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INTRODUCTION

Runoff patterns in glaciated basins are highly complex due to a large number of variables.
Variations in runoff are affected by glacial processes such as the formation of complex conduit systems
within glacier ice and diurnal variations in ablation. Ablation is regulated by air temperature, wind pattems,
air pressure, and precipitation {Te Chow, 1964). Other factors such as aquifer potential of glacial deposits
in glaciated watershed valleys and hydraulic pressure under ice further complicate a hydrologic analysis in
glaciated basins.

The purpose of this project was to analyze and compare fluctuations in discharge of the Herbert,
Eagle, and Mendenhall Rivers to determine if runoff from these three glaciated basins floctuated on the
same temperature and precipitation schedule, By monitoring stage and discharge of these systems
throughout the month of July, 2000, and examining historical discharge and climate data, I found that there
may be differences between these systems that cannot be accounted for by variations in temperature and
precipitation alone. My analysis of runoff patterns suggests that watershed size, percent ice and ablation
zone cover are not always indicative of the amount of runoff from a glaciated basin. Results also suggest
that there is a strong diurnal variation in meltwater discharge from the Eagle, Herbert and Mendenhall
glaciers- strong enough to be detected up to 8 kilometers downstream from glacier termini, It is evident
from these results that the Eagle, Herbert and Mendenhall systems are highly dynamic and can change their
behavior on a daily and vearly basis.

METHODS

Discharge and stage were monitored on the Herbert, Eagle and Mendenhall Rivers throughout the
month of July, 2000. Measurements were taken at highway bridges across each river to ensure safety and
ease of access. A tag line was set up across each bridge to establish data collection stations across each
stream on the side with the least amount of debris, which ranged from gravel bars to abandoned cars. Stage
was measured at a designated point under each bridge.

Depth and velocity data were collected at each station along the tag lines. Depth was measured
using a rope anchored with a weighted steel pipe. Velocity was measured using a General Oceanics Inc.
current meter attached to the weighted rope. The current meter was placed at six-tenths depth of the water
column for two minutes in order to obtain the average velocity for each section (Te Chow, 1964). When
stream velocity was too great to use the pipe as an anchor, depth was calculated vsing streambed profiles
and average velocity was calculated using the following formula: average velocity =(surface velocity)*0.86
(Mosely and McKerchar, 1993} Stage was measured before and after each depth/ discharge profile to
obtain an average. A stage-discharge rating table was created for each system by correlating stage
measurements and discharge calculations. Measurements were made approximately once or twice every
two days for three weeks.

Twenty-four hour stage, air, and water temperature data were collected using a PDCR 1830-8388
Druck pressure transducer and two thermisters wired to a Campbell Scientific Inc. model 21X micro
logger. Each stream was logged for the duration of one week. However, the data logger was placed in
Mendenhall Lake rather than in Mendenhall River in order to correlate my data with those from the United
States Geological Survey's (USGS) data collection station on Mendenhall Lake. The USGS correlated lake
stage with downsiream velocity measurements o obtain discharge. My stage and discharge results matched
those of the USGS to within ten percent. Thus, for the remainder of the summer, I used USGS discharge
data for the Mendenhall River to do a direct comparison with my data from the Herbert and Eagle Rivers.
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Figure 4. ‘Etch pit density’ refers to the number of eteh pits counted on the
weathered faces of feldspar grains with the use of the SEM. The eich pits
were counted in 2 randomly setected 10 cm x 15 o area on feldspar minerat
grains urder 1000x magnification and an accelerating voltage of 26kV.
Please note that soils were sampled from the mid-section of each horizon.
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Glacier ablation was estimated using ablation stakes on Mendenhall Glacier. Four sticks of known
length were emplaced in the ice perpendicular to the ice surface and the length of each stick above the ice
was measured. The location of each stick was recorded with a Trimble GeoExplorer3 Global Positioning
Systern (GPS) unit. The change in surface height of the ice was measured for a period of three days.

While in Juneau, I obtained historical stage, discharge, and climate data for both the Herbert and
Mendenhall rivers for July and August 1969 to 1979 from the USGS Water Resources Division office. I
used this historical data as another method of comparison between Herbert and Mendenhall Rivers and as a
comparison of changes in system behavior over a period of three years.

