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American Water Works
Association

Addendum to

AWWA Manual M6,
Water Meters—Selection, Installation, Testing,
and Maintenance, Fifth Edition

(November 2018)

Purpose

The 2018 Addendum to AWWA Manual M6, Water Meters—Selection, Installation, Testing, and
Maintenance, fifth edition, provides guidance to users on testing procedures and related topics
for meters conforming to standard ANSI/AWWA C715-18 Cold-Water Meters—Electromagnetic
and Ultrasonic Type, for Revenue Applications. This standard was approved by the AWWA
Standards Committee on Water Meters on February 19, 2018, approved by the AWWA Board of
Directors on June 9, 2018, and made effective on October 1, 2018.

The 2018 Addendum is considered a part of AWWA Manual M6 wherever the manual is referenced by
AWWA water meter standards or other documents.

The current edition of AWWA Manual M6, the fifth edition, was published in 2012. The AWWA Water
Meter Standards Committee believes that the 2018 Addendum to the manual fills an immediate
need by water utilities for up-to-date meter testing procedures and that it was important for
this information to be published in the interim, as work is continuing on the sixth edition of
the manual.

Background

Historically, AWWA Manual M6 has served as a guide to best practices for water meters, as a companion
document to the AWWA water meter standards. From a practical standpoint, the manual is
often used as a reference tool by utilities in their meter shops for determining and executing
the proper testing procedures for the various meter types and sizes.

As the family of AWWA water meter standards has expanded over the years to include new meter types,
AWWA Manual M6 has also grown to include information on these new meters. The common
practice has been that Manual M6 includes information on the meter types for which an
AWWA standard exists. The fifth edition of the manual, for example, was expanded in 2012 to
include information on singlejet-type (ANSI/AWWA C712) and fluidic oscillator-type (ANSI/
AWWA (C713) meters. The sixth edition will include more information on electromagnetic- and
ultrasonic-type (ANSI/AWWA C715) meters, as well as meters for residential fire sprinkler
systems in one- and two-family dwellings and manufactured homes (ANSI/AWWA C714).
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Testing Procedures

Table 5-3 includes recommended data for testing cold-water meters by the volumetric method, using
volumetric tanks, or by the gravimetric method, using weight scales. This data may also
be used for testing cold-water meters against a master or reference meter that has a known
calibration curve. Accuracy standards for new meters are contained in the latest editions
of standards ANSI/AWWA C700, C701, C702, C703, C704, C708, C710, C712, C713, C714,
and C715. The modified Table 5-3 issued in this addendum reflects the latest accuracy
standards from these AWWA standards.

The following listing provides additional guidance on meter testing, beyond the modifications made
in Table 5-3.

1. In testing meters to validate their accuracy (either prior to deployment or after some time in
service), note that the testing procedures for electronic meters, may be different from those
meters previously placed in service. The manufacturer’s recommended testing procedures
should be followed. Ignoring these recommendations can invalidate the accuracy results.

2. Electronic meters do not have moving parts and, therefore, are not subject to the same wear
and tear as mechanical meters. Although AWWA standards for mechanical water meters
provide recommended testing frequencies in the appendix of each standard, recommended
testing frequencies are not provided in the appendix of ANSI/AWWA C715. Water
quality and other local conditions may affect the performance of electronic meters over
time. To assess these site-specific effects, the utility may choose to verify the accuracy of
electronic meters at the recommended test frequencies provided in AWWA standards for
mechanical meters, until the utility establishes its own criteria based on data collected on
its operational experience and local conditions.

3. Some of the smaller electronic meters have minimum rate accuracy requirements at lower
flow rates than any of the rates given in other AWWA meter standards (i.e., flow rates
lower than 0.25 gpm). In other instances, the minimum rate flow rates of electronic meters
may be lower than those of the mechanical meters previously deployed by the utility, for
any given line size. Accuracy at these lower flow rates, therefore, might be more difficult
to test and verify on the existing utility’s meter test bench equipment. Gravimetric systems
might provide more sensitivity than volumetric systems. In all cases, the testing equipment
must be maintained properly, calibrated periodically, and certified to ensure it is working
properly.

4. As discussed in item #3, a utility’s testing equipment may not be capable of testing electronic
meters reliably at the lower flow rates (particularly for flow rates even lower than the
minimums given in ANSI/AWWA C715, if part of the manufacturer’s warrantied accuracy
claims). If this is the case, an independent third-party service company with certified
and calibrated equipment along with sound testing protocols may need to be engaged
to verify accuracy. As provided in one of the footnotes for the modified Table 5-3 in this
addendum, a utility may alternatively increase the minimum test rate flow to stay within
the capability of their equipment, while holding the electronic meters to their tighter
accuracy requirement at these somewhat higher flow rates. Utilities may also wish to use
these somewhat higher flow rates when there are test time constraints.

