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Abstract

The hydrodynamics in the Upper Klamath Lake (UKL) plays a significant role in the 
water quality conditions of the lake.    In order to provide a quantitative evaluation of 
the impacts of hydrodynamics on water quality in UKL, a detailed hydrodynamic 
model was implemented using an unstructured grid 3-D hydrodynamic model known 
as the UnTRIM model.  The circulation in UKL is driven primarily by wind.  Wind 
speed and direction time-series records were used as input, the numerical model 
reproduced the wind “set-up” and “set-down” at down wind and upwind ends of the 
lake, respectively.  Of the two acoustic Doppler current profiler (ADCP) records, the 
UnTRIM model reproduced the measured velocity at the deep station.  At the shallow 
station, the model results showed diurnal patterns that correlated well with wind 
variations, but the measured velocity showed water velocity sustained at 3 to 5 
cm/sec or above.  Discrepancies between the model results and observations at the 
shallow ADCP station is discussed on the basis of correct physics.  If the field 
measurements are inconsistent with the known physics, there exists the possibility 
that the field data are suspect or the field data are revealing some physical processes 
that are not yet understood.

Introduction

          Severe water quality problems in Upper Klamath Lake (UKL), a large, shallow 
lake in south-central Oregon, have led to critical fishery concerns for the region 
including the listing of Lost River and shortnose suckers as endangered in 1988.  
Upper Klamath Lake was historically eutrophic but has become hypereutrophic, 
presumably due to the change of land-use practices in the Basin.  As a result, massive 
algal blooms during the summer and fall for the past 40 years have been directly 
related to episodes of poor water quality in Upper Klamath Lake.  The growth and 
decomposition of dense algal blooms in the lake frequently cause extreme water 
quality conditions characterized by high pH (9-10.5), widely variable dissolved 
oxygen (anoxic to supersaturated), and high ammonia concentrations (>0.5 mg/l 
unionized).
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          In 2002, in cooperation with the US Bureau of Reclamation (BOR), the USGS 
began a three-year study of the behavioral response of radio-tagged Lost River (LRS) 
and shortnose suckers (SNS) to water quality conditions in the lake. In addition to the 
fish tracking, an array of continuous water quality monitors that measured 
temperature, pH, dissolved oxygen, and specific conductance, was installed in the 
northern third of UKL. Additionally wind speed and direction were recorded every 
hour at two sites in the lake during field seasons 2002, 2003, and 2004.  Water 
samples were collected at a limited number of sites in the northern third of the lake 
for analysis of nutrient and chlorophyll-a concentrations. Two acoustic Doppler 
current profilers (ADCP) were deployed in the lake for two summer months in 2003 
and 2004, providing the first continuous measurements of water velocities. It is 
generally accepted that hydrodynamics is the key factor determining the water quality 
in the lake.  However, with only velocity measurements at a couple of locations, there 
are not sufficient data to provide even a qualitative description of lake-wide 
circulation patterns and their roles in the occurrence of severe water quality events in 
the lake.  Therefore the wind-driven circulation in UKL was studied by a detailed 
hydrodynamic model known as the UnTRIM model (Casulli and Zanolli, 1998, 2002, 
2004; Cheng and Casulli, 2002).  

Figure 1.  Upper Klamath Lake and Agency Lake, Oregon.  Pink dots are 
       water quality Monitoring station, and the two black dots are locations 
       of ADCP deployments.  In 2003.  The red dots are the locations of 
       weather stations, and blue dots a the  USGS gaging stations.
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Results

  This paper presents some preliminary modeling results using an unstructured 
grid hydrodynamics model (UnTRIM) to capture the detailed behavior of the wind-
driven circulation in Upper Klamath Lake.  The UnTRIM was implemented for the 
Upper Klamath and Agency Lakes using an orthogonal unstructured grid to represent 
the lakes.  The circulation in UKL is driven primarily by wind; the through-flow 
plays an insignificant role.  Wind speed and direction time-series records over the 
lake water showed patterns of prevailing wind direction and diurnal wind speed 
variations due to sea-land breeze.   Occasionally, southeasterly weather fronts passed 
through the region lasting 1-3 days.  Using the wind time-series as input, the 
numerical model reproduced the wind “set-up” and “set-down” at down wind and 
upwind ends of the lake, respectively.  The simulations were carried out for July and 
August 2003 with the wind measured over the lake as the primary driving force, and 
the inflow at Williamson River and out flow at Klamath River as Klamath, Oregon 
were also considered.  

         Of the two acoustic Doppler current profiler (ADCP) records, the UnTRIM 
model reproduced the measured velocity time-series throughout the two-month 
deployment with high precision at the deep station.  At the shallow station, the model 
results showed diurnal patterns that correlated well with wind speed variations, but 
the measured velocity time-series showed water velocity varying sustained at 3 to 5 
cm/sec or above.  The response time of the wind driven circulation in the lake is less 
than 2-3 hours.  Around mid-night, the wind over the lake was usually weak or calm; 
the water velocity was expected to be nearly stationary such as the case observed at 
the deep ADCP station.  Discrepancies between the model results and observations at 
the shallow ADCP station have given rise to the question whether the measurements 
or the numerical model results are valid at this site.  This question must be answered 
on the basis of correct physics.  In this case, the numerical model results at the 
shallow ADCP station correlated well with diurnal wind variations.  There was a lack 
of correlation between the measured velocity and wind.  If the field measurements are 
inconsistent with the known physics, there exists the possibility that the field data are 
suspect or the field data are revealing some physical processes that are not yet 
understood.
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