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ABSTRACT

This manual provides guidance for UWilities Metering.
Chapter 1 gives a broad overview and chapter 2 explains how
to develop a netering program Different types of netering
are discussed in chapters 4 through 7.



FOREWORD

This publication provides information about conprehensive energy
measuring and control systens which can be used to develop and inpl enent
energy management programs. The scope of the manual is limted to systens
that meter flow ng liquids, gases and electricity.

For maxi mum benefit this manual should be used in conjunction wth
equi pment manufacturers’ manuals, parts lists and draw ngs.|ln case of
conflict, manufacturers’ reconmendations on use, care, operations, adjustnment
and repair of specific equipment should be followed. The manual is intended
for use by facility energy officers, supervisors and maintenance personnel

Addi ti onal i nformation concer ni ng procedures, suggestions,
recomendations or nodifications that will inprove this manual are invited and
shoul d be subm tted through appropriate channels to the Commander, Naval
Facilities Engineering Comuand, (Attentior€ode 165), 200 Stovall Street,
Al exandria, VA 22332-2300.

This publication has been reviewed and approved in accordance with the
Secretary of the Navy Instruction 5600.16A and is certified as an officia
publication of the Naval Facilities Engineering Conmand.

C. M Moot

C. M MASKELL

Captain, CEC, U S. Navy
Deputy Conmmander for
Public Wrks
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SAFETY SUMVARY

Safety is a primary consideration when operating, inspecting, or
maintaining any of the systens addressed in this publication.

The first essential step is to read and understand publications
associated with the systens and equipnent being used. These manuals explain
safe and accepted ways of installation, startup, operation, inspection,
mai nt enance, renoval, and shutdown. If you do not understand what you have
read, DO NOT attenpt to performthe intended task; get guidance from your
supervi sor.

The following general safety notices supplenent the specific
warnings and cautions appearing elsewhere in this manual. They are
recomended precautions that nust be understood and applied during operation
and nmai ntenance of the equi pment covered herein. Should situations arise that
are not covered in the general or specific safety precautions, the comanding

officer or other authority will issue orders as deemed necessary for the
situation.

The follow ng safety rules are enphasized.
GENERAL

An injury, no matter how slight, should never go unattended or
unreported. Always get first aid or medical attention immediately
Shoul d an individual stop breathing, initiate resuscitation
imediately. A delay could result in loss of life

. Al'l signs, markings, and tags that pertain to safety neasures shall be
di spl ayed promnently.

. Al'l maintenance operations shall conply with Navy Safety Precautions
for Shore Activities and Navy Safety Standards

. Al'l personnel should be trained and qualified in cardiopul nonary
resuscitation (CPR).

e Al personnel should wear safety shoes

. Al'l personnel should wear clothing appropriate to the job being
performed. Elimnate |oose clothing, which can get caught in
machi nery.

. Wear hardhats when required

. Al'l personnel should wear eye and ear protection prescribed for the
task being perforned.



« DO NOT WORK ALONE. At |east one other person should be on hand to
provi de assistance, if needed.

« Use the correct tool for the job.
« Fol | ow | ockout and tagout procedures prescribed.

ELECTRI CAL WORK

e Do not wear jewelry, including rings, bracelets, necklaces, or wi st
wat ches

o« Do not wear jackets with netal zippers.
o Do not use netal |adders.

o« Do not take short cuts. Follow all the steps recomended by equi pnent
manuf act urers.

e« Be sure that rubber gloves are inspected and air tested on a regul ar
basi s.

o« Use insulated tools and grounded equipment. NEVER USE screwdrivers or
other tools with metal shanks extending through the handle.

o Use and observe tags and |ockouts on circuits being worked on.

