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because rotameters used for mcnitoring these flow rates are usually
provided with calibrations in inch-pound units. A table of metric -
inch-pound conversinn factors is included on page VIII of this report.

TH.. TRACER TECHNIQUE

Measuring the reaeration coefficient of a stream with the modified
tracer technique is accomplished by injecting the tracer gas (or gases)
ana dye solution Into the stream, obtaining samples of the stream water
at various points downstream as the gas and dye tracers‘pass, analyzing
the water samples‘for concentrations of the tracers, computing a desorption
coefficient for the tracer gas, and converting the desorption coefficient
to the reaeration coefficient with the ratio determined in laboratory
studies. oJcetails of these procedures have been described in other
reports (Ra houn and others, 1975; Shultz and others, 1976; Rathbun and
others, 1977; Rathbun and others, 1978) and will not be repeated here.
However, a brief discussion of the injection process will be given in
the following paragraphs to serve as a basis for the description of the
procedures for estimating the gas flow rates, the quantities of the
gases, the dye concentration, the quantity of dye, and the length of the"
injection period. The dye solution flow rate will usually be determined
within limits by the type of equipment used for injection.

The hydrocarbon gas and the dye solution are injected into the
stream for a time period sufficient to give concentrations at the downstream
end of the reach that can be measured with a precision of about 2 percent.
For streams with discharges less than about 8.5 m3/s, it is generally
possible to obtain sufficient cconcentrations of both ethylene and propane
in the stream so that these gases can be used simultaneously. Because
these gases desorb at different rates, two measurements of the reaerstion
coefficient are possible in a single experiment with only a little
additional effort. For streams with discharges larger than 8.5 m3/s[
ethylene alone has been used as the tracer gas.

The ethylene and propane are injected into the stream by bubbling
through porous tube diffusers placed on the bottom of the stream in the
center of the flow. Thre diffusers were obtained from the Norton Company .,
Worcester, Mass., and are 0.46 m long, 75 mm in outside diameter, and 19 mm
thick. Two diffusers with an approximate average pore size of 6.3
microns are used for propane and one diffuser with an average pore size
between 15 #nd 20 microns is used for ethylene. A larger surface area
is used for the propane because one of the variables affecting the rate

1The use of the brand names in this ceport is for identification
purposes only and does not imply endorsement by the U.S. Geological Survey.
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Equation 23 shows that the time of travel to the downstream end of the
reach of the peak concentration of a tracer injected for T minutes is

approximately equal to the time of travel through the reach plus half
the duration of the injection period.

Time-of-travel data have been determined for a number of streams in
the United States using rhodamine dyes, and rererences to measurements
completed prior to May of 1973 were summarized by Boning (1973). The
concentration-time data summarized by Nordin and Sabol (1974) can also
be used to determine the time of travel for streams for which these data
are availaktle. Since these two studies, there have been other time-
of-travel studies, for example, Eikenberry and Davis (1976) and Bater
and others (in press).

In most situations, however, time-of-travel data will not be available
for the reach of interest or if available, will not be for the desired
flow conditions. The alternatives are to predict the time of travel or
to measure it. Predictive methods include the use of a generalized
procedure such as that of Boning (1974), the use of a regionalized
approach such as that of Eikenberry and Davis (1976) or the use of a
procedure appropriate to a specific stream such as that of Bauer and
others (in press). Procedures for measuring the time of travel with a
rhodamine dye were described by Kilpatrick, Martens, and Wilson (written
commun., 1970).

Knowledge of the time of travel is necessary not only for estimating
the gas quantities but also for planning the experiment. The time of
travel must be long enough so that an appreciable change in the tracer
gas concentration occurs during the time of travel from the upstream to
the downstream end of the reach. If this change is small, then the
computed reaeration coefficient will be relatively inaccurate because
the logarithm of the concentration ratio will vary significantly as a
result of errors. This occurs because, as the argument of the logarithm
approaches unity, the logarithm becomes more sensitive to the value of
the argument. But, if the time of travel is too long, there may not be
enough tracer gas remaining at the downstream end of the reach to permit.
accurate determination of the gas concentrations. Also, the concentration-
versus-time curve may be so flat that determination of the exact peak
concentration may be difficult. Finally, if the reach is to be divided
into subreaches, then cross sections between the upstream and downstream
ends of the reach must be sampled, and the approximate times of travel
to these cross sections must be known for planning purposes.

To illustrate the effects of errcrs in the mean velocity, or conversely

the time of travel, on the upstream gas concentration, values of C

were computed from equation 5 for the BPS presented in table 1 with©

the value of U varied over a range of plus or minus 50 percent of the

BPS value. A smaller error range was used for the mean velocity than

for the gas desorption coefficient and the longitudinal dispersion
coefficient because the mean velocity will generally be known more
accurately than the desorption and dispersion coefficients. The length
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