C. and the bottom surface temperature
at about —2 0 C., that 34 calories/square centimeter year
of geothermal heat is conducted through the shelf, and
that the longitudinal strain rate of the shelf is equal to
(a + ah )/H, where H is the ice thickness (H = 500
meters) (Hansen, 1972), a 11 is the accumulation rate
at the upper surface (a = 15 centimeters/year) (Bentley et al., 1964), and ab is the amount of ice frozen to
the bottom surface (a self consistent solution of the
equations requires that a b = 1 centimeter/year).
The creep equation we used is

= Bexp(—Q/kT) exp (Q/kT0) o
where e and a are creep rate and stress under
uniaxial tension or compression, k is Boltzmann's
constant, T is temperature, and remaining terms
are constants. From a plot of experimental data from
many sources on the creep of ice (Weertman, in press),
it was estimated that n = 3.7, B = 7.25x10- 12 bar s,
T0 = 263°K, Q = 14.5 kcal/mole for T<263°K, and
Q = 32 kcal/mole for T>263°K.

Dr. Weertman is Walter P. Murphy professor of materials
science, Departments of Materials Science and Geological Sciences, Northwestern University.
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