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CONVERSION FACTORS AND VERTICAL DATUM
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In this report "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--
a geodetic datum derived from a general adjustment of the first-order level nets of both the United
States and Canada, formerly called Sea Level Datum of 1929.
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a stronger dam because there will be a greater thickness of ice in the dam that is emplaced.
Considering the complex interaction of dam formation and failure processes, it is likely that overflow
into the Situk drainage may be episodic at first, as dams form and fail. However, once a stable dam
is in place, it is likely to be sustained for many hundreds of years as Hubbard Glacier slowly ad-
vances down Disenchantment and Yakutat Bays during the advance phase of the tidal glacier cycle.

There is a small chance that a closure will not occur in the next 10 years, and an even smaller
chance that a closure may be forestalled for decades. For instance, it is possible that the advance into
Disenchantment Bay will partly bypass Gilbert Point, and a tidal channel will be maintained, or re-
form periodically, until the thickness of ice and rate of flow overwhelm calving losses in the channel.
Less likely, the closure could be forestalled by a calving retreat of Hubbard Glacier. This retreat
could be brought on by an instability in the Russell Lake ice front triggered by a rising lake level or
outburst flood from Russell Lake that would form an embayment in Hubbard Glacier large enough to
initiate drastic retreat.

This prediction may be modified and updated as new information becomes available. Most
likely, data derived from ongoing observations of new events will make more reliable predictions
possible.

A numerical simulation of the glacier system was considered at the outset of the investigation.
It was concluded, however, that using numerical simulation for the purpose of predicting dam
formation by Hubbard Glacier would probably be unsuccessful for several reasons. At this time,
there are no adequate simulations of some fundamental processes such as: basal sliding, submarine
moraine advance, ice deformation in the vicinity of a submarine moraine, calving, seasonal ice speed
changes, pulses, and the effect of strong tidal currents at a calving face. Without available process
simulations to incorporate in a model, considerable time and effort would be needed for basic re-
search in these areas. Furthermore, it was realized that combining these elements into a predictive
model that would be required to simulate response of the small part of the terminus in the dam-
forming area would probably be unsuccessful. The conclusion was that although progress in this
area would be of significant scientific value, the work was not likely to produce a useful predictive
tool for Hubbard Glacier.

Overflow Timing
The filling rate during the 1986 closure indicates that Russell Lake would fill and overflow in
a minimum of 7 and maximum of 14 months, and produce an average overflow of 560 m 3/s, with

peak flows of approximately 1,400 m > Is (Paul, 1988). The earlier in the spring a closure forms, the
more likely the overflow will occur in the minimum amount of time (7 months).
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RESEARCH BEYOND 1990

Continued measurements on Hubbard Glacier are necessary to predict fiord closure as ac-
curately and early as possible. Early detection of a closure is critical to assess closure stability and
predict overflow into the Situk River drainage. The stability of an ice dam is directly related to the
following factors: whether the closure is caused by a glacier pulse or progressive closure, the physical
dimensions of the dam, the seasonal time of emplacement, and the rate of rise and total depth of
water it impounds.

Continuing data-collection activities on Hubbard Glacier that would allow refinement of
closure predictions include:

1. Vertical aerial photography to document, in detail, the changes in the Hubbard Glacier. When
obtained several times a year, it provides data on the glacier’s advance and changes in ice speed,
ice thickness, and calving speed. It can also be used to distinguish seasonal advances and retreats
from the long-term changes.

2. Land-based time-lapse photography to record the rapid formation of embayments, ice projections,
ice thickness, and terminal position changes, and to define the seasonal amplitude of terminus
position changes.

3. Optical surveys of terminus positions during field visits to instrumentation sites. These quantita-
tive additions to the glacier terminus position data set include a measurement of the height of the
calving face.

4. Annual bathymetric monitoring near the Hubbard Glacier terminus to record changes in water
depth.

5. Operation of two real-time measurement systems to relay the water levels in Russell Fiord and
the glacier ice-flow speeds in Hubbard Glacier. These systems, described below, can detect
significant changes even when local weather or lighting conditions thwart field access:

a) Data from the Marble Point water-level gage (fig. 1a) constitute a real-time closure detection
system and will verify the rate of Russell Lake rise following a closure. The nature of the
events following closure will be critical to evaluating the possibility of dam failure and to
predicting the time of overflow into the Situk River.

b) A single satellite motion telemetry system on the main Hubbard Glacier ice stream (operating
in low resolution mode to reduce costs) will refine the understanding of seasonal speed
changes and detect large changes in ice speed, such as that in the spring of 1989. Early
detection of changes in ice speed will alert observers to critical changes in the glacier system,
and the association of an unusual ice speed event with the formation of an ice dam may be
critical to assessing its stability.
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SUMMARY
1. Hubbard Glacier has been undergoing a steady advance since the late 19th century.

2. At the present rate of progressive advance, Hubbard Glacier will close Russell Fiord before the end
of this decade.

3. The present advance is not sensitive to climatic variations.
4. A seasonal cycle of ice speed, calving rate, and terminus position occurs.
5. Pulses in Hubbard Glacier can last for months and are not currently predictable.

6. Embayments in the terminal ice cliff form and disappear in a period of days or weeks. As yet, none
have been observed to be large enough to jeopardize the glacier’s stability.

7. The 1986 dam was formed by the combination of a pulse in Hubbard Glacier and the formation of
an above-water moraine along part of the terminus, which stopped calving in that sector. Ice flow
speeds in 1989 were similar to those in 1986, but no protective moraine formed and continued
calving prevented a new dam from forming.

8. A relatively narrow dam (about 300 m) is sufficient to restrain a 40-m head of water, which will
cause overflow into the Situk River drainage.

9. Several dams at Gilbert Point that cause overflow into the Situk River and subsequently fail may
be expected before a stable dam is emplaced.

The anticipated result of the current understanding of conditions at Hubbard Glacier and
Russell Fiord is that possibly the largest drainage change of this century could occur during the
1990’s, when Hubbard Glacier blocks Russell Fiord. Should the blockage occur, the former fiord will
be filled by fresh-water inflow until it overflows into the Situk River. After a series of dams and
failures, the glacier blockage of Russell Fiord is expected to be stable for hundreds of years and
increase the average flow of the Situk River by at least 10 times.
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