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Mission: As the Nation’s principal conservation agency, the
Department of the Interior has responsibility for most of our
nationally-owned public lands and natural and cultural resources.
This includes fostering wise use of our land and water resources,
protecting our fish and wildlife, preserving the environmental and
cultural values of our national parks and historical places, and
providing for the enjoyment of life through outdoor recreation.
The Department assesses our energy and mineral resources and
works to assure that their development is in the best interests
of all our people. The Department also promotes the goals of the
Take Pride in America campaign by encouraging stewardship and
citizen responsibility for the public lands and promoting citizen
participation in their care. The Department also has a major
responsibility for American Indian reservation communities and
for people who live in Island Territories under U.S. administration.

Mission of the Bureau of Reclamation

The mission of the Bureau of Reclamation is to manage, develop
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.

Any use of trade names and trademarks in this publication is for
descriptive purposes only and does not constitute endorsement by
the Bureau of Reclamation.

SIMETRIC

The information contained in this report regarding commercial products or
firms may not be used for advertising or promotional purposes and is not
to be construed as an endorsement of any product or firm by the Bureau
of Reclamation.
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PREFACE

The Ninth Edition of the Concrete Manual continues a Bureau of Reclamation tradition for providing its technical
staff with current information on concrete technology and testing procedures that will help in construction and
maintenance of Reclamation’s water resources projects throughout the western United States. Unlike previous editions,
the Ninth Edition contains two parts. This volume (Part 2) contains standard Reclamation rtest procedures relared
to concrete technology and replaces the test designations in the appendix of the Eighth Edition. Part 1, will contain
the text on concrete technology.

Evolving from a set of loose-leaf, blue-print instructions, the first tentative edition of the manual was published
in 1936. Previous editions to this Ninth Edition have had approximately 153,000 copies distributed throughout the
world. The Concrete Manual is issued primarily for Bureau of Reclamation staff use; however, it has received widespread
acceptance throughout the United States and in many foreign countries.

Since the fundamentals of good concrete practice change little over the years, continued research and construction
experience advance the technology to make concrete more versatile, dependable, and economical. This volume (Part 2)
presents test procedures that reflect advances in concrete technology. The procedures are published primarily for
Reclamation’s staff in administering construction and repair specifications and contracts. Some procedures in Part 2
are directly referred to by Bureau of Reclamation specifications. When this is done, these referenced procedures have
the full effect of specification requirements. In instances where procedures in Part 2 of the Concrete Manual are
at variance with specifications requirements, the specifications take precedence.

The Ninth Edition of the Concrete Manual and earlier editions represent the expertise of individuals too numerous
to mention. Their contributions are acknowledge since each edition is based upon the technically sound foundation
of previous editions.

The Materials Engineering Branch, Research and Laboratory Services Division, Denver Office of the Bureau of
Reclamation is responsible for preparing the Concrete Manual.

James S. Pierce, Chief of the Materials Engineering Branch, supervised production of the Ninth Edition and made
substantial technical contributions. The existence of Part 2, in large part, is due to the relentless efforts of E. F
(Sam) Samuelson (retired Reclamation engineer) of the Materials Engineering Branch, Field Operations Team, who
devoted nearly a decade to production, documentation, and review of the test procedures. He enlisted the help of
many engineers and technical specialists in the Materials Engineering Branch and throughout the Bureau of Reclamation
to ensure the accuracy of the test procedures. Significant contributions were also made by individuals outside Reclamation.
Ed Harboe, a retired Reclamation engineer, returned and contributed his more than 40 years of concrete technology
experience to the test procedures. Edwin R. Dunstan, Jr., a former Reclamation engineer, and Robert E. Philleo
(deceased, U.S. Army Corps of Engineers) wrote several procedures under contracts with Reclamation.

Editorial review of the test procedures was provided by Marlene Johnson, and by technical editors Ron Mohr and
Richard Walters of the Denver Office. Typesetting and graphics personnel of the Denver Office assisted in producing
all 94 test procedures. Coordination for publication was done by Kathy Bauer. Their assistance and many other individuals,
past and present, who contributed to this publication is gratefully acknowledged.
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INTRODUCTION

The Ninth Edition of the Concrete Manual, unlike previous editions, has two parts. Part 1 will contain the text
on concrete technology. This volume, Part 2, is a compilation of concrete test procedures currently used by the Bureau
of Reclamation.

Part 2 includes many procedures that were not in the Eighth Edition Appendix. A few procedures in the Eighth
Edition are outdated; consequently, they were not reproduced in this edition. Some of the previous procedures were
combined into a single procedure in this edition; other procedures were modified. While some of the new procedures
are based upon previous procedures, attempt is not made to cross reference the procedures in Part 2 (9th ed.) with
those in the Eighth Edition (app.).

These test procedures are frequently referenced in Reclamation construction specifications and thereby become a part
of a construction contract. If the specifications reference test procedures in Concrete Manual, Eighth Edition, those
procedures in the Eighth Edition become part of the contract and no attempt should be made to use an updated
version in the Ninth Edition for that particular contract. If the specifications reference test procedures in Part 2,
Ninth Edition, those procedures become a part of the contract; procedures from previous editions do not apply.
Where specifications requirements are at variance with referenced test procedures, the specifications take precedence.

The format presenting the standard Bureau of Reclamation laboratory procedures follows a Modified Decimal Numbering
system and a sequence of presentation similar to that used by the American Society for Testing and Materials (ASTM).
Each procedure has a four-digit number corresponding to the following categories:

Category USBR Series
Equipment calibration 1000
Equipment specifications 2000
General test methods and definitions 3000
Cement and concrete test methods 4000
Soil test methods 5000
Rock test methods 6000
Drilling and sampling methods 7000
General standards 9000
Accreditation and certification 9000
Equipment (list, inventory) 9100
Laboratory buildings 9200
Quality assurance, documentation, and reporting 9300

For some categories, standards or methods are not yet developed, are under development, or are found in other .
Reclamation publications such as the Ezrth Manual, Part 2.

Whenever possible, ASTM standards were consulted as a basis for the Bureau of Reclamation procedures; however,
these procedures are written in a more detailed step-by-step format. Therefore, this volume serves as a testing handbook
as well as a collection of standards. In Part 2, test procedures include examples of Reclamation’s data forms and
worksheets to illustrate what data are required and where they are to be recorded. Checking data computations is
as important as performing the test; the test is not considered complete until the data form has been checked. Checkmarks
are not shown on the example data forms so that required data are illustrated neatly and legibly. Instructions for
checking, and an example of a typically checked data form, are presented in USBR 9300: Checking, Rounding, and
Reporting of Laboratory Data. This document should be reviewed and understood as it is considered part of every
test procedure.

A number of procedures for equipment calibration were developed for Reclamation’s Earth Manual, Part 2. They
are noted in the contents as Referenced Designations. Regular calibration and inspection of equipment are as important
as adhering to proper testing procedures to ensure acceptable accuracy of results.

Currently, many laboratory tests are performed using computer equipment for running the test, collecting data, and
computing and presenting resules. In Part 2, the test procedures provide the necessary information for handwritten
recording of data and for computing results. Regardless of the methods used, the test procedure requirements are
the same. Computerized operations must conform to the test requirements and to the specified accuracies. It is essential
that engineers and technicians using computerized operations completely understand the handwritten operations so
that the accuracy of results can be confirmed.




Occasionally, references are made to proprietary materials or products. Such references are for clarity only, and must
not be construed as an endorsement. The Bureau of Reclamation does not and cannot endorse proprietary products
or processes of manufacturers or the services of commercial firms for advertising, publicity, sales, or other purposes.

Each test procedure has a fixed USBR procedure number followed by the year of acceptance or the year of last
revision. Revisions will be issued, as required, and the user must ascertain that the latest revision is being used.

Bureau of Reclamation organizational units are noted in the introduction of each test procedure and within the text
of others. Recent organizational changes make those references obsolete; all references to the Concrete and Structural
Branch should be to the Materials Engineering Branch.

After each test procedure was written, it was checked, validated whenever practical, and extensively reviewed. However,
because the procedures are presented in a new format covering both new procedures and revisions to existing procedures,
errors and omissions may exist. User comments and suggestions for improvement are invited and should be directed to:

BUREAU OF RECLAMATION

RESEARCH AND LABORATORY SERVICES DIVISION
MATERIALS ENGINEERING BRANCH D-3730

PO BOX 25007

DENVER CO 80225-0007



PROCEDURE FOR

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 1104-92

LOAD VERIFICATION OF TESTING MACHINES

INTRODUCTION

This test procedure is under the jurisdiction of the Concrete and Structural Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1104; the number immediately
following the designation indicates year of original adoption or year of last revision. This test procedure is a modified version

of ASTM designation: E4-83a.
1. Scope

1.1 This designation covers the procedure for load
(force) verification of tension or compression testing
machines using standard calibration devices, and static or
quasi-static testing machines, which may or may not have
load-indicating systems. This procedure is not intended
to be complete purchase specifications for testing machines.

1.2 Testing machines may be verified using elastic
calibration devices. This applies to verification of load-
indicating systems associated with machine such as a scale,
dial, marked or unmarked recorder chart, or digital display.
In all cases, the responsible party must designate which
load-indicating system is to be verified, and this designation
should be included in the report.

2. Applicable Documents

2.1 ASTM Standards:
E 4 Standard Practices for Load Verification of Testing
Machines!
E74 Standard Methods of Calibration of Force-Measuring
Instruments for Verifying the Load Indication of Testing
Machines?

3. Terminology

3.1 Testing Machine.—A mechanical, load-measuring
device for applying a load (force) to a specimen.

32 Load-In the case of testing machines, a force
measured in units such as pound-force, kilogram-force, or
newtons (note 1).

NOTE 1.-A pound-force is that force when acting on a 1-
pound mass will give to that mass an acceleration of 32.1740
ft/s2 (9.80665 m/s?). Similarly, a newton is that force when acting
on a 1-kilogram mass will give to that mass an acceleration of
1 m/s? (3.2808 ft/s?).

3.3 Accuracy.-The specified permissible variation from
correct value. A testing machine is said to be accurate if

U Annual Book of ASTM Standards, vols. 03.01, 04.02, 07.01, 08.03.
2 Annual Book of ASTM Standards, vol. 03.01.

indicated load is within specified permissible variation from
actual load.

NOTE 2.-In this procedure, the term “accurate,” as applied
to a testing machine, is used without numerical values. For
example, “An accurate testing machine was used for the
investigation.” The accuracy of a testing machine should not be
confused with the sensitivity. For example, a testing machine
might be very sensitive; that is, it might indicate quickly and
definitely small changes in load, but may be very inaccurate.
However, the accuracy of the results is generally limited by the
sensitivity.

3.4 Error-The error, or deviation from the correct
value, is the difference obtained by subtracting the load
indicated by calibration device from load indicated by testing
machine.

NOTE 3.-The term “error” shall be used with numerical values.
For example, "At a load of 30,000 Ibf (133.4 kN), the error
of the testing machine was +15 Ibf (+0.07 kN).”

3.5 Percent Error.-For a testing machine, the percent
error is the ratio, expressed as a percent, of the error to
correct value of applied load.

3.5.1 The test load, as indicated by testing machine,
and applied load, as computed from readings of verification
device, shall be recorded at each test point. The error and
percent error shall be calculated from these loads as follows:

E= A-B 1)
E, = A-8 (100) )
B
where:
E error, in pound force (newtons);

A = load indicated by machine being verified, in
pound force (newtons);

correct value of applied load as determined by
calibration device, in pound force (new-
tons); and
E, = percent error.

>
Il
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3.6 Correction.-For a testing machine, the correction
is the difference obtained by subtracting indicated load from
correct value of applied load. :

3.7 Permissible Variation.-For testing machines, the
permissible variation (or tolerance) is the maximum
allowable error in the value of the load indicated.

NOTE 4.~1t is often convenient to express permissible variation
in terms of percentage of error. A numerical value of permissible
N oo
variation is therefore given in this procedure.

3.8  Capacity Range.-For a testing machine, the capacity
range is the range of loads for which machine was designed.
Some testing machines have more than one capacity range.

5.9 Verified Loading Range-For a testing machine,
the verified loading range is the range of indicated loads
for which machine gives results within permissible
variations specified.

3.10  Elastic Calibration Device~A device used for
verifying load readings of a testing machine that consists
of an elastic member or members to which loads may be
applied; combined with a mechanism or device for
indicating the ‘magnitude, or a quantity proportional to
magnitude, of deformation under load.

4. Calibration Devices

4.1 When verifying testing machines, use calibration
devices over their class A loading ranges only, as determined
by ASTM E 74.

42 Proving Rings:

4.2.1,; Handling.-Proving rings (fig. 1) are made of
high-grade, high-strength, special alloy steel; and are
calibrated by NIST (National Institute of Standards and
Technology)? in accordance with ASTM E 74. These rings
have to show certain characteristics under stress or they
will not be approved for verification. The rings are very
sturdy, and will retain their calibration under adverse
conditions, The micrometer dial (fig. 2) on the proving
ring should be protected against any treatment that might
bend the dial or damage the threads. Never lift a proving
ring by the micrometer dial, index posts, or by the mounting
for the vibrating reed. Also, never grab the ring with a
meta] hook or anything that might scratch the surface or
change its characteristics. Occasionally, a large proving ring
must be handled in a rope sling; if this is necessary, ensure
sling does not bear against micrometer dial, vibrating reed,
or against any part of internal bosses.

4.2.1.1 Careless handling may cause proving rings
to become useless as a verifying instrument; therefore, it
is necessary that rings be handled with care. Do not handle
rings with bare hands; use a clean cloth or gloves on all
handling operations to eliminate possibility of corrosion
or other damage to ring surface. The steel ring will rust
easily, and should be wiped with an oil cloth after each
handling. The dial and index posts are of rust-resistant
material. Should ring become rusted, the rust may be
carefully removed by hand rubbing with fine emery paper
following direction of grinding marks on ring.

3 Formerly National Bureau of Standards.

Figure 1. - Proving ring,

42.1.2 The external bosses of the proving ring
are carefully formed at the factory. The lower boss is flat,

and the upper boss is spherical with a radius equal to

height of ring. When placing ring on a metal surface, set
it down carefully to avoid raising a burr or upsetting the
metal of the boss. Never load the upper boss directly against
the compression head of the machine; use a mild steel
pad between boss and machine head and discard pad when
it becomes deformed.

422 Calibration-The calibration of the proving
ring remains practically unchanged under normal service
conditions. However, a severe overload will change the
calibration and every precaution should be taken to avoid
such an overload. If an overload does occur, immediately
note the zero-load reading of ring and compare it with
zero-load readings taken before overload. If difference in
readings exceeds 10 divisions, the calibration may have
changed by more than the NIST specifications permit, and
ring should be recalibrated.

42.2.1 The frequency for recalibrating the proving
ring is difficult to establish because the ring does not exhibit-
any appreciable drift with time, and the main causes of
any change are overloads and wear between vibrating reed
and spherical tip of the micrometer dial. This wear is
dependent on amount of use that ring gets and on how
tight the dial is set during use. In a laboratory where ring
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indicating devices in place and operating, refer to figures
3, 4, and 5. If these devices are removed and checked
independently of testing machine, such calibrations are not
valid.
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on all series 1000
proving rings and an
extra on all other
proving rings; ensure
that proving ring has,

*A" Diameter ball,
use only hardened
chrome alloy steel
balls; balls of
other material may
fail under load

a ball seat before

using a ball for
loading.

Aligning ring

Figure 2. - Mounted proving ring.

is used under careful supervision by only one person a
few times a year, 5 or 10 years between calibrations may
be satisfactory. However, where ring is in daily use by
a variety of personnel, yearly calibrations are advisable.
4.2.2.2 Should ring require repairs, it should be

returned to the factory. However, Bureau personnel have

replaced the reed with no problems. Rigid requirements
have been set by NIST on the performance of proving
rings, and any repairs or alterations may cause ring to
fail when it is recalibrated.

5. Precautions

5.1 This test procedure may involve hazardous
materials, operations, and equipment, and does not claim
to address all safety problems associated with its use. It
is the responsibility of the user to consult and establish
appropriate safety and health practices and determine
applicability of regulatory limitations prior to use.

6. Advantages and Limitations of Methods

6.1 Verification by Elastic Calibration Devices.~The
method of verification of testing machines inVolves
measurement of the elastic strain or deflection under the
load of a ring, loop, tension or compression bar, or other
elastic device.

6.2 Spstem Calibration.—A testing machine must be
calibrated as a system with the primary load-sensing and

Diameter, inches(mm) Capacity
N % - i pound mass kilograms
3/8 (9.5) 11/32 (9) 0-2,000 0-1000
7/18 (11) 11/32 (9) 5,000-6,000 2500-3000
7/18 (11) 3/8 (9.5) 10,000-30,000 5000-15 000
5/8 (16) 1/2 (13) 40,000-60,000 20 000-30 000
7/8 (22) 3/4 (19) 100,000 50 000
1-1/2 (38) 1(25) 200,000 100 000
1-3/4 (44.5) 1-1/4 (32) 300,000 150 000

Figure 3. - Standard setup for calibrating load cells in a universal

calibrating machine.

'/ 7

/4

Vernier index, supplied
on some proving rings

Spherical seats

Adjustable index holder,
supplied on some
proving rings

To establish no—load reading
on proving ring, loosen cap
screw and set index to
“zero graduation”

Figure 4. - Typical setup for calibrating a testing machine in tension.
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Figure 5. - Typical horizontal setup.

7. Preparation for Calibration and Conditioning

7.1 Remove proving ring from its case and place near
calibration position so that ring can reach temperature
equilibrium that will prevail during calibration. Standard
practice is to set up equipment the afternoon or evening
prior to day of calibration. Attach a thermometer to ring
by taping bulb of thermometor against side of ring. A
magnetic, surface-temperature thermometer will eliminate
possibility of tape marring surface of ring.

7.2 The spherical head of the testing machine shall
be removed and replaced by a solid head. If a solid head
is not available, spherical head should be made as rigid
as possible with its bearing surface parallel with upper
bearing surface of proving ring. The proving ring is
installed by placing it directly upon a hardened bearing
block placed on compression table of machine. Another
hardened bearing block is placed on top bearing of ring.
These bearing blocks are supplied with the proving ring.
The 400,000-Ibf (1779-kN) proving ring at the Bureau’s
Denver Office has bearing blocks specially made for this
ring because the blocks furnished by the manufacturer were
not considered safe.

7.3 Before starting testing machine, check to see that
load valve is closed. This will prevent accidental loading
and damage to proving ring. On testing machines with
more than one dial range, it is advisable to start with
higher capacity range. Some machines are subject to shock
loading to maximum capacity without the dial indicating
such loading. A sufficient capacity ring will sustain the
loading, whereas a smaller ring could be overstressed.

74  Start testing machine and raise loading ram so that
it is resting on oil; then adjust the “zero” of dial.

7.5 Exercise proving ring several times, at least three
times and as many as five or six times, by slowing
preloading to capacity of dial, or to that of proving ring,
whichever is less. Hold the maximum load on ring for
at least 20 seconds before releasing. The zero readings
on the micrometer dial should be approximately equal after
ring has been exercised.

7.6 Vibrating Reeds:

7.6.1 ~ Manual Vibrating Reeds.—Rotate dial counter-
clockwise, edge nearest operator to the right, until contact

6

button is almost touching vibrating reed. Then, using a
sharpened wooden dowel, set reed in motion so that it
vibrates in an arc about 1/2 inch (13 mm) long. Do not
use fingers to set reed in motion because body heat will
expand reed and make readings unreliable. Continue to
rotate dial with one hand until contact button touches the
arc in which reed is vibrating and slightly checks or dampens
the oscillation. Make the setting such that the oscillation
is dampened out in about 2 seconds. Learn to recognize
the sound of the reed at this setting so that setting will
always be made in same way; this is occasionally difficult
to do over the noise of the pump. Observing the top of
the reed and forming a mental picture of the dampening
process is often easier than remembering sound of setting.’

7.6.2  Electrical Vibrating Reeds.-If proving ring has
an electrical vibrating reed, the instructions for manip-
ulating dial are the same as for a manual vibrating reed
(sec. 7.6.1). However, highest degreee of accuracy can be
obtained by observing dampening action as contact button
is advanced into path of vibrating reed rather than listening
for a change in sound. It is not recommended to stop
vibrating reed action before taking a reading.

8. Method of Applying Load

8.1 In the verification of a testing machine, approach

loads by increasing load from a lower load, refer to figure

6.

Figure 6. - Calibrating a testing machine in compression.

NOTE 5.-For any testing machine, errors observed at
corresponding loads taken initially by increasing load to any given
test load and then by decreasing load to that test load, may not
agree. Testing machines are usually used under increasing loads;
however, if machine is to be used under decreasing loads, machine
should be calibrated under decreasing loads as well as under
increasing loads. For any particular reading that has overshot
desired point of reading, back off load about 10 percent below
desired point and then increase to desired setting for the reading.
Proving rings tend to retain some deformation if overshot and
then lowered to desired point of reading, which causes problems
in determining the calibration.
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9. Selection of Test Loads

9.1 For any loading range, verify testing machine by
using at least five test loads, except for testing machines
designed to measure only a smaller number of definite
loads, such as some hardness testing machines. The
difference between any two successive test loads shall not
exceed one-third the difference between maximum and
minimum test loads. Report zero-load value of dial, digital
display, and all other data after removal of load. Figure
8 shows typical data form.

9.2 If it is desired to establish the lower limit of a
verified range lower than 10 percent of capacity of range,
verify this lower limit by five successive applications of
load, none of which may differ from this lower limit load.
by more than +£2.5 percent of this load. Only three successive
load applications are required for creep machines with
fixed-lever ratios of 20:1, nominal, or less.

10. Eccentricity of Loading

10.1 For determining verified loading range of a testing
machine, apply all calibration loads so that resultant load
is as close as possible to being along axis of testing machine.

NOTE 6.-The effect of an eccentric load on accuracy of a testing
machine may be determined by verification readings taken with
calibration devices placed so that resultant load is applied at
definite distances from axis of machine, and a verified loading
range determined for a series of eccentricities.

VERIFICATION BY ELASTIC-
CALIBRATION DEVICE

11. Temperature Equalization

11.1 When using an elastic calibration device to verify
readings of a testing machine, place device near to, or
preferably in, the machine a sufficient length of time before
test to assure that response of device is stable.

11.2 During verification, measure temperature of
elastic device within £2 °F or £1 °C by placing a calibrated
thermometer as close to device as possible.

11.3 Elastic calibration devices without an inherent
temperature-compensating feature must be corrected
mathematically for the difference between ambient
temperature and temperature to which calibration is
referenced. Temperature-correction coefficients should be
furnished, if applicable, by manufacturer of calibration

device. For additional information, see paragraph 8.2.2 of
ASTM E 74.

114 All proving rings are now being calibrated at 73.4.

°F (23 °C). Temperature correction is obtained from the
equation:

D3y = Dy -~ 0.00015 (¢ - 73.4) D: 3)
Dy3 = D; - 0.00027 (¢ - 23) D: 4)
where: o

Da34 and Doz = ring deflection at 73.4 °F (23 °C),

D; = ring deflection at monitored
temperature, °F (°C),
t = temperature recorded at time of
test, and
0.00015 = correction factor for each degree

Fahrenheit, and
0.00027 = correction factor for each degree
Celsius.

The temperature correction is the amount that must
be added or subtracted to deflection to compensate for
temperatures other than temperature at which proving
ring was calibrated. For temperature correction factors, see
table 1 or figure 7, and for an example calculation on
determining ring load, see appendix X1.

