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STANDARDS

In 2003, the Board of Direction approved the revision to
the 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 Society’s Codes and
Standards Committee (CSC). The consensus process
includes balloting by a balanced standards committee
made up of Society members and nonmembers, balloting
by the membership of the Society as a whole, and ballot-
ing by the public. All standards are updated or reaffirmed
by the same process at intervals not exceeding five years.
The following standards have been issued:

ANSI/ASCE 1-82 N-725 Guideline for Design and
Analysis of Nuclear Safety Related Earth Structures

ASCE/EWRI 2-06 Measurement of Oxygen Transfer in
Clean Water

ANSI/ASCE 3-91 Standard for the Structural Design of
Composite Slabs and ANSI/ASCE 9-91 Standard
Practice for the Construction and Inspection of
Composite Slabs

ASCE 4-98 Seismic Analysis of Safety-Related Nuclear
Structures

Building Code Requirements for Masonry Structures
(ACT 530-02/ASCE 5-02/TMS 402-02) and
Specifications for Masonry Structures (ACI 530.1-
02/ASCE 6-02/TMS 602-02)

ASCE/SEI 7-05 Minimum Design Loads for Buildings
and Other Structures

SEI/ASCE 8-02 Standard Specification for the Design of
Cold-Formed Stainless Steel Structural Members

ANSI/ASCE 9-91 listed with ASCE 3-91

ASCE 10-97 Design of Latticed Steel Transmission
Structures

SEI/ASCE 11-99 Guideline for Structural Condition
Assessment of Existing Buildings

ASCE/EWRI 12-05 Guideline for the Design of Urban
Subsurface Drainage

ASCE/EWRI 13-05 Standard Guidelines for Installation
of Urban Subsurface Drainage

ASCE/EWRI 14-05 Standard Guidelines for Operation
and Maintenance of Urban Subsurface Drainage

ASCE 15-98 Standard Practice for Direct Design of
Buried Precast Concrete Pipe Using Standard
Installations (SIDD)

ASCE 16-95 Standard for Load Resistance Factor Design
(LRFD) of Engineered Wood Construction

ASCE 17-96 Air-Supported Structures

ASCE 18-96 Standard Guidelines for In-Process Oxygen
Transfer Testing

ASCE 19-96 Structural Applications of Steel Cables for
Buildings

ASCE 20-96 Standard Guidelines for the Design and
Installation of Pile Foundations

ANSI/ASCE/T&DI 21-05 Automated People Mover
Standards—Part 1
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ASCE 21-98 Automated People Mover Standards—Part 2

ASCE 21-00 Automated People Mover Standards—Part 3

SEI/ASCE 23-97 Specification for Structural Steel
Beams with Web Openings

ASCE/SEI 24-05 Flood Resistant Design and Construction

ASCE/SEI 25-06 Earthquake-Actuated Automatic Gas
Shutoff Devices

ASCE 26-97 Standard Practice for Design of Buried
Precast Concrete Box Sections

ASCE 27-00 Standard Practice for Direct Design of
Precast Concrete Pipe for Jacking in Trenchless
Construction

ASCE 28-00 Standard Practice for Direct Design of
Precast Concrete Box Sections for Jacking in
Trenchless Construction

ASCE/SEI/SFPE 29-05 Standard Calculation Methods
for Structural Fire Protection

SEI/ASCE 30-00 Guideline for Condition Assessment of
the Building Envelope

SEI/ASCE 31-03 Seismic Evaluation of Existing
Buildings

SEI/ASCE 32-01 Design and Construction of Frost-
Protected Shallow Foundations

EWRI/ASCE 33-01 Comprehensive Transboundary
International Water Quality Management Agreement

EWRI/ASCE 34-01 Standard Guidelines for Artificial
Recharge of Ground Water

EWRI/ASCE 35-01 Guidelines for Quality Assurance of
Installed Fine-Pore Aeration Equipment