5. Historically, Table 5-3 has included some caveats in test quantity recommendations, relative
to the footnote that has called for “not less than 3 min running.” This has been most
notable for some of the maximum rate test quantities, which would result in test run
times well below three minutes in length. This ambiguity recognizes limitations in the
number and size of test tanks with which the utility may be equipped. The footnote
further provides that, for reduced test quantities, “the resultant increase in total test
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uncertainties and errors need to be recognized.” While mechanical water meters may
have been able to accommodate those test quantities in Table 5-3 that result in test times
of less than three minutes, this may not be the case for some electronic meters. A special
test mode—temporarily increasing the sampling rate for the meter—may be available for
some electronic meter designs, to mitigate the test uncertainties associated with test times
shorter than three minutes.

6. Table 5-3 provides recommended test flow rates. These recommendations are based, in part,
on the observation that all meters of the same type (all positive displacement meters, all
turbine meters, and so on) will exhibit the same or similar characteristic accuracy curves.
This may not be a valid observation for electronic meters, for which distinct calibration
algorithms may be in use. As a result, alternate or additional flow test rates may be
considered. These would be especially relevant for flow rates given in the manufacturer’s
performance claims that significantly exceed the ranges established in AWWA water meter
standards.

7. Electromagnetic- and ultrasonic-type electronic meters are inferential in nature, measuring
water velocities and inferring volumetric flows based on these velocities. (Many
mechanical flow meters are also inferential in nature.) Inferential meters can be susceptible
to flow profile disturbances, and to “noisy” flow delivery systems (e.g., pressure
pulsations). Care should be taken to ensure that utility test stands do not introduce
disturbances or noise at levels that are not representative of those that occur in actual field
installations.

For the sixth edition of this manual, expanded information on several aspects of meter testing
will be provided; these will include test uncertainties related to testing equipment, test
uncertainties related to procedures and practices, and evaluation of accuracy results
for meters pulled from service in the field. If users of this manual have any comments,
questions, or suggestions regarding this manual, they can contact the AWWA Standards
group at standards@awwa.org.
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Foreword

This manual is a guide to selecting, installing, testing, and maintaining water meters.
The manual discusses recommended practices; it is not an AWWA standard calling
for compliance with certain specifications. It is intended for use by new and existing
utilities of all sizes, either as a textbook for those not fully familiar with meters or as a
reference manual. Water utilities may use this manual as a tool to obtain the best rev-
enue for their investment in meters and maintenance facilities. Design engineers and
consultants may use this manual in laying out new meter installations or repair shops.

Most readers will first use this manual for assistance on an individual problem,;
however, for adequate knowledge of the field of water meter usage, the entire manual
should be studied. This manual references applicable AWWA standards for the various
types of meters. These standards may be purchased by calling AWWA Customer Ser-
vice (800.926.7337) or through the Bookstore section of the AWWA website, awwa.org.

The AWWA manual on water meters was first published in a series of articles in
the June, July, August, and September 1959 issues of Journal - American Water Works
Association and was compiled as a separate reprint in 1962. A second edition of the
manual was published in 1973, as a complete revision, updating and substantially
enlarging the 1962 serial edition. The third and fourth editions, published in 1986 and
1999, respectively, reflected the latest revisions of the AWWA meter standards at the
time and included substantial updates to the text and photographs.

This fifth edition contains current information from the latest AWWA meter
standards, including new AWWA standards on singlejet meters and fluidic-oscillator
meters. Since 1999, much has changed in meter reading technology, and the future
holds even greater promise.
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G.G. Land, Dallas Water Ultilities, Dallas, Texas

S.U. Mills,* Standards Council Liaison, City of Arlington, Arlington, Texas

K.C. Molli, Veolia Water North America, Chicago, Ill.

J.A. Novak, Milwaukee Water Works, Milwaukee, Wis.

G.E. Raymond, Los Angeles Department of Water and Power, Los Angeles, Calif.
S. Solotoff, Miami-Dade Water & Sewer, Miami, Fla.

J.H. Standi Jr., Golden State Water Company, Fontana, Calif.

*  Liaison, nonvoting
*#*  Nonvoting
t  Alternate
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AWWA MANUAL

Chapter 1

History of Water
Measurement and
Development of
Water Meters

INTRODUCTION

Accurate water measurement is the means by which water utilities produce revenue
to cover expenses, charge each customer equitably, prevent waste of water, and mini-
mize the load on wastewater facilities. This concept is universally accepted today, but
it took thousands of years for the science of water supply and distribution to reach its
present state.

WATER SUPPLY IN ANCIENT TIMES

Roman Adjutages

For nearly half a century, until 312 B.CE, the citizens of Rome were content to draw
their water supply from the Tiber River, wells, and springs. As in our own times, such
sources became entirely inadequate to meet the needs of a rapidly growing city, and the
first of the great aqueducts, the Appian, was constructed. This was followed 40 years
later by the Anio Vetus and during the next three centuries by seven other aqueducts.