12. Procedure

12.1 It is standard Bureau practice to average the zero
reading and temperature reading before and after each run
of five incremental loads. The rings are very sensitive to
temperature, and changes in ring readings are very obvious
as temperature changes.

Note 7.-The standardizing laboratory shall decide whether or
not a zero-load reading is to be taken after each calibration load.
Factors such as the stability of the zero-load reading and the
presence of noticeable creep under load are to be considered in
making this decision. It is pointed out, however, that a lengthy
series of incremental loads applied without return to zero reduces
the amount of sampling of instrument performance. The
operation of removing all load from the instrument permits small
readjustments at the load contacting surfaces, increasing the
amount of random sampling and thus producing a better appraisal
of the performance of the instrument. It is recommended that
not more than five incremental loads be applied without return
to zero load.

12.2 Minimal maintenance requirements will be
realized when establishing initial placement of a testing
machine in an environment that is relatively dust free.
Calibration procedures are enhanced when machine is
placed in a location where temperature is usually constant,
and away from open-door drafts.

123 Place elastic device in testing machine so that
centerline of device coincides with centerline of heads of
machine. Record the ASTM E 74, class A verification value
that establishes the lowest limit, or load level, allowable
for loading range of device, see paragraph 7.5.2.2 of ASTM
E 74. Each elastic calibration device is to be used only
within its class A loading range, and identified with
verification readings for which it is used.

124 To ensure a stable zero, flex elastic device from
no load to the maximum load at which device will be used.
Hold the maximum load on ring for at least 20 seconds
before releasing. Repeat as necessary, allowing sufficient
time for stability.
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Table 1. - Temperature correction factors.

Temperature, Temperature Temperature, Temperature

°F correction °C correction
factor factor

65.0 1.001260 15.0 1.002160
65.5 1.001185 15.5 1.002025
66.0 1.001110 16.0 1.001890
66.5 1.001035 16.5 1.001755
67.0 1.000960 17.0 1.001620
67.5 1.000886 17.5 1.001485
68.0 1.000810 18.0 1.001350
68.5 1.000735 18.5 1.001215
69.0 —+.000660 19.0 1.001080
69.5 1.000585 19.5 1.000945
70.0 1.000510 20.0 1.000810
70.5 1.000435 20.5 1.000675
71.0, 1.000360 21.0 1.000540
715 1.000285 215 1.000405
72:0 1.000210 22.0 1.000270
725 1.000135 225 1.000135
73.0 1.000060 23.0 1.000000
73.5 0.999985 235 0.999865
74.0 0.999910 24.0 0.999730
74.5 0.999835 245 0.999595
75.0 0.999760 25.0 0.999460
75.5 0.999685 25.5 0.999325
76.0 0.999610 26.0 0.999190
765 . 0.999535 26.5 0.999055
77.0 0.999460 27.0 0.998920
77.5 0.999335 27.5 0.998785
78.0 0.999310 28.0 0.998650
78.5 0.999235 28.5 0.998515
79.0 0.999160 29.0 0.998380
79.5 0.999085 29.5 0.998245
80.0 0.999010 30.0 0998110
80.5 0.998935
81.0 0.998860
81.5 0.998785
82.0 0.998710
82.5 0.998635
83.0 0.998560
83.5 0.998485
84.0 0.998410
84.5 0.998335
85.0 0.998260

12.5 Follow-the-Load Method.—The load on the elastic
«calibration device is followed until load reaches a nominal
graduation on load-readout scale of testing machine. Record
this load on the elastic calibration device. This method
is for calibrating a testing machine in compression with
a proving ring having a manually-operated vibrating reed.
However, regardless of whether a testing machine, load
cell, hydraulic press, or other type of load-measuring system
is to be calibrated, the same general method should be
followed.

12.5.1 This method is probably the most accurate
method available, and is recommended for the minimally
experienced operator. However, caution must be exercised
because the hydraulic oil in older testing machines, such
as the Tinius-Olsen, will heat up with loading and unloading
and will refuse to load beyond a certain point.

1252 With head of machine adjusted to be nearly
in contact with boss pad, take a no-load reading on proving
ring and turn dial to a reading equal to capacity load
deflection plus the no-load reading. Allow about five extra

divisions for a safety factor. This precaution is necessary
to prevent overloading the proving ring because of possible
excessive error in load indicator of machine. It is possible
to anticipate where setting will be by using ring calibration
data and adding or subtracting ring zero. The micrometer
can then be moved ahead to minimize danger of bending
reed. Testing machines are occasionally hard to hold at
a particular setring; therefore, if setting is anticipated, the
time required to obtain reading will be lessened.

12.5.3 Zero the load indicator of the testing machine.
Then, after carefully centering ring on axis of machine,
apply desired load slowly and have machine operator adjust
machine during the final part of loading to slowest speed
at which machine will continue to load. This may require
some skillful manipulation by the operator, depending on
type of machine. When machine indicator is within 10
divisions of load to be read, have operator give a signal,
such as “ready.” Set the vibrating reed in motion and turn
dial to the right until a light contact is established. Record
the deflection of proving ring at desired load, and then
give the operator an “OK” signal, at which time the
operator should load the machine to the next desired load.
This procedure shall continue for five consecutive loads
before returning to zero. After removing load, take and
record a no-load reading on proving ring. On large-capacity
rings, those with 200,000 Ibf (89 kN) and higher capacities,
wait 30 to 60 seconds after removal of load to equalize
temperature effects.

1254 Do not be concerned that the increasing
testing machine load will lightly jam the reed and contact
button together because proving ring is designed to be
used in this manner. However, never attempt to free reed
while it is jammed, either by pushing it aside or by turning
the dial. Always slack off the machine load first, and then
back the dial off. If this precaution is observed, a jam serious
enough to cause the reed to buckle quite noticeably will
not damage the instrument.

125.5 The average temperature for the two no-load
readings taken before and after each run of five incremental
readings is used for the temperature correction computation
for each load level.

12.5.6 The follow-the-load method is utilized for
verification by the CCRL (Cement and Concrete Reference
Laboratory) of the NIST, which periodically checks the
Bureau of Reclamation’s testing machines. The Bureau
generally uses five incremental load values with the first
one at about 10 to 20 percent of range capacity, the next
three at about every 10 to 20 percent after the first, and
the last one at maximum capacity, if the machine will
allow it (note 8).

NOTE 8.-The factory representatives for the Satec machine
use the maximum load capacity. This is not possible to do with
all machines because many machines are very unstable at
maximum load. Also, using the maximum load requires more
accuracy in reading the proving ring; therefore, this method is
not recommended for the minimally experienced operator.

12.5.7 Afeer selecting the suitable test load incre-
ments, obtain zero readings for both machine and elastic
device and apply loads slowly and smoothly during all
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Figure 7a. - Temperature correction graph (inch-pound units).

verification measurements. The technique for applying the
loads is as previously discussed. After preloading proving
ring, a no-load or zero reading is taken and recorded. Ring
is then stressed and a reading obtained for the preselected
load values until entire dial has been compassed, after which
load is released and another zero reading taken. The two
zero readings are averaged for the correction computations.
The appropriate method for each calibration must be
decided through trial and error to fit particular machine
and existing conditions.

12.6  The calibration procedure must assure that use
of the maximum load indicator, recorder, or other accessory
load devices does not cause testing machine errors to exceed
acceptable tolerances of section 13.1.

12.7 Record indicated load of testing machine and
applied load from elastic calibration device (temperature
corrected as necessary), in addition to the error and
percentage of error calculated from readings.

12.8 Under certain conditions, multidevice setups may
be used in compression loading. All devices to be loaded
in parallel should be the same height (shims may be used),

and machine’s load axis should be coincidental with load
axis of device setup. This is necessary so that a net moment
is not applied to testing machine loading member.
Multidevice setups are not recommended unless the use
of a single calibration device is not practical.

CALCULATION AND REPORT

13. Basis of Verification

13.1 The percent error for loads within loading range
of testing machine shall not exceed +1.0 percent (note

9).

NOTE 9.-The report on verification of a testing machine will
state within what verified loading range machine may be used,
rather than reporting a blanket acceptance or rejection of machine.
For machines that possess multiple-capacity ranges, the verified
loading range of each range must be staced.

13.2  When establishing lower limit of a verified loading
range below 10 percent of capacity of range, repeated
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Figure 7b. — Temperature correction graph (SI-metric).

applications of load are required (see sec. 9.2). The algebraic
difference between highest and lowest percent error shall
not exceed 1.0 (note 10).

NOTE 10.-To establish lower limit of a verified loading range
at less than 10-percent capacity of that range, errors for the
series of five readings shall not only not exceed 1 percent; but
also, no two errors shall differ by more than 1.0 percent. For
example, if minimum error in this series is -1.0 percent, maximum
error cannot exceed 0.0 percent; if minimum error is -0.5 percent,
maximum error cannot exceed +0.5 percent; and if minimum
error is 0.0 percent, maximum error cannot exceed +1.0 percent,
etc.

13.3 In no case shall verified loading range be stated
as including loads below a value that ts 100 times the
smallest change of load than can readily be estimated on
load-indicating apparatus of testing machine (note 11).

NOTE 11.-In a testing machine that has graduations so
.spaced that estimations can be made to 0.1 of a division, verified
loading range could not extend downward to a load less than
that corresponding to 10 divisions. If graduations on load-

10

indicating scale can only be estimated to 2 divisions, verified
loading range could not extend downward below load corres-
ponding to 200 divisions. On most machines, the smallest load
than can be measured is somewhere between these two examples.

134 In no case shall verified loading range be stated
as including loads outside the range of loads applied during
verification test.

13.5 Testing machines may be more or less accurate
than the allowable +1.0 percent error, which is the
verification basis in this procedure. Errors more than +£1.0
percent would not comply with this procedure. The
specifications may also require or allow a smaller or larger
error system.

13.6 Corrections.—The indicated load of a testing
machine that exceeds the permissible variation shall not
be corrected either by calculation or by use of a calibration
diagram to obtain values within required permissible
variation.

137 Figures 8 and 9 show examples of manual and
computerized calculations.
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14. Time Interval Between Verifications

141 It is recommended that testing machines be
verified annually, or more frequently if required. In no
case shall time interval between verifications exceed 18
months, except for machines used in a long-time test that
runs beyond this 18-month period. In such cases, machine
shall be verified after completion of test. Calibration of
machines with minimal use could be extended by some
period of time.

142 Testing machines shall be verified immediately
after repairs. This includes new or replacement parts or
mechanical or electrical adjustments that may in any way
affect operation of weighing system or values displayed.

14.3  Verification is also required immediately after a
testing machine is relocated, and whenever there is a reason
to doubt accuracy of indicated load, regardless of time
interval since last verification.

15.

15.1 Some product-testing procedures may require
daily, weekly, or monthly spot checks to ascertain that a
testing machine is capable of producing accurate load values
between machine verifications as specified in section 14.

15.2  Elastic calibration devices must meet class A
requirements of ASTM E 74 for the load levels at which
spot checks are made.

15.3 Make spot checks at about 20 and 80 percent of
a range, unless otherwise agreed upon or stipulated by
the Government.

154 A testing machine error shall not exceed +1.0
percent of spot check applied loads. Should errors be greater
than +£1.0 percent at any of the spot check load levels,
verify the testing machine immediately (see sec. 14.3).

15.5 Maintain a record of spot check tests. Record shall
include machine name, serial number, verification date,
verification agency, and the minimum class A ASTM E
74 value of calibrating device used to make the spot checks.
Also include name of individual making the spot checks.

15.6 Testing machine shall be considered verified up
to date of last successful spot check verification (sec. 15.4),
provided machine is verified in accordance with section
14 on a regular schedule. Otherwise, spot checks are not
permitted.

15.7 When spot checks are made, a clear, concise record
must be maintained. The record must also contain
documentation of regular verification data and schedule.

Accuracy Assurance Between Verifications

16. Report

16.1 Figures 8 and 9 show typical reporting forms.
The report should be a clear and complete record on each
verification of a testing machine, and shall include:

o Name of calibrating agency.

¢ Date of verification.

» Testing machine description, serial number, and
location.

e Method of verification used.

e Serial number and manufacturer of all devices used
for verification.

11

+ Statement of how, by whom, and when calibration
of apparatus used in verifying testing machine was made.
e The ASTM E 74, class A value of loading range
for each calibration device.

e Temperature of calibration device and a statement
that computed loads have been temperature corrected
as necessary.

* Sratement identifying load-indicating systems that
were verified (for testing machines having more than
one type of indicating system).

o Testing machine error and percent error for each
load-indicating system at each loading point.

» Verified loading range of each load-indicating system
of testing machine.

» Statement that verification has been performed in
accordance with this test procedure.

» Names of calibration personnel and witnesses (if
required).

17. Maintenance

17.1 Testing machines require routine maintenance,
and should be checked every few months and before
calibration for the following:

17.1.1 Winng.-Ensure that all wiring is in good
condition. Using dry air, blow the dust from electronic
assemblies every 6 months, where appropriate.

17.1.2  Lines.—Check all lines for leaks. Air in system
lines causes erratic readings, detected by pulsating or
jumping of load hand.

17.1.3  Oil Reservoir.—Maintain the oil level 1 to 2
inches (25 to 50 mm) from top of reservoir with ram
down (mandatory). Use extra heavy duty oil with a viscocity
of 313 to 331 at 100 °F (37.8 °C). Currently, the Bureau
uses Kendall R+O AWG8 hydraulic oil. Ensure that all
openings in oil system are covered to keep foreign matter
out of oil, and clean debris around hydraulic piston after
each use. For machines equipped with an oil filter, change
filter every 6 months. Some machines are adaptable to
having a filtering system installed. Perform any lubrication
required, where applicable. For additional information, call
the Bureau’s Denver Office.

17.14 Level Condition.-If loading cylinder is not
level, excessive wear may result or ram may stick and
permanently damage machine.

17.1.5 Load Pacer and Limit Switches.-The load
pacer should be adjusted to Bureau specifications. Limit
switches for ram travel and to prevent overload of low-
range dial should be adjusted to manufacturer’s
specifications.

17.1.6 Maximum Load Hand.-The friction disk
should be adjusted so that drag will not be encountered
on load hand.

17.1.7 Shims.-Check shims of weighing capsule
quarterly, if applicable.

17.1.8 Exercise Machine.~No machine should sit idle
for too long-exercise occasionally (monthly).

18. Precision and Bias

18.1
known.

The precision and bias for this procedure are not
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Machine data:

Laocation: FHOENIX, AZ
Capacity: 300,000 lbf Manufacturer:
Range: 300,000 1bf Serial No.:

USBR 1104

TESTING MACHINE CALIERATION REFORT

Verified Range: @,200 to 300,000 ibf

Calibrated by: MITCHELL
Froving Ring Data:
Size: 400,200 1bf

Lower Limit Class A:
Verification date:

Average Temp:

Load Run
1 1
! 2
1 3
2 1
2 3
2 1
3 z
3 3
4 1
4 2
4 3
5 1
5 2
S 3

Load
|
2
3
4
5

60.
60.
61.

181.
i8t,
182.

301.
301.
301.

60.
121.
181.
241,
3ot .

@ UG

[ S g NN

Deflection
Reading

(]

[ca N

& U0

Deflection
Reading

NV &

Serial No.:

41,200 1bf
9/16/85
Run 1+ Z21.9 deg. C
Run 2 22.2 deg. C
Run 3 22.2 deg. C
Corrected Machine Proving
Deflection Reading Ring
(lbf) {(1bf)
60.2 60,000. 59,886.
60.3 50 ,000. 59,952.
60.2 £0,0008. 59,833.
120.6 120 ,000. 119,854.
120.7 120 ,000. 119,895.
121.0 120,002. 120,193,
181.2 180,000. 179,859.
181.0 18@,000. 179,658.
181.3 180 ,000. 179,895.
40.9 240 ,0200. 239,010:
241.0 240 ,000. 239,142,
241.4 240 ,000. 239,539.
301.0 300,000. 298,497.
300.8 500 ,000. 298,329.
300.9 300,000. 298 ,428.
OVERALL AVERAGES
Corrected Machine Proving
Deflection Reading Ring
(1bf) (1bf)
60.2 690 ,000. 59,884,
120.8 120,000. 119,981,
181.1 180 ,000. 179,851,
241 .1 240 ,000. 239,230.
300.9 200 ,000. 298,418,

Calib.Date:

TINIUS-DLSEN

T-70-269-

E/10787

5-4344

Machine
Error

ClBf )

114,
68.
1E67.

146.
105.
-193.

141.
302,

Machine
Error
(l1bf)

i16.
19.
149,
770.
1,582,

Machine
Error

(%

.19
R
.28

.12
.09
~.ib

.08
.17
.00

.41
.36
.19

.50
.56

-~
4

Machine
Error
%)

.19
.02
.08
.32
.53

Method of verification is in accordance with ASTM Specification E-4 and the
above described machine has been found to be within a tolerance of (+/-) i%.

Figure 9. - Typical testing machine calibration report.
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APPENDIX

X.1 EXAMPLE CALCULATIONS FOR DETERMINING RING LOAD
AND TESTING MACHINE ERROR (COMPRESSION CALIBRATION)
(Nonmandatory Information)

Simulated Data:
(1) Average proving ring no-load micrometer reading:

Ring micrometer reading before test load (zero) = 25
Ring micrometer reading after test load (zero) = 27
Average no-load reading = 26
(2) Deflection at £t °C (¢ = 22.8 °C for this example):
Ring micrometer reading for test load at 22.8 °C = 436.2
Average no-load reading at 22.8°C = 2.6
Ring deflection at 22.8 °C = 433.6
(3) Two methods that may be used to determine ring deflec-
tion at 23 °C are:
(a) Multiply ring deflection (433.6) by temperature correc-
tion factor for 22.8 °C from table 1 (1.000054):
True ring deflection = (433.6) (1.000054) = 433.62
(b) Using equation (4) section 11.4, deflection at 23 °C is:
Doz = D -0.00027(¢ - 23) D;
= 433.6 - 0.00027 (22.8 - 23)(433.6)
= 433.6 - 0.00027(- 0.2)(433.6)
= 433.6 - (- 0.02)
= 433.6 + 0.02
= 433.62
(4) Proving ring load:
True ring deflection = 433.62
Ring factor (from ring calibration data) = 138.158
Proving ring load = (433.62)(138.158) = 59,908 Ibf
(266.5 kN)
(5) Error of testing machine:
Testing machine reading = 60,000
Load applied to proving ring = 59,908
Error = 921bf
22 _ 0.00153, or 0.15 percent error
59,908
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UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 3100-92

PROCEDURE FOR
SAMPLING OF WATER

INTRODUCTION

This test procedure is under the jurisdiction of the Materials Engineering Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 3100; the number immediately
following the designation indicates year of original adoption or year of last revision. This test procedure is a modified version

of ASTM designation: D 3370-82.
1. Scope

1.1 This designation covers the procedure for the
sampling of water for chemical, physical, microbiological,
and radiological analysis. Three methods are included: (1)
Method A for grab samples, (2) Method B for composite
samples, and (3) Method C for continuous sampling.

1.2 Definite principles have been established for
formulating these sampling methods, which are applicable
in most specific cases. If necessary, changes may be made
to these methods by mutual agreement of all parties
concerned.

2. Applicable Documents

2.1 ASTM Standards:
D 1129 Standard Definitions of Terms Relating to
Water!
D 1193 Standard Specification for Reagent Water!
D 3370 Standard Practices for Sampling Water!
D 3648 Standard Practices for the Measurement of
Radioactivity?
D 3694 Standard Practices for Preparation of Sample
Containers and for Preservation of Organic Constituents?

3. Summary of Procedure

3.1 This procedure includes three different methods
for sample collection. The first method is for the collection
of a grab sample of water at a specific site representing
conditions only at the time of sampling. It is the only
method suitable for bacteriological analyses and some
radiological tests. The second method is for collection of
a composite sample at a specific site, portions of which
are collected at varied time intervals. The composite sample
may consist of portions collected at various sites or a
combination of both site and time variables. The third
method provides for a continuous flowing sample, from
one or more sampling sites, suitable for onstream analysis.

U Annual Book of ASTM Standards, vol. 11.01
2 Annual Book of ASTM Standards, vol. 11.02.

4. Significance and Use

4.1 The objective of sampling is to obtain, for analysis,
a portion of the main body of water that is cruly
representative. The most critical factors necessary to
achieve this are the points, time, and frequency of sampling;
and maintenance of integrity of sample prior to analysis.

4.2 Homogeneity of the sampling is frequently lacking, -
which necessitates multiple-point sampling. If using a
most-representative sampling point is impractical, it may
be better to determine and understand the interrelation-
ships so that results obtained at a minimum number of
points may be extrapolated.

4.3 A rtotally representative sample should not be an
absolute prerequisite to selection of a sampling point. With
adequate interpretation, a nonrepresentative sample can
yield valuable data about trends and can indicate areas where
more representative data would be available. Most samples
collected from a single point in a system must be recognized
as being nonrepresentative to some degree. Therefore, it
becomes important to recognize the degree of represen-
tation in the sample and to make it a part of the permanent
record. Otherwise, an artificial degree of precision is
assigned to data when it is recorded.

4.4 The following general rules are applicable to all
sampling methods:

¢ Sample must represent conditions existing at point
taken. )

® Samples must be of sufficient volume and taken
frequently enough to permit reproducibility of testing
requisite for desired objective, as conditioned by method
of analysis to be used.

® Samples must be collected, packed, shipped, and
manipulated prior to analysis in a manner that
safeguards against any change in particular constituents
or properties to be examined.

4.5 Sampling of high-purity water requires special
consideration. Contact with any material other than original
container, including contact with air, subjects sample to
possible contamination or alteration.
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5. Terminology
5.1 For definitions of terms used in this procedure,
refer to ASTM D 1129.

5.2 Sampling.~Obtaining a representative portion of
material concerned.

6. Reagents

6.1  Purity of Reagents .~Reagent grade chemicals shall
be used and, unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the
Coramittee on Analytical Reagents of the American
Chemical Society, where such specifications are available.?
Other grades may be used provided it is first ascertained
that reagent is of sufficiently high purity to permit its
use without lessening accuracy of determination.

6.2 Purity of Water—-References to water in this
procedure shall be understood to mean type III reagent
water conforming to ASTM D 1193.

6.3 Acid Dichromate (Cleaning Solution).-Prepare a
saturated water solution of NagCr207 (sodium dichromate).
To 32 mL of this solution, add 1 L of concentrated HaSO4
(sulfuric acid, sp. gr. 1.84).

NOTE 1.-Caution: This solution is a strong oxidant, and
contact with other materials may cause a fire. Solution may also
cause delayed burns or external ulcers. KEEP CONTAINER
CLOSED. Do not get solution in eyes, on skin, or on clothing;
and do not breath dust or mist from the solution. In case of
contact, immediately flush skin or eyes with water for 15 minutes
and seek medical attention immediately after flushing.

6.4 Nitric Acid (1 + 4).~Mix 1 volume of concentrated
HNOs3 (nitric acid, sp. gr. 1.42) with 4 volumes of water.

NOTE 2.-Caution: This acid is a strong oxidant, and contact
with other materials may cause a fire. Acid may also cause delayed
burns or external ulcers. KEEP CONTAINER CLOSED. Do not
get acid in eyes, on skin, or on clothing. Vapors are extremely
hazardous, do not breathe them. Use acid only under a protective
hood with an exhaust fan. In case of contact, immediately flush
skin or eyes with water for 15 minutes and seek medical attention
immediately after flushing.