CI/ASCE 36-01 Standard Construction Guidelines for
Microtunneling

SEI/ASCE 37-02 Design Loads on Structures During
Construction

CI/ASCE 38-02 Standard Guideline for the Collection
and Depiction of Existing Subsurface Utility Data

EWRI/ASCE 39-03 Standard Practice for the Design and
Operation of Hail Suppression Projects

ASCE/EWRI 40-03 Regulated Riparian Model Water
Code

ASCE/SEI 41-06 Seismic Rehabilitation of Buildings

ASCE/EWRI 42-04 Standard Practice for the Design and
Operation of Precipitation Enhancement Projects

ASCE/SEI 43-05 Seismic Design Criteria for Structures,
Systems, and Components in Nuclear Facilities

ASCE/EWRI 44-05 Standard Practice for the Design and
Operation of Supercooled Fog Dispersal Projects

ASCE/EWRI 45-05 Standard Guidelines for the Design
of Urban Stormwater Systems

ASCE/EWRI 46-05 Standard Guidelines for the
Installation of Urban Stormwater Systems

ASCE/EWRI 47-05 Standard Guidelines for the
Operation and Maintenance of Urban Stormwater
Systems

ASCE/SEI 48-05 Design of Steel Transmission Pole
Structures
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FOREWORD

This standard is a revision of the June 1992 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 spe-
cific enough to incorporate all essential procedures
was difficult. Users of this standard must give particu-
lar attention to use of the mandatory “shall” and advi-
sory “should” terms. For particular applications of this
standard, it may be advantageous for the user to ele-
vate certain advisory steps to the mandatory level. The
body of this standard 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 that
follows the Annexes provides nonmandatory informa-
tion to supplement the standard. The Commentary is
not a part of the standard.
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It is intended that this standard be used by engi-
neers in the preparation of specifications for compli-
ance testing. When this is the case, the engineer
should consider the costs of requiring extensive com-
pliance testing in relation to the initial cost of the oxy-
gen transfer system and present worth of future operat-
ing costs.

The substance of this standard is based on recom-
mendations made in the report, “Development of
Standard Procedures for Evaluating Oxygen Transfer
Devices,” by the ASCE Oxygen Transfer Standards
Subcommittee, Michael K. Strenstrom, Chairman. The
user is referred to this document, which contains
Refs. [1] to [4], Ref. [5] for background information,
and Ref. [6] for a report on accuracy and precision of
the method.

Formulas given in parentheses throughout the
standard are for use with SI units.
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Measurement of Oxygen Transfer 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 volume 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 applica-
ble to laboratory-scale oxygenation devices with
small volumes of water as well as the full-scale
system with water volumes typical of those found
in the activated sludge wastewater treatment process.
The procedure is valid for a wide variety of mixing
conditions.

The primary result of this test is expressed as
the standard oxygen transfer rate (SOTR), a hypotheti-
cal mass of oxygen transferred per unit of time
at zero dissolved oxygen concentration, water tem-
perature of 20°C, and barometric pressure of
1.00 atm (101.3 kPa) under specified gas rate and
power conditions. The method is intended primarily
for clean water meeting the requirements of
Sections 5.2 and 6.3. The results can be applied to
estimate oxygen transfer rate in process water as
described in Commentary G.

2.0 SUMMARY OF METHOD

The test method is based upon removal of dis-
solved oxygen (DO) from the water volume by sodium
sulfite followed by reoxygenation to near the satura-
tion level. The DO inventory of the water volume is
monitored during the reaeration period by measuring
DO concentrations at several determination points
selected to best represent tank contents. These DO
concentrations may be either sensed in situ using
membrane probes or measured by the Winkler or
probe method applied to pumped samples. The
method specifies a minimum number, distribution,
and range of DO measurements at each determination
point.