All of these aqueducts are described in meticulous detail by water commissioner
Sextus Julius Frontinus (approximately a.p. 35 to 104) in his two books of De Aquis
Urbis Romae (translated into English by Clemens Herschel under the title The Water
Supply of the City of Rome).
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2 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

The contributions made by Frontinus cannot be overstated. The office of water
commissioner was held, from ancient times, by the most distinguished citizens. Fronti-
nus set an example for all future water commissioners to follow in his honest devotion
to duty, thoroughness of accomplishment, and sterling character. Those who read his
voluminous report today can still profit and are astonished over the progress made
during those ancient times in the development of metal pipe, pipe fittings, plug cocks,
inverted siphons, ornate fountains and baths, and possibly in methods of measure-
ment and filtration. Herschel comments:

It must be remembered that we are speaking of the works of a very prac-

tical people. They were engineers by nature, rather than architects or

men of science only; they taught the useful from choice, rather than that

which was merely beautiful in design or tendency. They felt comparatively

little predilection for “pursuing science for science’s sake,” as the phrase

goes, while they pursued to the utmost of their abilities, and most ably

for their day, the “art of directing the great sources of power in nature for

the use and convenience of man,” which constitutes the profession of the

civil engineer.

After describing in great detail the construction of the nine huge aqueducts, Frontinus

wrote:
Having now given the builders and the age of each aqueduct, also their
sources, lengths of channel, and order of heights, it seems to me not out of
keeping to go more into detail, and to demonstrate how large is the quan-
tity of water which is allotted to public and to private uses, as well as for
luxury; and through how many tanks it is conveyed, and in what wards
these are located; how much water is distributed within the city walls,
how much without, how much is used for water basins, how much for foun-
tains, how much for public structures, how much on account of the state,
how much by private consumers. But before I mention the names qui-
naria, centenaria, and those of the other adjutages (Figure 1-1) by which
water is gaged, I deem it expedient to state what is their origin, what
their discharge, capacity, or value, and what each name means; and to
show, after presenting the rules according to which their proportions and
capacity are computed, how I discovered their discrepancies, and the way
I set about to correct them.

The adjutages to measure water are arranged either according to digits or
inches. Digits are used down to the present day in Campania, and in very
many places in Italy; inches in Apulia and elsewhere. The digit, accord-
ing to common agreement, is the one sixteenth part of a foot, the inch the
twelfth; but even as there is a difference between the inch and digit, so
also digits differ among themselves; some are called square, others round.
The square digit is greater than the round digit by three fourteenths of
itself; the round digit is smaller than the square digit by three elevenths,
obviously because the corners are lopped off.

Just a few paragraphs further, we find the amazing statement:
But every adjutage is gaged either by its diameter or circumference, or by
its area of clear cross section; from any of which its capacity may be found.
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HISTORY OF WATER MEASUREMENT AND DEVELOPMENT OF WATER METERS 3

An adjutage was a simple bronze tube of a specific cross section. No precise means for measuring the velocity of water passing
through the tube was available.

Figure 1-1 Roman adjutage

It seems natural that we turn to Herschel for pointed comment. He writes:
Let us see what ideas were extant on hydraulics in Frontinus’ time: The
most troublesome point of ignorance he had to contend with was a total
inability to measure the velocity of water, or even to rightly and fully
grasp the idea of such velocity, whether as flowing in an open channel
or in closed pipes. He accordingly compares streams of water merely by
the areas of their cross sections. A square foot of water is all one to him,
whether it be one of the 8 sq ft (0.7 m2) of cross-sectional area of a stream
in a conduit, or whether it be composed of the sum of 200 or more cross-sec-
tional areas of lead pipes leading out of delivery tanks to fountains, or to
water basins, or to private consumers, and ending and discharging at
as many different elevations. To the expert of today, this seems exces-
sively silly; and yet the same thing is constantly being done even now by
those who ought to know better. The average man today will talk about “a
stream of water that will fill a 6-in. (150-mm) pipe,” a perfect parallel to
the quinaric (0.907 English inch) of Frontinus; and there are hundreds of
deeds on record conveying “square feet of water” for power purposes, just
as though the law of falling bodies and its application to hydraulics had
never been discovered; and unmindful of the fact, as one old Italian writer
on water rights has expressed it, that to speak of a stream of water by its
area of cross section is like estimating the volume of a cylinder merely
from the area of its base.

Yet at least some evidence suggests, as we read Frontinus, that he was frequently trou-
bled over his adoption of pipe area as the sole measure of volume discharge, because at
one point in his history he wrote:

Let us not forget in this connection that every stream of water whenever it

comes from a higher point and flows into a delivery tank through a short

length of pipe, not only comes up to its measure, but yields, moreover, a

surplus; but whenever it comes from a low point, that is, under a less(er)

head, and is conducted a tolerably long distance it will actually shrink in

measure by the resistance of its own conduit so that, on these accounts,

either an aid or a check is needed for the discharge.

In other words, a check of some sort was required to make the pipe discharge the quan-
tity typical for its size. Frontinus continues:
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4 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

. whence it appears that the amount measured by me is none too
large; the explanation of this is that the more impetuous stream of water
increases the supply, since it comes from a large and rapidly flowing river.

Herschel comments:
And then he goes on again, worrying himself into all sorts of explanations
why his gagings by areas, made irrespective of heads and velocities, do not
balance. The frauds of the watermen, of the plumbers, and of others who
draw water unlawfully always furnish a handy explanation, however.

