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Use of Dissolved Oxygen and Water Temperature Data to Infer the Relative Importance of Components of a Stream Dissolved Oxygen Budget
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Figure 2. Screen shot of the Data Grapher interface for specialized XY plots. To visit the site,
go to http://or.water.usgs.gov/grapher/.

include contour lines of constant oxygen percent saturation. The patterns in the data are
indicative of the relative importance of processes such as reaeration, photosynthesis, respi-
ration, and decomposition, as well as the type of algae or macrophyte present.

Five Examples to lllustrate Contrasting Patterns

Clackamas River near Oregon City, OR (14211010)

An analysis of the oxygen/temperature plot indicates that:

Fanno Creek at Durham Road, OR (14206950)

An analysis of the oxygen/temperature plot indicates that:

Yakima River at Kiona, WA (12510500)

An analysis of the oxygen/temperature plot indicates that:

Tualatin River at Oswego Diversion Dam, OR (14207200) Klamath River at Miller Island Boat Ramp [top] (420853121505500)

An analysis of the oxygen/temperature plot indicates that: An analysis of the oxygen/temperature plot indicates that:

 Reaeration must be slow for oxygen saturation levels to range as low as 40% and as high  + Reaeration must be relatively fast because the degree of oxygen saturation remains near

as 250%. The river must have little turbulence and no significant waterfalls or riffles.

* Significant oxygen production can occur when temperatures exceed approximately 15
degrees Celsius. The predominance of supersaturation only at the higher temperatures
IS consistent with the presence of phytoplankton rather than periphyton, as the latter can
grow at lower temperatures, but the former are easily flushed out at higher flows but have
sufficient time and favorable conditions to grow to large populations during summertime
low flows with warmer water.

« Large oxygen demands are present that force the dissolved oxygen concentration to be
significantly below saturation at any temperature (and therefore year round) when not
offset by photosynthetic oxygen production. The year-round oxygen demands suggest a
large sediment oxygen demand and perhaps an organic-laden silty sediment consistent
with a pooled and non-turbulent river system.

100% year round, rarely occurring outside a range of 70-130%. The river must have a
high degree of turbulence, rapids, riffles, or waterfalls.

 Cycles of photosynthesis and respiration cause daily variations in the oxygen concentra-

tion over a wide range of temperatures, even when the water is quite cold (as low as 4
degrees Celsius). In Oregon, cold water and higher flows occur in winter. Periphyton,
however, can grow in cold water and are not swept away if attached to a rocky stream
bottom, which is the case for this river.

« Oxygen demands are either minimal, or small enough that oxygen consumption is easily

offset by reaeration and the photosynthesis and respiration of the periphyton. Low sedi-
ment oxygen demand is consistent with a rocky substrate.

» Reaeration is slow, at least during lower flows in summer, because the percent oxygen
saturation can decrease to levels as low as 40% when temperatures are moderately warm,
The creek must have little turbulence, few rapids or riffles, and no waterfalls.

« Oxygen production via photosynthesis is limited because supersaturation is rare, only oc-
curring in spring (not shown here). Interestingly, the lack of photosynthetic oxygen pro-
duction during summer may be due to riparian shading, as this creek is narrow and has a
moderate amount of riparian vegetation. Photosynthesis can occur to a greater degree in
spring before deciduous vegetation leafs out.

« Oxygen demands are moderate, as evidenced by the common occurrence of subsatura-
tion. Greater levels of oxygen depletion occur at warmer temperatures, which is consis-
tent with faster decomposition reactions, lower flows, and less reaeration during summer.
The slow reaeration may also indicate little slope and a greater degree of organic-laden
silt in the creek bottom, which increases the sediment oxygen demand.

» Reaeration must be relatively slow at temperatures above 10 or 12 degrees Celsius in
order for the range of oxygen saturation to span 50-210%. Reaeration is either more effi-
cient in winter (higher flows) or the source of oxygen variations is weaker at that time.

 Photosynthesis and respiration cause large daily variations in dissolved oxygen concen-
trations at temperatures above 10 or 12 degrees Celsius, but not below that temperature.
The pattern of data in this plot is unlike either the phytoplankton pattern from the Tuala-
tin River or the periphyton pattern from the Clackamas River. It is known that this reach
of the Yakima River is dominated by a rooted aquatic plant community of stargrass that
causes these large variations in dissolved oxygen in summer. It is not known whether the
pattern in this plot is typical of patterns produced by rooted aquatic plants.

* Oxygen demands other than respiration by the macrophytes (rooted aquatic plants) in
this system may be minor, as the plot does not indicate any substantial degree of subsatu-
ration other than that which is tied to the macrophytes.

 The rate of reaeration is insufficient to offset the rates of oxygen production and con-
sumption in this system during most of the year, as evidenced by the occurrence of oxy-
gen saturation well over 150% in summer and close to zero for long periods.

 Photosynthesis and respiration cause large variations in dissolved oxygen in early sum-
mer and somewhat in spring. Algae in this system are important to the oxygen budget,
but not as important as oxygen demands caused by decomposing organic matter.

« Oxygen demands in this river system must be enormous at times to produce dissolved
oXygen concentrations at or near zero for extended periods near the river surface where
the probe is located (1 meter depth). The seasonal cycle (months indicated in fig. 3) in-
dicates a clockwise annual route around this somewhat triangular pattern. Oxygen de-
mands during summer are large, diminish somewhat in autumn, and do not appear to
significantly deplete oxygen levels the following spring, indicating that the decomposing
organic matter may be quite labile. Upstream sources of organic matter in this system, it
turns out, are critically important.

Tualatin River at Oswego Diversion Dam (14207200)
Data from U.S. Geological Survey, May-07-1991 to May-26-2011
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Clackamas River near Oregon City, OR (14211010)
Data from U.S. Geological Survey, Jun-20-2002 to May-25-2011
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Fanno Creek at Durham Road (14206950)

Data from U.S. Geological Survey, Sep-06-2002 to May-24-2011
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Yakima River at Kiona, WA (12510500)
Data from U.S. Geological Survey, Jul-06-2006 to Sep-30-2008
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Klamath R. at Miller Island Boat Ramp [top] (420853121505500)
Data from Bureau of Reclamation, Jan-19-2006 to Dec-30-2009
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Photograph of the Yakima River at Kiona, showing the prevalence of stargrass, an
aquatic plant that controls the dissolved oxygen concentrations in the river under
low flows and warm water conditions. Photo by Kurt Carpenter, USGS.

Photograph of Fanno Creek downstream of the Durham Road site, showing a nar-
row width, decent riparian cover, and some turbidity that contributes to the pat-
terns in the oxygen/temperature plot. Photo by Stewart Rounds, USGS.

Photograph of the Clackamas River upstream of the Oregon City site, showing the
turbulence and rocky substrate that contribute to the patterns in the oxygen/tem-
perature plot. Photo by Kurt Carpenter, USGS.

Photograph of the Tualatin River upstream of the Oswego Diversion Dam, showing
the slow-moving, pooled characteristics that contribute to the patterns in the oxy-
gen/temperature plot. Photo by Stewart Rounds, USGS.

Photographs of Klamath River at Miller Island and the blue-green algae that are
an important factor contributing to patterns in the oxygen/temperature plot. River
photo by Simon Poulson, Univ. Nevada-Reno; algae photo by Dean Snyder, USGS.
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