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ABSTRACT

This standard, Measurement of Oxygen Transfer in Clean
Water, is a revision of the July 1984 version, and represents the
current consensus of the ASCE Committee on Oxygen Transfer
Standards after five years of monitoring the original standard. It
was developed to measure the rate of oxygen transfer from dif-
fused gas and mechanical oxygenation devices to water. The
standard is applicable to laboratory- scale oxygenation devices
with small volumes of water as well as to full-scale systems with
water volumes typica! of those found in the activated sludge
wastewater treatment process, it is intended that this standard
be used by engineers in the preparation of specifications for
compliance testing. This test method is based upon removal of
dissolved oxygen (DO) from the water volume by sodium sulfite
followed by reoxygenation to near the saturation level. The DO
inventory of the water volume is monitored during the rearation
period by measuring Dp concentrations at several points,
selected so that each point senses an equal tank volume. The
method specifies a minimum number, distribution, and range oi
DO measurements at each point. This procedure is valid for a
wide variety of mixing conditions. The primary result of this test-
ing is expressed as the standard oxygen transfer rate (SOTR).
The standard also describes how clean water tests can be
applied to estimate oxygen transfer rate in process water. In
addition, various components of power consumption are
defined; methods for measurement of gas rate and power con-
sumption by oxygenation devices are given; computer pro-
grams for nonlinear regression analysis are presented; and the
preparation of data analysis is discussed.
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STANDARDS

In April 1980, the Board of Direction ap-
proved ASCE Rules for Standards
Committees to govern the writing and
maintenance of standards developed by the
Society. All such standards are developed
by a consensus standards process managed
by the Management Group F on Codes and
Standards. The consensus process includes
balloting by the balanced standards com-
mittee made up of Society members and
nonmembers, balloting by the membership
of ASCE as a whole, and balloting by the
public. All standards are updated or reaf-
firmed by the same process at intervals not
exceeding five years.
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FOREWORD

This standard is a revision of the July 1984
standard and represents the current consensus
of the ASCE Committee on Oxygen Transfer
Standards after five years of monitoring the
original standard.

Preparation of a standard general enough to
be applied to all clean water unsteady-state
tests and specific enough to incorporate all
essential procedures was difficult. Users of
this standard must give particular attention
to use of the mandatory "shall" and advisory
"should" terms. For particular applications
of this standard, it may be advantageous for
the user to elevate certain advisory steps to
the mandatory level. The body of this stan-
dard is supplemented with Annexes and a
Commentary, which follow the text. The
Annexes provide mandatory information and
include material that is an essential part of the
standard but is too lengthy to place in the text.
The Commentary, which follows the Annexes,
provides nonmandatory information to sup-

plement the standard. The Commentary is
not a part of the standard.

It is intended that this standard be used by
engineers in the preparation of specifications
for compliance testing. When this is the case,
the engineer should consider the costs of re-
quiring extensive compliance testing in rela-
tion to the initial cost of the oxygen transfer
system and present worth of future operating
costs.

The substance of this standard is based on
recommendations made in the report, "Deve-
lopment of Standard Procedures for Evaluating
Oxygen Transfer Devices," by the ASCE
Oxygen Transfer Standards Subcommittee, W.
C. Boyle, Chairman. The user is referred to
this document, which contains References 1 to
4, to Reference 5 for background information,
and to Reference 6 for a report on accuracy and
precision of the method.

Formulas given in parenthesis throughout
the standard are for use with si units.

V
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MEASUREMENT OF OXYGEN TRANSFER RATE
IN CLEAN WATER

1.0 SCOPE
This method covers the measurement of

the Oxygen Transfer Rate (OTR) as a mass
of oxygen per unit time dissolved in a vol-
ume of water by an oxygen transfer system
operating under given gas rate and power
conditions. Methods for measurement of
gas rate and power are also described in the
Annexes A and B, respectively. The method
is applicable to laboratory-scale oxygena-
tion devices with small volumes of water as
well as the full-scale system with water vol-
umes typical of those found in the activated
sludge wastewater treatment process. The
procedure is valid for a wide variety of mix-
ing conditions.

The primary result of this test is expressed
as the Standard Oxygen Transfer Rate
(SOTR), a hypothetical mass of oxygen trans-
ferred per unit of time at zero dissolved oxy-
gen concentration, water temperature of
20°C, and barometric pressure of 1.00 atm
(191kPa), under specified gas rate and power
conditions. The method is intended primari-
ly for clean water meeting the requirements
of Section 5.2 and 6.3. The results can be ap-
plied to estimate oxygen transfer rate in
process water as described in Commentary.

2.0 SUMMARY OF METHOD

The test method is based upon removal
of dissolved oxygen (DO) from the water
volume by sodium sulfite followed by re~
oxygenation to near the saturation level.
The DO inventory of the water volume is
monitored during the reaeration period by
measuring DO concentrations at several de-
termination points selected to best represent
tank contents. These DO concentrations
may be either sensed in situ using mem-
brane probes or measured by the Winkler or
probe method applied to pumped samples.
The method specifies a minimum number,
distribution, and range of DO measure-
ments at each determination point.

The data obtained at each determination

point are then analyzed by a simplified
mass transfer model to estimate the appar-
ent volumetric mass transfer coefficient,
KLa, and the steady-state DO saturation con-
centration, C* . The basic model is described
in Reference 1 and is given by

where
DO concentration, IUL 3t;
determination point value of the
steady-state DO saturation concen-
tration as time approaches infinity,

C0 - DO concentration at time zero, mt 3;
and

KLa - determination point value of the ap-
parent volumetric mass transfer co-
efficient, t"1, defined so that,

KLa = rate of mass transfer per unit vol-
ume/(C:-C).

t m = mass, L = length, t - time, f = force

Nonlinear regression is employed to fit
Equation 1 to the DO profile measured at
each determination point during reoxygena-
tion. In this way, estimates of KLa and C*
are obtained at each determination point.
These estimates are adjusted to standard
conditions, and the standard oxygen trans-
fer rate (mass of oxygen dissolved per unit
time at a hypothetical concentration of zero
DO) is obtained as the average of the prod-
ucts of the adjusted determination point KLa
values, the corresponding adjusted deter-
mination point C^ values, and the tank
volume.

3.0 SIGNIFICANCE AND LIMITATIONS

Oxygen transfer rate measurements are
useful for comparing the performance and
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