We become increasingly perplexed when we realize that Hero of Alexandria, thought

by some to be the teacher of Frontinus, had already announced:
Observe always that it does not suffice to determine the section of flow,
to know the quantity of water furnished by the spring. This we said was
12 square digits. It is necessary to find the velocity of its current, because
the more rapid the flow, the more water the spring will furnish, and the
slower it is, the less it will produce. For this reason, after having dug a
reservoir under the stream, examine by means of a Sundial how much
water flows into it in an hour, and from that deduce the quantity of water
furnished in a day. Thus one has no need to measure the section of the
stream.

Notwithstanding the false premise of Frontinus, here indeed was the beginning
of the art of measuring flowing water, which will be emphasized as we continue on to
further developments in Roman practice.

Quoting Herschel:

But some control of the amount drawn had to exist, and we accordingly
find that the measure of a grant in the city of Rome, A.D. 97, was the right
to insert, at a designated place in the public delivery tanks, or cisterns,
which received their supply, either directly or through lead pipes, from
the public aqueducts, a circular bronze adjutage, or short piece of pipe,
stamped by the public authority, not less than about nine inches long and
of a designated diameter, some fifteen such diameters being in ordinary
use; and to allow water naturally to flow through this adjutage; it being
the law, moreover, to ensure a natural flow through the stamped bronze
adjutage, that the lead or other pipe immediately downstream from it
should have the same diameter as the adjutage, on a length of not less
than 50 ft (15 m), measuring from the downstream end of the adjutage.

Frontinus definitely realized that there were other factors limiting the quantity of
water that could be drawn. He wrote:

An adjutage placed at right angles and level, it maintains its proper mea-

sure; set against the current of the water and sloping down, it will con-

sume more; set sloping to one side, so that the water flows by, and inclined

with the current, that is, placed less favorably for swallowing water, it

will receive the water slowly, and in a scant quantity.

It must also be left optional to attach any kind of lead pipe to the adjutages;
but there must rather be attached for a length of 50 ft (15 m) one of the
same interior area as that which the adjutage has been certified to have,
as has been ordinated by a vote of the Senate that “no one to whom a right
to draw water from the public conduits has been granted shall have the
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HISTORY OF WATER MEASUREMENT AND DEVELOPMENT OF WATER METERS 5

right to use a larger pipe than a quinaria for a space of 50 ft (15 m) from
the delivery tank out of which he is to draw the water.”

The water commissioner called attention to fraud that was being practiced by
attaching pipes of larger diameter to the adjutages and, as a consequence, the water
was not, he said, “held together for the lawful distance.”

The Naples Museum exhibits three small bronze pipes believed to be genuine
adjutages 9-in. (230-mm) long and 0.72 in. (18 mm) in diameter. It was required that

e The adjutage be entered at a designated point

e  Water rights limited the quantity of water to be drawn and ended with the
death of the grantee

e The setting of the orifices be determined by the authorities

e Adjutages be of a prescribed form, dimension, and material (bronze), and
bear the official stamp of the authorities

Frontinus reports “cheating practices” discovered, in addition to the larger outlet pipe
mentioned, as follows:
To some pipes no adjutages were attached. Such pipes are called uncon-
trolled, and are expanded or contracted as pleases the watermen.

When a water right is transferred to a new owner they will insert a new
adjutage in the delivery tank; the old one they leave in the tank and draw
water from it, which they sell.

He adds significantly: “Most especially, therefore, as I believe, should the com-
missioner have in mind to stop this.”

MEASURING DEVICES OF MORE RECENT TIMES

The remainder of this chapter discusses more recent developments in devices for mea-
suring water and their acceptance by water utilities. In addition, standardization
issues are discussed.

The Pitot Tube

In 1730, Henri Pitot (1695-1771), a distinguished French engineer, performed experi-
ments on the river Seine in which he used a vertical glass tube with the short, 90° tip
at the lower end pointing upstream to determine whether there was a relationship
between the rise of water in the tube and the velocity of flow (Figure 1-2). Two years
later, he contributed a paper to ’Academie Royale des Sciences describing his experi-
ments and his tube, which he had combined with a second, static-head vertical tube.
Significantly, his discovery that the height to which the water rose in his tube was
proportional to the square of the stream velocity came in the same year that Johann
Bernoulli published the fundamental relationship of head to velocity squared of water
flowing through pipes.

One hundred and twenty-five years later, Henry Darcy, another French engineer,
modified the tube and thus improved the accuracy of the static-head readings and
reduced the oscillations of the water columns. Hiram F. Mills of Boston was the first
American engineer to use the Pitot tube (1875); John R. Freeman applied the Pitot
tube to the measurement of fire-stream jets. The design illustrated in Figure 1-3 is
used primarily for this purpose.
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The Pitot tube measures the velocity of the flowing fluid by using the velocity head of the stream as an index of velocity.
Figure 1-2 Pitot tube
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This form of Pitot tube, designed by Edward S. Cole in 1896, is used in leak surveys and for measuring flow and pipeline capacity.
Figure 1-3 Modified Pitot tube
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HISTORY OF WATER MEASUREMENT AND DEVELOPMENT OF WATER METERS 7

Today, the temporary measurement of the rate of flow in a large pipe is some-
times necessary, for example, to locate underground leaks or determine variations
in flow rates over a 24-hour period. The type of Pitot tube commonly used for these
applications (Figure 1-3), developed by Edward S. Cole in 1896, requires a single, very
basic connection into the pipeline. This modified Pitot tube depends on the velocity
of the flowing water creating flowing pressure greater than the line pressure in the
tube pointed upstream and reduction below the line pressure in a similar tube pointed
downstream, both located in the center of the pipe. This differential is mathematically
converted into a gallons-per-minute flow rate when the internal diameter of the pipe
is known.

