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REAERATION COEFFICIENTS OF SIX STREAMS IN NEW YORK

A Comparison of Results Obtained by a
Hydrocarbon-Gas-Tracer Method with those Obtained by
Radioactive Tracers and Predictive Equations

By David A. Stedfast and Richard E. Draper

Abstract

Stream-reaeration measurements were made in selected reaches
on six streams in New York State from 1978 to 1981 with hydrocarbon-
gas and dye tracers. The sites were Canandaigua Outlet near
Canandaigua, Oswego River at Fulton, Hudson River at Fort Miller,
Cayadutta Creek near Johnstown, Chenango River near Morrisville, and
Payne Brook near Hamilton. The reaches represent a wide range of
discharge, water-surface slope, velocity, and streambed composition.
Flows ranged from less than 2 ft3/s (cubic feet per second) on the
Chenango River to 4,100 ft3/s on the Hudson River, and water-surface
slope ranged from less than 1 ft/mi (foot per mile) on the Hudson
and Oswego Rivers to more than 50 ft/mi on Cayadutta Creek. The
corresponding stream-reaeration coefficients ranged from 0.77 units
per day for one reach on Canandaigua Qutlet to 52 units per day on
Cayadutta Creek. The reaeration coefficients for Canandaigua Outlet
compared well with those obtained on the same reach 10 years earlier
with radioactive tracers. Comparison of measured reaeration
coefficients with those calculated from 10 predictive equations based
on stream-channel characteristics yielded mean errors that range
from 51 percent to 103 percent. No single equation gave reliable
accuracy for all stream reaches.

INTRODUCTION

The New York State Department of Environmental Conservation is respon-
sible for establishing limits for municipal and industrial wastewater
discharges to streams and rivers. Some wastewater-treatment facilities within
the State must soon be upgraded, and some municipalities will need to
construct new ones because of increased volumes of effluent and (or) more
stringent quality standards for receiving waters.

The design of a facility depends largely on the stream's capacity to
assimilate organic waste. The rate of reaeration (oxygen transfer), which
occurs at the interface between air and water, is an important factor in the
rate at which organic substances are consumed by microorganisms and also in
the resultant dissolved-oxygen concentration of the stream. This rate,
expressed as a coefficient, can be calculated through a dissolved-oxygen
balance technique. This technique, which requires the identification and
measurement of all oxygen sources and sinks except reaeration, is expensive
and time consuming, and the results may be only marginally reliable.

Several empirical techniques for estimating reaeration rates have been
developed, but when applied to the same stream, they yield widely differing
results. An improved direct method of measuring reaeration, developed by
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Tsivoglou and others (1965, 1967, and 1968), uses radioactive krypton gas,
tritium, and dye tracers. This method provides more consistent values than

the predictive equations but is limited in application because the use of
radioactive tracers in streams has been banned in New York. A more recent
tracer technique, developed by Rathbun and others (1975, 1977) uses
hydrocarbon-gas tracers with rhodamine-WT! dye and provides results consistent
with those given by the radioactive-tracer technique (Rathbun and Grant,

1978). 1In this method, the desorption coefficient of propane and (or)

ethylene is measured and then related to the adsorption coefficient of oxygen.
The dye tracer rhodamine-~-Wt is used to indicate the presence of the gas, and
the traveltime and is the conservative tracer against which the nonconservative
hydrocarbon gas is compared to compute its desorption. Since rhodamine-Wt dye
is not completely conservative, stream discharge must be accurately measured

at each sampling point to allow for a mass recovery adjustment of dye con-
centrations to conservative values. At present, the krypton and hydrocarbon-
gas tracer methods yield results that are more accurate than the dissolved-
oxygen-balance technique. In addition, the hydrocarbon-gas-tracer method

costs significantly less and requires less manpower than either the radioactive-
tracer or dissolved—oxygen-balance techniques.