The data obtained at each determination point are
then analyzed by a simplified mass transfer model to
estimate the apparent volumetric mass transfer coeffi-
cient, K, a and the steady-state DO saturation concen-
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tration, C*,.. The basic model is described in Ref. [1]
and is given by

C=C*, — (C*, — C,) exp(—K,af)  (Eq.2-1)

where

C = DO concentration, mL3;

C*,, = determination point value of the steady-state
DO saturation concentration as time
approaches infinity, mL~3;

C, = DO concentration at time zero, mL3;

K,a = determination point value of the apparent
volumetric mass transfer coefficient, ¢/,
defined so that

K,a = rate of mass transfer per unit
volume/(C*,, — C).

Throughout this standard, the terminology for units
will be shown as follows: m = mass units, / = length
units, f = force units, and ¢ = time units.

Nonlinear regression is employed to fit Eq. (2-1)
to the DO profile measured at each determination
point during reoxygenation. In this way, estimates of
K,a and C*, are obtained at each determination point.
These estimates are adjusted to standard conditions,
and the standard oxygen transfer rate (mass of
oxygen dissolved per unit time at a hypothetical
concentration of zero DO) is obtained as the aver-
age of the products of the adjusted determination
point K, a values, the corresponding adjusted determi-
nation point C*,, values, and the tank volume. Recent
developments that have the potential to be recognized
in a future edition of this standard appear in
Commentary A.

3.0 SIGNIFICANCE AND LIMITATIONS

Oxygen transfer rate measurements are useful
for comparing the performance and energy efficiency
of oxygenation devices operating in clean water.
However, performance of these devices in process
water may significantly differ from the performance in
clean water, and the amount of difference will depend
on the device, on how it is applied, and on the nature
of the process water.
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MEASUREMENT OF OXYGEN TRANSFER IN CLEAN WATER

Agreement of this method has been evaluated by
parallel testing with the radioactive tracer stripping
method, and K;a by the two methods has been found
to be within =3% (Ref. [6]).

4.0 DEFINITIONS AND NOMENCLATURE
4.1 OXYGEN TRANSFER RATE

Mass of oxygen per unit time dissolved in a vol-
ume of water by an oxygen transfer system operating
under given conditions of temperature, barometric
pressure, power, gas rate, and dissolved oxygen
concentration.

4.2 STANDARD OXYGEN TRANSFER RATE

OTR in clean water when the DO concentration is
zero at all points in the water volume, the water tem-
perature is 20°C, and the barometric pressure is
1.00 atm (101.3 kPa) (see Eq. 8-3).

4.3 AERATION EFFICIENCY

OTR per unit total power input. Power input may
be based on either delivered brake or wire power, and
this basis must be stated.

4.4 STANDARD AERATION EFFICIENCY

SOTR per unit total power input. Power input
may be based on delivered, brake, or wire power, and
this basis must be stated.

4.5 OXYGEN TRANSFER EFFICIENCY

Fraction of oxygen in an injected gas stream dis-
solved under given conditions of temperature, baro-
metric pressure, gas rate, and DO concentration.

4.6 STANDARD OXYGEN TRANSFER
EFFICIENCY

OTE in clean water when the DO concentration
is zero at all points in the water volume, the water
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temperature is 20°C, and the barometric pressure is
1.00 atm (101.3 kPa).

5.0 APPARATUS AND METHODS
5.1 TANK

The geometry and tank size will depend on the
particular oxygenation system to be tested. The test is
applicable to tank volumes that may range from small
laboratory vessels of a few liters to large tanks over
1 million gallons (3,800 m?).

5.2 WATER

For determination of a standard oxygen transfer
rate, the water to which oxygen is transferred should
be equivalent in quality to a potable public water sup-
ply. Further specifications of clean water are given in
Section 6.3.

The unsteady-state clean water test is occasionally
conducted in clean water with detergent addition in an
effort to mask the effect of trace contaminants in tap
water or to roughly simulate transfer in municipal
wastewater.

5.3 OXYGENATION DEVICE

This method is applicable to a wide variety of
oxygenation devices installed in the tank including,
but not limited to, the following:

Surface Aerators: high-speed, low-speed, and
horizontal shaft rotors.