VWARNI NGS AND CAUTI ONS

Warnings and cautions appear in equipment manuals. A WARNING is a
situation which, if not observed, may cause |oss of data, destruction of
equi pment, or mutilation or death to personnel. A CAUTION refers to a
situation which, if not observed, may cause errors in data, damage to
equi pnent, or injury to personnel

The warni ngs and cautions which appear in this manual are repeated here
for enphasis and reinforcenent of their need to be observed explicitly. The
numbers in the parentheses at the end of each itemindicate the page on which
it appears; for example, (4-15) refers to page 4-15

WARNI NGS

Suitabl e eye protection nust be worn while sw tching or when otherw se

opening circuits where an arc or flash is possible, to avoid eye injury.
(6-33)

Wear rubber gloves while working on energized circuits, on any series
conductors, or in a Danger Zone, to avoid electrical shock. (6-33)



VWARNI NGS

Wear rubber gloves while handling any itens in contact with, or likely to
contact, energized wires and when using live-line tools, to avoid
el ectrical shock. (6-33)

Di scharge any possi bl e capacitance charge in disconnected cables to avoid
accidental arc or discharge that mght cause injury. - (6-33)

Use proper type and size of fuse puller to avoid unexpected actions and
risk of possible injury. (6-33)

Do not work on energized circuits unless absolutely necessary. If work

must be done, another qualified person nmust be present with instructions
to reenergize circuit if anything unforeseen occurs.  (6-33)

CAUTI ON

Any shock, excess jarring, tipping, or turning upside down of the meter
or regulator may cause internal damage, resulting in failure or inproper
nmeasurement.  (2-10)

Installing meters in a tilted position may cause inaccurate neter
operation and registration. (2-12)

Never short-circuit the secondary termnals of a POTENTIAL transforner
It is possible that a heavy-current flow will damage the windings. (6-21)

Never allow the secondary of a current transformer to be open circuited.

X
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CHAPTER 1. OVERVI EW
Section 1. | NTRODUCTI ON

1. BACKGROUND. Prior to the 1970's, energy was inexpensive. Consequently,
these costs were often ignored. In that era of energy affluence, inefficient
practices developed. On nmilitary installations, the problemwas further
conpounded by a general lack of netering systems. The Departnent of Energy
reports that prior to 1973, the energy costs of a typical netal fabricating
conpany totaled one-half of 1 percent of the total operating budget. By 1980,
energy costs rose to 10 percent of the total operating costs and in other

i ndustries, energy consuned as nuch as 25 percent of the operating budget.
Wth energy rivaling, or in sone instances exceeding, other mgjor cost
categories, attention focused on ways to reduce the staggering expenses.

Nurrer ous prograns designed to elimnate energy wasteful operations and inprove
efficiency were inplenented nationwi de. This manual enphasizes the essential
role of meters in energy management prograns.

2. WHY METER  Metering is a nmanagenment tool that points the way to efficient
use of utilities. Wthout metering, utility nanagers nust depend on estimates
and nodels to determne effectiveness of their utilities systems. For
exanpl e, by metering, nanagers can identify energy waste or questionable
practices, determine if steamand electric distribution lines are properly
sized, and ascertain if transformers are inproperly utilized. Metering

pi npoints equipment in need of repair or that Is being used ineffectively.
Intelligent use of information generated by netering can result in savings of
both energy and dollars. ldentifying and elimnating operational practices or
equi pment that waste or inefficiently use energy will contribute substantially
to successful energy management prograns.

2.1 ldentifying Energy Users. Many studies have been conducted to eval uate
the use of neters versus “flat rates.” These studies typically conclude that
| arge savings can be achieved by netering energy use. An electric utility
conpany in the Sout hwest found energy use decreased approxi mately 40 percent
when flat rates were elimnated and individual meters installed. As a
corollary, individual meters in an apartnent conplex were elimnated in favor
of a master meter and energy consunption doubled. Not all studies identify
such dramatic results, but they clearly show a potential exists for
significant savings if the user is accountable for the energy he consumes

3. REDUCING COSTS. Alnost all electricity supplied by utility conpanies,
because of its extensive use, offers potential dollar savings. Qher energy

systems such as steam high-tenmperature water, and natural gas also offer
opportunities for savings