Purpose and Scope

This report presents results of a study by the U.S. Geological Survey,
in cooperation with the New York State Department of Environmental
Conservation, begun in 1978, to evaluate the hydrocarbon-gas tracer method of
measuring stream—reaeration coefficients. Six streams of different sizes were
selected to represent a wide range of discharge, slope, and channel geometry.

This report (1) describes the hydrocarbon-gas—-tracer method used to
obtain reaeration coefficients for selected reaches on the six streams, (2)
compares the coefficients obtained on Canandaigua Outlet by the hydrocarbon-
gas tracer method with the coefficients obtained 10 years earlier on the same
reach by Tsivoglou and others (1974) by the radioactive-tracer method, and (3)
compares measured reaeration coefficients with values derived by predictive
equations to provide information on equation accuracy. Results of this com-
parison provide a basis for selection of an appropriate method for any type of
stream in the future.

This report also describes the study reach on each of the six streams and,
the principles of stream reaeration and of the hydrocarbon-gas—-tracer method.-
A comparison is made between the coefficients obtained by hydrocarbon tracers
and those obtained by radioactive krypton tracer 10 years earlier on the same
reach. The report also presents and discusses 10 published predictive
equations and tabulates their results for each reach, in terms of percent mean
error, for comparison.

Previous Study
A report by Tsivoglou (1974) provided information on reaeration-rate

coefficients for a range of flow conditions on Canandaigua Outlet, the outflow
from Canandaigua Lake in central New York. These coefficients were measured

1 Use of brand names in this report is for identification purposes only
and does not constitute endorsement by the U.S. Geological Survey.
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through use of radioactive tracers on several reaches of the outlet just
downstream from Canandaigua Lake under several flow conditions. Tsivoglou
developed a model from these measurements to predict the reaeration-rate
coefficient from discharge, traveltime, and change in water-surface elevation.
The results given in that report are compared with the reaeration coefficients

obtained on the same reach in this study.
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DESCRIPTION OF METHODS

Stream—reaeration coefficients can be calculated by several methods.
Three of these methods were used for comparison in this study. The first
entails the use of radioactive krypton-gas tracers and tritium tracers; the
second method uses only hydrocarbon-gas tracers and dye. (The use of radio-
active tracers has been banned in New York.) The third method uses hydraulic
characteristics of the stream in an empirical equation. The radioactive-
tracer method was not used during this study, but the published values
obtained in a previous study by Tsivoglou (1974) on Canandaigua Outlet by
radioactive tracers were used for comparison.

Radioactive-Tracer Method

The original gas-tracer method for measuring stream-reaeration coef-
ficients was developed and field tested by Tsivoglou and others (1965, 1967,
1968, and 1974). 1In this method, radioactive krypton-gas and tritium are
injected into the stream instantaneously. Water samples are then collected at
two or more locations downstream of the injection site and analyzed to deter-~
mine the concentrations of both tracers. These concentrations are used to
calculate the desorption coefficients of radioactive krypton-gas in the stream.
The concentrations of the conservative tracer, tritium, is used to calculate
the traveltime of the tracers and to allow or compensate for the reduction of
the krypton-gas concentrations due to dispersion and dilution. Once the
desorption coefficient of krypton-gas has been calculated, it can be directly
related to the stream's reaeration coefficient. A more complete description
of the method is given in the reports cited above.

Hydrocarbon-Gas=Tracer Method
The radioactive-gas and hydrocarbon-gas techniques are the same in prin-
ciple. For the first, tritium is used as the conservative tracer against

which the nonconservative krypton gas 1is compared to compute a reaeration
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rate. As any tracer moves downstream, concentrations are attenuated or
reduced through natural dispersion. The krypton gas is reduced more rapidly
because it not only undergoes the same dispersion but is escaping the water,
as intended. The rate of krypton—gas escape in relation to the concentration
of the conservative tritium is a direct measure of the reaeration capabilities
of the stream.

