Lab 7: Glader outburst floods

ESS 203
19-21 February 2008

This week, we will look at two different outburst floods jSkulhlaups from Vatngskull, in
Iceland, and theimmense outburst floodsof glacial Lake Missouladuring thelast Ice Age

Part 1.

I ntroduction to glacier outbur st floods (jSkulhlaups)

Glaciers can block water channels, impoundwater and form glacier-dammed lakes. Where does
water come from?

¥ Rainfall onglaciers.
¥ Melting ice and snow at surface in summer.
¥ Subglacial melting from geothermal hest.
¥ Rivers or streams blocked by glaciers.
Table 1: Types of glacier-dammed lakes
Type of lake | Morainedammed lake | Margind lake Subglacial lake
Cause Glacier retreatsfroma | Glacier blocks anomal drainagechannd. | A subglacia heat source,
termind moraineand e.g., avolcano, meltsice
lake forms between at thebottom of the
moraineand glacier. glacier.
Examples 1. Nogetuko Lake, 1. LagunaParron, Peru 1. Grimsvstn, Iceland

British Columbia
Thelittle Ice Age
morainedammed alake
tha drained
catastrophicaly by
cutting achannd
throughthemorainein
1983.

2. Manang, Nepd
Thetown of Manangis
acrossthevalley and,
fortunaely, abovethis
moraine-dammed lake.

A débris covered glacier terminusformsthe
dam. Drillingatunné throughthe bedrock
has CartificiallyOlowered thelake level.

2. Lake Russll, Alaska

Hubbad Glacier isalargeglacier endingin
theocean near Y akutat, Alaska. In 1986,a
surge of Valerie Glacier, oneits tributaries,
caused theHubbad Glacier to advance
across the entrance to Russell Fjord. This
dammed fjord turned into L ake Russell.
Rivers continual flowed into this lake,
which raised it 25.5 m abovesealevel and
freshening thewater. Many marine
mammals were trapped in the lake and well-
meaning animal rights activists tried and
failed to chase them aroundthelakein an
attempt to return them to thesea. Similar
blockages in therelatively recent past
caused Lake Russell to drain south over a
low heght of land, swamping the Situk
River and destroying its salmon fishery.
On October 8, 1986, theice dam burst
and Lake Russell drained back down to
sealevel in just a few hours with a peak
flow rate of 10° m*/s.

This lake forms
repeatedly in avolcanic
caldera unde
Vatnajskull, the major
ice cap onlceland. The
lake drainsthrough a
tunnd for about 50 km
under theice cap
approximately every
decade unless active
volcanic eruptions hasten
the process. Floods peak
at about 10° m*/s and last
typically 10 days. The
floods create large sandy
outwash plain alongthe
south coast of I celand.
The Icelandic
government does not
even attempt to build
permanent roads across
this coastline.
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Tunnelsin glaciers

When we were studying basal sliding, we saw tha tunnds are an efficient means of
moving moderate amounts of water through glaciers. By OnoderateQ we mean the water
that is provided by surface melting; these moderate amounts of water flow can go through
tunnes while keeping the water pressure low. Flowing water melts the tunnel walls but the
low water pressure onto the tunnd walls allows ice to flow inward to compensate; thus, the
tunnd diameter stays approximately constant. However, when massive quantities of water
are injected into the tunnds, the situation changesE

¥ A glacier can be a good dam, when the glacier isthick and has shalow lake.

Ice flows, so it can seal or heal cracks when the ice pressure is much larger than the
pressure of the water trying to push through the cracks.

¥ A glacier may be a bad dam, when thelake is deep.

We know that water can flow through glaciers via tunnds. With a deep lake, the water
pressure is high and there is nothing that the tunnél can do to reduce this pressure. When
the water pressure is close to or above the ice pressure, there is no way to close a tunnel
because the ice can® creep into close it. Ice floats in water, so the lake may QiftOup its
own dam. This situation can worsen because the flowing water also melts theinsde of the
tunnd. Theice-dammed lake acts much like a hydroelectric power project: the energy for
melting the tunnd walls comes from the drop in the water level from the surface of the
lake to the spillway. The pressure that is driving flow through thetunnds also depends on
the height of the lake surface.