4. ELECTRICITY MANAGEMENT. Electrical energy costs are high and are expected
to escalate. This nakes it mandatory that energy saving procedures be
Inplemented. This task is nore conplicated than nmerely using |ess

electricity, although lower consunption reduces cost. Since billing
procedures are often extrenely conplicated, it is inperative that a conplete
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billing schedul e be obtained fromthe utility conpany serving the
installation. Once it is analyzed to determ ne what the conpany is charging
for and why, it is possible to evaluate which changes in procedures and

equi pment that will achieve savings. Normally, electric utility conpanies use
three major elements tobill:

« Demand

« Power Fact or

« Total Energy Used
Dependi ng upon specific billing practices, other factors, usually of |esser
inmpact, add to basic billing charges: fuel adjustnent charges, time-of-day
factor, seasonal rate charges, etc
4.1 Demand. Demand is electrical power measured in kilowatts required by a

specified consumer. Denmand is usually metered at specified intervals during
the day.

4.2 Power Factor. Power factor is the ratio of power used to power
supplied. For alternating current, the ratio normally ranges fromO0.75 to
0. 95.

4.3 Total Energy Used. Electric energy is the anmount of electric power used
over a period of time. Miltiplying electric power by hours of use equals
total energy used in kilowatt hours.

5. STEAM MANAGEMENT. Steam costs typically rank just bel ow el ectrical energy
costs. The cost of steam in recent years, has increased by an order of

magni tude. Its continued escalation provides a powerful incentive to pursue a
steam managenent program In 1985, steamcosts at naval installations varied
from $8.00 to $16.00 per million British thermal units (MBTU). Leaks in a
steam distribution system are costly. Table 1-1 shows the cost of various
sized leaks in a steam system pressurized to 100 pounds per square inch gauge
(psig) with steam production costs of $10.00 per MBTU. Wthout adequate steam
netering, it may be difficult to identify and locate areas of waste. Leaks in
overhead steam lines usually can be |ocated as the escaping steamis visible.
However, when insulation is damaged or mssing, the heat |osses can be

consi derabl e al though the cause may not be so obvious. Leaks in underground
steam mains are another problem often difficult to correct. Another comon
cause of wasted steamis malfunctioning or incorrectly specified steamtraps.
A conprehensive steamtrap program may give the highest payback avail abl e.
Manuf acturers’ manual s shoul d be consulted for suggested inspection frequency
and maintenance practices. Additional waste occurs when buildings are
overheated, and the excess heat is vented through wi ndows and doors. Such

| osses must be identified and elimnated.
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TABLE 1-1. Cost of Steam Leaks at 100 PSIG

SIZE OF MBTU OF |TOTAL COST | TOTAL COST
LEAK STEAM LOST| $/MONTH* $/YEAR*
1/2" 836 8,360 100,200
7/16" 637 6,370 76,440
3/8" 470 4,700 56,400
5/16" 326 3,250 39,000
1/4" 210 2,100 25,200
3/16" 117 1,170 14,040
1/8" 62 526 6,300

*Steam costs $10.00 per million BTU

5.1 Steam and Fluid Metering. Steam too often, is netered only at the point
of production. For netering to be effective, neters are also required at the
plant, in the distribution system and at the points of consunption. This |,
di spersed netering i s necessary to meet the objectives of netering:

«Deternmine plant efficiency

eDetermne distribution system efficiency

« Manage the system

eTO bill wusers
5.2 Fluid Meters. The use of fluid neters to monitor steamis preval ent.
The various fluid meters are categorized by their operating principle:
positive displacement meters, differential pressure meters, velocity meters,

and open channel neters. Paraneters netered are flow rate, velocity,
tenperature, or pressure at specific places and tines.
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5.2.1 Cost Considerations. Wen deciding to neterthe following itens are
some of the cost considerate.c]ns which must; nust be addressed:

«VWhat fluid(s) are to be netered?

«VWhat information is required?

« VWhat type neter will best provide the information?

«\Wat is the initial cost of each neter?

«\What type of installation-permanent or tenporary?

« What special equipnent is required for installation?

«WIIl shutdown of the system be necessary for installation?
«VWhat ancillary or transm ssion equipnent is required?
« How often and to what extent is maintenance required?
« How nuch energy | oss accrues from netering?