The methods used in this study, developed by Rathbun and others (1975,
1977), use a hydrocarbon-gas tracer whose desorption (loss to the atmosphere)
characteristics can be related to the adsorption characteristics of oxygen.
The tracer gas (propane or ethylene) and a fluorescent tracer (rhodamine-Wt
dye) are injected simultaneously into the river upstream of the study reach.
As the gas—and-dye cloud travels downstream, it is sampled at two or more
sites. Unlike tritium, rhodamine-Wt dye is not entirely conservative and
undergoes various decay and adsorption losses as it moves downstream. By
measuring stream discharge at the sampling locations, one can, through mass
recovery computations, determine the conservative concentrations of the dye
tracer. ’

The gas and dye concentrations in the samples are then measured in the
laboratory and used to compute the desorption coefficient of the gas. A
direct linear relationship between the desorption coefficient of the hydro-
carbon gas and the adsorption coefficient of oxygen, given by Rathbun and
others (1978), is then used to compute the reaeration coefficient for the
reach studied. According to Rathbun and others (1978), this relationship is
independent of mixing conditions, water temperature, and water quality and
provides a constant conversion factor.

Two separate analytical methods described by Rathbun and Grant (1978) can
be used to calculate the desorption coefficient of the tracer gas. The "peak
concentration” method, which was originally developed by Tsivoglou and others
(1968), uses the conservative tracer to indicate traveltime and to adjust peak
gas concentrations for dispersion. The "area” method uses the mass of tracer
gas at each sampling site to compute the desorption coefficient. Both tech-
niques have been field tested and verified by Rathbun and Grant (1978) and
Grant and Skavroneck (1980). The equations used to calculate the desorption
coefficient of the tracer gas are:

Peak method: K p = 1/at In [(Cg/Cp)y/(Ci/Cpylg] (1)
Area method: Kg 1 = 1/At 1n [(AgQ)u/(AgQ)d] (2)
where: Kg 7 = desorption coefficient of the tracer gas at the
stream—-water temperature, T;
u,d = subscripts signifying upstream and downstream sampling

sites, respectively;

At = traveltime of dye peak between the upstream and
downstream sampling sites;
C;c = peak concentration of gas tracer;
Cp = peak concentration of dye tracer;
Q = stream discharge at sampling site;
A; = area under the curve for gas concentration versus time;



J = (QAp)y/(QAp)d, dye-loss-correction factor

where: Ap = area under the dye concentration-time
curve for each sampling site.

Once the desorption coefficient of the tracer gas has been calculated, the
stream-reaeration coefficient can be calculated from the following equation
with the appropriate desorption ratio, R,

Ky, 1 = (Kg, )R (3)

stream-reaeration—~rate coefficient at stream-water
temperature, T;

gas—tracer desorption rate at stream—-water temperature, T;

desorption ratio for ethylene (1.15);

desorption ratio for propane (1.39).

where: KZ,T

Xs,

T
R
R

The reaeration coefficient of a stream is dependent on water temperature,
and coefficients must be corrected to a reference water temperature (20°C in
this study) to enable comparison. The following relationship, developed by
Elmore and West (1961), was used to make water—-temperature adjustments to the
reaeration coefficients presented herein. This relationship can also be used
to calculate the stream-reaeration coefficient at any water temperature, T,
given a stream reaeration coefficient at any other water temperature, Tp.

R SRR ) (1.0241) (T17T2) (4)

where: T) = reference water temperature, in °C (20°C in this report),
Ty field water temperature, in °C.