A tunnd can open when the water pressure is high and may continue to open for two
different reasons.

¥ The water pressure ingde the pipe exceeds the ice pressure trying to close it, so the
tunnd actudly is forced open by outward ice flow.

¥ The energy dissipated by flowing water melts off the inside of the tunrel, and the
energy available from the water driven through the tunnd is higher when the lake
level is higher. The amount of water tha can be driven through a tunnd increases
with both the lake level and the diameter of thetunnd.

Once started, the water flow through the tunnd will continue to build, so why does the
outburst flood stop?

¥ Thelake runsout of water, or

¥ As the lake level drops, pressure in the tunnds drops and ice flow can close off the
tunnds.

Hydrographs

Hydrographs are the records of discharge in rivers over time. The flux is calculated from the
stage, or heght, of ariver at its banks. Suppose a watershed has no glaciers or lakes; thus,
when araingorm occurs in thewatershed, water gets into the main channel in several ways:
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¥ Rainfall directly into channels.
¥ Direct overland flow into tributary streams and channels, which then flow into the

main channd.
¥ Seepage raising the groundwater table, where the water is stored, followed by slow
seepage out into streams as thewater table falls back over hours or days.

> What does a typical hydrograph on the main channd look like before and after a

raingorm in this valley? Does theriver rise rapidly or slowly and does it fall rapidly or
slowly? Show this graphically.

Discharge

Time

T

Start of rain End of rain

Now suppose a glacier-dammed lake is about to fail. A glacier outburst flood starts with a
very small leak from the lake as the dam approaches the floatation level.

> What does a typical hydrograph on the main channd look like after an outburst flood
up the valley, i.e., does the river rise rapidly or slowly and does it fall rapidly or
slowly? Show this graphically on the following page.

Discharge
Time
T T Runs out of water or
Damfails dam seals
2> As a Park Ranger in Dendi Nationd Park, how might you tell if an outburst flood is
starting?
Part 2. Vatnajskull and Grimsvstn

Iceland is home to several large glaciers and the VatngsSkull ice cap, which is on the southeast
side of the island. Iceland is tectonically active and is situated on the Mid-Atlantic Ridge,
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where the North American plate and the Eurasian Plate are spreading apart. Consequently, the
geothermal flux, i.e., the heat flowing up from the Earth@ interior, is very largein Iceland and
there are many active volcanoes.

In October 1996, one of these volcanoes erupted unde Vatngskull and melted a lot of ice.
The water was not able to flow out from under the glacier, but indead collected in a subglacial
lake called Grimsvstn. When the level of Grimsvstn became great enough to lift the ice that
was sealing the lake, an outburst flood began. The flowing water began to melt away the
tunnd walls and created larger tunnds, which then increased the flux of water, which then
melted yet larger tunnds, and so forth.

Even though the volcanic activity began in October, surprisingly, the flood did not begin until
November 6™, which was almost a month after the volcanic activity. Theflood reached a peak
dischargeof 40! 10° m*/s about 12 hours after theflood began. Following the peak discharge,
the flow subsided fairly quickly over the next several hours.

The following short film is helicopter footage of the events compiled by Iceland TV. The1996
jSkulhlaup was one of thelargest on record. Although the jSkulhlaups occur, on average, every
5to 7 years, the 1996 jSkulhlaup was the largest since the 1938 jSkulhlaup, which discharged
25'30! 10° m¥s at its peak discharge rate. The 1972 j$kulhlaup was more typical and had a
maximum dischargerateof 5! 10°® m*/s.