6.5 Sodium Thiosulfate —Powdered NazS203.

7. Precautions

7.1 This test procedure may involve hazardous
materials, operations, and equipment, and does not claim
to address all safety problems associated with its use. It
is the responsibility of the user to consult and establish
appropriate safety and health practices and determine
applicability of regulatory limitations prior to use.

7.2 Specific precautions with reagents are emphasized
in notes 1 and 2 of section 6.

3 “Reagent Chemicals, American Chemical Society Specifications,” Am.
Chemical Soc., Washingron, DC. For suggestions on testing reagents not
listed by the American Chemical Society, see References [1,2], section
37.
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7.3 Specific precautions with regard to radioactive
water are discussed in sections 14.3 and 17.3.

8. Calibration and Standardization

8.1 The calibration and standardization of miscellane-
ous equipment or apparatus used in performing the tests
listed under the Applicable Documents of section 2 are
covered under that particular procedure or standard directly
or by reference.

9. Conditioning

9.1 Conditioning for temperature adjustments and
purity of containers is covered throughout this procedure.

METHOD A — GRAB SAMPLES
10. Scope

10.1 This method is applicable for sampling water from
sources such as wells, rivers, streams, lakes, oceans,
reservoirs, pipelines and conduits, processing tanks and
vats, steam generators, spray ponds, towers, and filters
at atmospheric or higher pressures for chemical, physical,
bacteriological, or radiological analyses. A grab sample
represents the conditions existing only at the point and
time of sampling.

11. Frequency and Duration of Sampling

11.1 A reasonably accurate estimate of the composition
of a raw water piped from a large body of water, such
as the Great Lakes, and far enough from shoreline to avoid
variation from inflowing tributaries and waste discharges
may be made by taking individual samples at infrequent
intervals, such as biweekly or monthly, and sufficient
enough to cover seasonal changes. If samples are taken
near the shoreline of such a body of water, take samples
at shorter intervals, such as daily, to provide more exact
knowledge of the variations in composition. If greater
variations or cycles of pollution occur or if closer
surveillance of plant intake water is required, take even
more frequent samples, such as hourly.

11.2 Water undergoing continuous or intermittent
treatment must be sampled with such frequency that
adequate control is assured. The interval between samples
is directly related to the rate at which critical characteristics
can reach intolerable limits.

12. Temperature Adjustment

12.1 When samples above ambient temperature are
taken, use cooling coils to adjust sample to about the
ambient temperature. Some tests require adjustment to
other than ambient temperature, and this adjustment
should be carried out when indicated.
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13. Particulate Matter

13.1 Samples are usually taken without separation of
particulate macter. If constituents are present in colloidal
or flocculent suspension, take samples so that these
suspensions are present in representative proportions.

14. Volume of Sample

14.1 Consule the specific method of analysis for any
given constituent to determine volume of sample required.
Frequently, the required volume will vary with concen-
tration level of any given constituent.

14.2 The minimum volume collected should be three
to four times the amount determined in section 14.1.

143 When sampling highly radioactive water, smaller
sample sizes may be desirable to reduce the radiation hazard.

144 Some tests require analysis of the entire sample
and, for these tests, the volume needed determines the
volume collected.

15. Point of Sampling

15.1 Open Bodies of Water:

15.1.1 Choose point of sampling with extreme care
so that a representative sample of the water to be tested
is obtained. Avoid surface scum.

15.1.2 Because of a wide variety of conditions found
in streams, lakes, reservoirs, and other bodies of water,
it is not possible to prescribe the exact point of sampling.
Where water in a stream is mixed so as to approach
uniformity, a sample takén at any point in the cross-section
is satisfactory. For large rivers or for streams not likely
to be uniformly mixed, more samples are desirable and
are usually taken at a number of points across entire width
and at several depths at each point. When boats are used
in sampling, take care to avoid collecting samples where
turbulence from oars or a propeller has disturbed
characteristics of water. Samples are usually taken at these
points and then combined to obtain an integrated sample.
Alternatively, test the single grab samples to determine
point of highest bacterial density.

15.1.3  Select location of sampling point with respect
to information desired and in conformity with local
conditions. Allow sufficient distance downstream, with
respect to streamflow at time of sampling, from a tributary
or source of pollution to permit thorough mixing. If this
is not possible, it is better to sample stream above tributary
or source of pollution and, in addition, sample tributary
or source of pollution. A distance of 1 to 3 miles (1.6
to 4.8 km) below the tributary is usually sufficient.

15.14 Collect samples at least 0.5 mile (0.8 km)
below dams or waterfalls to allow time for the escape of
entrained air. When lakes, reservoirs, or other bodies of
water are sampled, it is necessary to avoid nonrepresen-
tative areas such as those created by inlet streams, more
stagnant areas, or abrupt changes in shorelines unless
determining the effect of such conditions is part of the
sampling program.
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15.1.5 It is desirable to take a series of samples from
any source of water to determine whether differences in
composition are likely to exist before final selection of
sampling point.

15.2 Confined Flows:

15.2.1 Select sampling points in pipelines, conduits,
tanks, vats, filters, zeolite and chemical water softeners,
deionizing processes, surface condensers, evaporators, or
condensate return lines with regard to the piping and
configuration of individual piece of equipment containing
water to be tested. Also consider the character and changes
occurring between inlet and outlet water, and rate of passage
through equipment. Ensure that a representative sample
is obtained by allowing mixing to take place.

15.2.2 A suitable sampling site may be available in
piping immediately downstream from a valve or fitting
causing turbulent flow. In this case, sampling line should
be flush with interior pipe wall. If adequate turbulence
is not available, project sampling line to a distance inside
the pipe that will prevent surface sampling. This distance
should be 25 percent of pipe diameter to a maximum of
4 inches (102 mm).

15.2.3 When water to be sampled is confined at low
or subatmospheric pressure, provide special means to
extract sample. A basic arrangement, when physical
conditions permit, is the installation of a barometric leg.
Equipment for removal of a sample from a line or system
operating under vacuum consists of a small positive-
displacement pump arranged to discharge into sampling
container at atmospheric pressure. The pump should be
of such material and construction that sample will not
be contaminated. The sample container may also be located
between pump and sampling point. With this arrangement,
container must be valved off, equalized to atmospheric
pressure, and drained into another container.

16. Sample Containers

16.1 Sample containers shall be made of materials that
will not contaminate sample, and shall be cleaned
thoroughly before use to remove all extraneous surface
soil. Chemicaliy-resistant glass and rigid and collapsible
plastic containers of polyethylene and polypropylene are
suitable. Polypropylene bottles are particularly suited for
microbiological samples because they are autoclavable.
Plastic containers are not suitable for samples collected
for organic analyses.

16.1.1 New, chemically-resistant glass containers
shall be conditioned by allowing them to stand full of water
for several days. Conditioning may be hastened by a
preliminary treatment with dilute hydrochloric acid
solution. Only polyethylene containers shall be used for
samples where small amounts of hardness, silica, sodium,
or potassium are to be determined.

16.1.2 The collection, storage, and subsequent
analytical determination in plastic containers will result
in erroneous pH values because of the permeability of
plastic to gases such as COz (carbon dioxide).




USBR 3100

16.1.3 Closures for the sample containers shall be
glass stoppers that have been thoroughly washed, or plastic
or metal caps with suitable liners. Polytetrafluorethylene
(Teflon) or aluminum foil are suitable only as cap liners
for samples to be analyzed for organic constituents.

16.1.4 Wash sample containers with soap or
biodegradable detergent, if required. Clean with a hot
cleaning solution. Rinse bottles that have contained samples
with chromate or heavy metals with dilute HNOs before
a final thorough rinsing with water. Dry by draining.

16.2 For most bacteriological samples, provide wide-
mouth sample bottles of at least 10 fluid ounce (300 mL)
capacity; however, 4.2-fluid ounce (125-mL) bottles are the
most common size for collecting drinking water samples.
These bottles may be of borosilicate glass or other material
resistant to the solvent action of water. Metal or plastic,
wide-mouth, screw caps may be used on the sample bottles.

Bottles, caps, and their liners must be capable of

withstanding sterilization temperatures, must not produce
any compounds by volatilization during sterilizing, and
must not impart any toxic or bacteriostatic compounds
to water sample.

16.2.1 Dedicate appropriate sample bottles for
microbiological use. Wash bottles with a hot detergent
water and brush, and rinse well with type III reagent water.
Bottles for microbiological samples should not be routinely
cleaned with the dichromate solution. If a dichromate or
acid cleaning is necessary, rinse well and afcer final rinse,
check pH value to ensure that toxic acids or chromate
are not present.

16.2.2 Add Nas$203 in an amount sufficient to
provide a concentration of about 100 mg/L in sample if
samples to be taken contain residual chlorine.

16.2.3 Use glass-stoppered or screw-capped bottles
and place a strip of aluminum foil between stopper and
its seat. Stopper and cover bottle tops and necks with
aluminum foil dust covers to protect from contamination.
Loosen screw caps slightly to prevent possible rupture of
container during sterilization. Sterilize bottles in a hot-
air oven at a minimum of 338 °F (170 °C) for at least
1 hour, or autoclave at 250 °F (121 °C) for 15 minutes.

163 When organic constituents are to be determined,
refer to ASTM D 3694.

17. Sample Collection
17.1 Chemical and Physical Analyses:

17.1.1 When sampling streams under pressure,
regulate rate of flow in sample line to not less than 500
mL/min after initially flushing line at a rate sufficiently
high to remove all sediment and gas pockets. In special
cases where dissolved gases are caused to be released from
solution by a drop in pressure, please note such on bottle
label.

17.1.2 Allow sampling stream to flow until in-line
measurements of pH, specific conductance, and temper-
ature are constant before collecting representative samples.

17.1.3 When sampling water from cocks or valves,
insert the sample line, or a thoroughly washed glass tube
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or sulfur-free rubber tube extension of sample line, into
sampling bottle so that sample line touches the bottom.
Allow a volume of water equal to at least 10 times the
volume of sample container to flow into and overflow from
the container before sample is taken.

NOTE 3.-If sample is to be tested for constituents that may
be absorbed on walls of sample container, do not rinse container
and do not allow container to overflow during sample collection.
Oil, grease, and polychlorinated biphenyls are typical constituents
in this category.

17.1.3.1 If a preservative or additive has been
added to sample container, allow sample to free fall into
container but do not allow container to overflow.

17.1.4 If contact with air would cause a change in
the concentration or in the characteristics of a constituent
to be determined, secure sample without contact with air
and completely fill container.

17.1.5 For sampling unconfined water at any specific
depth, such as in ponds, lagoons, or reservoirs, during which
contact with air or agitation of water would cause a change
in concentration or characteristics of a constituent to be
determined, use a sampling apparatus so constructed that
solution at depth to be sampled flows through a tube to
bottom of container, and that a volume of sample equal
to 4 to 10 times the volume of receiving container passes
through the container. Figure 1 shows three types of
sampling apparatus that will permit collection of sample
at desired depth, or collection of an integrated sample
containing water from all points in a vertical section.

17.1.6 When samples are to be shipped, do not
completely fill bottles to allow for expansion when bottles
are subjected to a change in temperature. An air space

/Supporf line

Messenger
Line Gos vacuum
. pressure supply
Line Trip
A hook head
Stopper

/Sfainless steel
body

E/—Gas actuated
! teflon piston

extension

Figure 1. - Sampling devices and recommended application: (A) Teflon
bailer (monitoring wells), (B) Kemmerer sampler (lakes), and (C)
syringe sampler (ground water).
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of about 10 percent usually is sufficient for this purpose;
however, this does not protect bottles from cracking or
breaking due to freezing. This precaution precludes
shipping samples for analysis of constituents as noted in
section 17.1.4.

17.1.6.1 An alternative method that provides
room for expansion and eliminates contact with air is to
use a flexible-plastic sample bottle. Fill bottle completely,
compress it to exclude about 10 percent of the contents,
and replace cap before pressure is released. However, plastic
containers are not suitable for samples for analysis of
organic constituents.

17.1.7 When sampling water that is above the
ambient temperature, cool water using a cooling coil prior
to sampling. Before taking sample, establish a continuous
flow of not less than 500 mL/min, and cooled to less than
98.6 °F (37.0 °C). If sample is to be collected for special
constituents, the sampling method for the specific test
should be used. Calculate recommended minimum purging
times for different sizes of sampling lines as follows:

= (2)° M

where:
t = time in seconds, and
D = inside diameter of sampling line in inches
(millimeters).

Approximate purging times for sample lines up to

1 inch (25 mm) in diameter are shown in table 1.

17.1.7.1 Before taking sample, rinse sample
container at least three times by filling it to one-fourth
its capacity with water to be sampled, shaking, and then
emptying.

17.1.7.2  Collect water sample by upward displace-
ment through a tube extending to bottom of container.
Allow container to overflow at least five times its volume,
and then close container with a stopper previously rinsed
with sample water. If analysis cannot be made immediately,
containers should be tightly stoppered to prevent
atmospheric contamination.

Table 1. - Approximate purging times for sampling lines.!

Purging time

Inside diameter in seconds
Pipe size of pipe per foot
inch (mm) inch (mm) (per meter)
of sampling
line
1/8 (3.2) 0.269 (6.8) 5 (16.4)
1/4 (64) 0364 9.2) 10 (32.8)
3/8 (9.5) 0493 (12.5) 15 (49.2)
1/2 (12.7) 0.622 (15.8) 25 (82.0)
3/4 (19.0) 0824 (209) 40 (131.2)
1 (254) 1049 (26.6) 60 (196.9)

! These purging times provide three to four times the
sample line volume.

17.1.7.3 Because concentrations of constituents
vary at different water levels, or ratings, and are influenced
by amount of water, take all samples when water is at
normal operating level unless there is a specific reason
for sampling under other conditions. For comparative
testing under abnormal conditions, take samples at similar
water levels or ratings to avoid dilution or concentration
due to changes in amount of water in system.

17.2  Microbrological Samples:

17.2.1 When taking a sample from a sample line
or tap, allow water to run for at least 5 minutes or long
enough to flush, with 6 to 10 times the line's volume,
the entire part of the system that has been stagnant for
2 hours or more.

17.2.2. Select a sterile sample bottle containing
NagS303 if water being sampled contains residual chlorine,
has been chlorinated, or contains any free or combined
available oxidizing agent intended to sterilize the water.
If such sterilizing agents are not present, the thiosulfate
may be omitted. In cases where thiosulfate interferes with
subsequent examination, such as in the examination for
sulfate-reducing bacteria, omit using thiosulfate in sample
bottle even if sterilizing agents are present. In this case,
if such sterilizing agents are present, examination must
be performed as soon as possible.

17.23 Remove stopper from sample bottle by

_grasping the dust cover of the stopper so as not to

contaminate stopper by touching it; do not lay it down.
Hold bottle at the bottom to avoid touching the neck. Do
not rinse bottle with sample. Quickly hold bottle under
flowing sample water until about three-fourths full to
permit mixing by shaking prior to testing. Replace stopper
and promptly crimp dust cover in place over neck of bottle.
Take care that stopper and bottle neck are not touched
during this operation and that no dust biows into bottle.
17.3 Sampling Radioactive Watcer:

17.3.1 Because of the potential hazards related to
working with water containing radioactive nuclides, special
handling of radioactive samples may be required.
Information on radiological hazards and recommendations
on radiation protection have been published by the National
Committee on Radiation Protection [3,4]4 Recommenda-
tions of the Federal Radiation Council on radiation
protection guides have been adopted by all Federal agencies
by executive order [5]. Existing standards for protection
against radiation are set forth in the Code of Federal
Regulations [4]. Special methods and precautionary
measures for handling radioactive samples are described
in the literature [6, 7].

17.3.2 When sampling process waters where
radioactivity levels may be high, such as nuclear reactor
cooling waters, follow applicable health-physics regula-
tions. In such cases, the use of suitable protective clothing
may be required. Personnel-monitoring devices may be
necessary when external radiation levels present a potential
hazard. If level of radioactivity in sampling area is

4 Numbers in brackets refer to entries in References, section 37.
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sufficiently high to introduce a radiation hazard, shield-
ing for sample lines, coolers, and collection devices may
be required to minimize exposure. Exercise precautionary
measures to prevent contamination and spread of
radioactivity by spillage of samples or by leakage or
breakage of sampling lines, valves, or containers. In
addition, take precautions to prevent release of gaseous
or air-borne radioactive substances to minimize exposure
to personnel.

17.3.3 If sample containers are to be shipped, shield
and pack to comply with regulations for shipping
radioactive materials [8].

17.3.4 Procedures for collecting radioactive samples
should, in general, follow those described in section 17.1.

17.3.5 When water sampled is under pressure and
contains gaseous radioactive substances, the container used
should be designed to prevent any disproportionate loss
of gases during sampling.

17.3.6 Employ suitable measures to minimize
adsorptive losses of radioactivity if this has not already
been accomplished during preparation of sample container.
When sampling streams or other natural waters, easily
adsorbable materials may already be on surfaces of whatever
particulate matter is present. In such cases, treatment to
prevent adsorption may result in the undesirable transfer
of radionuclides from the suspended to dissolved phase.

18. Preservation of Samples

18.1 Add chemical preservatives to samples that are
to be used for chemical or physical examination only as
specified in specific test methods. Quick freezing has been
found to be beneficial in preserving some organic
constituents. Note any preservatives added to sample on
bottle label.

18.2 Refrigerate or ice samples collected for biological

examination immediately after collection. Hold or transport
samples at a temperature of not more than 39.2 °F (4.0 °C).

182.1 Do not hold samples for microbiological
analyses for more than 6 hours from time of collection
to analysis. Consider performing a field examination if
this time limit cannot be met.

18.2.2 Analyze drinking water samples on the same
day they are delivered to laboratory. A specific exception
is made for samples mailed or sent by public transportation
to control laboratories. These samples are permitted to
be held up to 30 hours.

18.2.3 If the conditions in sections 18.2.1 and 18.2.2
cannot be met, note the actual conditions on the
examination report.

18.3 Chemical treatment of radioactive samples to
prevent biological or algal growth is not recommended
and should be avoided unless essential. When necessary,
select reagents used to avoid chemical interaction with
radioactive species in sample.

184 Chemical treatment to retain radioactive species
in solution may be used but care is needed in treatment
selection, see section 7 of ASTM D 3648.
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19. Time Interval Between Collection and
Analysis of Samples

19.1 In general, allow as short a time as possible
between collection of a sample and its analysis. Under some
conditions, analysis in the field is necessary to secure reliable
results. The actual time interval that may be allowed
between the collection and analysis of a sample varies with-
the type of examination to be conducted, character of
sample, and the time interval allowable for applying
corrective treatment. Specify the time interval between
collection and analysis of a sample on the examination
report.

19.2 Make the determination of dissolved gases, such
as oxygen, hydrogen sulfide, and carbon dioxide, at the
source except when such constituents may be fixed and
determined later as specified in the specific test methods.

19.3 When sampling for radioactivity determinations,
note the exact time of sample collection. If short-lived
activity is of interest, analysis should be made as soon
as practical to minimize loss of activity by radioactive decay.
If only long-lived activity is of interest, measurement of
radioactivity can often be simplified by allowing sufficient
time before analysis for the decay of the short-lived
radionuclides.

20. Labeling and Transportation of Samples

20.1 Provide space for the following information on
an etched area of the sample bottle, a gummed label, or
a cardboard or linen tag securely affixed to container:

Sample number.

Date and time of sampling.

Source of sample.

Point of sampling (designated in sufficient detail
to enable anyone to collect a second sample from
identical spot that first sample was taken).

e Temperature and rate of flow of fluid in equipment
from which sample was taken.

e Temperature of sample.

e Type and quantity of preservative added.
e Resules of field tests made on sample.

e Signature of sampler.

20.1.1 Figure 2 shows a suggested data form.

20.2 Fix stoppers closing the sample containers in place
by wire, tape, or cord to prevent leakage in transit. Sample
container shall be of such size that when filled with desired
amount of sample, a space approximately equivalent to
10 percent of volumetric capacity of container will be
available for expansion of the liquid. Exceptions to this
are for those constituents noted in section 17.1.4, in which
case the method of section 17.1.6.1 may be used.

20.3 The sample shipping container shall be a case
having a separate compartment for each sample. Line the
compartment around each sample with corrugated paper,
felt, or similar material; or hold sample in place with spring
clips, foamed plastic, or similar material. Use insulated
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containers for quick-frozen samples, which are usually
shipped with solid carbon dioxide to maintain sample in
frozen condition.

204 Print addresses of shipper and receiver plainly
on outer container, or attach firmly thereon by cards or
labels. Attach warning and descriptive labels to outer
container, such as "Fragile,” "Liquid,” “Glass,” “Handle
With Care,” “This Side Up,” etc., when applicable. In cold
weather, attach the label "Keep From Freezing” to outer
container, except for those samples which are intentionally
frozen.

METHOD B-COMPOSITE SAMPLES

21. Scope

21.1 Composite sampling is applicable for subsequent
chemical and physical analyses; however, this method may
not be suitable for radiological examination, particularly
for short-lived radionuclides.

21.2 Composite samples are not suitable for bacteri-
ological examination, for constituents noted in section
17.1.4, or for purgeable organics.

22.  Sample Collection

22.1 Composite samples may be made by mutual
agreement of the interested parties by combining individual
grab samples taken at frequent intervals or by using
automatic samplers.

22.1.1 Refer to individual test methods for the effect
of time interval and temperature prior to analysis [6,7,9].

22.2  Indicate whether volume of sample is proportional
to rate of flow. At the end of a definite period, mix
composite sample thoroughly so that determinations on
a portion of the sample will represent the average for
the stable constituents. Variations of unstable constituents
may be determined by analysis on individual samples.

23,

Frequency and Duration of Sampling

231 When sampling process waters, collect composite
samples in at least one 24-hour period. If process is cyclic
in nature, collect samples during at least one complete
process cycle, and identify in accordance with section 20.1.
Collect increments for composite samples at regular
intervals from 15 to 60 minutes, and in proportion to
rate of flow of water. This may be conveniently done by
taking a simple multiple in milliliters per minute, gallons
per minute, or other unit of flow. Choose a suitable factor
to give the proper volume (about 1 gallon or 4 liters)
for the composite sample.

232 When samples are taken from a stream, composite
samples for analysis normally consist of equal quantities
of daily samples for a suitable number of consecutive days,
7 days for example.

24. Point of Sampling

24.1
25.

See section 15.

Sample Handling

25.1 For information on sample handling, refer to the
appropriate sections as follows:
Section

Volume of Sample 14
Sample Containers 16
Preservation of Samples 18
Time Interval Between Collection

and Analysis of Samples 19
Labeling and Transportation of

Samples 20

METHOD C — CONTINUAL SAMPLING
26. Scope

26.1 This method is applicable to sampling water from
sources such as wells, rivers, streams, lakes, oceans,
reservoirs, pipelines and conduits, processing tanks and
vats, spray ponds, towers, filters, and steam generators
on a continual basis for chemical, physical, or radiological
analyses.

27. Apparatus

27.1 The apparatus for this method shall consist of
a delivery valve or pump, piping system, flow regulation
system, and a waste disposal system.

28. Frequency and Duration of Sampling

28.1 Sampling is essentially on a continuous basis;
however, intermittent sampling is possible using sample
bypass equipment, although this is seldom used except in
measuring variables with a time relationship, such as rate
of oxygen uptake. In these cases, deviations from this
method shall be handled under descriptions of the specific
measurement involved.