Current and Turbine Meters

In 1790, Benjamin G. Hoffman, in Hamburg, Germany, published a booklet describing
a form of current meter, invented by Reinhard Woltmann (1757-1837), for measuring
flowing air and water. This device seems to be the first practical meter for the pur-
pose; it has since changed materially in design and construction.

In general, the meter consisted of a very light waterwheel operated by the cur-
rent and carrying on its axis a worm for actuating gearing and a totalizer. The rate
of flow was computed from the rotations during a given time period. A 1910 American
Society of Mechanical Engineers (ASME) paper, entitled “River Discharge,” refers to
the earliest type of current meter as being practical only for measuring surface veloc-
ity. However, the ASME paper noted, “About 1790, Woltmann modified this wheel so it
could be used beneath the surface” (Figures 1-4, 1-5, and 1-6). Each size of meter had
to be calibrated individually.

Figure 1-4  Improved form of the Woltmann meter
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8 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

Figure 1-5  Cutaway of an “open or interchangeable” internal mechanism Woltmann-type turbine
meter

Figure 1-6 Cutaway of a “closed” Woltmann-type turbine meter with magnetic drive

The Woltmann meter (Figure 1-7) was illustrated and described in a German
handbook, Die Hydraulik Und Die Hydraulischen Motoren, by Georg Meissner, pub-
lished in Jena, Germany, in 1878. At that time, it was not generally accepted that the
meter could be used in a closed pipe. The first English water meter was designed in
1851, by William Siemens (1823-1883). Siemens obtained permission to manufacture
this reaction meter in Germany, and the firm of Siemens & Halske began produc-
tion about 1865. Although such meters appeared to give fairly accurate results, the
hydraulic laws governing their action were never fully understood, and the designs
were therefore empirical. Corrosion caused considerable trouble because the meter cas-
ings were made of cast iron and the internal working parts of bronze.
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HISTORY OF WATER MEASUREMENT AND DEVELOPMENT OF WATER METERS 9

In this form, the Woltmann meter could measure flows only in an open stream. The revolutions of the waterwheel were transmitted to
a register by a gear train. For a stream of known cross section, the register could be calibrated to give accurate measurements of flow.

Figure 1-7  Original form of the Woltmann meter

In 1885, Ross E. Browne, in his book Water Meters, described the English Sie-
mens %-in. (13-mm) meter, which somewhat resembled a centrifugal pump reversed,
using a drum reaction wheel controlled by regulating vanes. The German Siemens
was an early form of the rotary-vane meter. Water entered the measuring chamber
through angularly positioned inlets, causing the flow to impinge on one side of the
vanes of the rotor at a 90° angle. To prevent the rotor from spinning too fast, other,
much smaller inlets entered the chamber at an opposite angle, creating a small force
in the other direction. This meter was substantially different from the conventional
turbine meter in which the water strikes the blades of a rotor at approximately 45°.
Today many small rotary-vane meters are manufactured outside the United States.

Whereas the Woltmann meter had a horizontal axis that permitted a
straight-through flow, the current or turbine meters developed in the United States
since 1890 and until the 1960s usually had a vertical rotor spindle. This design facili-
tated a vertical drive to the register, but necessitated changes in flow direction within
the meter to keep the inlet and outlet in a straight line (Figure 1-8).

With the advent of magnetic drives, some models have returned to the horizontal
rotor spindle, which gives lower pressure loss. The first of the modern turbine meters,
now referred to as class II turbine meters, was introduced to the market in 1965. Hori-
zontal shaft class I turbines were manufactured for a short time before and during
the introduction of horizontal shaft class II turbines. One leading US manufacturer
shipped its first unit, called a Torrent meter, in 1896. Its design was later refined to be
similar to present construction in Patent 817,887, issued to J.A. Tilden in 1906.