Subsurface Oxygenation Devices: diffused
air, static tubes, submerged turbines, and jet
aerators.

5.4 SAMPLING DEVICES

Submersible pumps and tubing are necessary
when DO concentrations are to be measured on
pumped samples in accordance with Section 6.8.2.
They are also recommended to obtain samples for
Winkler calibration of DO probes used in situ and
samples for water chemistry analysis.
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5.5 DISSOLVED OXYGEN MEASUREMENT

5.5.1 Wet chemical measurement of DO on pumped
samples shall be in accordance with the azide modifi-
cation of the Winkler method described in

Section 4500-OC of the 20th Edition of Standard
Methods (Ref. [7]).

5.5.2 Membrane electrode measurement of DO, either
on pumped samples or in situ, shall be in accordance
with Section 4500-OG of Standard Methods (Ref. [7];
see also Section 6.9.1).

5.6 TEMPERATURE MEASUREMENT

Water temperature measurement shall be in accor-
dance with Section 2550 of Standard Methods
(Ref. [7]).

5.7 DEOXYGENATION CHEMICALS

5.7.1 Sodium Sulfite

Either reagent- or technical-grade sodium sulfite
(Na,SO;) shall be used for deoxygenation in accor-
dance with Section 6.7. It is preferable that the sodium
sulfite be free of cobalt. However, a chemical contain-
ing a known concentration of cobalt may be employed,
provided that this cobalt is considered as part of the
total cobalt addition discussed in Section 6.7.1.

5.7.2 Cobalt Catalyst

Either reagent-grade or technical-grade cobalt
chloride hydrate, CoCl, - 6H,0, or cobalt sulfate,
CoSO0,, shall be used to catalyze the deoxygenation
reaction in accordance with Section 6.7.

5.8 COMPUTER OR CALCULATOR

A computer or programmable calculator capable
of handling the recommended methods of parameter
estimation described in Section 7.2 is required.

5.9 GAS FLOW MEASUREMENT APPARATUS

For oxygenation systems based on subsurface
gas injection, an apparatus capable of measuring the
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gas flow with an accuracy of £5% in accordance with
Annex A is required.

5.10 POWER MEASUREMENT APPARATUS

The apparatus required for power measurements
will depend on the specific oxygenation device, but, in
general, an apparatus suitable for measurement of total
delivered power and total wire power in accordance
with Annex B is required.

6.0 PROCEDURE

6.1 ADVANCE PREPARATION AND
RESPONSIBILITIES

When this method is to be applied, the engineer-
owner-manufacturer (EOM) representatives shall agree
in advance on the specific system to be tested and the
test conditions. The items upon which agreement must
be reached include

1. test location (field installation or shop tank),
tank size and geometry,

aerator placement,

aerator power and gas rates,

temperature correction factor, 6 if different from
1.024,

6. method of sealing partition walls, if used, and test
procedures and tolerances acceptable for deter-
mining sealing effectiveness,

7. source and characteristics of test water including
total dissolved solids concentration (TDS) and
conductivity,

8. sodium sulfite addition procedure,

9. water temperature range, if different from
10-30°C, and

10. DO measurement method and locations.

kN

Where field testing is to be conducted, the
engineer-owner representative should provide
the manufacturer with detailed drawings and speci-
fications of the tank or tank section in which the test
will be conducted. Information on the water supply
source and available water chemistry data should be
provided. Water samples should be made available to
the manufacturer for laboratory experiments regarding
the chemical additions that will be made.

Once the installation of aeration equipment is
completed, provision should be made for EOM repre-
sentatives to inspect the installation to verify place-
ment and testing conditions. Systems employing
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MEASUREMENT OF OXYGEN TRANSFER IN CLEAN WATER

diffused air aeration should be tested to eliminate
leaks. Provisions for power and airflow measurement
should be verified and modifications made as needed.
It may be necessary to install equipment such as
meters for power measurement, supplemental air pip-
ing, orifice plates, and manometers, as described in
Annexes A and B.