Another indicator of the degree of stream reaeration is the dissolved-
oxygen—deficit ratio. This ratio is independent of traveltime and is typi-
cally used to describe the amount of reaeration occurring in stream water that
passes over dams or weirs. When water flows over one of these structures, the
traveltime is typically short, and the exchange of oxygen is much larger than
in the reach upstream and downstream of the structure. Under these con-
ditions, the dissolved—~oxygen—deficit ratio is sometimes a more useful measure
of reaeration than the reaeration coefficient. The traveltime across the
hydraulic structure is generally hard to measure and entails seconds or min-
utes instead of hours or days, which are the typical time units used for
reaeration coefficients. The dissolved—oxygen—-deficit ratio is defined by the

following equation:
Iy = (Cs'cu)/(cs"cd) (5)

where: r7 = dissolved-oxygen—deficit ratio at the stream temperature, T;
= saturation concentration of dissolved oxygen at the

stream temperature and elevation;
Cy = upstream dissolved-oxygen concentration;

= downstream dissolved—-oxygen concentration.

Q
®
i

This ratio can also be calculated from the reaeration coefficient through the
following equation:



rp = exp(At Kz 1) (6)
All dissolved-oxygen—-deficit ratios presented in this report were calcu-
lated from the reaeration coefficient.

Predictive Equations

The measurement of reaeration coefficients by dissolvedroxygen balance or
tracer techniques is both time consuming and expensive. An alternative to
field measurements is the use of predictive equations that relate the reaera-
tion coefficient to hydraulic characteristics of the stream. The predictive
equations currently available, however, yield widely differing reaeration
coefficients for any given stream reach. For this reason, reaeration coef-
ficients obtained from the predictive equations were compared to those
measured in the field to determine which, if any, could consistently predict
the observed field values with an acceptable degree of accuracy.

The 10 equations presented below were chosen from the most accurate and
commonly used equations evaluated by Rathbun (1977), Grant and Skavroneck
(1980), and House and Skavroneck (1980). The hydraulic values used in each
are an average for the reach. K; is the reaeration coefficient to base e,
calculated from the following equations, in units per day at 20°C.

Source K9 equation formula
1. Bennett and Rathbun (1972): Ko = 20.18 y0.607 5-1.689
2. Churchill and others (1962): K, = 11,6 v0:969 g=1.67

3. 1Isaacs and Gaudy (1968): K, = 8.61 VH™1:>

4. Krenkel and Orlob (1963): Ky = 234 (vs)0-408 y-0.66
5. Langbein and Durum (1967): Ko = 7.61 vH~1.33

6. Negulescu and Rojanski (1969): K, = 10.91 (v/H)0-85

7. 0'Conner and Dobbins (1958): Ky = 12,27 (vs)0-408 y-0.66
8

9

0

. Padden and Gloyna (1971): Ko = 6.86 v0-703 g—1.054

. Parkhurst and Pomeroy (1972): Kj = 48.36 (1+.17F2) (vs)0-375 g-1
2.64 when 1<Q<10
1.30 when 25<Q~3,000

. Tsivoglou and Neal (1976): Ky = c(Ah/T) C
c

The independent variables in the above equations are defined as follows:

= acceleration due to gravity, 32.2 ft/s?;

g

H = mean hydraulic depth, in feet;

V = mean velocity, in ft/s;

s = slope of energy grade line, in ft/ft;
Ah = decrease in water—surface elevation from upstream

end to downstream end, in ft;

T = traveltime, in hours;

Q = discharge, in ft3/s

F = Froude number = V/(gH)1/2



METHODS OF DATA COLLECTION AND COMPUTATION
OF REAERATION COEFFICIENTS

Reaeration coefficients were calculated from the 10 predictive equations
and from the gas- and dye-tracer measurements. Procedures for types of
computations are described below.

Field Methods

The hydrocarbon gas—-tracer method was performed as follows: (1) simulta-
neous injection of the tracer gas and dye into the stream, (2) measurement of
stream discharge and water temperature at two or more downstream sampling
sites, (3) timed sampling of the tracers at the sampling sites, and (4) analy-
sis of water samples to obtain dye and gas concentrations, from which the
reaeration coefficients were calculated.