For comparison, here is a table of the discharges of some of the world's larger rivers and
ocean currents:

Table 2: Example dischargesrates

River Dischargerate (10° m>/s)
Clark Fork * 0.001
Skeidararsandur 0.02
Nile 3
Mississippi 18
Ganges 38
Grimsvstn 40
Congo 41
Amazon 140
Lake Missoulafloods * 17,000
Gulf Stream 50,000

* Note that the discharge rates of the Clark Fork River and Lake Missoula floods are
different by a factor of more than ten million (!), yet tha water had to travel through
the same pathways.

For the following questions, the figures and tables at the back of the handout will be
helpful. Complete the questions for your assigned group and prepare to report back to
the class on your work and the answer tha youQe calculated.



Group A

9

Lake volume. If thetotal volume discharged in the flood over 2.5 days was 3.5 km®,
how long would it take the normal flow of the Skeidararsandur River to transport this
much water? Use data from Table 2 to calculate your answer. Also, wha would the
hydrograph of theriver look like before, during and after the flood?

Discharge

Time

DamfaiIsI T Dam sedls

Group B

9

Melt water. Rarely do the jSkulhlaups coincide with a specific volcanic eruption, as
occurred in 1996. More often, the lake fills slowly though a steady melting process at
the base of the glacier. Using the attached table, estimate the melt rate at the base of
Grimsvstn; the melt rate is the speed, in m/yr, that ice is being melted from the base.
To calculate this, you need to determine the average period between jSkulhlaups, the
average area of GrimsvStn and the average volume gain of Grimsvstn between the end
of onejSkulhlaups and the beginning of the next one

Group C

9

End of the flood. We know that the flood likely began when the water level in the
lake was high enough to float the overlying ice and release the trapped water in
Grimsvstn. Will all the water in the lake drain away before the flood stops? If the
lake area is 37 km? and the total discharge in the flood was 3.5 km®, what was the
change in the lake level during the flood? How does this compare with changes in
lake level inthe past (see table)?



3. Part 3: Floods from Gladal L ake Missoula

As weQre learned in earlier lectures and labs, there were several lobes of the Cordilleran ice
sheet tha extended south into Washington State at the Last Glacial Maximum. In previous
labs, we studied the advance of the Puget Lobe south into Puget Sound. When the Puget
Lobe advanced, the Strait of Juan de Fuca was blocked off and water was forced into an
alternate drainage route.

Similarly, in northern Idaho, the Purcell Trench Lobe advanced south out of British Columbia
during the Last Glacial Maximum. This advancing ice also blocked off the usual drainage
routes of rivers in the area. Specifically, the Clark Fork River, which drained much of
northwestern Montana through Idaho to the Columbia River drainage, was blocked. Theice
came through Rathdrum Valley, which is about 9 km wide. Behind this ice, the Clark Fork
River backed up and had nowhere to go, thus creating Glacial L ake Missoula.

Glacial Lake Missoula continued to collect drainage water and grow larger and larger
through time. Eventually, the water level was sufficient to begin to break out of the lake and
asthe water level raised enough to float the glacier, it began forming tunnds beneath theice.
These tunnds then grew quickly and entirely destroyed the end of the Purcell Trench Lobe,
draining Glacial Lake Missoula catastrophically into eastern Washington, an area we now
call the Channeled Scablands.

While outburst floods are not tha unusual, the magnitude of this flood makes it quite
unusual. Estimates of the volume of Glacial Lake Missoula before the flood are
approximately 2100 km®, which is about the same volume as tha of Lakes Erie and Ontario
combined. When this water escaped through Rathdrum Valley, its peak discharge rate was
approximately 17 ! 10° m*s.  Compare this with other values in thetable above; this is more
than 100 times the flow of the Amazon River.

This large flood rapidly made its way toward the Columbia River system and created gigantic
waterfalls and gravel bars along the way. The water entered the Columbia River through a
small passage known as the Wallula Gap, which is a 1-km-wide valley. From here, the water
was discharged through the Columbia River Valley to the Pacific Ocean. Perhgps even more
amazing is tha Glacial Lake Missoula formed and catastrophically released as many as 40
times since the Last Glacial Maximum.