The new class II turbine meter was capable of operating over a much wider flow
range than earlier turbine meters, which have been offered by manufacturers since
the 1920s. The new horizontal in-line, high-velocity turbine meters are constructed
of more modern materials. The new materials for bearings, coupled with low-mass,
self-lubricating, low-friction gearing in the registers and gear trains, permit the back
loading on the metering elements to be reduced, thus providing improved metering
accuracy, range sensitivity, and longevity for this meter.
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10 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

Figure 1-8 Class | turbine meter

The introduction of this newer turbine meter resulted in changes to ANSI/AWWA
C701, Standard for Cold Water Meters—Turbine Type, for Customer Service, in 1978.
The changes include a newly added distinction between class I and class II turbine
meters. Standards for original class I turbines (Figure 1-8) were issued prior to 1978.
Class II turbine meters are the newer, in-line, high-velocity type characterized by
lower head loss, greater low-flow sensitivity, and tighter accuracy tolerances over a
wider flow range (Figure 1-9). The class II turbine meters are considerably smaller
and lighter than the class I turbines and afford easier installation as well as smaller
accommodations for meter settings. Manufacturers of the class II turbine meters rec-
ommend that plate-type strainers be used in the installation upstream from the meter
to protect the high-velocity rotors in operation and to decrease the effects of upstream
flow disturbances, which affect life and accuracy. Standards for cold-water turbine
meters are covered in ANSI/AWWA C701.

In the 1980s, a new version of class I turbine meters was introduced that was
similar in size and weight to class II turbine meters. This new class I turbine meter
had an internal strainer and a vertical rotor, and thus could be installed in smaller
accommodations than many class II turbine meters, which generally require a strainer
before the meter.

The Venturi Meter

A major contribution to the measurement of flowing water under pressure was Cle-
mens Herschel’s invention of the Venturi tube in 1886. A hydraulic engineer with the
Holyoke (Mass.) Water Power Company, he was disturbed by the fact that huge quan-
tities of water used by industrial companies, including 25 paper mills, went unmea-
sured. The tube was based on the principle, discovered a century earlier by the Italian
scientist Giovanni Venturi (1746-1822), that the flow of liquid through a converging
pipe results in a gain of velocity and a lowering of pressure, whereas the reverse is
true in a diverging pipe. The reduction in pressure that occurs at the constriction is
actually the result of conversion of pressure head to velocity head. Downstream from
the constriction, the velocity head is reconverted to pressure head, so the ultimate
result is very little reduction in effective line pressure at some distance downstream.
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HISTORY OF WATER MEASUREMENT AND DEVELOPMENT OF WATER METERS 11

Courtesy: Badger Meter Inc.
Figure 1-9 Class Il turbine meter. Note the test port on top used for pressure testing, air bleeding,
and qualitative low-flow tests.
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The flow of liquid through a constriction in a pressure conduit results in a lowering of pressure at the constriction. The difference in
pressure at the constriction and in the unconstricted portion of the conduit is a function of the flow rate and may be used to calculate
the flow rate. The meter has no moving parts in the liquid because it measures pressure differential by means of exterior pressure
instruments.

Figure 1-10 Venturi tube

The difference between the full-pressure upstream taps (shown at the left of the con-
striction in Figure 1-10) and the reduced-pressure taps at the constriction or throat or
nozzle (shown in the center of Figure 1-10) is a function of the flow rate and may be
used to calculate the flow rate.

The Venturi meter has no moving parts in the stream and is suitable for nearly
any size pipeline. One disadvantage of this meter is its length, which makes it bulky
and heavy. Recently, however, shorter forms of the Venturi meter, known as flow tubes
and flow nozzles, have been developed. These designs have a more abrupt constriction
and enlargement. Also, the pressure taps are located differently, which greatly reduces
overall length and weight.

One form of mechanical readout is a pressure-actuated pen arm moving across a
graduated scale to indicate flow rate or across a moving chart to record the flow rate.
More modern versions of the chart recorder are electronic. An integrating attachment
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12 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

may be added that multiplies the pressure differential times time, and then multiplies
that result times a constant or coefficient for the particular size of Venturi to register
total flow within commercial tolerances.

The Oirifice Meter

The orifice meter is considered to be one of the oldest devices for measuring or regu-
lating the flow of fluids, dating back to Caesar’s Rome. However, development of the
thin-plate orifice, the current standard type, did not begin until the early part of the
20th century.

The determination of the relationship between flow rates and differential pres-
sures has been reduced to formulas by which an orifice coefficient can be computed
quickly for any size of orifice in any size of pipe.

Modern differential pressure measurement instruments have an electronic out-
put for recording instruments and incorporate electronic microprocessors for cali-
brated integration of the differential input signal from the meter. The electrical output
signal is linear versus flow rate for flow indicators and data loggers.

The orifice sensing unit consists of a round plate with a hole of predetermined
size bored in it, usually concentrically; the plate is inserted across a straight run of
pipe. Pressure taps are provided either at specified distances upstream and down-
stream from the orifice plate or within orifice flanges by which the orifice plate is
inserted in the line (Figure 1-11).

This meter is mounted directly above a pipeline. The manometer is not shown because it is located behind the two-pen recorder. If a
mercury manometer is used in measuring water or steam, seal pots must be placed in the pressure lines to the manometer.