Gas cylinders equipped with regulators, and rotometers (flow meters) were
used to inject and monitor the flow of gas, either propane or ethylene,
through porous stone or tile diffusers submerged in the stream. These dif-
fusers are similar to those used for aeration in sewage-treatment facilities.
The porous tile diffusers, which have a 2-y pore size, were used at all but
Canadaigua Outlet, where porous stone diffusers were used. Dye solution was
injected into the stream from graduated cylinders through plastic tubing by
special flow—-calibrated laboratory pumps. The period of gas and dye injection
typically lasted from 20 minutes to 2 hours, depending on stream size and
flow rate.

Stream discharges were measured by a current meter in accordance with
U.S. Geological Survey stream—-gaging methods described by Buchanan and Somers
(1969). Water temperature was measured with a calibrated liquid column
thermometer accurate to within + 0.5°C.

Samples for dye analysis were collected in 35-mL screw—cap vials after
each sample bottle was first rinsed with river water. Continuous flow-through
fluorometers were used at some locations to monitor the dye for sample-
scheduling purposes. Hydrocarbon-gas samples were collected in 45-mL glass
bottles with Teflon seal caps. At the Canandaigua reach, gas samples were
collected by hand or grab-type sampler. At all other streams, a displacement-
type sampler was used that flushed the sample bottle about three times before
filling. To each bottle, 1 mL of reagent-grade formalin solution was added to
inhibit biological degradation during shipping. Both the dye and gas samples
were stored out of direct sunlight. A few gas samples developed bubbles
during shipping and storage, but these constituted less than 15 percent of the
total number of samples. Samples that contained bubbles were noted at the
laboratory and analyzed but were not used in calculations because gas leaving
solution would give a low concentration value.

The gas samples collected in the field were sent to the U.S. Geological
Survey Central Laboratory in Doraville, Ga., for analysis, where propane and
(or) ethylene gas concentrations were measured by gas chromatography according
to methods of Shultz and others (1976). Gas concentrations were corrected for
the addition of formalin to the sample. Dye samples were analyzed at the U.S.
?e;éggical Survey office in Albany, N.Y., by fluorometric procedures of Wilson
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Reaeration coefficients were computed from dye and gas concentrations for
each stream reach by eq. 1 for the "peak” technique described by Rathbun and
Grant (1978). The "area" method, also described by Rathbun and Grant (1978),
uses equation 2, which requires a large number of samples. It was therefore
applied only to one reach of the Hudson River. The reaeration coefficients
and other pertinent data are summarized in table 1.

Table 1.-- Reaeration-measurement data.

(Reach locations are shown in figs. 2-7.)

Reaeration Oxygen

Travel- coefficient deficit
Discharge? time at 20°C ratio at
Stream reach! Date (£t3/s) (hours) (units/day) 20°CS
Canandaigua Outlet
1-2 7-19-78 8.00 16 .35 40.77 -
2-3 10~-24~78 23.8 9.00 “1.8 -
3-4 10-23-78 53.4 5.67 418 -
Oswego River
1-3 8-12-79 1,600 2.42 4.6 1.6
1-4 8-12-79 1,600 2,92 9.7 3.2
1-5 8-12-79 1,600 5.14 9.5 7.6
3-4 8-12-79 1,600 0.50 35 2.1
3-5 8-12-79 1,600 2.72 14 4.8
4-5 8-12-79 1,600 2.22 6.0
Hudson River
1-3 7-17-79 3,900 2.07 4.1 1.4
1-3 7-13-80 1,500 3.00 3.1 1.5
1-5 7-13-80 1,500 7.75 2.3 2.1
2-3 7-13-80 1,500 0.67 59.8 51.4
2-5 7-13-80 1,500 5¢42 2.8 1.9
3-5 7-13-80 1,500 4.75 1.8
Cayadutta Creek
1-2 8- 4-81 29.3 2.75 52 -
Chenango River
1-2 8- 5-81 2.37 6447 12 -
Payne Brook
1-2 8- 6-81 13.1 11.14 3.7 -

Hyphenated numbers indicate upstream and downstream sampling site.