Watershed area and percent ice cover in each watershed (Figure 1) was calculated in ArcView GIS
3.2 based on 15" USGS guadrangle maps. Watershed area was used to caleulate the amount of runoff in
millimeters per day from each watershed. Ablation zone area was estimated with ArcView using 1995
equilibrium line data (Ramage, 1998). Hydrographs, which included runoff, rainfall, and temperature, were
created in KaleidaGraph using USGS historical and present-day data and my data for July 2000 (Figure 2).
MatLab 5.2, a spectral analysis program, was used to identify diurnal variations in streamflow. Spectral
analysis uses a Fast Fourier Transform to decompose a given curve into component sine and cosine
functions. The transform outputs a power value for each frequency and the frequencies associated with
higher power values represent the most significant cycles in the data (Jensen, 1999). Due to the close
proximity of Eagle and Herbet cross section locations to the ocean, T had to determine whether there was a
tidal influence reflected in my data. In order to separate the diurnal and tidal cycles from larger cycles such
as rainfall I had to run a band pass filter on my data. I used a Band Pass Filter to eliminate cycle
frequencies greater than one day and less than six hours in order to

eliminate noise and isolate the diurnal ]
and tidal cyr.:le frequencies. Figure 3 Eagle, Herbert, and Mendenhall Watersheds with Ice Cover
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Figure 1: Field area map

RESULTS

e Using a spectral analysis, I was able to determine that the Mendenhall, Eagle and Herbert
watersheds all have obvious diurnal fluctuations reflected in runoff (Fig. 2, 3 and 4). The Eagle
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and Herbert rivers show a weak twelve-hour tidal cycle that is insignificant when compared to the
diurnal variation. There is no tidal influence at the Mendenhall River monitoring location.

The Eagle River has smaller diurnal peaks than both the Mendenhall and Herbert Rivers. The
Herbert River shows the strongest diurnal variations both historically and in July 2000. It is
possible that the lakes at the front of the Mendenhall and Fagle Glaciers dampen the diurnal or
event signal,

Historically and presently, both the Herbert and Mendenhall Rivers respond quickly to rainfall.
However, the Mendenhall River tends to have higher runoff peaks in response to precipitation
events relative to the Herbert. The Herbert appears to drop back to baseflow more quickly than
does the Mendenhall, which may respond siowly due to a dampening effect from Mendenhall
Lake.

As temperature increases, diurnal peaks become more obvious. As rainfall increases, the diurnal
signal tends to be overwhelmed and the hydrograph becomes more complex. It appears that
rainfall onto ice surfaces canses ablation to increase.

Ablation data were inconclusive due to a number of factors including, but not limited to,
difficulties in estimation of system response to rainfall events and lack of ablation data for days
when the Eagle River was monitored with the data logger.

My data show that the Eagle watershed has more runoff than the Herbert watershed relative to the
amount of ice and ablation zone cover per watershed. The Herbert River watershed has 20% more
ice and ablation zone cover than the Eagle River watershed, yet runoff from the Herbert River was
1/3 less than that from the Eagle River within a 30 minute time interval (Fig. 2).

The Herbert and Mendenhall Rivers show stark differences in behavior with respect to each other
on a yearly basis. Thus, the short amount of time I had in the ficld was not enough to make general
assumptions about stream behavior.
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CONCLUSIONS

The Mendenhall, Eagle, and Herbert Rivers do not appear to behave in similar fashions, although
all three streams show strong diurnal signals. I believe that the Eagle watershed, and possibly the Herbert
and Mendenhall, expetience water influx from sources other than local ablation or meteoric input. One
possibility is water influx from the Juneau Iceficld may enter the glacier basins under considerable
hydraulic pressure. Another possibility is that there is a larger aquifer potential and groundwater influx than
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previously assumed. I can also conclude that were I to do further research on the Herbert, Eagle and
Mendenhall Rivers, I would conduct a more thorough study over a number of years and with data loggers at
glacier termini and downstream locations.
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Figure 3: Eagle River discharge Figure 4: Spectral Analysis of Eagle
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