29. Single Sample From Multipoint Sampling

29.1 When simultaneous samples from several
locations are required, water is drawn continually from
each individual source proportionate to flow and mixed
into a single sample.

30. Particulate Matter

30.1 The size, quantity, and, in some cases, type of
particulate matter often accounts for one or more of the
variables to be measured and, in other cases, introduces
errors in the analysis if they are disturbed. The water
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delivery system shall flow fast enough to keep heavier
particles in suspension, and the system volume shall be
large enough to prevent undesirable filter action through
restrictions.

30.2 The sampling system should be sized to maintain
a Reynolds number of about 4000 to assure turbulent flow.

31. Point of Sampling

31.1 Selection of sampling points should conform to
the applicable paragraphs of section 15.

32. Taking the Sample

32.1 Because pumps employing suction principles
disturb the gas-liquid balance, use a submersible-type pump
for pumping samples from open bodies of water whenever
measurements to be made concern dissolved gases, such
as oxygen or carbon dioxide. Pumps, screens, valves, and
piping must be selected of corrosion-resistant material to
prevent sample from being contaminated by corrosion
products and to prevent undue maintenance.

32.2 The debris screens used around the pump intake
shall be of sufficient size to preclude a significant pressure
drop developing across screens in the event of partial

clogging.

32.3 Manufacturers of continual analyzers and

samplers will generally specify minimum volume and
pressure requirements for proper operation. Sample pump
selection must be based on these minimums and on the
configuration of the piping.

324 The piping system between pump and sample
container shall be designed such that pump is operating
against lowest practical head.

32.5 Piping system shall be constructed with a
continual rise in elevation from pump to point of delivery
without reverse bends where sediment and algae could
accurnulate. To prevent freezing in outdoor installations,
remove check valve from pump so that piping will drain
in event of power failure.

33. Time Interval Between Collection and
Analysis of Sample

33.1 In a continually-operating sampling system, the
time interval between system intake and point of sample
delivery is a function of flow rate of water and dimensions
of intervening pipe. Usually, system dimensions make this
time interval so short that its effect on accuracy of
determination is negligible. Wherever special precautions
should be observed, they will be described in particular
method covering that analysis.

33.2 The time response of the system describes its
ability to respond to transient conditions in the water
source. Time response is defined as time required for system
to reach 63.2 percent of total change between state of initial
and final equilibrium in response to a step change
introduced at input to system.

34. Calculations

34.1 This procedure requires no specific worksheet for
calculations. The Bureau’s chemistry laboratory in Denver
uses a computer program that calculates the test data,
performs an error analysis on the results, and then prints
out a final report. This program can be used by project
offices if the project laboratory has access to a Hewlett-
Packard HP-86.

34.2 Figures 3 and 4 consist of two computer print-
outs. Figure 3 provides backup information in the form
of raw data, and figure 4 provides a record of the percent
of error in the tests performed.

35.

35.1 This procedure requires no specific reporting
form. Figures 5, 6, and 7 consist of three computer print-
outs for reference in reporting the results of the various
tests. Figure 5 is a printout of sample background data,
figure 6 shows the results of the individual tests performed,
and figure 7 is a printout of the stiff diagram (note 4).

Report

NOTE 4.-The stiff diagram has no specific significance other
than as a check on at least two of the compounds shown on
figure 6.

36. Precision and Bias

36.1 The precision and bias for this procedure have
not been established.

37.
[1] Rosen,Joseph, Reagenr Chemicals and Standards, 3rd
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Spec. or : Structure S7EEAM A7 YASEL Sampled by Date
Solic. No. ¥2-¢ 75/3 Evo of LEsELvosn TR gk g
Project ltem WATEL P/ s 7 Computed by Date
DRLLAS CLEEX LocationD ge< ps_Coelk
Feature Station = Offset — Checked by Date
Liocewny Dam-Srq6es & Depth Szr Dg7a © Béco
SAMPLING OF WATER
Site Depth Tests Temp. of Rate of Temp. of Preservative
ID | Time ID sampled desired** source flow sample added
No. No. |Loc*| ft m | WQ |TM; [TMu | °F | °C | ft/s | m/s | °F | °C | Type | Quantity
STA. wo|r wolr wep volvE
/| &MA '3[ * |Svepae| ~ raclen \meskveco| rarieny | dooleo

Results of any field tests performed: #o Timorrs ALLF0LMIED

* Location: Point of sampling (designated in sufficient detail so that a second sample could be collected, if necessary, from
identical point of first sample): Dy o GHL/GE S+ 7E (N6 adsd. Fronal _g;oee.'/,-(,' grven)

**WQ = Water quality (untreated); includes pH, conductivity, suspended solids, dissolved solids at 221 °F (105 °C), sum
of cations and anions, calcium, magnesium, sodium, potassium, carbonate, bicarbonate, sulfate, and chloride; 1.06 quarts (1 L)

required.

TM¢ = Trace metals, filtered (dissolved), 0.5 mL of HNOj3 added; 0.5 quart (500 mL) required.
TMy = Trace metals, unfiltered (total metals), 0.5 mL of HNOs added; 0.5 quart (500 mL) required.

Figure 2. - Sample data and calculation form.
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T53 DATA: array Tss(#*)

SEQUENCE SHAMPLE # ALIQUOT GROSS WT TRARE WT

1 " E-9@71 1015.00 19.3614 19.3408

EEL RS FEEEREF PR ERERRE LR R ERFETTEFLREXFRLEFTF LR LR ER LS LR XL R F PR RLR PP LR R B LR 52w
ERBPEEFREEEFEFRERRRTR I RERFRRERRERFELFEREFFRRERRRRF R L LR C LR R P REFFR LA SRR SRR 50

RESISTIVITY4HND pH DATA: array Ecph(#)
SEGUENCE SAMPLE # RESISTIVITY pH
KC1 RESISTIVITY: 700

HRXECRLFLLFEZRFERFAUENR LR RBEEREREFRF BRI R L FL LIPS F T U LR S L LR R R RS R LA LR PRSI ELFEFF S50
BRELEREEREL LRSI LA FR TR L LR LR LR R RER R LS RS R FEF L L LI RL B R LS LR R L LT R FLE RS R EFEF TR0

TDS DATA: array Tds(#)
SEGUENMCE SAMPLE # ALIQUOT GROSS WT TARE WT

1 E-90871 49.76 48.9446 48.08270

FREEREEEL R AT LR RR IR R ERREE IR ERIRL LR RL R L L LT XL L L LR R LS R L LIRS E PR L LS L LI TR L RS XL ETRR SR
FEEELEXEFFRF XL LR ERRE LR RL B ELERERERF R L L L EEE IR T L LR R R LR RR LI L L L LR L L EL AT EEFTERL RS

Ca AND Mg DARTA:

SEQ. # SHAMPLE Ca mg-L Mg mg-L

LR A L R E R A S L R R R R R AR SRR SR A R X A R X E R R A R AR X X R A S AR R R R R A A R R X RS R E R AR S X A SRR RS R R L R L)
e R R A SR AL R R R A2 R R R R R R R R AR R A A RS R AR R R R X X R R AR A X R R R R R A ARSI RS AR AR RS LR

SODIUM AND POTASSIUM DATA:

X R T R S R E R R R A R R R I R XS R L R AR S S A AR R R AR RS R R RS RS RS R R AL R R X R T

Ly Yy sy Y XL
CARBONRTE-BICARBONATE DATA: array Hcol3(#>

SEQ. # SAMPLE ALIQ. mls 8.3 mls 4.5

1 e-seri  27.83 .00 sss
H22304 MORMALITY: .82085

UEELLFEFXRLUFLRL R L RUERLLLE X2 REES

R T R R R R I R R R X R R X R A I A AR R AR AR R R R R R ARl R R R

SULFATE AND CHLORIDE DATA: arrays Sod4(#*) and Cl£*5

SEQ. # SAMPLE CY ALI®@ DIL m! RAgMO3 S04 ALIO DIL GROSS WT  TARE WT

AgNO3 NORMALITY: . 0497

Figure 3. ~ Sample of raw data.
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ION BALANCE ERROR LISTING

ProjectisececesssssoseesssssDallas Creek
Sampling date...iscesesea.s.8714/85

Figure 4. - Percent of error for tests performed.

USBR CHEMISTRY LRBQORATORY
ENGINEERING AND RESEARCH CENTER
PO BOX 259007?-/MAIL CODE D-1523
DENVER, COLORADO 88225
FTS-776-6201-383-236-6201

1715786

Project...ceseinsesasscssseanasassDallas Creek
Sampling date..ceesioccssannareaea3714,85

Number of samples...ceceasscanse |

Chemistry lab numbers...........E- 9871 to 9871
RNalysteeeeeesscearsenassssasasaR.S.Z7B.F.,
Stored under file Nam@..ceeee...UCI071

SAMPLE E-9071 Sta. #3 Dallas Cr. @ O1d Gage Site

Figure 5. - Sample background data.
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USBR CHEMISTRY LABORATORY
REPORT OF MRJOR CATIOM AND ANION ANALYSES
171586
PROJECT . cvocecaesencoasassssenassscnssess Dallas Creek
SAMPLING DATE..ccceesescsnnacsacssansss 8714785

E- 9871 Sta. #3 Dallas Cr. @ O1d Gage Site

PHe e et tsvssnosnaencsssassusassssscssssasssssssnsses ¢,60E+00

CoONdUCL iVItY.eaueossessassarsssassssessscsessssssassae 53,42E482 microsiemens @ 25
Suspended 501idSccsernrassssssacscsssnsasscnsasnsoes 2.03E+01 mgrL

Dissolved 501ids—105C. . cvecaccerennasinennrsnnncnee 3.54E+02 mg-L

Sum of CationNs+aANioONS..csccsecccsvscsaesasasansssens 4.19E+02 mgrL

CAlCiUMesseesososnacsaasnss 4.36E+80 meq/L ...eevse. 8.73E+01 mgsL
Magnesium.eesaesssosensss 9.30E-01 meq/L ..o....00.. 1,13E+01 mgrL
SOdiIUM.e s vereosansenssnsas 3.99E-81 meqsL ......... 9.18E+90 mg-L
Fotassiume.vecoeevanseaaas 3,12E-02 meq/L ......... 1.22E+00 mg-L
Carbonate.....sevveesecss B.,00E+00Q meq/L ......... O.00E+00 mg-L
Bicarbonat@...ccossssecess 2.69E+00 megq /L ......... 1.64E+32 mg-L
Sulfate...ccccensnnsseees 3.83E+00 meqsL .....o.0.. 1.4SE+02 mg-L
Chioride...cceeesscasssess O.00E+00 megq/L ......... B,00E+00 mg-/L

Figure 6. - Results of individual tests.

Ca

E-907I
8-14-85
EC=542uS
TDS =354 mg/L

S g
23 >%2 TSS=20mg/L
QO+ —+ g O Sum=419mg/L
e <z

< .
oh ln<

KCI
STATION NO.3 -~ DALLAS CREEK AT OLD GAUGE SITE

Figure 7. - Stiff diagram.
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PROCEDURE FOR

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 3105-92

HYDROGEN ION ACTIVITY (pH) OF WATER
AND WATER-BASED FLUIDS

INTRODUCTION

This test procedure is under the jurisdiction of the Materials Engineering Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 3105; the number immediately
following the designation indicates year of original adoption or year of last revision. This test procedure is a modified version

of ASTM designation: D 1293-78.

1. Scope

1.1 This designation covers the procedures for
determining the hydrogen ion activity (pH) of water and
water-based fluids by electrometric measurement using the
glass electrode as the sensor (note 1). Two methods are
included in this designation: (1) Method A-Precise
Laboratory Measurement, covered in sections 9 through
17, and (2) Method B-Routine or Continuous Measure-
ment, covered in sections 18 through 27. Method A covers
the precise measurement of pH in water using at least
two of seven standard reference buffer solutions for
equipment standardization, and also covers the measure-
ment of pH in water-based fluids, such as slurry trench
testing. Method B covers the routine measurement of pH
in water and is especially useful for continuous monitoring.

NOTE 1.-The pH can be measured either colorimetrically or
electrometrically. The colorimetric method is less expensive but
suffers from interferences due to color, turbidity, salinity, colloidal
matter, and various oxidants and reductants. The indicators are
subject to deterioration as are the color standards with which
they are compared. Also, no single indicator encompasses the
pH range of interest in waters and wastewaters. In poorly buffered
liquids, the indicators themselves may alter the pH of the sample
unless preadjusted to nearly the same pH as the sample. For
these reasons, the colorimetric method is suitable only for rough
estimation and is not described in this procedure. For details
on the colorimetric method, see references [1,2,3].!

Although the hydrogen electrode is recognized as the primary
standard, the glass electrode is less subject to interferences and
is used in combination with a calomel reference electrode. The
glass reference electrode pair produces a change of 59.1 mV per
pH unit at 77 °F (25 °C).

2. Applicable Documents

2.1 USBR Procedure:
3100 Sampling of Water

22 ASTM Standards:
D 1067 Standard Test Methods for Acidity or Alkalinity
of Water?

! Numbers in brackets refer to entries in References, section 28.
2 Annual Book of ASTM Standards, vol. 11.01.

D 1129 Standard Definitions of Terms Relating to Water?
D 1193 Standard Specification for Reagent Water?

D 1293 Standard Test Methods for pH of Water?

E 380 Standard for Metric Practice3

3. Summary of Procedure

3.1 The pH meter and associated electrodes are
standardized against two reference buffer solutions which
are closest to the anticipated sample pH. The sample
measurement is made under strictly controlled conditions
and prescribed techniques.

4. Significance and Use

41 The pH determination of water is a relacively
reliable indication of its acidic or alkaline tendency, it is
not a measure of the quantity of acidity or alkalinity in
a water sample (refer to ASTM D 1067, app. X1). A pH
value less than 7.0 shows a tendency toward acidity while
a value greater than 7.0 shows a tendency toward alkalinity.
Most natural waters range between 6.0 and 9.0, but there
are notable exceptions such as mine drainage water and
unbuffered rainwater. The pH measurement is an
important consideration in determining the corrosive
action of water and assessing water treatment practices
for industrial processes.

5. Terminology

5.1 The term “pH" in this procedure is defined in
accordance with ASTM D 1129 as follows: pH is the
negative logarithm to the base 10 of the conventional
hydrogen ion activity. The pH of an aqueous solution is
derived from the electromotive force E of the cell:

glass electrode | solution " reference electrode

3 Annual Book of ASTM Standards, vol. 14.02
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where double vertical lines represent a liquid junction when
electrodes are immersed in the solution in the diagrammed
position, and the electromotive force E; obtained when
electrodes are immersed in a reference buffer solution. For
use in the operational definition given below, the sign
of the measured potential difference indicated by many
pH meters must be reversed because the electrode
configuration used with these meters is:

reference electrode " solution | glass electrode

With assigned pH of reference buffer designated as pHs,
and E and E; expressed in volts:

(E-E)F

PH = 23026 RT

PHs + (1

where:

F = Faraday constant

R = gas constant

T = absolute temperature, 5/9 (°F + 459.67) or °C
+ 273.15

Values of the factor F/(2.3026 RT) at different
temperatures are given in table 1. See section X1.1 of
appendix X1 for additional comment on the definition
-of pH.

Table 1. - Values of factor in equation (1) at different

temperatures.!
Temperature F o
°F ©0) 73026 RT» volts
32 0) 184512
41 5) 18.1195
50 (10) 17.7996
59 (15) 17.4907
68 (20) 17.1924
77 (25) 16.9041
86 (30) 16.6253
95 (35) 16.3555
104 (40) 16.0944
113 (45) 15.8414
122 (50) 15.5963
131 (5% 15.3587
140 (60) 15.1282
149 (65) 14.9045
158 (70) 14.6873
167 35) 14.4764
176 (80) 14.2714
185 (85) 14.0722
194 (90) 13.8784
203 (95) 13.6899

! Values were calculated using a precise value of
logarithmic conversion factor (2.302585) and values
of the fundamental constants:

F = 96487.0 C/eq
R = 831433 J/(K-mol)
T = 5/9 (°F £ 459.67) or °C £ 273.15

5.2 For definitions of other terms used in this
procedure, refer to ASTM D 1129. For an explanation
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of the metric system including units, symbols, and
conversion factors, see ASTM E 380.

6. Purity of Reagents

6.1 Reagent grade chemicals shall be used in all tests,
except as specifically noted for preparation of reference
buffer solutions. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American
Cheinical Society, where such specifications are available
[4]. For suggestions on testing of reagents not listed in
[4], see [5,6]. Other grades may be used, provided it is
ascertained that reagent is of sufficiently high purity to
permit its use without lessening accuracy of determination.

6.2 Unless otherwise indicated, references to water
shall be understood to mean reagent water conforming
to ASTM D 1193, Type 1. The water used for reference
buffer solutions shall be prepared as specified for each
standard buffer solution. Precautions shall be taken' to
prevent contamination of water with traces of material
used for protection against carbon dioxide. The pH of the
carbon dioxide-free water shall be between 6.5 and 7.5
at 77 °F (25 °C).

7. Precautions

7.1 This test procedure may involve hazardous
materials, operations, and equipment, and does not claim
to address all of the safety problems associated with its
use. It is the responsibility of the user to consult and
establish appropriate safety and health practices, and to
determine the applicability of regulatory limitations prior
to use.

8. Sampling
8.1 Collect sample in accordance with USBR 3100.

METHOD A-PRECISE LABORATORY
MEASUREMENT OF pH

9. Application

9.1 Method A covers the precise measurement of pH
in water under strictly controlled laboratory conditions.

10. Interferences

10.1  The glass electrode reliably measures pH in nearly
all aqueous solutions and is not usually subject to solution
interference from color, turbidity, colloidal matter, oxidants,
or reductants.

10.2 The true pH of an aqueous solution or extract
is affected by temperature. The electromotive force between
the glass and reference electrode is a function of
temperacure as well as pH. The temperature effect can
be compensated for automatically in many instruments,
or can be manually compensated for in most other
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instruments. The temperature compensation corrects for
the effect of water temperature on the instrument, including
electrodes, but does not correct for temperature effects on
chemical system being monitored. The compensation also
does not adjust the measured pH to acommon temperature;
therefore, the temperature should be reported for each
pH measurement. Temperature effects are discussed further
in section X1.2 of appendix X1.

10.3 The pH response of most glass electrodes is
imperfect at both ends of the pH scale. The indicated pH
value of highly alkaline solutions, as measured with the
glass electrode, will be too low. This interference can be
minimized by selection of the proper glass electrode for
measurements in highly alkaline solutions.

10.4 The indicated pH value of strong aqueous
solutions of salts and strong acids having a pH less than
1, will often be higher than the true pH value. This is
termed negative error, and the pH indicated is somewhat
greater than the true pH.

10.5 A few substances sometimes dispersed in water
appear to poison the glass electrode. A discussion on this
subject is given in section X1.4 of appendix X1.

11. Apparatus

11.1 Laboratory pH Meter—Table 2 shows the most
important characteristics of four typical pH meters
commercially available. Each type of meter, with its
associated glass and reference electrodes, is permissible.
The choice depends on desired precision of measurement.

11.2 Glass Electrode~The pH response of the glass
electrode shall conform to requirements of sections 13.1
through 13.5. If glass electrode is used outside electrode
compartment of meter, the lead wire shall be shielded.

Measurements at pH values greater than 10.0 shall be made
with a high-alkalinity type electrode to lessen the possibility
of sodium ion errors. Proper care of the electrode is essential
when not in use (note 2).

NOTE 2.-New glass electrodes and those that have been stored
dry shall be conditioned and maintained as recommended by
manufacturer. It is necessary to keep immersible ends of electrodes
in water between measurements. For prolonged storage, glass
electrodes may be allowed to become dry, but the junction and
filling openings of reference electrodes should be capped to
decrease evaporation. Ideally, glass electrodes should be stored
as recommended by manufacturer, and reference electrodes should
be stored in a saturated potassium chloride solution.

11.3 Reference Electrode.~A calomel, silver-silver
chloride or other reference electrode of constant potential
shall be used. There are two basic types of reference
electrodes, the flowing and nonflowing liquid junction-type
électrodes. The flowing, liquid junction-type unit shall be
used for Method A determinations; this unit ensures that
a fresh liquid junction is formed for each measurement.
The internal elements of the reference and glass electrodes
should be matched. If a saturated calomel electrode is used,
some potassium chloride crystals shall be contained in the
saturated potassium chloride solution. If the reference
electrode is of the flowing junction type, design of the
electrode shall permit a fresh liquid junction to be formed
between the solution of potassium chloride and the buffer
standard or tested water for each measurement, and shall
allow traces of the solution to be washed from outer surfaces
of electrodes. To ensure the desired slow outward flow
of reference electrode solution, solution pressure inside the
liquid junction should be kept somewhat in excess of that
outside the junction. In nonpressurized applications, this

Table 2. - Laboratory pH meters.

Type I Type 11 Type 111 Type IV
Range:
Normal 0-14 0-14 0-14 0-14.000
Expanded - 2 pH units 1.4 pH units -
Scale division 0.1 0.01 0.01 0.001 digital
Accuracy 10.05 +0.01 +0.007 +0.002
Repeatability +0.02 +0.005 10.002 10.002
Temperature compensation:
Manual or automatic Yes Yes Yes Yes
Range:
°F 32-212 32-212 32-212 32-212
°C 0-100 0-100 0-100 0-100
Smallest graduation:
°F 3.6 3.6 3.6 3.6
°C 2 2 2 2
Slope compensator - Yes Yes Yes
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requirement can be met by maintaining the inside solution
level higher than the outside water level. If the reference
electrode is of the nonflowing junction type, these outward
flow and pressurization considerations do not apply. The
reference electrode and junction shall perform satisfactorily
as required in the standardizing procedure described in
sections 13.1 through 13.5. Proper care of the reference
electrode is essential when it is not in use. Further discussion
on reference electrodes is given in section X1.3 of appendix
X1.

11.4 Temperature Compensator.-The thermo-
compensator is a temperature-sensitive resistance element
immersed in the water sample with the electrodes. The
thermocompensator automatically corrects for change of
slope of glass electrode (with change of temperature), but
does not correct for actual changes in the pH of the water
sample with temperature. The automatic thermocompen-
sator is not required if the water temperature is essentially
constant and the analyst chooses to use the manual
temperature compensation feature of the pH meter.

11.5 Stirrer and Stir Bar.—The stirrer shall be a small
laboratory-type mechanical stirrer having a glass agitator,
or with a magnetic stirring unit having an inert plastic-
coated impeller. The stir bar may come in different sizes.

12. Reagents

12.1 Reference Buffer Solution~The pH values of the
reference buffer solutions measured at several temperatures
are listed in table 3. Table 4 identifies each buffer salt
by its NIST (National Institute of Standards and
Technology) number and provides a recommended drying
procedure prior to use. Keep the five reference buffer

solutions with a pH less than 9.5 in bottles of chemically
resistant glass. Keep calcium hydroxide solutions in plastic
bottles that are nonporous to air (if obtainable). Keep all
reference buffer solutions well stoppered and replace them
at a shelf age of 3 months, or sooner if a visible change
is observed.

12.1.1 Borax Reference Buffer Solution.-This
solution has a pHs of 9.18 at 77 °F (25 °C), and is prepared
by dissolving 3.80 grams of sodium tetraborate decahydrate,
NaB4O7°10H20, in water and diluting to 1 liter.