Reach average.

Calculated from reaeration coefficient.

Average reaeration coefficient calculated from ethylene tracer data
and propane tracer data.

Average of area and peak methods.
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Predictive Equations

The predictive equations require a set of reach-averaged hydraulic data
for each stream reach; these were obtained from U.S. Geological Survey 7 J2-
minute topographic maps and field measurements. The hydraulic values used in
the predictive equations for all stream reaches studied are summarized in
table 2. The terms used in these equations are explained below.

Mean velocity, flow area, and depth of stream reach.--These were calculated
through the following equations:

mean velocity (ft/s) = reach length / dye traveltime
mean flow area (ft2) reach-averaged discharge / mean velocity
mean depth (feet) = mean flow area / mean water-surface width

Traveltime, stream discharge (reach-average), and mean water-surface width.--
These were calculated from the field data gathered during the reaeration
measurements. Additional water-surface-width data on the Oswego and Hudson
Rivers were obtained from topographic maps.

Table 2.--Hydraulic values used in predictive equations
to obtain stream-reaeration coefficients!l.

(Equations are listed on p. 4~6; locations are shown in figs. 2 through 7)

Mean Travel
Length  Fall Slope depth Velocity Discharge3 time Froude
Stream reach? Date (ft) (f£)  (fe/ft)  (ft)  (ft/s)  (ft/s) (h)  number
Canandaigua
OQutlet

1-2 7-19-78 8,450 2.0 2.4 x100* 1.5 0.14 8.00 16.35 0.02

2-3 10-24-78 8,980 11.0 1.2 x10~3 1.4 .28 23.8 9.00 .04

3-4 10-23-78 14,260 41.3  2.90x10~3 1.2 .70 53.4 5.67 .11
Oswego River

4=5 8-12-79 3,960 .08 2.0 x10~3 4.7 45 1,600 2.22 .03
Hudson River

3-5 7-13-80 9,100 .18 2.0 x10-% 5.7 .53 1,500 4.75 .04
Caydautta Creek

1-2 8- 4-81 10,930 105 9.61x10-% ¢ 1.10 29.3 2,75 .25
Chenango River

1-2 8- 5-81 5,820 19.6  3.37x10-3 . .25 2.37 6.47 .06
Payne Brook

1-2 8- 6-81 6,330 7.5 1.2 x10-3 2.8 .16 13.1 11.14 .02

1 Dpata not given for stream reaches with dams.

2 Numbers indicate upstream and downstream sampling site of each reach.
Locations are shown in figures 2 through 7.

3 Reach average.



Stream-reach length and change in water-surface elevation (slope).~-These were
measured on U.S. Geological Survey 7 }J2-minute topographic maps. Reach slopes
of the Chenango River and Payne Brook were also measured by field level sur-
veys. The results agreed closely with those derived from the topographic
maps. Reach slopes of the Oswego and Hudson Rivers were calculated from
water-surface-elevation data collected at the Barge Canal locks upstream and
downstream from the study reach.

The Froude number.--This was calculated from the above-mentioned stream
characteristics through the equations given in the preceding section.

CRITERIA FOR SITE SELECTION

Reaeration measurements were made on six streams in the central part of
New York—--Canandaigua Outlet near Canandaigua, Oswego River at Fulton, Hudson
River at Fort Miller, Cayadutta Creek near Johnstown, Chenango River near
Morrisville, and Payne Brook near Hamilton (fig. 1). Multiple reaeration
measurements were made on the Canandaigua Outlet and the Hudson River.