Again, complete the questions for your assigned group and prepare to report back to
the class on your work and the answer tha youe calculated.

Group A

As discussed earlier, outburst floods reach their peak discharge rate quickly and then
terminate even more quickly. This flood was much larger than other outburst floods we have
seen, such asthe 1996 VatnagjSkull jSkulhlaup.

2> About how long did it take to drain Glacial Lake Missoula entirely? Why is your
estimate alower bound on the time it took?
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After exiting through the Rathdrum Valley, the floodwaters entered the Scablands. Here the
flood slowed slightly and consequently became deeper; in some places the flood was 300 m
deep.

2> The areal extent of the Scablands is about 10,000 km® On average, how deep would
thewater have been?

Group B

The flood continued downhill toward the Columbia River drainage system. Before it reached
the Columbia River, the water had to fit through the 1-km-wide Wallula Gap. Asit forced its
way through such a narrow opening, the discharge rate again increased.

>  If thedischarge rate through the Rathdrum Valley was 17 | 10° m%/s, the width of the

valley is 9 km and the height of the water was about 175 m, wha was the velocity of
thewater moving through there?

> At this rate, how long would it take the water to reach Wallula Gap? Assume that the
water doesn't slow down between Rathdrum V alley and Wallula Gap.

2> There was no ice dam to melt at the Wallula Gap, but wha would the hydrograph for
this flood look like there?

Discharge

Time

T T Runs out of water or
Dam fails dam seals



Group C

Since it took quite a while for the water to get through the Wallula Gap, the water slowed
down and some of its suspended sediment began to settle out. Each successive flood left a
layer of sand and gravel, which marked the passing of another flood. Based on the multiple
layers of flood deposits found at several places in eastern Washington, there is evidence for
as many as 40 outburst floods from Glacial Lake Missoula. The flood deposits also show
tha the floods were of variable sizes: the first flood had a peak discharge rate of 17 ! 10°
m°/s, whereas smaller, later floods had peak discharge ratesof 0.2 ! 10° m*/s.

2> Theice dam was located 90 km south of the Canada’ U.S. border. Using the attached
plot of the advance of the Purcell Trench Lobe, estimate the number of years tha the
ice dam may have existed.

There is geological evidence to suggest tha the ice dam partially collapsed during the
outburst, as the moving water melted a large tunnd through the ice. It has also been
suggested that the viscous flow of theice could have partially reformed thedam in as little as
3 or 4 months This would allow water to again begin to collect in Glacial Lake Missoula,
awaiting another outburst flood. Although the exact fill rate of Glacial Lake Missoula is
unknown, it is speculated that it collected water at the rate of 1000 m*/s. As mentioned
earlier, the maximum volume of Glacial Lake Missoula was about 2100 km?®.

> Assuming tha there were 40 floods from Glacial Lake Missoula, how often, on average,
was there an outburst flood? How might the interval between floods vary throughout
this period and how would this variation affect the total discharge of the flood?

2> What volume of water would Glacial Lake Missoula collect per year at the speculated
rate?



Writing Assgnment
Answer all of these questions

la. How do these jSkulhlaups affect the human populations in the area? Describe how
episodic destruction of this naure can affect people living in the area and, if possible, how to
minimize the damage caused by these events.

1b. Usetheinformation and calculations presented by all of the groups during part two of the
lab to determine the approximate timing of the next jSkulhlaup after the 1996 event. You will
need to use the melt rate of the glacier feeding thelake. Also don®forget to take into account
that water is continually flowing out of the lake via the Skeidararsandur River, the size of the
lake needed to cause the ice dam to break, and the fact tha the lake didn® drain completely
after the 1996 event. There may be many more factors to consder that aren® listed here, s0
make sure to think through all of theinformation you have available.

2. Stay tuned for thisquestion via email on Wednesday
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