12.1.2 Calcium Hpydroxide Reference Buffer Solu-
tion-This solution has a pHs of 12.45 at 77 °F (25 °C),
and is prepared with pure calcium hydroxide, Ca(OH),,
from well-washed calcium carbonate, CaCOs, of low-alkali
grade by slowly heating carbonate in a platinum dish at
1832 °F (1000 °C) and calcining for at least 45 minutes
at that temperature. After cooling, stir the calcined product
slowly into water, heat resultant suspension to boiling,
cool, and then filter through a funnel having a fritted-
glass disk of medium porosity. Collect the solid from filter,
dry in an oven at 230 °F (110 °C), and then crush to
a uniform and fine granular state. Vigorously shake a
considerable excess (about 3 g/L) of the fine granular
product with water at 77 °F (25 °C) in a stoppered plastic
bottle that is essentially nonporous to gases. Allow gross
excess of solid to settle, and then filter the solution with
suction through a fritted-glass funnel of medium porosity.
The filtrate is the reference buffer solution. Contamination
of the solution with atmospheric carbon dioxide renders
it turbid and indicates need for replacement.

12.1.3  Phosphate Reference Buffer Solution-This
solution has a pHj of 6.86 at 77 °F (25 °C), and is prepared

‘Table 3. - Reference buffer solutions (pHs values)!.

Solution
Sodium

Temperature  Tetroxalate  Tartrate Phthalate  Phosphate  Borax bicarbonate- Calcium

F ) sodium hydroxide

carbonate

32 ) 1.67 - 4.00 6.98 9.46 10.32 13.42

41 )} 1.67 - 4.00 6.95 9.39 10.25 1321

50  (10) 1.67 - 4.00 6.92 9.33 10.18 13.00

59  (15) 1.67 - 4.00 6.90 9.28 10.12 12.81

68  (20) 1.68 - 4.00 6.88 9.23 10.06 12.63

77 (25) 1.68 3.56 4.00 6.86 9.18 10.01 12.45

8  (30) 1.68 3.55 4.01 6.85 9.14 9.97 12.29

95 (335) 1.69 3.55 4.02 6.84 9.11 9.93 12.13
104  (40) 1.69 3.55 4.03 6.84 9.07 9.89 11.98
113 (45) 1.70 3.55 4.04 6.83 9.04 9.86 11.84
122 (50) 1.71 3.55 4.06 6.83 9.02 9.83 11.71
131 (55) 1.72 3.55 4.07 6.83 8.99 - 11.57
140  (60) 1.72 3.56 4.09 6.84 8.96 - 11.45
158  (70) 1.74 3.58 412 6.85 892 - -
176 (80) 1.77 3.61 4.16 6.86 8.89 - -
194 (90) 1.79 3.65 4.19 6.88 8.85 - -
203 (95) 1.81 3.67 4.21 6.89 8.83 - -

! For a discussion on how these values were assigned, see reference [7].
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Table 4. - National Institute of Standards and Technology materials for reference buffer solutions.

NIST Standard
sample Buffer salt! Drying procedure
designation
187-b Borax (sodium tetraborate Drying not necessary (this salt
decahydrate) should be oven dried)
186-11-¢ Disodium hydrogen phosphate 2 hours in an oven at 266 °F (130 °C)
186-1-¢ Potassium dihydrogen phosphate 2 hours in an oven at 266 °F (130 °C)
185-¢ Potassium hydrogen phthalate 2 hours in an oven at 230 °F (110 °C)
188 Potassium hydrogen tartrate Drying not necessary
189 Potassium tetroxalate dihydrate Should not be dried
191 Sodium bicarbonate Should not be dried
192 Sodium carbonate 2 hours in an oven at 527 °F (275 °C)

! The buffer salts listed can be purchased from Office of Standard Reference Materials, National Institute
of Standards and Technology, Washington, DC 20234.

by dissolving 3.39 grams of potassium dihydrogen
phosphate, KH2POq, and 3.53 grams of anhydrous disodium
hydrogen phosphate, NagHPOq, in water and diluting to
1 liter.

12.1.4 Phthalate Reference Buffer Solution.-This
solution has a pHg of 4.00 at 77 °F (25 °C), and is prepared
by dissolving 10.12 grams of potassium hydrogen phthalate,
KHCgH4Oys, in water and diluting to 1 liter.

12.1.5 Tartrate Reference Buffer Solution—This
solution has a pHs of 3.56 at 77 °F (25 °C), and is prepared
by shaking vigorously an excess (about 75 g/L) of potassium
hydrogen tartrate, KHC4H4Os, with 100 to 300 mL of water
at 77 °F in a glass-stoppered bottle. Filter, if necessary,
to remove suspended salt, and then add a crystal of thymol
(about 0.1 g) as a preservative.

12.1.6 Tetroxalate Reference Buffer Solution-This
solution has a pHs of 1.68 at 77 °F (25 °C), and is prepared
by dissolving 12.61 grams of potassium tetroxalate
dihydrate, KHC204°H2C304:2H20, in water and diluting
to 1 liter.

12.1.7 Sodium Bicarbonate-Sodium Carbonate
Reference Buffer Solution.~This solution has a pHsof 10.01
at 77 °F (25 °C), and is prepared by dissolving 2.092 grams
of sodium bicarbonate, NaHCOs, and 2.640 grams of
sodium carbonate, Na2COs3, in water and diluting to 1 liter.

12.2  Other Buffer Solutions-A buffer solution of
composition identical to one of the previously mentioned
solutions, but of a buffer material or solution source other
than that specified, may be used as a working standard
in this method provided that such a solution is first checked
against the corresponding reference buffer solution, using
procedures of this method, and is found to differ by not
more than 0.02 pH unit.

12.3 Commercial Buffer Solutions.-Commercially
available prepared buffer solutions should be adequate for
the standardization in Method A. These solutions usually
have pH values near 4, 7, and 10; the exact pH and working
temperature to be provided by the distributor. The pH
buffer is susceptible to contamination from atmospheric
carbon dioxide, and frequently used or partially filled bottles
are particularly vulnerable to this contamination.
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13. Standardization of Assembly

13.1 For standardization of the assembly, first turn on
analyzer and allow for thorough warm up. Then, bring
assembly into electrical balance in accordance with
manufacturer’s instructions. Wash glass and reference
electrodes and sample cup with three changes of water
or by using a flowing stream from a wash bottle. Form
a fresh liquid junction if a sleeve-type reference junction
is used. Note temperature of water to be tested. If
temperature compensation is to be manual, adjust
temperature dial of meter to correspond to temperature
of water to be tested and allow time for all buffers, solutions,
and electrodes to equilibrate thermally.

13.2 If anticipated pH of solution to be tested is less
than 10.0, select two reference buffer solutions with pHs
values that bracket the anticipated value, see table 3. Warm
or cool reference solutions as necessary to match within
3.6 °F (2 °C) the temperature of solution to be tested.
Fill sample cup with first reference buffer solution and
immerse electrodes. If pH meter is of the zero-null type,
set dial of meter to equal the pHj value of reference buffer
solution at temperature of buffer, as shown in table 3,
or as interpolated from table 3. Engage operating button
and rotate standardization knob or asymmetry potential
knob until meter is brought to balance. If pH meter is
of the direct-reading type, engage operating button, turn
range switch (if provided) to proper position, and rotate
asymmetry potential knob until reading corresponds to
temperature (corrected pHs value) of reference buffer
solution. Empty sample cup and repeat, using successive
portions of reference buffer solution. Repeat procedure
until two successive readings are obtained, without
adjusting the asymmetry potential knob, that do not differ
from pH, value of buffer solution by more than 0.02 pH
unit. If temperature of electrode differs appreciably from
that of solution to be tested, use several portions of solution
and immerse electrodes deeply to assure that both the
electrodes and the solution are at the desired temperature.
If a flowing-junction reference electrode is used, the level
of potassium chloride solution in reference electrode must
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always be kept higher than that of solution being measured.
To reduce effects of thermal lag, keep temperature of
electrodes, reference buffer solutions, and wash water as
close to that of water sample as possible.

13.3 Wash electrodes and sample cup three times with
water. Place second reference buffer solution in sample
cup, and measure pH; by reading dial or by adjusting balance
point, depending on type of pH meter. Adjust slope control
until reading corresponds to the temperature corrected
value of second reference buffer solution. Do not change
setting of asymmetry knob in either case. Use additional
portions of second reference buffer solution, as before, until
two successive readings do not differ by more than 0.02
pH unit. The assembly shall be judged to be operating
satisfactorily if pH reading obtained from second reference
buffer solution agrees with its assigned pHs value within
0.05 unit for Type I meters or within 0.03 for Type II,
I1I, or IV meters (table 2).

13.4 If anticipated pH of test solution is greater than
10.0, use the high-alkalinity type electrode and observe
manufacturer’s instructions. Use sodium bicarbonate and
sodium carbonate reference buffer solution for initial
standardization of assembly. If temperature of
measurement is below 140 °F (60 °C), use calcium
hydroxide reference buffer solution as second standard.
Because the pHs of this second solution changes
significantly with temperature, note temperature of
solution to the nearest 1.8 °F (1 °C) and use this reading
to obtain applicable pH; by interpolation of data in table
3. Judge assembly to be operating satisfactorily if reading
obtained for second reference solution does not differ from
assigned pHs value by more than 0.1. If temperature of
measurement is above 140 °F (60 °C) and the pH is greater
than 10.0, standardize assembly with borax solution alone;
however, prior to doing so, ensure correct functioning of
high-alkalinity electrode with two more alkaline reference
solutions at some temperature below 140 °F

13.5 If only an occasional pH determination is made,
standardize assembly each time it is used. For a long series
of measurements, supplemental interim checks at regular
intervals are recommended. Since commercially available
pH assemblies exhibit different degrees of measurement
stability, conduct these checks at 30-minute intervals unless
it is ascertained that less frequent checking is satisfactory
to ensure performance requirements of sections 13.2 and
13.3. If assembly is in continuous use under flowing
conditions, standardize daily using two reference buffer
solutions to check proper functioning of electrodes. More
frequent checking may be required to ensure acceptable
performance.

14. Procedure

14.1 Srtandardize assembly with two reference buffer
solutions as described in sections 13.2 and 13.3, and then
wash electrodes with three changes of water or by using
a flowing stream from a wash bottle. Place water sample
in a clean glass beaker provided with a thermometer. Equip
beaker with a small laboratory-type mechanical stirrer

having a glass agitator, or with a magnetic stirring unit
having an inert plastic-covered impeller. If measurement
is made outside electrode compartment of pH meter, avoid
use of electric motors for operation of stirring equipment
that generate an electrical signal or heat the water sample
because of possible interference with pH measurement.
Operate stirrer during period of pH measurement at a
rate to prevent splashing and to avoid loss or gain of acid
or basic gases by interchange with the atmosphere. When
necessary, stir briskly enough to intermix the phases of
a nonhomogeneous water sample. Stop stirrer during
period of measurement if streaming potentials are noted.
Insert electrodes and determine a preliminary pH value.
Since this value may drift somewhat, it should be considered
an estimated value. Measure successive portions of water
sample until readings on two successive portions differ
by no more than 0.03 pH unit, and show drifts of less
than 0.02 unit in 1 minute. Two or three portions will
usually be sufficient if water is well buffered. Record pH
and temperature of sample.

14.2  Measure pH of slightly buffered waters (that are
in equilibrium with air) essentially as described in 14.1,
but measure pH of successive portions, with agitation, until
readings for two successive portions differ by no more
than 0.1 pH unit; six or more portions may be necessary
to accomplish this. Take special precautions if sample is
not in equilibrium with the carbon dioxide of the
atmosphere protecting the sample from exposure to the
air during measurement. Make measurements with
externally mounted electrodes in a wide-mouth flask that
has been flushed with carbon dioxide-free air. Measurement
of unbuffered or slightly buffered samples is more reliably
made in flow-type cells as described in section 23.2. Section
X1.5.3 of appendix X1 describes additional precautions
that should be taken if electrical conductivity of sample
is less than about 13uS/in (5uS/cm).

15. Calculation

15.1 Most pH meters are calibrated in pH units, and
the pH of the sample is obtained directly by reading meter
scale. See note 3 regarding the documentation of
calculations.

NOTE 3.-The Bureau’s chemistry laboratory in Denver uses
a computer program that calculates the test data, performs an
error analysis on the results, and then prints out a final report.
The report includes a listing of sample descriptions and assigned
laboratory numbers, an etror analysis, and a tabulated report of
test results including stiff diagrams. This program can be used
by project offices if project laboratory has access to a Hewlett-
Packard HP-86 computer.

16. Report

16.1 Report temperature of measurement to the
nearest 1.8 °F (1 °C). Report pH of test solution to nearest
0.01 pH unit when pH measurement lies between 1.0 and
12.0; report to nearest 0.1 unit when measurement is less
than 1.0 or greater than 12.0. See note 3, and utilize the
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computer printouts shown on figures 5 and 6 of USBR
3100.

17. Precision and Bias

17.1 Under the strict conditions set forth in this
method, the precision is 0.05 pH unit. To attain this
precision, the condition of the instrumentation and the
technique for standardization and operation is extremely
important. When the pH is less than 1.0 and greater than
12.0, the precision is 0.1 pH unit.

17.2 The bias for method A is not currently known.

METHOD B-ROUTINE OR CONTINUOUS
MEASUREMENT OF pH

18. Application

18.1 Method B is used for the routine measurement
of pH in the laboratory and the measurement of pH under
various process conditions.

19. Summary of Method

19.1 A direct standardization technique is employed
in this method for routine batch samples. Two buffers
are used to standardize the assembly under controlled
parameters; however, the conditions are somewhat less
restrictive than those in Method A. An indirect standar-
dization procedure is used on flowing systems, where grab

samples are removed periodically to compare a monitored -

pH value of the system with the reading on the laboratory
pH meter.

20. Interference
20.1 See section 10 and appendix section X1.4.
21. Apparatus

21.1 Laboratory pH Meter.-See section 11.1.

21.2 Glass Electrode.-See section 11.2.

21.3 Reference Electrode.-See section 11.3.

214 Temperature Compensator.-See section 11.4.

21.5 Stirrer and Stir Bar.-See section 11.5.

21.6 Process pH Measurement Instrumentation.-
Instruments used for process pH measurements are
generally more substantially built than those used for more
accurate measurements in the laboratory. The character-
istics of three types of process pH analyzers are shown
in table 5. Each of these analyzers is satisfactory for process
pH measurements. The choice of analyzer is generally based
on how closely characteristics of analyzer match require-
ments of application. These requirements may include an
analyzer signal that can drive external devices, or provision
for pH measurement in one or more specific span ranges.

21.6.1 Electrode Chamber.-For process pH measure-
ments, electrodes and thermocompensator are mounted in
an electrode chamber. One style of chamber (flow-through
type) completely encloses electrodes, and sample is piped
to and from chamber in a flow-through configuration.
Commercially available chambers generally can tolerate
temperatures as high as 212 °F (100 °C) over a pH range
from 0 to 14. Flow-through style chambers are available
for service to about 150 Ibf/in? (1034 kPa). Another style
of chamber (immersion type), suitable for measurement
in open streams or tanks, shields but does not completely
enclose electrodes. Immersion-style chambers are available
for use at depths to about 100 feet (30 m).

Table 5. - Remote measurement of pH.

Type I Type II Type HI
Range: )
Normal 0-14 0-14 0-14
Expanded Any 2 pH or Any 2,4,5,7, Any 2,5,0r 10
wider units 10, or 14 pH pH units
units
Signal to recorder To 1000 mV To 50 mA To 5000 mV, 4 to 20
or 10 to 50 mA
Accuracy +0.02 +0.005 to 0.04, +0.02
dependent
upon span
Temperature compensation:
Manual or automatic Yes Yes Yes
Range:
°F 32-212 32-212 32-212
°C 0-100 0-100 0-100
Stability per 0.005 pH unit 0.005 pH unit +0.02 pH unit

24-hour period

\WE]
WS
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21.6.2 Signal Transmission-The glass electrode is
a high-impedance device from which only an extremely
small current can be drawn. Shielded cable must be used
to connect electrode to pH analyzer. The signal can
frequently be transmitted up to about 1000 feet (305 m)
with no loss in accuracy if manufacturer’s recommendations
are followed carefully. The signal can usually be amplified
for transmission over even greater distances.

21.63 pH Merter Associated With Remote Measure-
ment-Usually a different style instrument is used to
indicate or display remote pH measurements. Table 5 shows
the characteristics of three types of suitable meters.

21.7 'Tables 6 and 7 list various meters and electrodes.

22, Reagents

22.1 See section 12.
23. Standardization of Assembly

23.1 For standardization of the assembly, first turn on
analyzer and allow for thorough warm up. Then, bring
assembly into electrical balance in accordance with
manufacturer’s instructions. Wash electrodes, thermocom-
pensator, and sample cup with three changes of water or
by using flowing stream from a wash bottle. Form a fresh
liquid junction if a sleeve reference electrode junction is
used. If manual temperature compensation is to be used,
note temperature of water sample and adjust temperature
dial of meter to correspond.

23.2  Direct Standardization:

23.2.1 Select two reference buffer solutions that have
a pH; value as close as possible to anticipated pH of water
sample, providing it is less than 10.0. Warm or cool
reference solution to within 3.6 °F (2 °C) of temperature
of water sample. Fill sample cup with first reference buffer
solution and immerse electrodes. Engage operating button,
turn range switch (if present) to proper position, and rotate
asymmetry potential knob until reading of dial corresponds
to known pHs of reference buffer solution. Repeat
procedure using successive portions of reference buffer
solution until two successive instrument readings are
obtained which do not differ from pHs value of buffer
solution by more than 0.02 unit. It is important that this
final standardization be accomplished without changing
setting of asymmetry potential knob.

23.2.2 If anticipated pH of test solution is greater
than 10.0, use the high-alkalinity type of electrode and
observe manufacturer’s instructions.

23.2.3 If only an occasional pH determination is
made, standardize assembly each time it is used. For a
long series of measurements, supplement initial and final
standardizations by interim checks at regular intervals.
Since commercially available pH assemblies exhibit
different degrees of measurement stability, conduct these
checks at 30-minute intervals unless it is ascertained that
less frequent checking is satisfactory to ensure performance.

23.24 Repeat standardization using second buffer
solution.
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23.3 Indirect Standardization:

233.1 Indirect standardization is to be used when
it is not convenient or practical to remove electrodes from
flowing stream or container on which the pH is being
determined. Use of a laboratory pH meter or an additional
analyzer is required.

23.3.2 Standardize laboratory pH meter or additional
process analyzer as described in section 23.2.

233.3 Collecta grabsample of impounded or flowing
water, or the water diverted from process for pH
measurement, from immediate vicinity of electrodes if an
immersion style electrode chamber is to be used; or from
discharge if flow-through style electrode chamber is to be
used. Measure pH of grab sample immediately using
standardized laboratory pH meter or additional process
analyzer. Adjust standardization control on process analyzer
until reading corresponds to pH of grab sample. Repeat
grab sampling, analyzing, and adjusting procedure until
two successive readings are obtained that differ by no more
than 0.05 pH unit or within an acceptable accuracy. This
indirect standardization method cannot be used when pH
of water being tested fluctuates by more than 0.05 pH
unit. The standardization must be accomplished in the
shortest possible time if pH is fluctuating. It is absolutely
essential that grab sample be representative of water in
contact with electrodes of analyzer being standardized. The
integrity of grab sample must be maintained until its pH
has been measured by standardized meter, and its
temperature must remain constant,

2334 Indirect standardization is a one-point
calibration and does not establish proper response of
electrodes over a pH range.

24. Procedure

24.1 Routine pH Determination of Batch Sample.—
Standardize assembly as described in section 23.2, and wash
electrodes with three changes of water or by using a flowing
stream from a wash bottle. Place water sample in a clean
glass beaker and determine temperature. Equip beaker with
a small laboratory-type mechanical stirrer having a glass
agitator or with a magnetic stirring unit having an inert,
plastic-coated impeller. Operate stirrer during period of
PH measurement at a rate to prevent splashing and to
avoid loss or gain of acid or basic gases by interchange
with the atmosphere. When necessary, stir briskly enough
to intermix phases of a nonhomogeneous water sample.
Insert electrodes and determine a preliminary pH value
(reading may drift). Measure successive portions of water
sample until readings on two successive portions differ
by no more than 0.05 unit. Two portions will usually be
sufficient if water is well buffered. Record pH and
temperature of sample.

242 Continuous Determination of pH.-Select elec-
trodes and electrode chamber to suit physical and chemical
characteristics of process water. Locate a submersion style
electrode chamber so that fresh representative sampling
is provided continuously across electrodes. Agitation may
be required to improve homogeneity. Process pH
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measurements generally have automatic temperature
compensation. The pH value is usually displayed
continuously and can be noted at any specific time. Record
successive pH values frequently to provide a permanent
record.

243 Continuous Determination of pH of High-Purity
Water-The analyzer used to determine the pH of high-
purity water must have a high-impedance differential input
to minimize environmental effects. Use a metallic electrode
chamber to shield electrodes, and to electrically isolate it
from all stray a-c fields. Pay particular attention to
grounding and the use of metallic connectors, as
recommended by equipment manufacturer. Place reference
electrode upstream of glass electrode to impart the small
amount of electrolyte essential to the sensing of the pH
of water sample. One successful flow pattern uses a bottom
inlet, a full chamber, and a top overflow; flow rate and
pressure are held constant; and discharge is to atmospheric
pressure. Follow manufacturer’s instructions closely.

25. Calculation

25.1 Most pH meters are calibrated in pH units, and
the pH of the sample is obtained directly by reading meter
scale. See note 3 regarding the documentation of
calculations.

26. Report

26.1 Report temperature of measurement to nearest
1.8 °F (1 °C). Report pH value to nearest 0.1 pH unit.
See note 3 regarding preparation of report.
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27. Precision and Bias

27.1 Because of the wide variability in measurement
conditions and the changeable character of the pH of many
process waters, precision of this method is probably less
than that of Method A; however, a precision of 0.1 pH
unit should be attainable under controlled conditions.

27.2  The bias for method B is not currently known.
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Table 6. - Various types of pH meters.!