79° 78° 77° 76° 75° 74° 73° 72°
] 1 1 1 ] ¥ T 1
as° .
CANADA vT
440 P B —
Oswego River
Fuiton Mo, Cayadur;a .
Sy awk ﬁ,,vg” \Johnstown Fort Miller
a3} Canandaigua Outlet Morrisville_ ]
Canandaigua y Hamilton __
 Payne Brook §
< MA
I

§ -
42° 2 -

PA cT

7
’
NJ .
41°T 0 210 4.0 Sp 8.0 190 MILES nd
I —L v ‘ \s\8!
0 20 40 60 KILOMETERS [ o
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1 1
Base from U.S. Geological Survey
State base map, 1:500,000 1974

Figure 1.--Locations of streams studied in New York.
(Site maps are given in figs. 2 through 7.)
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had rating problems during low flow because extensive weed growth causes
backwater conditions.

The stream slopes were calculated from contours on topographic maps,
not actual water-surface elevations; therefore, changes in the relation
of water-surface elevation to streamflow were not reflected in the
calculations.

Comparison With Results of Predictive Equations

The 10 predictive equations evaluated in this study were used to calcu-
late the reaeration coefficients for the eight reaches that were free of man-
made hydraulic structures such as dams or weirs. (The three reaches with man-—
made hydraulic structures were excluded because the equations being evaluated
were designed only for unobstructed flow.) Although several predictive
equations are available to calculate the amount of reaeration occuring over
dams, none were evaluated because only three study reaches contained dams.

The predicted and measured stream—reaeration coefficients for the eight
reaches are given in table 3.

The accuracy of each of the predictive equations is given in terms of
mean error. When the mean errors were being computed, it was noted that
equations that yilelded accurate values for small streams gave poor results for
large streams and vice versa. Therefore, the mean error was also calculated
for (1) the four small streams combined, and (2) the two large rivers com—
bined, as well as all six streams combined; results are given in table 4.

Only the two reaches on the Oswego and Hudson Rivers with flows greater than
1,000 ft3/s were used for the large rivers. All 10 equations underestimated
the reaeration coefficients for the large river reaches; the reason may be
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related to the effects of wind on reaeration in large rivers. Also, the small
number of large-river reaches evaluated may not be a representative sampling.

The mean errors of the predictive equations ranged from 51 to 103 percent
among the eight stream reaches; all but one of these equations had mean
errors less than 100 percent. The equation with the smallest mean error was
that of Tsivoglou and Neal (1976); although this equation accurately predicted
reaeration coefficients for small streams, it underestimated the large-stream
values by 98 percent. The equation by Negulescu and Rojanski (1969)
underestimated the large streams by only 51 percent but had a mean error of 68
percent for small streams. Equations that provided the best estimates for
small streams gave the worst results for large rivers, and vice versa. No
equation accurately predicted the reaeration coefficients for both small
streams and large rivers.

Table 3.--Measured and predicted reaeration coefficients for 11 stream reaches.

(Reaeration coefficients are units per day
at 20°C; equations are given on p. 6.)

River and reach (locations are shown in figs. 2-7.

Canandaigua Oswego Hudson Cayadutta Chenango Payne
Qutlet River River Creek River Brook

Predictive Equation 1.2 2-3 3-4 4-5 3-5 1-2 i-2 1-2
Bennett and Rathbun 3.1 5.2 12 0.53 0.73 51 21 1.2
(1972)
Churchill and others .05 .10 .92 .11 .22 10 .43 .01
(1962)
Isaacs and Gaudy .67 1.4 4.6 .25 .34 20 4.6 .29
(1968)
Krenkel and Orlob 2.7 7.2 16 .61 .69 58 18 3.6
(1963)
Langbein and Durion .64 1.4 4.2 .30 .40 17 3.8 .31
(1967)
Negulsecu and Rojanski 1.5 2.8 6.9 1.2 1.4 18 5.2 .95
(1969)
0'Conner and Dobbins 2.5 3.9 7.8 .50 .66 28 13 1.0
(1958) .
Padden and Gloyna 1.1 2.0 4.4 .56 .70 13 4.4 .63
(1971)
Parkhurst and Pomeroy .68 1.7 4.0 .10 .12 15 5.7 .69
(1972)
Tsivoglou and Neal 32 1.7 9.4 .05 .05 49 8.0 1.6
(1976)
Measured 0.77 1.8 18 6.0 1.8 52 12 3.7
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Table 4.--Accuracy of predictive equations for the four small
streams, the two large rivers, and all streams combined.

