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ABSTRACT

This 2004 study of Odell Lake, Oregon, assesses water quality problems in the lake,
including exceedances of water quality standards for pH and majorlboms of Anabaena

in recent years. To determine the cause of these problems, the study (1) evaluates
historical changes in the lake through analysis of lake sediments and fisheries data, (2)
uses hydroacoustics to describe the current status of the fishesi, (3) monitors water
quality to characterize current conditions and (4) uses these lines of evidence to determine
the reasons for the ongoing decline of water quality in the lake. The paleolimnological
analyses show that sediment accumulation rates indell Lake have increased in response
to more productive (eutrophic) conditions in recent decades, and that large, intense
blooms of Anabaenain Odell Lake are a relatively new phenomenon. Odell Lake has
experienced a fourfold increase in the rate of sedirant and nutrient accumulation in the
20" century, with a 2.5fold increase in the deposition of carbon, a 3-fold increase in
nitrogen, and a fivefold increase in phosphorus deposition to the sediment3.he analysis
of titanium in the sediments showshat concentrations are very low compared to
concentrations in the tributaries, which indicates that over 8 percent of the sediment
accumulation in the deep areas of Odell Lake is derived from #take sources.

Historically, diatoms show an increase of plaktonic taxa commonly associated with
eutrophic conditions combined with a concomitant reduction in mesotrophic planktonic
taxa and a reduction of attached taxa.Anabaenaakinetes identified in the sediments
show relatively low deposition priortothe 199 6 s when deposition rates
began to increase logarithmically. With respect to the fisheries in Odell Lake, the
hydroacoustic analysis indicated thabver 150metric tons of fish were present in July
2004, and that based on size distrition and behavioral analysisa substantial portion of
the fish currently present in Odell Lake are kokanee. These landlocked sockeye salmon
were introduced into the lake through stockings fromas early as 1932, but most
intensively from 1950 through theearly 1980s. The nutrient recycling associated with
these fisheries was estimated basew measured biomass and estimated excretion rates,
and compared to estimates of nutrient loading from the watershed and summer homes
and resorts These estimateindicate that planktivorous fish contribute about 38percent
of the phosphorus load andabout 75percent of the nitrogen load tathe lake, and that this
contribution is delivered at a higher ratein the warmer months. Because of this seasonal
variation, average annual estimates of fisheries nutrient load underestimate the effective
nutrient load during the summer and the degree to which this load impacts water quality
in the lake. During the summer, kokanee tend to remain below the thermocline during the
day, but ascend into the metalimnion during the night to feed on the zooplankton. This
provides a resupply of nutrients and contributes to more eutrophic conditions in the
photic zone during the summer. Because the timing of water quality changes in Odell
Lake observed in the sediments is coincident with reconstructed changes in the
introduced fisheries, we believe that the water quality changes in Odell Lake are
primarily attributed to fisheries management activities, notably the introduction of
kokanee intothe lake.
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INTRODUCTION
1. Lake and Watershed Description

Odell Lake is a moderately larg@eepake located in theouttwesternportion of the
Deschutes River Basin (Figure 1). The lake is located at an elevatidb@n

(47871t) in theOregon Casades Rangeadjacent to Willamette Pass. The lake is
relatively deep and is orient®&dV to SE (Figure 2Table 3. Odell Lake was formed

as a glacial trough during the recentage(circa 11,000 YBP) Consequently, the

lake has a regular shape whrelsults in a relatively equal distribution of lake volume
versus depth (Figure 3)he receding ice left a terminal moraine at the east end, thus
impounding water in theewly createdake. The topographic watershed divide for the
lake is oriented northnd south of the lake and includes several substantial peaks
(Figured). A pseudethree dimensional view of the lake and watershed illustrate the
location of the lake and the naturkthe landscape (Figures 5 and ®)e peaks are all

of volcanic originand the watershed in underlain by fractured basaftdesi¢

(Sherrod 1991) The areasmmediately below the pealkse covered with glacial
deposits (Sherrod 1991Tephra deposits from the eruption of Mt. Mazagkm to

the south, covered the wateeshwithover 100cm of ash(Hoblitt et al. 1987) A
stratigraphic analysis of the material on #aest shore of Odell Lake showed that below
the shallow organic duff and sitbam, was a 100 to 110 ethick layer of Mazama
tephra (Jaehnig et al. 1994)nderneath the ash layer (assumed to be circa 6900 YBP
[Bacon 1983]), wrelacustrine sdimens, indicating that Odell Lake extended higher
up the shore than the current shoreline.

Odell Lake

Figure 1. Location of Odell Lake in the Deschutes
Basin, Oregon.
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Three major tributaries and a number of intermittent stsdknw into Odell Lake and

surface water discharges through the outlet at Odell Creek on the east end. Odell Creek
flows into Davis LakeDischarge from Davis Lake occurs underground through a lava
flow before entering Crane Prairie Reservoirhe area near the lakeceives/9cm
precipitation annuallpn the east end of the lgkadthough the higher elevation portions

of the watershed receiweibstantiallygreater precipitation. Most precipitation occurs

as snowsnowmelt runoff forms a major component of ktiyelrologic inputto Odell

Lake.

Mapped by

Constellation Services
-55 Helena, Montana
-60 April 2003
-65
-70 m
-75
=) Image replotted by Meters

MaxDepth Aquatics, Inc. I 20O
0 1000 2000 3000 4000

Figure 2. Bathymeic map of Odell Lake regenerated from a grid file provided b
Constellation Services. Contours are in meters.

Eilers et al 2005 14




Odell Lake TMDL Analysis June 2005 Revisedlune 2007

Eilers et al 2005

Tablel. Morphometry of Odell Lake (after Constellation Services)

Parameter Metric English
Lake Area 13.83km? 3418 ac
Maximum Depth 88.7 m 291 ft
Average Depth 4204 m 137.9 ft
Volume 5.844 x 16 m® 471,342 adt
Shoreline Length 20.8 km 12.93 mi
Watershed Aréa 92 kn? 37 mf
Hydraulic Residence Tinie| 8 yrs 8 yrs
Elevation 1459.1m 4787 ft

@ After Johnson et al. (1985)ur estimate of residence time is 6.7 yrs.
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Figure 5. View looking to the
northwest of Odell Lake and the
major peaks delineating its
watershed. The red line shows
Highway 58.

Figure 6. Closeip view of Odell
Lake and local topography (verticall
exaggerated), viewed to the
northwest.
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2. Anthropogenic Factors in the Watershed

Odell Lake is wholly contained in the Deschutes National Forest astbifrthe

southern portion of the watershed is located in the Diamond Pddkméss. Several
Forest Service campgrounds are located on the lakeshore. Two major transportation
features pass through the watershed: Highway 58 on the north sh@eadrithe near

the south shore. The Forest Service has issued 6d4dandeasefor private summer
homes/residences, most of which are located on the western and northern shoreline
(Figure7). In additiontwo resorts operate under special use permits on theHake
Public access to Odell Lake is afforded at several boat ragmall portion of the
Willamette Pass Ski Area is located at the extreme northeast portion of the Odell Lake
watershed.A chronology of major anthropogenic activities in the watershed is
presented in Tabl2.

Figure 7. Joined USGS topographic maps (1:24,000) createshidyining Willamette Pass and
Odell Lake quadrangle maps.
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