Table of pH and Specific Ion Meters

Reading Divisions

Readout Normal Expanded Power Reproducibility =~ VWR

Model Meter Display pH MV pH MV Battery Line pH Cat. No.
VWR Digital
Mini 55 Digital 0.1 X X 10.02 34100-630
VWR Digital
Mini 49 Digital 0.1 X X +0.05 34100-607
VWR Mini pH X 0.1 0.2 X +0.05 34100-505
VWR Phase IV Digital 0.01 X +0.01 34100-651
Beckman
Zeromatic™ IV 8” Digital 0.03 3 X +0.07 34101-370
Beckman
Model pHI 20 Digital 0.01 1.0 X +0.01 34101-086
Model pHI 21 Digital 0.01 1.0 X +0.01 34101-097
Model pHI 31 Digital 0.01 1.0 X +0.01 34101-100
Model pHI 40 Digital 0.01 1.0 X 10.01 34101-326
Model pHI 44 Digital 0.01 1.0 X +0.01 34101-348
Model pHI 45 Digital  0.01 1.0 X +0.01 34101-359
Model pHI 70 Digital  0.01 1.0 X +0.01 34101-439
Model pHI 71 Digital 0.01 1.0 X +0.001 34101-450
Monitor™II pH/mV X 005 5 X +0.1 34101-701
Monitor™II pH/mV Oz/°C X 0.05 5 X 0.1 52448-653
Corning Model 3 21" 0.2 12 X 0.1 34103-503
Corning Model 4 2" 0.01 - X X +0.01 34103-150
Corning
Model 5 51" 0.1 10 - - - X +0.05 34103-300
Model 610 51" 0.1 70 001 - X X +0.05 34103-558
Model 620 51" 0.1 - X +0.05 34103-605
Corning Model 3D Digital  0.01 1 X +0.02 34103-128
Corning
Model 120 Digital 0.01 1 X +0.01 34103-183
Model 140 Digital 0.01 1 X +0.01 34103-219
Model 145 Digital 0.01 1 X +0.01 34103-220
Model 150 Digital 0.001 0.1 X +0.001 34103-230
Model 155 Digital 0.001 0.1 X +0.001 34103-310
Orion
Model 399 A/F 18 ¢m 0.1 10 0.02 X X +0.004 34104-153
Model 399 A/L 18 cm 0.1 10 0.02 +0.004 34104-200
Orion
Model 201 Digital  0.05 - X +0.025 34104-029
Model 211 Digital 0.005 - X X +0.005 34104-040
Model 231 Digital  0.01 - X +0.005 34104-051
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Table 6. - Various types of pH meters.!- (Continued)

Table of pH and Specific Ion Meters

Reading Divisions

Readout Normal Expanded Power Reproducibility  VWR
Model Meter Display pH MV pH MV Battery Line pH Cat. No.
Orion Model 301 Digial 02 20 X 0.1 34104-109
20

Orion

Model 407 A/F 18 cm 0.1 10 002 X X 10.004 34104-459
Model 407 A/L 18 cm 0.1 10 0.02 +0.004 34104-506
Orion Model 501 Digital 0.01 1 X +0.01 34104-222
Orion

Model 601A Digital 0.01 1 X +0.01 34104-266
Model 611A Digital 0.01 1 X +0.01 34104-288
Orion Model 701A Digital  0.01 1 0.001 0.1 X +0.01 34104-313
Orion Model 811 : Digital 0.001 0.1 X +0.001 34104-299
Orion Model 901 ' Digital 0.001 0.1 X $0.001 = 34104-324

1 Data for this table weré taken from VWR Scientific 1984-85 catalogue.
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Table 7. - Types of electrodes.!

Standard Glass Body and Epoxy Body Models

pH Electrodes
Type pH Temp. Body L Tip Diameter Lead L Connector  Orion Cat. No.
range range cm (inches) cm (inches) m (inches) No.
Research Grade 0-14 0t090°C 12 (4.7) 1.2 (047) 1(39) Standard 910100 13-641-763
Glass Body
Ag AgCl
HF-Resistant 0-4 0to0 40 °C 11 (4.3) 1.2 (0.47) 1 (39) Standard 930100 13-641-784
Polymer Body
For acid
‘fluorides
Reference Electrodes
Type pH Temp. Reference Body L Tip Diameter Lead L Connector  Corning Cat. No.
range range junction cm (inches) cm (inches) m (inches)
Double Junction 0-14 0to 100 °C Sleeve 11 (4.3) 1.2 (0.47) 1(39) Pin 900200 13-641-900
Epoxy Body
For ISE tests
Ag AgCl
Single Junction 0-14 0to 100 °C Sleeve 11 (4.3) 1.2 (0.47) 1(39) Pin 900100 13-641-898
Epoxy Body
Ag AgCl
Combination Electrodes
Type pH Temp. Reference Body L Tip Diameter Lead L Connectors Orion Cat. No.
range range junction c¢m (inches) c¢m (inches) m (inches) No.
Standard Glass Body Models
Research Grade 0-14 0t 90°C Ceramic 14 (5-1/2) 1.2 (0.47) 1(39) Standard/pin 910200 13-641-764
Ag AgCl
Lab Field Grade 0-12 00 90°C Ceramic 14 (5-1/2) 1.2 (0.47) 1(39) Standard/pin 910400 13-641-681
Rugged Bulb
Epoxy Body Models
RX Series 0-14 0t090°C Glass 12 (4.7) 1.2 (0.47) 1(39) Standard/pin 915500 13-641-700
Refillable Fiber
Ag AgCl BNC 915600 13-641-701
GX Series 0-12 0w 80°C Wick 11 (4.3) 1.2 (0.47) 1 (39) Standard/pin 910500 13-641-689A
Gel-filled .
Ag AgCl BNC 910600 13-641-689B
Mini 910700 14-641-689C
Phone/pin
Redox 0t 80°C Sleeve 139 (5-1/2) 1.2 (0.47) 1 (39) Standard/pin 967800 13-641-905
Platinum
Ag AgCl

! Data for this table were taken from the 1986 Fisher catalogue.
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APPENDIX

X1.

MISCELLANEOUS NOTES ON GLASS ELECTRODE MEASUREMENTS AND EQUIPMENT

(Nonmandatory Information)

X1.1 Definition of pH

X1.1.1 The term pH historically has referred to the
hydrogen ion activity of a solution, and has been expressed
as the logarithm to the base 10 of the reciprocal (negative
logarithm) of the activity of hydrogen ions at a given
temperature:

log 1
pH= —2r = -log (H") (1)
where:
H® = activity of hydrogen ions.

Although equation (1) is helpful in giving theoretical
meaning to the term pH and can be used as an approximate
definition, it may not be rigorously related to empirical
pH measurements. The definition given in section 5.1 has
gained wide acceptance.

X1.2 Temperature Effects

X1.2.1 Effects of temperature on electrometric pH
measurements are primarily from two categories: (1)
temperature effects that are common to all electrometric
measurements, and (2) variations of sample pH with
temperature. The first category includes the effect of
temperature on the factor F/2.3026 RT that occurs in
equation (1) of section 5.1. Values of this factor for various
temperatures are given in table 1. The first category also
includes variations of glass electrode asymmetry potential
and reference electrode liquid junction potential with
temperature. If pH measurement is made in accordance
with sections 14 and 24, effects of these potentials will
be negligible. For the second category because of changes
in activity coefficients and equilibrium constants with
temperature, the pH of a sample will change with
temperature. These changes are independent of method
of measurement. In general, rate of change of pH with
temperature is not constant, and change may be positive
or negative. The data in table 3, showing changes in pHs
of buffer solutions with temperature, are typical examples.

X1.3 Reference Electrodes

X1.3.1 When making pH measurements with the glass
electrode, the reference electrode used to complete the cell
assembly simply functions as a source of reproducible
potential. The absolute value of the reference electrode
potential is of no consequence because of the way
measurements are made. Both saturated calomel and silver-
silver chloride electrodes have proven to be satisfactory
reference electrodes. For measurements at normal room
temperatures, either of these electrodes is satisfactory, and
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both are recommended. The silver-silver chloride is
recommended for measurements at elevated temperatures
because its potential is more stable than that of the saturated
calomel electrode. Depending on environmental conditions,
other electrodes may serve satisfactorily as reference
electrodes.

X1.3.2 If a saturated electrode is used under signif-
icantly changeable temperature conditions, care must be
taken to be sure that sufficient solid potassium chloride
is present at all temperatures to ensure solution saturation
throughout, both in free solution in electrode tube and
in solution permeating electrode element. The electrode
must be given 5 or 10 minutes to accommodate itself to
a new temperature condition before a pH measurement
is made. If temperature falls appreciably, crystallization
of potassium chloride may cause plugging of liquid junction,
which can result in high resistance and false or erratic
potential at the junction. Any such accumulation of
potassium chloride should be removed by aqueous washing.

X1.3.3 Reference electrodes of the unsaturated type
have been used preferentially in continuous mechanized
pH monitoring where the temperature is likely to fluctuate.
The selected potassium chloride concentration is frequently
saturated at the lowest temperature of use; e.g., about 3.3
normal concentration for 32 °F (0 °C). Such a reference
electrode has the advantage of being free from annoying
effects caused by variable solubility; however, considerable
care must be taken to prepare the required concentration
and to maintain prescribed value under plant operating
conditions. Follow instrument manufacturer’'s recom-
mendations on choosing and maintaining reference
electrodes. Changing an electrode from saturated to
unsaturated type (or vice versa) by changing concentration
of potassium chloride may produce drifting potentials for
weeks or even months.

X1.34 Reference electrodes are available with various
ways to establish the liquid junction. These include, but
are not limited to, dependence on porosity of wood, fibrous
materials, glass-encased noble metal, ground-glass sleeves,
ceramic frits, and nonflowing polymeric bodies.

X1.4 Faulty Glass Electrode Response
and Restorative Techniques

X1.4.1 Detecting Faulty Electrodes.-The pH measur-
ing assembly is standardized with two reference buffer
solutions (sec. 13.2) to verify linearity of response of
electrode combination at different pH values. Standard-
ization also detects a faulty glass or reference electrode,
or an incorrect temperature compensator. The faulty
electrode is indicated by failure to obtain a reasonably
correct value for the pH of second reference buffer solution
after meter has been standardized with first solution. A
cracked glass electrode will often yield pH readings that
are essentially the same for both standards, and should
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be discarded. Even though a normal glass electrode responds
well to moderate pH changes, it is not necessarily a perfect
pH measuring device and may fail the rigid requirements
of section 13.2 if, for example, the pH span is made as
great as 5 pH units (phthalate to borax).

X1.4.2 Imperfect pH Response—~The pH response of
the glass electrode may be impaired by a few coating
substances, such as certain oily materials or even some
particulates. When a faulty condition is disclosed by the
check with two reference buffer solutions, electrode can
frequently be restored to normal by an appropriate cleaning
procedure.

X143 Glass Electrode Cleaning Techniques—Where
emulsions of free oil and water are to be measured for
pH, it is absolutely necessary that electrodes be cleaned
thoroughly after each measurement. This may be done by
washing with soap or detergent and water, followed by
several rinses with water. Then, the lower third of the
electrodes should be immersed in HCI (1 + 9) to remove
any film that may have formed on them. Rinse electrodes
again by washing in several changes of water before
returning them to service. Process pH analyzers used for
continuous measurement may be provided with an
ultrasonic cleaner to lessen or even eliminate the need
for manual cleaning.

X144 Thorough cleaning with a suitable solvent may
be necessary after each measurement if sample contains
sticky soaps or suspended particles. If this fails, a chemical
treatment designed to dissolve the particular deposited
coating may prove successful. After final rinsing of electrode
in cleaning solvent, immerse lower third of electrode in
HCI (1 + 9) to remove possible residual film. Wash the
electrode thoroughly again in several changes of water
before subjecting it to standardization procedure.

X1.4.5 If an electrode has failed to respond to cleaning
techniques, try a more drastic treatment as a last resort.
This treatment, which will limit the life of electrode and
should be used only as an alternative to discarding it, is
immersing it in chromic acid cleaning solution for several
minutes (longer if necessary). Chromic acid is particularly
effective in cleaning foreign substances from surface of
glass; however, it also has a dehydrating effect on the glass.
Consequently, allow an electrode so treated, after
thoroughly rinsing, to stand in water overnight before using
it for measurements. Finally, if electrode fails to respond
to chromic acid cleaning, it may be subjected to mild etching
in an ammonium bifluoride solution. Immerse electrode
for about 1 minute in a 20-percent solution of ammonium
bifluoride (NH¢HFz) and water in a polyethylene cup. The
bifluoride actually removes a portion of the bulb glass and
should be used only as a last resort, and then only
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infrequently. Follow treatment by thorough rinsing and
conditioning as is recommended for a new electrode. The
electrode manufacturer may have additional suggestions
specific to a particular product.

X14.6 Techniques for cleaning flow-cell electrodes
include the use of ultrasonics, brushes, and high-velocity
submerged jets.

X1.5 Special Measurement Techniques

X15.1 Measurements on Alkaline Waters.-Although
the high-alkalinity electrode exhibits a much lower sodium
ion error than an ordinary glass electrode, the high-
alkalinity electrode can still introduce an appreciable error
when sodium ion content and pH or temperature of water
are unusually high. Corrections may, in some instances,
be applied to the measurement if suitable data are available
from electrode manufacturer.

X15.2 Carbon dioxide from the air tends to react with
alkaline water and change its pH. Make all measurements
with alkaline waters or buffer solutions as quickly as
possible, with the water exposed to air no longer than
absolutely necessary.

X1.5.3 Measurement of Static Solutions of Low
Conductivity—~When the sample electrical conductivity is
lower thar about 13uS/in (5uS/cm), the electrical
resistance of water path between glass and reference
electrodes may become high enough to cause measuring
difficulties. If placing junction of reference electrode as
close as possible to pH responsive bulb of glass electrode
does not correct difficulties, the electrode pair should be
protected from electrostatic charges by surrounding
nonconducting cell with a grounded metallic shield. Using
a metallic connector at the inlet and outlet, electrically
connected externally to the chamber, can also be helpful.

X154 Measurement of Flowing Solutions of Low
Conductivity-When making measurements on flowing
samples having an electrical conductivity lower than about
13uS/in (5uS/cm), take precautions to avoid difficulties
from streaming potentials. If available, observe special
precautions recommended by instrument manufacturer.
Preferably, make the flow chamber of a conductive material
such as stainless steel and ground it. Because streaming
potential increases with flow velocity, it is advisable to
adjust sample flow rate at a value not exceeding that needed
to keep flow cell properly flushed. This can be done by
conveying sample water to flow cell through a short line
leading from a constant-head overflow chamber. Provide
the line to the cell with a suitable flow-controlling means.

X1.5.5 Magnetic Stirring.-Do not use magnetic stirring
in those instances where it may affect pH measurement.
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INTRODUCTION

This test procedure is under the jurisdiction of the Materials Engineering Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 3110; the number immediately
following the designation indicates year of original adoption or year of last revision. This test procedure is a modified version

of ASTM designation: D 1889-81.

1. Scope

1.1 This designation covers procedures for determi-
nation of turbidity of industrial water and industrial waste
water. Measurements of both relative and absolute turbidity
are employed. Three turbidity methods are included: (1)
Jackson Candle, (2) Nephelometric, and (3) Absolute.

2. Applicable Documents

2.1 USBR Procedures:
3100 Sampling of Water

2.2 ASTM Standards:
D 1129 Standard Definitions of Terms Relating to Water!
D 1192 Standard Specification for Equipment for
Sampling Water and Steam!
D 1193 Standard Specification for Reagent Water!
D 1889 Standard Test Methods for Turbidity of Water!

3. Terminology

3.1 The term “turbidity” in these procedures is defined
in accordance with ASTM D 1129 as follows:

3.1.1 Turbidity.-The reduction of transparency of a
sample due to presence of particulate matter.

3.1.2 Jackson Candle Turbidity.-An empirical
measure of turbidity in a special apparatus based on
measurement of depth of a column of water sample that
is just sufficient to extinguish image of a burning standard
candle observed vertically through sample.

3.1.3 Nephelomertric Turbidity.~-An empirical
measure of turbidity based on measurement of light-
scattering characteristics (Tyndall effect) of particulate
matter in sample (note 1).

NOTE 1.-The measurement of nephelometric turbidity is
accomplished by measuring intensity of scattered light at 90°
to incident beam of light. Numerical values are obtained by
comparison with light-scattering characteristics of a known or
an arbitrarily chosen material in an equivalent optical system.
Comparison may also be made between transmitted light effect
and scattered light effect.

U Annual Book of ASTM Standards, vol. 11.01.
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3.14 Absolute Turbidity.-The fractional decrease of
incident monochromatic light through sample, integrating
both scattered and transmitted light (note 2).

NOTE 2.-For the small amount of scattering experienced in
essentially colorless solutions, absolute turbidity of a 0.4-inch (10-
mm) layer corresponds to the extinction coefficient in the equation
expressing Lambert’s law.

3.2 For definitions of other terms used in these
procedures, refer to ASTM D 1129.

4. Reagents and Materials

4.1 Reagent Water.-Unless otherwise indicated,
references to water shall be understood to mean reagent
water conforming to ASTM D 1193.

4.2 Chemicals.—~Chemicals used in these procedures are
discussed in sections 14.1 and 17.1.

5. Precautions

5.1 These test procedures may involve hazardous
materials, operations, and equipment, and do not claim
to address all safety problems associated with their use.
It is the responsibility of the user to consult and establish
appropriate safety and health practices and determine
applicability of regulatory limitations prior to use.

6. Sampling

6.1 The sample tubes used must be of clear, colorless
glass; and must be kept meticulously clean, both inside
and out. Tubes should be discarded when they become
scratched or etched. Tubes must not be handled at all where
the light strikes them; they should be provided with
sufficient extra length or with a protective case so that
they may be handled properly.

6.2 Collect sample in accordance with applicable
methods of USBR 3100 and ASTM D 1192.

6.3 Turbidity should preferably be determined on same
day that sample is taken. When longer storage is
unavoidable, samples may be stored in the dark up to 24
hours. For even longer storage, treat each liter of sample
with 1 gram of mercuric chloride; however, prolonged
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storage is not recommended. All samples should be
vigorously shaken before examination.

7. Calibration and Standardization

7.1 The calibration and standardization of miscellane-
ous equipment or apparatus used in performing the tests
listed under the Applicable Documents of section 2 are
covered under that particular procedure or standard directly
or by reference to another.

7.2 Specific calibration for equipment for the nephe-
lometric turbidity method is cited in section 16.

JACKSON CANDLE TURBIDITY
8. Application

8.1 The Jackson candle turbidity method is suitable for
measurement of light scattering, by turbid waters, but is
not sufficiently sensitive for measurement of turbidity of
well water, filtered water, or clarified effluent samples.
The range of applicability of the method is shown in table 1.

8.2 The standard instrument for determining turbidity
has been, for many years, the Jackson candle turbidimeter.
However, because the lowest turbidity value which can
be measured on this instrument is 25 units and because
method is dependent upon operator’s ability to visually
judge point at which candlelight is indiscernible, the candle
turbidimeter is generally being discarded in favor of
photoelectric methods [1].2

NOTE 3.-Equipment available to measure turbidity or
suspended solids in the very low range, less than 3 JTU (Jackson
turbidity units), are the particle-size counter and the plugging
index monitor. For measuring JTU’s greater than 3, use the silt
density index monitor by Millipave, a hydrometer, or various
filter weighing techniques.

NOTE 4.-City water supplies frequently measure between 1
and 2 JTU, well below the range of either the Jackson or
nephelometric turbidity methods.

9. Summary of Method

9.1 The Jackson candle method is an empirical measure
of turbidity based on measurement of depth of sample,
in a special graduated vessel, that is just sufficient to
extinguish the image of a burning standard candle observed
vertically through sample.

10. Apparatus

10.1 Jackson Candle Turbidimeter3-This instrument
consists of a graduated glass tube, a standard candle, a
light shield surrounding glass tube, and a support for candle
and tube. The glass tube and candle shall be supported
in a vertical position so that centerline of tube passes

2 Numbers in brackets refer to entries in References, section 27.

3 This apparatus is available as a complete unit from laboratory supply
houses.
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Table 1. - Graduation of Jackson candle turbidimeter.

Depth of liquid Turbidity, | Depth of liquid  Turbidity,
inch  (mm) JTU' | ‘nch (mm) JTU
0.09 (2.3) 1000 040  (10.3) 210

.10 (2.6) 900 42 (10.8) 200
A1 2.9) 800 44 (11.4) 190
12 (3.2) 700 47 (12.0) 180
.14 (3.5) 650 .50 (12.7) 170
.15 (3.8) 600 53 (13.5) 160
.16 (4.1) 550 56 (14.4) 150
18 4.5) 500 60 (15.4) 140
.19 (4.9) 450 65 (16.6) 130
21 (5.5) 400 .70 (18.0) 120
22 (56) 390 76 (196) 110
23 (5.8) 380 84 (215 100
23 (5.9) 370 .88 (22.6) 95
24 (6.1) 360 93 (23.8) 90
25 (6.3) 350 .98 (25.1) 85
.25 (6.4) 340 1.03 (26.5) 80
.26 (6.6) 330 1.10 (28.1) 75
27 (6.8) 320 1.16 (29.8) 70
27 (7.0) 310 1.24 (31.8) 65
.28 7.3) 300 1.33 (34.1) 60
29 (7.5) 290 143 (36.7) 55
.30 (7.8) 280 1.55 (39.8) 50
32 (8.1) 270 1.70 (43.5) 45
.33 (8.4) 260 1.88 (48.1) 40
34 (8.7) 250 21 (54.0) 35
.35 9.1) 240 241 (61.8) 30
37 9.5) 230 2.84 (72.9) 25
-39 9.9) 220

! Jackson turbidity units.

through centerline of candle, top of support being 3 inches
(76 mm) below bottom of tube. The glass tube shall be
graduated either in turbidity units or in inches (millime-
ters). The relationship between these units of measure
is shown in table 1. The glass tube shall have a flat, polished
glass bottom. The candle shall be made of beeswax and
spermaceti, gauged to burn within the limits of 114 to
126 grains (7.4 to 8.3 g) per hour. The support shall have
a spring or other device to keep top of candle pressed
against top of support.

11. Procedure

11.1 Make observations in a darkened room, with glass
tube enclosed in nonreflective material. It is allowable to
substitute an alternate light source for the standard candle,
but instrument must then be calibrated, using a number
of samples, with both the standard candle and alternate
light source.

11.2 Make the turbidity test by pouring sample
suspension into glass tube until image of candle flame is
no longer visible when viewed through column of liquid.
A 400-mL beaker and a glass stirring rod may be
conveniently used for transferring water to graduated tube.

11.3 The turbidity of sample is measured in terms of
the amount of sample required in calibrated tube above
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candle to cause flame to be visible. The sample of water
is shaken thoroughly, and about 200 mL poured into the
400-mL beaker, stirring vigorously with a glass rod to
prevent settling of suspended solids. Then, about 1/2 inch
(13 mm) of the water to be tested is placed in glass tube,
candle lighted, and water from beaker poured slowly into
tube. The water in the beaker should be stirred frequently
during this process. Pouring should be very slow when
flame image becomes only faintly visible, and should be
stopped when image disappears. The removal of 1 percent
of the suspension (water and suspended solids) should make
the image visible again. The glass tube is then removed
from the base and turbidity read. The reading should be
carefully checked, remembering that turbidity values
increase toward bottom of glass. Samples having a turbidity
of more than 1,000 JTU’s should be diluted with one or
more equal amounts of clear water until turbidity falls below
1,000 units. The turbidity of original sample is then
computed from reading made on diluted sample. For
example, if reading on diluted sample is 500 JTU’s and
amount of original sample in dilute sample is one part
in six, turbidity of original sample is 3,000 units.

NOTE 5.-Take care to keep glass tube clean both inside and
outside. An occasional rinsing of tube with weak hydrochloric
acid is advisable. Accumulations of dirt inside and soot and
moisture outside the tube will seriously interfere with reliability
of results. To obtain reasonably consistent results, candle flame
must be maintained (as close as possible) at a standard size and
spacing. This requires frequent trimming and adjusting. Do not
keep candle lit for more than a few minutes at a time or flame
size will increase.

11.4 Figure 1 shows the approximate white-light
relationship between the Jackson candle turbidity and
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Figure 1. - Relationship between nephelos units and Jackson candle
turbidity for No. 325 (45-um) mesh diatomaceous earth.

nephelos standards using No. 325 (45-pm) mesh
diatomaceous earth,! suspended in water, settled for 24
hours, and supernatant suspension pipetted out. This
relationship will vary with different materials of
suspension, size of particles in suspension, and wavelength
of light used for nephelos determination.

12. Report

12.1
1,000.
12.2 With present instrumentation, the use of the
Jackson candle turbidimeter is practically obsolete;
therefore, no reporting form for this data has been devised.

Report turbidity as the JTU’s between 25 and

NOTE 6.-The JTU is an arbitrary number and is not in terms
of parts per million or milligrams per liter.