Figure 1-11  Orifice meter and differential pressure sensing mercury manometer instrument
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HISTORY OF WATER MEASUREMENT AND DEVELOPMENT OF WATER METERS 13

The ASME publication Fluid Meters (4th ed.) explained the characteristics of thin-plate

orifices:
The pressure of the fluid drops abruptly as it flows through the orifice
and, on the outlet side, the pressure continues to decrease slightly. The
minimum value is reached a short distance from the outlet side of the
orifice. Beyond this minimum point, the pressure increases again, slowly
at first, then rapidly for a short distance, then again more slowly until
its second maximum is reached several pipe diameters beyond the ori-
fice plate. Since no guiding of the stream occurs on either the inlet or
the outlet side of an orifice, the acceleration and deceleration of the fluid
stream, which the pressure gradient manifests, is accompanied by consid-
erable turbulence and consequent dissipation of energy (pressure), espe-
cially on the outlet side. Consequently, for the same diameter ratio, the
downstream maximum pressure is much lower for an orifice than it is
for a flow nozzle. In other words, the percentage of differential pressure
recovered with an orifice is slightly less than with a nozzle and much less
than with a Venturi.

The pressure differential created by the orifice is converted into linear motion
of a pen arm, or integrator cam, by a manometer, which may be either a mercury or a
sealed-bellows type. By calculating the orifice coefficient and drilling the orifice bore
to the diameter required, the chart indicator, scale indicator, or integrator can be read
in gallons or other units. This procedure is essentially the same whether a Venturi, an
orifice, or some other pressure differential meter is used.

Orifice meters are used where space for the sensing unit is too limited for a Ven-
turi meter and where slightly greater pressure loss can be permitted. The range of
flow for maximum accuracy is about 3% to 1. The sensing unit is relatively inexpen-
sive. Orifice meters are widely used in industrial plants for water, steam, and gas, and
by gas utilities.

One water-utility application is to measure the flow of water from pumped wells
being tested for flow rates. This operation is feasible provided that (1) the pressure
differential between the upstream and downstream taps is not more than the limit of
the bellows manometer (maximum limit approximately 14 psi [100 kPal); (2) the ori-
fice plate and flanges fit the pipe correctly; and (3) the discharge leading to the atmo-
sphere can be kept under slight back pressure.

Displacement Meters

The most popular types of displacement meters originated as modifications of pumps
that were run backward. Instead of using the mechanism as a prime mover, the water
under pressure moved the piston or disc. The number of strokes or the measured vol-
ume per cycle was converted into gallons, cubic feet, or other unit of measurement by
appropriate gearing.

Although patents for liquid meters were issued earlier, it is believed that the
first American water meter was proposed in 1850 by William Sewell of Williamsburg,
N.Y. The first meter actually produced is claimed to have been made by Henry R.
Worthington of New York (Figure 1-12). At about the same time (1850s), the George
Kent Scientific & Mechanical Group of Luton, England, manufactured a duplex-
piston meter of nearly identical design. Samples of this meter exist in several Euro-
pean museums and in displays in Chicago and Baltimore meter shops.

These early meters were of reciprocating piston design, patterned after the famil-
iar D-slide valve used in steam engines. Worthington’s original meter consisted of
two cylinders and plungers with inlet and outlet ports arranged in such a way that
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14 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

as water in one cylinder was discharged by the piston, the other cylinder was filling.
Water flow through these meters was subject to pulsations caused by the action of the
pistons, and high friction losses were encountered. An analysis of the %-in. (15-mm)
Worthington meter, made in 1885 by Ross E. Browne, describes it as having a capacity
of 7% gpm (1.7 m3/h), weighing 59 1b (27 kg), and costing $17.00.

Close accuracy was impossible because the meter counted the number of piston
strokes, whose length varied with the flow rate. Variations in velocity of the strokes
caused variable compression of the rubber cushions at each end of the cylinders.

In 1876, a patent was issued for a meter with two rotary pistons. A design for only
one piston followed around 1880 (Figure 1-13). The piston rotated within a toothed,
fixed cylinder called a crown. In 1885, this design was manufactured in France as the
Nasch Crown meter and was also sold in the United States.

Browne also described a single-piston, double-acting meter, the Kennedy. In 1885,
it weighed 162 1b (73 kg) in the %-in. (13-mm) size and sold for $27.83. It measured the
travel distance of the piston.

Invented in the 1850s, this was the first practical meter produced in the United States.
Figure 1-12  Original duplex-piston meter

Although an improvement over the two-piston design, this type of meter was subject to high friction losses.
Figure 1-13  Early rotary-piston meter
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Between 1870 and 1910, more than 400 patents were issued on liquid meters.
Many of these patents described constructions that were hopelessly impractical and
complicated; others protected any possible variation of valuable features. One of these
patents (114,694), issued to J.P. Lindsay in 1871, described an oscillating disc meter,
which today would be called a reciprocating meter with a single piston. This meter was
round and flat in shape and controlled by a reversing valve. Most of these early designs
had impractical features, such as the use of moving valves; the need for some parts to
start and stop during each cycle of measurement; the use of floats, of back-and-forth
oscillating motion of the piston, and of the inner face of the housing as the measuring
chamber; the inlet and outlet not on a common axis centered in the meter; inadequate
capacity resulting in excessive pressure loss; and apparently no consideration for man-
ufacturing costs.