«\What are personnel and training requirenents?

6. OTFHER ENERGY MANACGEMENT. Hi gh-tnperature water, natural gas, potable?

wat er, and wastewater represent systens that cost less than either electricity
or steam however,costs are not insignificant.Metering prograns should be
initiated to determne how effectively these systens are being used and what
savi ngs can be obtai ned.

6.1 _Hi gh-Tenperature Water.Hot water is frequently enployed in applications
closely related to steam Meters nay introduce problems in a hot water system
that do not apply to a steam systemven though many neters can be used in
either system For exanple, neter induced pressure drops in a

hi gh-tenperature water system can be critical if not accounted for in the
original design. Should orifice neters be retrofitted in a systemthat was
not initially designed for themt is possible that the difference between
the working pressure and saturation pressure of the fluid, sonetines called
the antiflash margin, could disappearShould the water flash to steam

results could be catastrophic,Therefore, it may be necessary to enploy only
meters that operate with very low or zero pressure drop

6.2 Natural Gas. Since natural gas is often used for- heating purposes
individual. meters may result in proportional. savings as is the case with
electrical energy when flat rates are termnated in favor of individua
neters , Thernostats normally are installed in conjunction with a natural gas

heating system
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6.3 Potable Water. Mnaging use of potable water does offer opportunities to
conserve dollars. Simlar to the situation with individual natural gas

meters, installation of individual neters offers management an opportunity to
establish and monitor goals. Mjor points of water |oss can occur industria
processes and breaks in water mains. Additionally, in buildings used by large
numbers of individuals, the aggregate effect of |eaking faucets, valves, and
toilet malfunctions result in sizable losses. In these instances, netering
wll help to detect and correct wasteful practices.

6.4 Wastewater. Meters used in wastewater systenms are determned by the type
of effluent and usage of the treated product. Meters determne the anount of
fluid entering the processing plant and verify changes in the volune trends.
Wth the advent of stringent effluent standards, nanagement nust eval uate ways
to reduce the volunme and inprove the quality of plant discharge. If the
volume of the fluid to be treated is accurately known, the anounts of
chemcals to be added for co-precipitation or exchange processing of the
effluent can be determned nore accurately.
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Section 2. PURPCSE OF TH' S MANUAL

1. INTRODUCTION.  Al'though many energy saving activities have been initiated,
the inportance of metering is not understood by many energy managers. It
seems obvious that an energy accounting systemis essential for control and
eval uati on of an managenent program however some programs have relied heavily
on intuition and estimates to measure progress toward management goals.

Energy surveys conducted by special teams have found that such progranms
frequently lack the accuracy necessary for a well-run, conpetently managed
energy program Actions taken as a result of incorrect assunptions are no
better than hit or mss decisions. This manual enphasizes the need for
adequate netering and conprehensive energy management prograns.

1.1 Structure of Munual. Chapters 1 and 2 present an overview of energy
managenent and netering prograns. The inportance of selecting appropriate
energy measuring equipnment and its effective use, together with installation
criteria, maintenance requirenents, and establishing a viable energy
managenment program are sunmarized. The remaining chapters discuss the types
of meters under each mmjor category and include the advantages and

di sadvant ages of the neters, reconmended applications, installation
procedures, and naintenance requirenents.
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Section 3. DEVELOPI NG AN ENERGY MANAGEMENT PROGRAM

1. DISCUSSION. Energy conservation is a major part of all energy managenent
programs, which strive to inprove productivity, reduce energy expenditures,
and assure an adequate supply of energy. Although the programis conposed of
many el enents, nmetering is the key to a successful program Figure 1-1 is an
exanple of the repetitious nature of the processes involved in an energy

management program The follow ng paragraphs describe steps needed to
i mpl enent an energy management program