NEPHELOMETRIC TURBIDITY
13. Application

13.1 The nephelometric turbiditcy method covers the
measurement of relative turbidity and is also applicable
to the measurement of low turbidity.

14. Summary of Method

14.1 Nephelometric turbidity instruments measure
scattered light at 90° or at 90° and 270° angles to the
incident beam. These instruments cannot be calibrated
accurately in terms of absolute turbidity, except in the case
of fluids having uniform size particles that are less than
about one-fifth of the wavelength of incident light, see
figures 2 and 3. Nephelos standards have been prepared
by thoroughly mixing suitable amounts of finely divided
TiOz (titanium dioxide) into partially polymerized
polystyrene. Alternatively, a suspension of formazine has
been used as a turbidity standard, formed by reacting
hydrazine sulfate and hexamethylene tetramine under
carefully controlled conditions [2]. Calibrated commercial
standards in sealed tubes are available.

15. Apparatus

15.1 Nephelometer or Calibrated Slit Turbidimeter
16. Calibration
16.1 Using nephelometric turbidity standards, obtain

readings with at least three separate standards to calibrate
instrument.

16.2 No specific calibration worksheets or instructions
are provided with this procedure because the supplier of
the turbidimeter used will provide complete instructions
on calibration and standardization.

4 Dicalite Speed plus diatomaceous earth, No. 325 (45-um) mesh has
been found satisfactory for this purpose.
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17.

Procedure
17.1 Reagent Preparation:
17.1.1 Turbidity-Free Water.~Pass distilled water

through a membrane filter having a pore size no greater
than 100 millimicrometers, discarding first 200 mL
collected. Use the filtered water if it shows a lower turbidity
than the distilled water. Otherwise, use the distilled water.
17.1.2  Stock Turbidity Solutions and Suspensions.—
Prepare the following solutions and suspension monthly:
Solution 1.-Dissolve 1.00 gram of hydrazine sulfate,
(NHz)2 H2SO4, in distilled water and dilute to 100 mL
in a volumetric flask.
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Solution 2.-Dissolve 10.00 grams of hexamethalene
tetramine, (CHz2)gNy, in distilled water and dilute to 100
mL in a volumetric flask.

Stock Turbidity Suspension.-In a 100-mL volumetric
flask, mix 5.0 mL of solution 1 with 5.0 mL of solution
2. Allow mixture to stand 24 hours at 77 £5.4°F (25+3 °C),
then dilute to the mark and mix. The turbidity of this
suspension is 400 units.

17.1.3 Standard Turbidity Suspension.-Dilute
10.00 mL of stock turbidity suspension to 100 mL with
turbidity-free water. The turbidity of this suspension is
defined as 40 units. Prepare new suspension weekly.

17.14 Dilute Turbidity Standards.-Dilute portions
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of standard turbidity suspension with turbidity-free water
as required. Prepare new suspension weekly.

17.2 Calibration-Calibrate instrument in accordance
with manufacturer’s instructions, running at least one
standard in each range to be used. Turbidities less than
40 units are read directly from instrument scale or from
appropriate calibration scale. For measurement of
turbidities over 40 units, sample is diluted with turbidiry-
free water until turbidity falls between 30 and 40 units.
The turbidity is then calculated as follows:

NTU = A EBHC) W
where:
NTU = nephelos turbidity units,
A = turbidity units found in diluted sample,
B = volume of dilution water used, and

C = sample volume taken in dilution.

17.2.1 Refer to section 16.2.

17.3 Instruments Using Nephelometric Standards.-
First balance instrument system physically and electrically
in accordance with manufacturer’s instructions. Then,
replace standards by sample in an optically identical tube
and record reading. The straight-line relationship for
Tyndall effect for small amounts of scattered 90° or 90°
and 270° light produces proportional readings for
nephelometric turbidity standards up to about 100 nephelos
units. Therefore, nephelometric turbidity of sample can
be calculated as turbidity of calibrated standard times ratio
of readings.

17.4 Instruments Using Transmitted Light From
Calibrated Slit As Reference.-Follow manufacturer’s
instructions in detail. This type of turbidimeter uses a fixed
ratio of scattered light to transmitted light intensity. A
calibrated slit adjusts quantity of light for transmission
from single light source until observer matches final
intensity of light for different paths. The instrument uses
a special cell for the sample.

17.4.1 For all calibrated slit instruments, estimate
midpoint of interval of uniform-light intensity for the two
tields by rotating dial in one direction only towards higher
values. This eliminates errors caused by lost motion in
mechanism.

17.5 Turbidity measuring equipment manufactured by
Monitek and Hach have been found to be excellent
nephelometric type units.

18. Calculations

18.1 Calculate nephelometric turbidity, in nephelos
units, as follows:

NTU = DE ()
where:
NTU = nephelos turbidity units,
D = instrument reading of scattered light, and

E = nephelos units per unit of instrument reading.
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18.2 No specific forms with typical data are included
because most turbidimeters are of the direct readout type.

19. Report

19.1 Report results in NTU’s. No typical reporting
form is included with this procedure because field labora-
tories will generally report turbidities along with results
of other water quality determinations to satisfy local
requirements.

ABSOLUTE TURBIDITY
20. Application

20.1 The absolute turbidity method covers the mea-
surement of both scattered and transmitted light. The
method using the integrating-sphere apparatus is not
subject to a particle size limitation.

21.

21.1 An integrating-sphere type of absolute turbidity
instrument measures all of the scattered light. For most
industrial water problems, particle size is greater than one-
fifth the wavelength of light; therefore, backscattering is
much less than 90° or forward-scattering, see figures 2
and 3. The apparatus shown on figure 4 is arranged to
give the summation of most of the scattered light for such
suspensions and solutions. From this summation, the
approximate absolute turbidity can be calculated.

Summary of Method

22, Apparatus

22.1 Instruments for measuring absolute turbidity are
commercially available or can be constructed for particular
needs. The best instrument for a particular problem will
depend on the average size of light-scattering particles
in the suspension, see figures 2 and 3. If particle size
averages one-twentieth the wavelength of light, an instru-
ment as shown on figure 5 should be used to determine
absolute turbidity.

222 To determine approximate absolute turbidity
where particle size is sufficiently large to neglect backs-
cattering, a simplified integrating-sphere instrument can
be constructed [3].5This instrument (fig. 4) has eliminated
many interference problems by mounting test cell at outer
surface of sphere and integrating only the forward and
side-scattered light. If test cell is mounted internally in
sphere to integrate all scattered light, many corrections
must be applied because sample cell cannot be made
infinitely small relative to size of sphere. The external
sample cell results in more uniform reflected light within
sphere. Because the sensitive surface of the barrier-layer
photocells are illuminated diffusely, difficulties caused by
variations in sensitivity or different parts of their sensitive
surfaces are thus reduced.

5 Beckman makes an absolute turbidity unit that has been found to be
excellent.
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|. Light source

2. Condenser lenses

3. Diaphragm

4. Lens system, focusing
5. Lens tube

6. Specimen holder

7. Inlet hole

8. Integrating sphere

(13

9. Exit hole

10. Exit flap

I 1. Photocells

I12.Light trap

13. Light trap cones

14. Polished central chromium plated cone
15. Adjustable support for lens tube

Figure 4. - Diagrammatic full section of a sphere turbidimeter.

23. Procedure

23.1 Afrer instrument has been properly adjusted and
calibrated, obtain one galvanometer deflection for total light
flux with the exit-light-reflecting flap closed to integrate
both transmitted and scattered light. Then, obtain a second
galvanometer reading with exit flap open to allow trans-
mitted light to leave sphere. The second reading is usually
made with a shunt setting for higher sensitivity.

24. Calculations

24.1 Calculate absolute turbidity with instrument
shown on figure 4, and express result as a percentage
decrease, as follows:

— (100) (G2 5 -T)
where:
T4 = absolute turbidity,
G1 = first galvanometer reading,
G2 = second galvanometer reading,
S1 = shunt factor for Gy reading,
Sz = shunt factor for Gz reading, and
T = previously determined instrument error

including determined scattered light from
sample cell.
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24.2 Refer to section 18.2.

25. Report

25.1 Report calculated absolute turbidity and corres-
ponding wavelength and bandwidth of incident light, filter
number, light source, and solution temperature.

25.2 Refer to section 19.1.

26. Precision and Bias

26.1 The precision and bias for this procedure have
not been established.

27. References

[1] “Standard Methods for Examination of Water and
Wastewater,” part 163, 13th ed., American Public Health
Association, American Water Works Association, Water
Pollution Control Federation, Washington, DC, 1971.

[2] Chevalier, P, “Formazine Standard for Turbidity,”
Brasserie, 152, pp. 132-133, 1959.

[3] Barnes, R. B, and C. R. Stock, “Apparatus for
Transmission Turbidity of Slightly Hazy Materials,” Ana-
Iytical Chemistry, ANCHA, vol. 21, No. 1, pp. 181-184,
January 1949.



A— Rotatable arm attached to disk
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C,—Shutter collimating tube
C,—Scattering beam collimating tube

D —Graduated disk
D,—Lamp digphragm.

0 s—~Removable collimating tube diaphragm

D 5—Cell table diaphragm
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Dg—Cathode diaphragm
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Fs—Location of filters used for correcting for
fluorescence

L —Mercury lamp

L,— Achromatic lens

L ;— Planocylindrical lens

0 — Opal glass depolarizing dif fusor (Required for
931 A photomultiplier tube but not for
IP2] tube )

PH—Covered peephole

PT —Photomuttiplier tube

po—Demountable polarizer

S —Photographic shutter

SC—Scattering compartment

T — Light—trap tube

W — Working standard

Figure 5. - Schematic diagram of instrument used for measuring absolute turbidity, dissymmetry, and depolarization of liquids.
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PROCEDURE FOR

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 3115-92

PARTICULATE, DISSOLVED, OR TOTAL MATTER IN WATER

INTRODUCTION

This test procedure is under the jurisdiction of the Materials Engineering Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 3115; the number immediately
following the designation indicates year of original adoption or year of last revision. This test procedure is a modified version

of ASTM designation: D 1888-78.

1. Scope

1.1 This designation covers the procedures for the
determination of particulate, dissolved, or total matter in
water, which are sometimes referred to as the suspended,
dissolved, or total solids.

1.2 The procedures actually cover the determination
of (1) constituents of water that can be removed by
filcration, and (2) the residue on evaporation to dryness
of either filtered or unfiltered samples and, as a result,
these procedures do not always measure water components
as defined. Separation of particulate matter by filtration
requires precise definition of the filtering medium because
some materials that are in no way dissolved, such as certain
colloids, may not be removed by the filter used. Also, an
evaporation residue will usually differ in composition from
the particulate and dissolved matter present in the water.

1.3 When particulate matter is determined separately
(when sample is filtered and residue quantitatively
assessed), a glass fiber medium in a Gooch crucible is
prescribed. Consequently, when reporting results of these
tests, the filtration medium must be stated. All buoyant
floating particles, or large particulate agglomerations, that
cannot be dispersed throughout the sample by vigorous
shaking need not be considered as fundamental constituents
of the water under examination, and may be excluded from
the test portion.

1.4 The procedures include steps for the determination
of volatile and fixed matter in the dry residue from
evaporation; however, do not include water constituents
that are (1) volatile at boiling temperature, or (2) normally
classified as “oily matter,” which are extractable with
organic solvents or volatile at drying temperature of
residues. For determination of the latter, refer to ASTM
D 3921.

2. Applicable Documents
2.1 USBR Procedures:
1012 Calibrating Balances or Scales
1020 Calibrating Ovens
3100 Sampling of Water
2.2 ASTM Standards:
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D 1129 Standard Definitions of Terms Relating to Water!
D 1193 Standard Specifications for Reagent Water?

D 1888 Standard Test Methods for Particulate and
Dissolved Matter, Solids, or Residue in Water!

D 3921 Standard Test Method for Oil and Grease and
Petroleum Hydrocarbons in Water?

3.

Summary of Procedure

3.1 Total matter is determined by evaporation of an
appropriate aliquot, or the particulate and dissolved matter
are separated by filtration and individually assessed. The
particulate matter is dried, and the mass determined.
Dissolved matter is determined by evaporation of a portion
of filtered sample. Volatile and fixed matter are determined
by ignition of total matter residue at a temperature of
1112 °F (600 °C).

4. Definitions

” et

4.1 The terms "particulate matter,” “dissolved matter,”
“total matter,” and other terms related to water constituents
determined in these procedures are defined in accordance
with ASTM D 1129 as follows:

4.1.1 Particulate Matter.—~That matter, exclusive of
gases, existing in the nonliquid state, which is dispersed
in water to give a heterogeneous mixture.

4.1.2 Dissolved Matter.—That matter, exclusive of
gases, which is dispersed in water to give a single phase
of homogeneous liquid.

4.1.3 Total Marter-The sum of the particulate and
dissolved matter.

414 Volatile Mateer—That matter which is changed
under conditions of the test from a solid or a liquid state
to the gaseous state.

4.1.5 Fixed Matter—Residue remaining after ignition
of total matter.

4.2 For definitions of other terms used in these
procedures, refer to ASTM D 1129.

! Annual Book of ASTM Standards, vol. 11.01.

2 Annual Book of ASTM Standards, vols. 02.05, 05.05, 06.03, 09.01, 10.01,
10.02, 10.03, 10.05, 11.01, 15.09.

3 Annual Book of ASTM Standards, vol. 11.02.
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5. Interferences

5.1 Some evaporation residues readily absorb moisture;
therefore, rapid mass determination is essential to this
procedure. Some residues contain materials, such as
ammonium carbonate, that decompose below 217 °F
(103 °C); others contain liquids, such as glycerol and sulfuric
acid, that will remain as a liquid residue at 217 °F with
or without solution of salts that might also be present.

5.2 Rapid mass determination of ignited residues is
also important because of possible moisture absorption.
There is also the possibility of interference from carbonates,
organic matter, nitrite and nitrate nitrogen, water of
hydration, chlorides, and sulfates, which may be decom-
posed either completely or in part when ignited at 1112
°F (600 °C). No single temperature is known that will
eliminate all these interferences; however, reasonably
reproducible results should be obtained at the prescribed
1112 °F

5.3 Because the water being sampled is, of necessity,
in contact with the sample container and tubing, it is
important, especially in the case of glass, that the possible
precipitation of cations or absorption of substances
originally present in the water, on these surfaces, be
recognized.

54 Too much residue on the filter or in evaporating
dish will entrap water and may require prolonged drying.

6. Apparatus

6.1 Evaporating Dishes~Porcelain dishes with 90- to
100-mL capacity. Vycor or platinum dishes may be
substituted, and smaller size dishes may be used if required.

6.2 Filter Discs.~Glass-fiber filter discs either 2.2 or
4.7 cm, without organic binder, Reeve Angel type 934-
A or 984-H, Gelman type A, or equivalent.

6.3  Filter Holder, Membrane Filter Funnel, or Gooch
Crucible Adapter

6.4 Suction Flask—A 500-mL flask.

6.5 Gooch Crucible—A 25-mL crucible is required if
a 2.2-cm filter is used.

6.6 Drying Oven—Capable of 217 to 221 °F (103 to
105 °C).

6.7 Desiccator.~A desiccator containing calcium sulfate
desiccant (Anhydrite).

6.8 Analytical Balance-A balance with 200-gram
capacity, capable of determining a mass to 0.0001 gram.

6.9 Steam Bath

6.10 Muffle Furnace~Capable of 1112 °F (600 °C).

6.11  Volumetric Cylinder—A 100-mL capacity cylinder.

6.12  Volumetric Pipets
7. Reagents and Materials
7.1 Purity of Reagents:

7.1.1 Reagent grade chemicals shall be used in all
tests. Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American
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Chemical Society, where such specifications are available. 4
Other grades may be used, provided it is first ascertained
that the reagent is of sufficiently high purity to permit
its use without lessening the accuracy of the determination.

7.1.2  Ualess otherwise indicated, references to water
shall be understood to mean reagent water conforming
to ASTM D 1193.

8. Precautions

8.1 This test procedure may involve hazardous
materials, operations, and equipment, and does not claim
to address all safety problems associated with its use. It
is the responsibility of the user to consult and establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

8.2 Specific precautions for sampling and testing are
covered in section 5.

9. Sampling

9.1 Collect sample in accordance wich USBR 3100.

9.2 Because of the low concentration of total matter
in some waters and the possible effects of aeration on
others, sampling shall be carried out in a manner that
reduces atmospheric exposure to a minimum.

9.3 Large, floating particles or submerged agglomerates
(nonhomogenous materials) should be excluded from test
sample.

94 Floating oil and grease, if present, should be
included in sample and dispersed by a blender device before
aliquoting,

9.5 Samples shall be analyzed as soon as practicable.

10. Calibration and Standardization

10.1 The calibration and standardization of
miscellaneous equipment or apparatus used in performing
the tests listed under the Applicable Documents of section
2 are covered under that particular procedure or standard
directly or by reference to another.

10.2  Balances or scales shall be calibrated in accordance
with USBR 1012.

10.3 Ovens shall be calibrated in accordance with USBR
1020.

104 Muffle furnaces must be checked using a certified
thermometer.

11. Procedures

11.1  Select a volume of sample sufficient to yield an
evaporation residue of about 25 mg if only the matter
content is to be determined, or about 100 mg if evaporation
residue is to be analyzed.

4 "Reagent Chemicals, American Chemical Society Specifications,” Am.
Chemical Soc., Washington, DC. For suggestions on testing reagents not
listed by the American Chemical Society, see references [1,2] in section
15.
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11.2 If both particulate and dissolved matter are to
be determined, proceed in accordance with sections 11.3
and 11.4; if only total matter is desired, follow the procedure
starting with 11.5.

11.3  Particulate Marter—This water component, also
called “suspended solids,” is separated by filtration using
a glass-fiber filter.

11.3.1 Preparation of Glass-Fiber Filter Disc-Place
disc on membrane filter apparatus, or insert into bottom
of a suitable Gooch crucible. While vacuum is applied, wash
disc with three successive 20-mL volumes of distilled water.
Remove all traces of water by continuing to apply vacaum
after water has passed through. Remove filter from
membrane filter apparatus, or both crucible and filter if
Gooch crucible is used, and dry in an oven at 217 to 221 °F
(103 to 105 °C) for 1 hour. Remove to desiccator and store
until needed. Determine mass immediately before use.

11.3.2 Assemble filtering apparatus and begin
suction. Shake sample vigorously, and rapidly transfer 100
mL to membrane filter funnel assembly using a 100-mL
volumetric cylinder. If suspended matter is low, a larger
volume may be filtered. .

11.3.3 Carefully remove filter from membrane filter
funnel assembly. Alternatively, remove crucible and filter
from crucible adapter. Dry for at least 1 hour at 217 to
221 °F, cool in a desiccator, and determine mass. Repeat
drying cycle until mass loss is less than 4 percent of previous
mass, or 0.5 mg, whichever is less.

11.3.4 Record mass of particulate matter determined
from the difference between final and initial masses of
test filter as the “mass of particulate matter.”

11.4 Dissolved Matter.~-This water component, also
called “dissolved solids” on filtration, passes through a
glass-fiber filter and remains after evaporation and drying
at 217 to 221 °F

11.4.1 Preparation of Evaporating Dishes—Heat the
clean dish to 1112 °F (600 °C) for 1 hour in a muffle
furnace, cool in a desiccator, and store until needed.
Determine mass immediately before use.

11.4.2 Transfer a measured aliquot of filtered sample
obtained in 11.3.2 to the dish with predetermined mass,
and evaporate to dryness on a steam bath or in a drying
oven.

11.4.2.1 Select an aliquot of sample sufficient to
contain a residue of at least 25 mg. To obtain a residue
capable of having its mass determined, successive aliquots
of sample may be added to the same dish.

11.4.2.2 If evaporation is performed in a drying
oven, temperature should be lowered to about 208 °F
(98 °C) to prevent boiling and splattering of sample.

11.4.3 Dry evaporated sample for at least 1 hour
at 217 to 221 °F, cool in a desiccator, and determine mass.
Repeat drying cycle at 217 to 221 °F, cooling, desiccating,
and determining mass until loss of mass is less than 4
percent of previous mass, or 0.5 mg, whichever is less.

1144 Record mass of residue determined from the
difference between final and initial dish masses as the “mass
of dissolved matter.”
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11.5 Total Marter—The total matter, also called “total
solids,” is the sum of the particulate and dissolved matter
in the sample.

11.5.1 Prepare evaporating dishes as in section
11.4.1.

11.5.2 Transfer a measured portion of the well-
mixed sample to an evaporating dish of predetermined
mass, and evaporate to dryness on a steam bath or in
a drying oven.

11.5.2.1 If evaporation is performed in a drying
oven, temperature should be lowered to about 208 °F to
prevent boiling and splattering of sample.

11.5.3 Dry evaporated sample for at least 1 hour
at 217 to 221 °F, cool in a desiccator, and determine mass.
Repeat drying cycle until mass loss is less than 4 percent
of previous mass, or 0.5 mg, whichever is less.

11.54 Record mass of residue determined from the
difference between final and initial dish masses as the “mass
of total matter.”

11.6  Volatile Matter~This is the component lost from
the total matter residue upon ignition of the residue at
1112 °F in a muffle furnace.

11.6.1 Precautions—This test is subject to many
errors due to loss of water of crystallization, loss of volatile
organic matter prior to combustion, incomplete oxidation
of certain complex organics, and decomposition of mineral
salts during combustion. The results should not be
considered an accurate measure of organic carbon in the
sample; however, the results may be useful in the control
of plant operations. The principal source of error in the
determination is the failure to obtain a representative
sample.

11.6.2 Ignite residue obtained for the determination
of total matter at 1112 °F (600 °C) in a muffle furnace
for 30 minutes, cool in a desiccator, and determine mass.

11.6.3 Record the difference between the masses of
total matter and ignited matter residues as the “mass of
volatile matter.”

11.7 Fixed Matter~This is the residue that remains
after ignition of the total matter residue.

11.7.1 Record the difference in masses between the
total and volatile matter, as determined in 11.5 and 11.6,
as the “fixed matter.”

12. Calculations

12.1 Calculate the result of each specific determination
as follows:

M= 000
= —— (1000) 1)
where:
M = matter, in milligrams per liter;
My = M, = grams of total matter,
= M; = grams of particulate matter,
= Mz = grams of dissolved matter,
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M, grams of volatile matter,
Ms grams of fixed matter; and
liters of sample used.

|4

12.2 When particulate and dissolved matter have been
separately determined, total matter can be calculated by
adding the values of Mz and M;.

12.3  Since glass-fiber filtration is used for the removal
of particulate matter, it is mandatory that this be stated
when reporting either particulate or dissolved matter.

124 Figures 1 and 2 show suggested worksheets for
recording data and sample calculations.

13. Report

13.1 Figure 3 shows a suggested reporting form for
all matter determined in accordance with this procedure.
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A computer printout, figure 6 of USBR 3100, is another
way of reporting this data.

14. Precision and Bias

14.1 No statement can be made concerning the precision
of this procedure because the precision is influenced by
both the nature and amount of entrained matter and by
the effects of drying and ignition on actual composition.

142 The bias for this procedure has not been
established.

15.

[1] Rosen, Joseph, Reagent Chemicals and Standards, 3rd
ed., Van Nostrand Co. Inc., New York, NY, 1955.