Mean error, in percent, and rank*

All

Small Large streams
Predictive equation gtreams rivers studied
Bennett and Rathbun (1972) 112 (10) 75 (3) 103 (10)
Churchill and others (1962) 93 (8) 93 (8) 93 (8)
Isaacs and Gaudy (1968) 54 (3) 88 (7) 63 (3)
Krenkel and Orlob (1963) 104 (9) 76 (3) 97 (9)
Langbein and Durion (1967) 57 (4) 86 (6) 64 (5)
Negulsecu and Rojanski (1969) 68 (6) 51 (1) 64 (6)
0'Conner and Dobbins (1958) 88 (7) 78 (5) 86 (7)
Padden and Gloyna (1971) 58 (5) 76 (4) 63 (4)
Parkhurst and Pomeroy (1972) 50 (2) 96 (9) 62 (2)
Tsivoglou and Neal (1976) 35 (1) 98 (10) 51 (1)

* Number in parentheses is ranking in terms of smallest mean error.

SUMMARY AND CONCLUSIONS

Stream~reaeration measurements were made with fluorescent dye and
hydrocarbon-gas tracers on six streams in New York State between 1978 and
1981. The locations were Canandaigua Outlet at Canandaigua, Oswego River at
Fulton, Hudson River at Fort Miller, Cayadutta Creek near Johnstown, Chenango
River near Morrisville, and Payne Brook near Hamilton. Multiple reaeration
measurements were made on Canandaigua Outlet and the Hudson River. Reaeration
coefficients calculated from results of these measuremenis were compared to
reaeration coefficients measured by radioactive tracers on Canandaigua Outlet
in 1973 and to those calculated from 10 predictive equations.

The reaeration coefficients obtained during this study were derived
through gas-tracer methods described by Rathbun and Grant (1978). Of the two
hydrocarbon tracer methods available, the "peak concentration” method was the
only method used on all stream reaches. The "area" method, which requires
many more gas samples, was used only on one short reach of the Hudson River.
The Hudson River reaeration coefficients derived by these two methods were
within 2 percent of each other. Final results of all measurements showed a
range in log base e stream reaeration coefficients from 0.77 units per day on
Canandaigua Outlet to 52 units per day on Cayadutta Creek. Dissolved-oxygen-—
deficit ratios were calculated for several reaches on the Oswego and Hudson
Rivers. These ratios, which ranged from 1.4 to 2.1 on the Hudson River and
from 1.6 to 7.6 on the Oswego River, were computed for stream reaches with one
or more dams.,

The reaeration coefficients measured on Canandaigua Outlet by hydrocarbon
gas~tracer methods were compared with coefficients obtained through the radio-
active-tracer technique on the same reach 10 years earlier. The coefficients
obtained by both methods yielded values that were in close agreement for all
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three stream reaches. These results suggest that the hydrocarbon-gas-tracer
method is a reasonable alternative to the use of radioactive tracers.

Comparison of reaeration coefficients calculated from ten predictive
equations based on stream characteristics with those obtained by the hydro-
carbon tracer measurements gave a wide range of results. The accuracy of each
equation is reported in terms of mean error. Equations that yielded the
closest agreement with the field-measured coefficients for small streams
ylelded the largest errors for large rivers, and vice versa. The equation
with the smallest mean error (35 percent) for small streams was that of
Tsivoglou and Neal (1976). All 10 equations underestimated the reaeration
coefficients for the combination of two large river reaches; the smallest
error (51 percent) was given by the equation of Negulescu and Rojanski (1969).
No equation accurately predicted the stream-reaeration coefficients for both
small and large rivers.
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