1.1 Overview. An energy manager is interested in the economcs of utility
usage. Conservation alone usually does not elimnate waste--it only reduces
it. In energy managenent, the prime questions are: what energy isS being
used; where is the energy being consumed; when is the energy being consumed
and to what extent; and howis the energy being consuned. Answering these
questions allows the energy manager to make decisions on replacement, repair
and mintenance that will naxinize energy savings. The nost efficient way to
obtain the answers is through metering, which highlights inproperly sized
equi pment, poorly functioning equipnent, systemlosses, and inefficient
scheduling. As an exanple, if a transforner is oversized for its |oad
requirements, energy is being wasted. Metering the transforner is an
effective neans of establishing transforner |oad requirenents

1.2 Managerial Philosophy. In organizing the program the nanager must seek
the active support of those in charge of the installation and enphasize the
inportance of netering. Program objectives nust be clearly defined and
progress toward goals adequately publicized. It is extrenely inportant to
obtain conmtnents fromindividuals responsible for inplenenting the program
at the working level. Team effort is also necessary to achieve goals. As the
program evol ves, it naY be necessary to restructure the organization or change
procedures. This should be done promnptly to naintain program nonentum And

finally, adequate procedures and resources nust exist to nonitor and respond
to the netering information.

1.3 Initial Actions. As soon as possible, obtain or make a diagram of energy
systens at the installation. The diagramshould identify the source and maj or
points of energy utilization and, if available at this stage, known energy -
|osses. Diagrams can be refined as additional information becomes available.
If all energy users are identified on the diagram a careful evaluation may
suggest optimum points for metering devices. To establish baseline values, it
wi Il be necessary to conduct an energy audit that accounts for each type of
energy flow through the installation. [Initially, the accuracy may not be
adequate to identify all energy saving opportunities but as experience and
records are amassed, this deficiency can be corrected
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1.4 Mninize Costs. After deciding where meters will be located and what
physical properties will be measured, neter selection charts should be used to
eval uate possible choices. After tentative meter selections have been made,
manuf acturers can provide information which will aid you in deciding on the

final selections from the standpoint of total cost, derived information, and
conpatibility with future devel opments.
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CHAPTER 2. DEVELOPI NG A METERI NG PROGRAM
Section 1. METER SELECTI ON

1. METER SELECTION.  Selection of metering equi pnment consists of nuch nore
than purchasing a neter conpatible with the systemto be metered. Selection
of metering equipnent for electricity is greatly sinplified as the operating
principles of electrical netering devices exhibit little variation conpared to
fluid netering equipnent. Purchasing electric nmetering equi pnent basically
requires an identification of neasurements to be nmade, the parameters of the
system a decision on remote netering, and selection of a meter that fulfills
these requirenents. Metering of fluid systens requires additional effort
Figure 2-1 is an exanple of the systeminformation necessary to optimze a
fluid type nmeter selection. Figure 2-1 used in conjunction wth Table 2-11is
an exanple of an iterative process for proper neter selection. Another

sel ection method recommends the factors shown in Figure 2-2. \hatever
criteria selected, they must be tailored to the specific installation to
ensure that any problens are fully highlighted in the process. The

i ndi viduals involved in the selection process must be know edgeabl e of the
sources to be nonitored, the information required, and the capability of the
nmeters being evaluated. Another major consideration is the purpose of the
nmeter: control or accountability. Once the information contained in figures
2-1, 2-2, or other criteria is available, a tentative nmeter(s) selection can
be made. At this point, manufacturers of this type neter should be
consulted. Al though nost manufacturers provide extensive cooperation, their
cl ai ms shoul d be thoroughly evaluated to insure that a particular choice is
optimum for the intended application.

1.1 Permanent and Portable Meters. In establishing an energy managenent
program the use of permanent or portable nmeters shall be evaluated. Meter

| ocations nust be evaluated individually to ensure accounting for all factors
pertinent to meter installation and maintenance

1.1.1 Fluid Meters. Intrusive flowreters, particularly differential pressure
and positive displacement types, always have sonme degree of pressure |oss
associated with their operation. Consequently, if continuous data recording
Is not required, portable insertion meters may be used for tenporary
metering. If continuous metered data is required, but pressure losses are a
concern, non-intrusive neters should be considered, despite their greater
initial costs. Because npbst permanent neters are pipe size specific, costs
increase in proportion to pipe size. Insertion neters do not generally
increase in price as pipe size increases, and are generally nore econom ca
for larger pipe sizes. Figure 2-3 shows a cost conparison of a permanently
installed orifice plate meter versus an insertion type neter. Typically, the
cost advantage crossover occurs between the 6- to 8-inch pipe size