Upon completion of the installation of the aera-
tion equipment, the test tank should be cleaned prior
to filling for testing. Once the tank is filled with the
test water, chemical and biological contamination
should be avoided. It may be necessary to dewater and
refill the test tank during the testing, and adequate
pumping and discharge arrangements should be made.

6.2 TEST TANK GEOMETRY AND AERATOR
PLACEMENT

It is difficult to describe a required geometry or
placement for testing conducted in tanks other than the
full-scale field facility (Ref. [8]). Appropriate configu-
rations for shop tests should simulate the field condi-
tions as closely as possible. For example, water depths
should be similar, if not identical, and, for certain sys-
tems, width-to-depth or length-to-width ratios should
be similar. Potential interference resulting from wall
effects and any extraneous piping or other materials in
the tank should be minimized. The density of the aera-
tor placement, air flow per unit volume, or area and
power input per unit volume are examples of parame-
ters that can be used to assist in making comparative
evaluations.

Testing of tank sections is also useful in certain
situations (e.g., long narrow diffused aeration tanks)
where there is little water circulation between the
adjacent sections. In this approach, a tank is divided
into sections, and each section is tested individually.
When this testing is performed, sealed partitions shall
be installed between adjacent sections to prevent
interchange of oxygen by advection and diffusion.
This technique can provide information on spatial
variation of K,a and SOTR in tanks designed for
tapered aeration.

Consideration should be given to utilization of
shop testing or testing of tank sections when full-scale
facilities are very large (e.g., in excess of 1 million
gallons) (3,800 m?). Other criteria to be considered
in making this judgment are

1. ease of distribution of deoxygenation chemicals
(distribution may be difficult in certain tanks),

2. sampling requirements (very large tanks may be
difficult to sample adequately), and
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3. bulk flow and mixing patterns (shop or section test-
ing should not be done when the mixing pattern in
the shop or section tank would not be representa-
tive of the full-scale unit).

6.3 WATER QUALITY

6.3.1 General and Total Dissolved Solids

The water supplied for the initial test shall be
equivalent in quality to a potable public water supply.
The test water shall not be modified without agreement
from EOM representatives. More than one test may be
conducted in the same water, and, because of the addi-
tion of deoxygenation chemicals, the total dissolved
solids concentration (TDS) will increase. Repetitive
testing may be conducted in the same water, provided
that the final TDS does not exceed 2,000 mg/L.

Note 1: In applying this method, a progressive
increase in mass transfer efficiency has been observed
in replicate tests when a number of tests have been
performed in sequence without change of test water
(Ref. [9]). Evidence supporting the theory that the
phenomenon is associated with the increase in TDS
resulting from the progressive addition of sodium
sulfite has been advanced.

Note 2: A substantial amount of data from tests
conducted on fine pore diffused aeration equipment
has been used to develop a method for adjusting oxy-
gen transfer test results (K,a) to a common TDS con-
centration. See Commentary B.

Note 3: Since increasing TDS may increase mass
transfer efficiency, the order in which repetitive tests
are conducted for more than one operating condition
should be chosen so that increases are distributed ran-
domly over the test series whenever possible
(Ref. [10]).

6.3.2 Temperature

Water temperature should be between 10°C and
30°C, and as close to 20°C as possible. Testing outside
this temperature range may be necessary in some
situations and can be done with the approval of EOM
representatives. Low temperatures slow the deoxy-
genation reaction, and this may introduce some error.
It is recommended that a standard 6, temperature cor-
rection factor, of 1.024 be employed to adjust for
temperature. Use of @ differing from 1.024 shall be
permissible only when experimental data for the par-
ticular aeration system indicate conclusively that the
value of 6 is significantly different from 1.024. Water
temperature shall not change by more than 2°C during
a single unsteady-state test.
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