Also, these meters, although purporting to be displacement meters, were only
semipositive. The high friction load and complex moving parts must have permitted
much slippage, thus impairing low-flow accuracy. Present displacement meters have
capillary seals rather than packing seals to prevent slippage, but, in any event, the
excellence of manufacture reduces slippage to a negligible factor.

In 1884, the first practical oscillating-piston meter patent was issued to Lewis H.
Nash. He stated in his patent that this meter was an adaptation of an existing steam
engine, but the piston shape and movement are similar to the oscillating-piston meters
of today. It was a simple, workable measuring unit.

The nutating-piston principle of motion (now the disc meter) is reported to have
been invented in the 1830s by an English clergyman and used in a steam engine. Dur-
ing the 1840s, it was an accepted type of engine, and the presses of the London Times
were run by this type of engine. However, it was not an efficient prime mover because
of the lack of sufficiently tight packing around the edge of the disc portion of the pis-
ton; thus it fell into disuse.

A nutating-piston liquid pump, using what today would be called a conical disc,
was patented in the United States in 1854 by D.S. Carpenter (Patent 11,776). A modi-
fication, also for use as a pump, was patented by Charles H. Hersey in 1868.

The date of the first nutating-piston or disc meter is not clear. Limited patents on
this type were issued in 1887 and 1888, and Patent 486,992, issued in 1892 to J.A. Til-
den, covered features of a flat-disc meter. In that same year, two companies that are still
in the meter business today were organized, one to manufacture conical-disc meters and
the other flat-disc meters. A third company was already making conical-disc meters.

All these manufacturers had problems with hard rubber discs breaking at fast
flows. One solution, developed by John Thomson in his Patents 476,102; 485,437 (1892);
and 535,641 (1895); was for a thrust roller to control the circumferential thrust of the
disc in its movement and thus prevent jamming of the disc against the diaphragm at
the slot. This method continues to be widely used.

Another approach was to mold a metal reinforcement into the hard rubber disc
section of the nutating piston. The diaphragm was then used as a thrust plate to pre-
vent rotation. In all these designs, the disc section (whether flat or conical) was made
as thin as possible to reduce weight; however, this necessitated a very close fit between
the edge of the disc and the chamber wall to minimize slippage. In 1892, G.B. Bassett
designed and began manufacturing %s-in. (15-mm) conical-disc meters with the disc
section Y4-in. (6-mm) thick, instead of %52 in. (2 mm) or less. He found the added weight
to be no apparent disadvantage, but the greater thickness gave a more perfect capillary
seal against slippage for a given clearance. A reinforcing plate was later added.

The early use of meters was largely in the north, where freezing troubles were fre-
quent. In cold weather, many homeowners drained water pipes at night. The conical-
disc meter was favored at this time, because it could be drained more readily than
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16 WATER METERS—SELECTION, INSTALLATION, TESTING, AND MAINTENANCE

the flat-disc type. To prevent frost damage when pipes were not drained, two features
were developed. John Thomson’s Patent 520,197 of 1894 covered a breakable frost bot-
tom to be “blown out by the expansive action of freezing.” His Patent 771,337 of 1904
covered the use of bolts that would “break, strip or yield resiliently” under pressure
greater than normal but yet within the strength of the casings.

Protection of the reducing gear train against wear by enclosing the gears
in a grease-filled chamber came into widespread use following World War I. The
grease-filled chamber was actually a very old device. The French Nasch meter of 1885
had this feature, as did the English Siemens. Other early patents implied it, without
claiming the chamber as invention. The oil-enclosed gear train remained standard
until the advent of magnetic-drive meters between 1958 and 1960.

New magnetic materials that retained a high magnetic power indefinitely and
were inexpensive were developed, which led to a major change in small-meter design.
In the late 1950s, the magnetic drive was developed by several companies, most of
which used small four-pole, and later two-pole, usually round, ceramic magnets.
(Details are described in chapter 6.) The use of these magnets eliminated the stuffing
box and gear train, transmitting the motion through the top of the bronze casing by
magnetic flux. By 1970, almost all small meters built in the United States and many
large ones were of this design (Figures 1-14, 1-15, and 1-16.) Present standards for
displacement meters are ANSI/AWWA C700, Standard for Cold-Water Meters—Dis-
placement Type, Bronze Main Case; and ANSI/AWWA C710, Standard for Cold-Water
Meters—Displacement Type, Plastic Main Case.

Multijet Meters

Multijet meters were first designed and produced in Germany beginning with Siemens
& Halske in 1867. At least one US meter manufacturer marketed a multijet meter in
the late 1920s and into the 1930s for export, primarily to Latin American countries.
They have been available to the US water industry since the early 1960s.

Multijet meters are manufactured in two basic designs, classified as wet- and
dry-register models (see Figures 1-17 and 1-18.) The introduction of magnetic drives
for meters has made the dry-register meter more prevalent. The multijet meter uses
the inferential measuring element principle.

Tangential openings in the chamber direct the water flow across a multivaned
rotor. The output speed of the rotor is proportional to the quantity of water passing
through the measuring chamber.

This meter has a permanently sealed register unit with no changeable calibrating gears.
Figure 1-14 Displacement-type oscillating-piston meter with magnetic drive
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