1.1.2 Electric Mters. The usual distinction between panel (pernanent) and

portable electric meters is whether they are fastened securely to the facility
or capable of being hand carried. Mst electric neters are made in both

2-1



FLOW MEASUREMENT

PROBLEM

[
O
. w
-, 1
= < o
o—:uz -
XD E > o
WX O o
XWXt X o
-——>‘ SOwatLS
w B obmrt DY Ve
w —>ZS 00— wa
a2 na—ona a—
Fuidlar o
3; —_—NEaw land
[- W)
>t *
[
=z Z 2
o © O
Fl = = E 2
x|l 2 a4 & & Sz
w o 00 w lg o O
(a) < IO—D o — —
= — = = OO
N Tt 0w o0 ad ot et bad e
Z 1 Soo-s b= x Z Z 1 Fowas
Q <T<E OFQO Q Qo< ——
o no8hs P w < o O CrSXw<
o Su>Zzo ] T —SNo-aa
g g £
T 1
[}
-
w @
= 3
03 &=
&= RS
I’—N '
b4 =z
elz ¢ =
>3 ] o =
<€ s b < Bosa
el 2 252 o ox X0
w O >wWaO w —=vi
Q1 L2533 o wowwoo
(7] coxx oo (7] KO
< >o28 = 4 N sax<D
=22 O =i
o] —oOoC<xnu O (o} wnawwng
O L LS etad s w O wo
13 TETESS0 3 Y & X il oo
o oOw w Bem _it20.0.
DO T U WO
Z <—i—Caan o« E
N ©
’ w
]
w )
- VY
=t O —
£2 2
> rmw
—t—
z
“w W Hang
r_’ SwXx o - :2 :
< oExE = < <l
o e = e o P st e
aZuix
wi °gz J 81 =.z&v
(@] Q Swz
waE o — O s O =
o Or-w =5 [72] D =z
4 »Lne < - =z i W
F EEASE 8 o oDoVUX
Ll emd d
W e
Of =xgz¢ ¥, O | =33
] 2essE i = I rdwint
- L ~
wn
s o) [} (;)
25‘ w I.IJ>_ .
- - o P !
-t OL2"00nC
e w3InE " zw
o A\t p =
— e IR Y
wowwya
NS+

DUC
TYPE

CT

REJE

REJECT

REJECT

2-2

Iterative Approach to Flowmeter Selection

FIGURE 2-1.



10.

11.

12

13.

14.

15.

What medium is to be neasured?

WIIl meter indications be used for process control or energy
accounting?

What physical measurement will be used to determine the flow rate?
VWhat are accuracy requirements?

Are physical space limtations a factor in nounting the neter and
any associated equi pnent?

Are there any environmental conditions at meter site that would
limt neter selection?

Can the media flow be turned off for meter installation or nust it
be a hot insertion?

Must meter naintenance be acconplished with the line hot?

Wiat range of flow nust be measured currently and what is predicted
flow in the future?

Wl data be obtained by direct reading or remote monitoring? I|f
direct reading, is renote nonitoring contenplated in future?
Ensure neter is conpatible.

Is the nedia flow steady, intermttent, or pulsating? Is there a
full pipe flow?

Can a portable neter be used that will provide adequate
neasurements and what are the cost advantages?

I dentify potential neter selections that meet the requirenents
l'i sted.

Contact several manufacturers for recomendations.

Ensure such recommendations al |l ow conpari sons between various

candi dates pertaining to purchase and installation costs
operational limtations, maintenance requirements, training

requi rements, costs related to operation of the neter in the media

(pressure drop), and all other factors inportant to the specific
installation being evaluated.