[2] United States Pharmacopeia and National Formulary
XV, 20th ed., Mack Publishing Co., 20th and Northampton
Sts., Easton, PA, 18042, 1980.
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P No. DC-7612 S o5 RveR Tt frosr 74 .12;:
Project Item WATER (RvAL/ Ty Computed by Date

BRANTLEY Location 4,000 £7, /5 DAm Ax/s 8. freosr 7-8-24
Feature Station —_— Offset —— Checked by Date
BRANTLEY DAm Depth Sverqgce ©® 2 <7 L HELLER 7-4-84

TOTAL, VOLATILE, AND FIXED MATTER

Sample | Unfiltered | Dish Dish mass, g Total matter Dish mass, g | Volatile matcer Fixed matter
LD. liquot, (V)4 No. Initial Final M, M, Ignited M, M, Ms, M,
L (liters) . H (F) g mg/L (IGN) g mg/L g mg/‘L
333 | ©0.700 | & |30./624|30./932|0.0308 | 308 |30./930 |0.0002| 2 Q0306 306
Total Matter Volatile Matter Fixed Matter
M (g)=F-1 M, (g) =F-IGN M (g) =IGN -1

M (mg/L) = y‘-,‘- (1000)

M (mg/L) = —A-‘{,i (1000)

M (mg/L) = -4"-} (1000)

Figure 1. - Sample data and calculation form for total, volatile, and fixed matter.
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Spec. o Structure Tested b Da
Sopﬁf: I\?o. OC-7612 FPeEcos Rrver SN 8 frosr 7-&- i';'e
Project Item WA7ER QuacriTy Computed % Date
BranvrLEy Location 4,000 £72_O/s DAM Axis . FeosT 7-6-5¢
Feature Station —_— Offset  — Checked by Date
Bravrzey DAm Depth S ecvce © 2 o7 A HECLER 7-4-54

PARTICULATE AND DISSOLVED MATTER
Sample Aliquot (V), Container Mass, g (grams) Particulate Dissolved
ILD. L (liters) No. . . . matter matter

Initial (I) Final (F) , M o, M
Unfiltered | Filtered |Filter|Dish | Filter Dish Filter Dish g mg/L g mg/L
333 |0./00 |0.097 | A | X |/..879513/.0864 (/1.88/0 3/.1148 |0.00/5 | 15 |0 0284 | 293

Particulate Matter

M(g) =

M (mg/L)

F-1I

M,
— (1000
v (1000)

Filtering Media G4 455" A 78ER

Dissolved Matter
M (g) = F-1
M (mg/L) = &V (1000)

Figure 2. - Sample data and calculation form for particulate and dissolved matter.
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Spec. or Structure Tested by Date
Solic. No. P¢-76/2. , FPrcos RriveRr . feosT 7-&-#4
Project Item WAarer QuAL/Ty Computed by Date
BrANVTLEY Location /.02 £r: O/5 DAM Axss B FrosT 7-&-&5
Feature _ Station —_— Offset Checked by Date
Eranv7L EY DAm | Depth Sypcgce © 2 o7 A HectErR T E-F4
PARTICULATE, DISSOLVED, VOLATILE, FIXED, AND TOTAL MATTER IN WATER
Matter, mg/L
Sample
Identification Particulate' Dissolved! Volatile Fixed Total
233 /5 273 2 Jos Jo&

1 Separation by GeAass Fr8E8R

Figure 3. - Sample reporting form.
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PROCEDURE FOR

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

USBR 3120-92

SULFATE ION IN WATER

INTRODUCTION

This test procedure is under the jurisdiction of the Concrete and Structural Branch, code D-3730, Research and Laboratory Services
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 3120; the number immediately
following the designation indicates year of original adoption or year of last revision. This test procedure is a modified version

of ASTM designation: D 516-82.

1. Scope

1.1 This designation covers the procedure for
determining the sulfate ion in water and waste water. Four
methods are given as follows:

Sections
Method A (Gravimetric Method) 8-14
Method B (Turbidimetric Method) 15-23
Method C (Volumetric Method) 24-34
Method D (Ion Chromatography) 35-44

1.2 Method A is the primary measure of the sulfate
ion in all water. Methods B and C are less time consuming
than Method A; however, they are frequently more liable
to interference; they are particularly useful in the lower
sulfate ion range, below 20 p/m or mg/L. Method D is
the current method of determination used by the Bureau,
and covers the range from 1 to 300 p/m or mg/L.

2. Applicable Documents

2.1 USBR Procedures:
3100 Sampling of Water
4109 Compressive Strength of Hydraulic Cement Mortars
Using 2-Inch or 50-Millimeter Cube Specimens
4191 Time-of-Setting of Hydraulic Cement by Vicat
Needle
4227 Potential Alkali Reactivity of Cement-Aggregate
Combinations (Mortar-Bar Method)
4908 Length Change of Hardened Concrete Exposed to
Alkali Sulfates

22 ASTM Standards:
D 516 Standard Test Methods for Sulfate Ion in Water!
D 859 Standard Test Methods for Silica in Water!
D 1129 Standard Definitions of Terms Relating to Water!
D 1193 Standard Specification for Reagent Water!
D 1339 Standard Test Methods for Sulfite Ion in Water!
E 60 Standard Practice for Photometric Methods for
Chemical Analysis of Metals?
E 275 Standard Practice for Describing and Measuring
Performance of Ultraviolet, Visible, and Near-Infrared
Spectrophotometers?

! Annual Book of ASTM Standards, vol. 11.01.
2 Annual Book of ASTM Standards, vol. 03.05.
3 Annval Book of ASTM Standards, vol. 14.01.
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3. Significance
3.1 Sulfate Attack on Hardened Concrete~For the
degree of attack on hardened concrete by soils and waters
containing various sulfate concentrations, refer to table 1.
This table also recommends various types of cementitious
materials to minimize the effects of sulfates. For
determining the effect of alkali sulfates on hardened
concrete, see USBR 4908.

3.2 Detrimental Effects of Sulfates in Water for Mixing
Concrete:

321 In concrete construction, proposed mixing
water suspected of having detrimental amounts of sulfate
should be analyzed. Hard and very bitter waters are likely
to contain high sulfate concentrations. Water from wells
and streams in the arid Western States often contains
dissolved mineral salts, chlorides, and sulfates, and should
be regarded with suspicion. The purest available water
should be used for mixing and curing. However, a
concentration of 3,000 p/m (parts per million) or 3000
mg/L of dissolved sulfates has no detrimental effect when
used for mixing or curing.

3.2.2 Researchers have found that the use of mixing
water containing considerable amounts of soluble sulfate
may result in a delayed reduction of compressive strength
of the concrete. In one series of tests, 1.0 percent sulfate,
10,000 p/m or mg/L, in the mixing water produced no
significant reduction in the 28-day compressive strength.
However, after 1 year (1 month standard moist curing
followed by 11 months outdoor storage), compressive
strength of concrete made with 10,000 p/m sulfate-bearing
mix water and Type V cement declined by 10 percent.
For a similar concrete made with Type I cement,
compressive strength at 1 year was 15 percent below the
strength of the control concrete mixed with tap water.

3.2.3 If water with a sulfate concentration in excess
of 3,000 p/m must be considered for use as mixing water,
additional tests should be performed. Time-of-set studies,
in accordance with USBR 4191, should be performed for
general information during construction. Compressive
strength studies, in accordance with USBR 4109, should
be performed for 24 hours’ through 1 year’s age and at
any intermediate time frame as desired. A reduction in
strength in excess of 10 percent of control mix should
be considered as a failure. Volume stability (length change)
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Table 1. — Attack on concrete by soils and waters containing various sulfate concentrations.

Relative degree of sulfate

Percent water-soluble sulfate

mg/L sulfate (as SO4)

attack (as 8O4) in soil samples in water samples
Negligible 0.00 t0 0.10 0to 150
Positive! 0.10 t0 0.20 150 to 1500
Severe? 0.20 t0 2.00 1500 to 10 000

Very severe?

2.00 or more

10 000 or more

! Use Type II cement.

2 Use Type V cement, or approved combination of portland cement and pozzolan which
has been shown by test to provide comparable sulfate resistance when used in concrete.

3 Use Type V cement plus approved pozzolan which has been determined by tests to improve
sulfate resistance when used in concrete with Type V cement.

studies, in accordance with USBR 4227, should be
performed for 7 days’ through 2 years’ age and at any
intermediate time frame as desired. An expansion in excess
of 0.04 percent at 6 months’ age should be regarded with
suspicion. An expansion in excess of 0.1 percent at 1 year'’s
age indicates remedial action must be taken. An expansion
in excess of 0.2 percent at 1 year’s age should be expected
to cause rapid, intense, and readily recognizable expansive
deterioration of the concrete. An expansion in excess of
0.5 percent at any age should be considered as a complete
failure.

3.3 Detrimental Effects of Sulfates in Water for Curing
Fresh Concrete.~Test data on the effect of impurities in
curing water on quality of concrete are minimal. A
concentration of 3,000 mg/L of dissolved sulfates should
not be harmful; however, curing water should be free from
organic matter or other impurities that might stain surface
of concrete.

4. Terminology

4.1 For definitions of terms used in this procedure,
refer to ASTM D 1129.

5. Purity of Reagents

5.1 Reagent grade chemicals shall be used in all tests.
Unless otherwise indicated, it is intended that all reagents
shall conform to specifications of the Committee on
Analytical Reagents of the American Chemical Society,
where such specifications are available.* Other grades may
be used, provided it is first ascertained that reagent is of
sufficiently high purity to permit its use without lessening
accuracy of determination.

5.2 Unless otherwise indicated, references to water
shall be understood to mean Type II reagent water
conforming to ASTM D 1193. In addition, reagent water
used for these methods shall be sulfate free.

6. Precautions

6.1 This procedure may involve hazardous materials,
operations, and equipment, and does not claim to address

4 Reagent Chemicals, American Chemical Society Specifications, Am.
Chemucal Soc., Washington, DC. For suggestions on testing reagents not
listed by American Chemical Society, see references [1,2] section 45.
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all safety problems associated with its use. It is the
responsibility of the user to consult and establish
appropriate safety and health practices and determine
applicability of regulatory limitations prior to use.

6.2 Picric acid, as discussed in note 2 following section
12.3, is a hazardous material.

7. Sampling
7.1 Collect sample in accordance with USBR 3100.
METHOD A-GRAVIMETRIC METHOD

8. Scope

8.1 This method is applicable to all types of water
and waste water, and is directly applicable to samples
containing about 20 to 100 p/m (20 to 100 mg/L) of
the sulfate ion (SO;?). This method can be extended to
higher or lower ranges by adjusting sample size.

9. Summary of Method

9.1 Sulfate ion is precipitated and the mass determined
as barium sulfate after removal of silica and other insoluble
matter.

10. Interferences

10.1 Sulfites and sulfides may oxidize and precipitate
with the sulfate. Turbidity caused by silica or other insoluble
material would interfere if allowed to be present; however,
removal of such interference is provided for in this method.

10.2  Other substances tend to be occluded or adsorbed
on the barium sulfate, but they do not significantly affect
precision and accuracy of method.

11. Reagents

11.1 Ammonium Hydroxide (sp. gr. 0.90).-Concen-
trated NH4OH (ammonium hydroxide).

11.2  Barium Chloride Solution (118 g/L).-Dissolve
118 grams of BaClz:2H20 (barium chloride) in water and
dilute to 1 liter.

11.3  Hpydrochloric Acid (sp. gr. 1.19) (1 + 9).-Mix
1 volume of HCI (hydrochloric acid) with 9 volumes of
water.
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114 Hydrofluoric Acid (48 to 51 percent).—Concen-
trated HF (hydrofluoric acid).

11.5 Mechyl Orange Indicator Solution (0.5 g/L)-~
Dissolve 0.05 gram of methyl orange in water and dilute
to 100 mL.

11.6 Nitric Acid (sp. gr. 1.42).—Concentrated HNO3
(nitric acid).

11.7  Prcric Acid.-Saturated aqueous solution.

11.8 Silver Nitrate Solution (100 g/L).-Dissolve 10
grams of AgNOs (silver nitrate) in water and dilute t
100 mL.

11.9 Sulfuric Acid (sp. gr. 1.84).-Concentrated HaSO4
(sulfuric acid).

12. Procedure

12.1  Fileer sample, if turbid, using a fine, ashless paper
(note 1). Wash beaker and filter thoroughly with hot water.

NOTE 1.-Silica may be removed before applying this method
by dehydration with HCl or HCIO4 (perchloric acid) in accordance
with respective procedures in ASTM D 859. In this case, ignition
described in section 12.5 need not be done in a platinum crucible.

12.2 Measure into beaker a quantity of clear sample
containing sulfate ion equivalent to 10 to 50 mg of BaSO4
(barium sulfate). Adjust volume by evaporation or dilution
with water to about 200 mL. Adjust acidity of sample to
methyl orange end point and add 10 mL excess of HCI
(1+9).

12.3 Heat acidified solution to boiling and slowly add
to it 5 mL of hot BaCly solution (note 2). Stir sample
vigorously while adding BaClz solution. Keep temperature
just below boiling until liquid has become clear and
precipitate has settled out completely. In no case shall this
settling period be less than 2 hours.

NOTE 2.-Faster precipitation and a coarser precipitate can
be obtained by adding 10 mL of saturated picric acid solution
and boiling sample 5 minutes before adding BaCle.

12.4 Filter the suspension of BaSOq on a fine, ashless,
filter paper and wash precipitate with hot water until
washings are substantially free of chlorides, as indicated
by testing last portion of washings with an AgNO3z solution
(note 3). Avoid excessive washing. If any BaSO4 passes
through filter, pour filtrate through paper a second time
(note 4).

NOTE 3.-Do not attempt to obtain a completely negative test
for chloride. Discontinue washing when no more than a faint
opalescence is produced in test.

NOTE 4.-If filtrate is poured through paper a second time,
AgNO3; must not be present in filtrate.

12.5 Place filter paper and contents in a platinum
crucible with a predetermined mass, and char and consume
paper slowly without flaming (note 1). Ignite residue at
about 1472 °F (800 °C) for 1 hour, or until it is apparent
that all carbon has been consumed.
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126 Add a drop of HeSO4 and a few drops of HE
and evaporate under a hood to expel silica as SiF4 (silicon
tetrafluoride). Reignite at about 1472 °F, cool in a desiccator,
and determine mass of crucible containing BaSOs.

13.

Calculation

13.1 A wypical calculation form is shown on figure 1.
Calculate concentration of sulfate ion as follows:

Sulfate, p/m or mg/L = M §41;2500} )

where:

M = grams of BaSOys, and
S = milliliters of sample.

14. Precision and Bias

14.1 Results of this method are precise to 1.0 percent
of amount of sulfate ion present.
14.2 The bias for this method is not known.

METHOD B-TURBIDIMETRIC METHOD
15.

15.1 This method is intended for rapid routine or
control tests for the sulfate ion in industrial water where
extreme accuracy and precision are not required. This
method is directly applicable over the range of 10 to 100
p/m (10 to 100 mg/L) of the sulfate ion.

Scope

16. Summary of Method

16.1 Sulfate ion is converted to a barium sulfate
suspension under controlled conditions. A glycerin solution
and a sodium chloride solution are added to stabilize the
suspension and minimize interferences. The resulting
turbidity is determined by a photoelectric colorimeter or
spectrophotometer and compared to a curve prepared from
standard sulfate solutions.

17.

17.1 Insoluble suspended matter in sample must be
removed. Dark colors that cannot be compensated for in
the procedure interfere with measurement of suspended
BaSO4 (barium sulfate).

17.2  Although other ions normally found in water do
not appear to interfere, formation of the barium sulfate
suspension is very critical. This method is more suitable
as a control procedure where concentration and type of
impurities present in the water are relatively constant.
Determinations that are in doubt should be checked by
Method A, in some cases, or by procedure suggested in
note 7.

Interferences

18. Apparatus

18.1 Photometer.-A filter photometer or spectropho-
tometer suitable for measurements between 350 and 425
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nm; preferable wavelength range being 380 to 400 nm.
The cell for the instrument should have a light path through
sample of about 40 mm, and should hold about 50 mL
of sample. Filter photometers and photometric practices
prescribed in this method shall conform to ASTM E 60;
spectrophotometers shall conform to ASTM E 275.

19. Reagents

19.1 Barium Chloride.—Crystals of BaCl2"2H20 (barium
chloride) screened on the No. 20 to No. 30 mesh (850
to 600 um).

19.2  Glycerin Solution (1 + 1).-Mix 1 volume of glyc-
erin with 1 volume of water (note 5).

NOTE 5.-A stabilizing solution containing sodium carboxy-
methyl cellulose (10 g/L) may be used instead of glycerin solution.’

19.3  Sodium Chloride Solution (240 g/L).-Dissolve
240 grams of NaCl (sodium chloride) in water containing
20 mL of concentrated HCI (hydrochloric acid, sp. gr. 1.19),
and dilute to 1 liter with water. Filter solution if turbid.

19.4  Sulfate, Standard Solution (1 mL = 0.100 mg
SO;z).—Dissolve 0.1479 gram of anhydrous Na2SO4 (sodium
sulfate) in water and dilute to 1 liter in a volumetric flask.
Standardize by the procedure prescribed in section 12.

20. Calibration

20.1 Follow procedure in section 21, using appropriate
amounts of standard sulfate solution prepared in accordance
with section 19.4, and prepare a calibration curve showing
sulfate ion content in parts per million (milligrams per
liter) plotted against corresponding photometer readings
(note 6). Prepare standards by diluting with water 0.0,
2.0,5.0,10.0, 15.0, 20.0, 30.0, 40.0, and 50.0 mL of standard
sulfate solution to 50-mL volumes in volumetric flasks.
These solutions will have sulfate ion concentrations of 0.0,
4.0, 10.0, 20.0, 30.0, 40.0, 60.0, 80.0, and 100.0 p/m or
mg/L, respectively.

NOTE 6.-A separate calibration curve must be prepared for
each photometer, and a new curve must be prepared if it is
necessary to change cell, lamp, or filter, or if any other alterations
to instrument or reagents are made. Check curve with each series
of tests by running two or more solutions of known sulfate
concentrations.

20.2 The Bureau has never performed the sulfate ion
determination by the turbidimetric method; therefore, no
typical calibration curves are included.

21.

21.1 Filter sample if turbid, and adjust temperature
to between 59 and 86 °F (15 and 30 °C).

21.2 Pipet 50 mL or less of clear sample containing
between 0.5 and 5 mg of sulfate ion into a 200-mL beaker

Procedure

3 The following commercial reagents have also been found to be suitable:
Colloresine LV, obtainable from General Aniline and Film Corp., New
York, NY, or from Irwin Dyestuff Corp., Lid,, Montreal, Canada; or
Hercules CMC-70 Premium Low, obtainable from Hercules Inc,
Wilmington, DE.
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(note 7). Dilute to 50 mL with water if required, and add
10.0 mL of glycerin solution (note 5) and 5.0 mL of NaCl
solution.

NOTE 7.-The solubility of BaSOy4 is such that difficulty may
be experienced in determination of sulfate concentrations below
about 10 p/m or mg/L. This can be overcome by concentrating
the sample or by adding 5 mL of standard sulfate solution
(1 mL = 0.100 mg of 80'42) to sample before diluting to 50
mL.This will add 0.5 mg of SO4 to the sample, which must be
subtracted from final result.

21.3 Fill a 40-mm sample cell with sample solution;
wipe with a clean, dry cloth; and place in cell compartment.
Set colorimeter to zero absorbance (100 percent transmis-
sion) for a blank. This compensates for any acid-insoluble
matter that has not been filtered out, for any color present,
or both.

21.4 Pour sample solution from cell back into beaker
and add, while stirring, 0.3 gram of barium chloride (note
8). Continue gently stirring solution for 1 minute, let stand
for 4 minutes, and stir again for 15 seconds. Fill sample
cell as before and immediately take a reading with
photometer.

NOTE 8.-Stirring should be at a constant rate in all
determinations. The use of a magnetic stirrer has been found
satisfactory for this purpose.

21.5 If interferences are suspected, dilute sample with
an equal volume of water and redetermine sulfate
concentration. If value so determined is one-half that of
undiluted sample, interferences may be assumed to be
absent.

22. Calculation

22.1 Convert photometer readings obtained with
sample to parts per million (milligrams per liter) of the
sulfate ion using calibration curves described in section
20.

22.2 The Bureau has never performed the sulfate ion
determination by the turbidimetric method; therefore, no
typical data are provided; however, a suggested calculation
form is shown on figure 1.

23. Precision and Bias

23.1 The precision of this method depends on
interferences present and the skill of the analyst. When
no interfering substances are present, a careful analyst can
obtain a precision of 5 percent of the sulfate ion or 2
mg/L, whichever is greater.

23.2  The bias for this method is not known.

METHOD C-VOLUMETRIC METHOD
24. Scope

24.1 This method is intended for the rapid volumetric
determination of a wide range of sulfate ion concentrations




USBR 3120

in industrial water. The method can be used directly for
routine or control tests for the sulfate ion in certain
industrial waters and, when extended by use of ion-
exchange and microtechnique, for the accurate determi-
nation of the sulfate ion over the range of 5 to 1,000
p/m (5 to 1000 mg/L). For additional information on this
method, see reference [3] section 45.

25. Summary of Method

25.1 Sulfate ion is titrated in an alcoholic solution under
controlled acid conditions with a standard barium chloride
solution using thorin as indicator. Under controlled
conditions of titration, end point is relatively sharp;
indicator changing from yellow to a stable pink color.

26.

Interferences

26.1 Both cations and anions may cause coprecipitation
errors with barium sulfate precipitate. Potassium, iron,
aluminum, phosphate, flouride, and nitrate are the worst
offenders. Most metallic ions also seriously interfere by
forming colored complexes with the thorin indicator,
especially in alcohol-water mixtures.

26.2 Interference by cations is eliminated by ion
exchange. However, chromium and zirconium may form
varying quantities of anion complexes with the sulfate ion
under certain conditions.

26.3 Fluorides and nitrates cause no serious interfer-
ence up to concentrations of 2 and 50 mg/L, respectively.

26.4 Ortho and metaphosphates interfere when
present in excess of about 2 mg/L. In industrial water,
such as boiler water, orthophosphate is removed by
precipitation with magnesium carbonate and filtration.

26.5 Sulfite interference is eliminated by determining
sulfate equivalent of sulfite and subtraction of this sulfate
from determined sulfate content. Sulfides also interfere
but can usually be removed by precipitation as zinc sulfide.

26.6 Chlorides obscure the pink end point if present
in concentrations greater than 1000 mg/L when sulfate
present is low (about 5 mg/L). The noninterfering
concentration of chloride increases with increasing sulfate
content,

26.7 Chromium present as chromates and dichromates
is converted by treatment with hydrogen peroxide to the
cation, Cr*®, which is then removed by ion exchange.

27. Apparatus

27.1 Titration Assembly.-For high accuracy and
determination of low sulfate ion concentrations, a
microburet reading to 0.01 mL is necessary. Efficient
magnetic stirring improves speed and convenience of
titration.

27.2  lon Exchange Column.-A suitable continuous flow
column may be prepared by pouring 30 cm of a washed,
wet resin, No. 20- to No. 25-mesh (850- to 710-um) size,
into a glass column of 9- to 10-mm inside diameter and
500x5 mm in length, the top of which widens to a reservoir
of 50- to 55-mm inside diameter and 1005 mm in length.
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27.2.1 Resin is held on a suitable screen or filter
plug, and flow is controlled by a length of 2-mm bore
capillary tubing joined to bottom of column. This tubing
is bent into a U-shape, rises to about 13 mm above resin
bed, and then makes a U-bend downward for about 50
to 70 mm.

27.2.2 Oth<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>