FIGURE 2-2. Alternate Factors for Meter Selection
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ECONOMIC COMPARISONS
(INVESTMENT-INSTALLATION-MAINTENANCE)
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PIPE DIAMETER

FIGURE 2-3. Flowneter Type/ Cost Conparison

panel and portable nodels. The following list indicates nodel availability.

« Ammet er s- - panel and portable.

o Ki | owat t hour - - panel and portable.

« Mul tineter--portable.

« Power factor neters--panel and portable.

« Vol t net ers--panel and portabl e.

« Vatt/demand neters--panel and portable.
1.2 Increnental Installation of Metering Systens. |If the management plan
envi sions a conplete netering system consisting of netering devices, data
recording, and central or remote control capabilities, it is probable that the
system wi || have to be installed on an incremental basis. [|f so, the meter
criteria (figures 2-1 or 2-2) nust take this into account to ensure equi prent

for each phase is fully conpatible and interfaces with the conmponents required
to conplete the system
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Section 2. METERING CRITERI A

1. METER INSTALLATION CRITERIA. Meters and ancillary equi pment should be
installed in new or retrofit construction to facilitate nanagenent of
utilities. Meters shall be installed when the followng criteria are net

(a) New construction—New facilities should be provided with electric
water, and natural gas meters, as appropriate. Steam meters should be
provided for new facilities where the annual energy cost conponent of steam
will exceed $50,000.

(b) Energy retrofit programs--Meters shall be installed on Energy
Conservation Investment Program (ECIP) projects if the total project SIRis at
| east 2.5, including the cost of the neters, and if the cost of the meters
does not exceed 10 percent of the total cost of the project. Meter costs
shall include both hardware and installation. If neter installation cannot be
cost-justified for one facility, combining a nunber of facilities in the
analysis may warrant meter use. For Energy Technol ogy Applications (ETAP)
projects, neters should be included if desired by the activity and C ai mant
Figure 2-4 is an exanple of how to evaluate a nmeter installation using these
criteria.

(c) Energy-Converting Devices: All energy-converting devices with
outputs greater than 20 MBTU hr or 1,000 kW such as boilers, turbines, and
generators, shall be netered. Metering both input and output is desired, but
where cost considerations linit nmetering to input or output only, select the
most useful and cost effective

(d) Customer Requirements: Meters may be installed at the custoner’s
request for energy accountability or for project validation.

(e) Public Wrks Center (PWC)/Public Wrks Department (PWD)
Requirements: Meters shall be installed by the PAWC/PW for billing and energy
managenment .

(f) Preinstalling Meters: Hardware and plumbing may be installed so that
portable meters can be used later. If criteria to install permanent neters
are not nmet, the criteria shall be reapplied for portable nmeter
preinstal lation. Portable neters can then be installed for spot checking and
profiling. Portable meters can also be used to deternine whether proposed
nmeter sites neet criteria

2. METER LOCATION CRITERIA. Meters nust be in strategic locations that wll
provi de energy managers with adequate information to control their utility
systems. They shall provide information to determ ne when |oad shedding is
required, identify situations where energy |osses can be avoi ded, verify that
procedural changes will result in decreased utility costs, and allow netering
of tenants. In selecting locations, preference shall be given to |ocations
that are clean, well-lighted> and mnimize damage possibilities. It is also
inportant to select sites where excess heat or other potential causes of
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Example:

A project is approved to replace 50, 1,000-watt mercury lamps with 50,
400-watt sodium lamps in a hangar. Project cost is $10,500 with discounted
benefits of $34,969 (project information). Determine if a meter can be
included in this project within the quidelines of paraqraph 1 (b).

Procedure:
A. Compute SIR, both with and without a meter, and evaluate results.
B Calculate cost for the completed project and ensure meter costs are
equal to or less than 10% of this value.

C. If preceding step is unsuccessful, reevaluate, combining additional
facilities.

Known:

Cost of installed meter is $2,000.
SIR = Discounted Benefits/Project Cost; SIR must be greater than 2.5.

Procedure A: SIR Test:

SIR (No meter) = $34,969/$10,500 = 3.33 SIR of 3.33 2.5
SIR (With meter) = $34,969/$12,500 = 2.80 SIR of 2,80 2.5
SIR remains greater than 1; project will not be jeopardized by meter.

Procedure B: Calculation of 10% Criteria:

Since the meter cost ($2,000) is greater than 10% of the project cost
$1,050) a meter can not be included in this project,

Procedure C: Meter Justification for Entire Hangar:

Excluding electric costs for the lamps, the daily energy load is
determined to be 60kW for 8 hours and 35 kW for the remaining 16 hours.

Costs per year: 1,040 kWh/day x 260 days x 0.06/kWh = $16,224
$16.224 + $4,992 = $21,216
10% x $21,216 = $2,121

$2,121 is greater than $2,000 (meter cost); therefore, one meter for the
entire hangar is justified as it meets both the SIR and 10% criteria,

FIGURE 2-4. Application of 10 Percent and SIR Criteria to Meter Projects



faulty readings are absent. The fol |l ow ng paragraphs contain recomended

| ocations for meter installation; however, if unusual circunmstances exist,
sone deviation is acceptable providing the netering results do not degrade the
utility manager’s capability to effectively manage

2.1 Electrical Uilities. Mter locations are as foll ows:

(a) Meters shall be located at sources of supply, major substation
feeders, major loads (piers, industrial |oads, and hospitals), and |ocations
where tenant activities can be metered

(b) Metering shall have the capability of nonitoring demand in
kilowatts, and total energy in Kilowatthours.

(c) Meter taps shall be installed at strategic |ocations so that portable
meters can be used to monitor |oads for short intervals.

2.2 Steam Wilities. Meter locations are as follows:

(a) Meters shall be located at sources of supply, the supply end of
trunklines, major loads (piers, industrial |oads, and hospitals), and
| ocations where tenant activities can be netered

(b) Trunkline neters shall be of the turbine nmeter type and have the
capability to conpensate for pressure and tenperature.

(c) Meters taps shall be installed at strategic locations so that
portable meters can be used to nonitor loads for short intervals.

2.3 Gas Uilities. Meters shall be located at sources of supply, mgjor |oads

(industrial |oads and hospitals), and | ocations where tenant activities can be
noni t or ed

2.4 Water Uilities. Meters shall be located at sources of supply, ngjor
| oads (industrial |oads and hospitals), and |ocations where tenant activities
can be netered.

3. PRIORITY OF METER INSTALLATION. Meters shall be installed on a priority
basis, that rank projects according to the potential savings of utility
dollars. Although installations nust be evaluated individually, a typica
Installation would rank energy costs as follows, which in turn establishes
priority ranking for neter installation:

(a) Electricity (d) Natural Gas
(b) Steam (e) Potable Water
(c) H gh-Tenperature Water (f) Wastewater
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Section 3. MAI NTENANCE

1. MAINTENANCE AND MAI NTENANCE RECORDS. Since any netering programrelies on
accuracy of the information derived, a namintenance, inspection and calibration
program nust be established. Meters must be tested and calibrated prior to
installation and subsequently on a schedule recomrended by the manufacturer
Meters nonitoring energy sources entering the facility must be calibrated at

| east annually. Figure 2-5 is an exanple of a maintenance record form for
utility meters. This formcan be revised to provide salient information for
other types of meters. Skilled technicians nust be assigned to maintain and
service meters and auxiliary equipment. Personnel without specialized
training nust be discouraged fromtrying to correct any problems encountered
due to the high cost of this equipment. |If skilled maintenance enpl oyees are
not available, one alternative is a maintenance service contract

2. CALIBRATION RECORDS. Records of all nmaintenance, inspection, and
calibration actions nust be kept to verify the status and accuracy of the
meter. Historical records should be reviewed to determ ne whether calibration
is performed frequently enough to maintain meters in good working order
Certain applications may be critical and require nore frequent calibration.
Conversely, historical records may show that the neters do not need
calibration as frequently as presently schedul ed.
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11-2

MANUFACTURER SERIAL NO MAKE MAKE SIZE
DATE INSTALLED STYLE
INSINUATION RECORD TEST AND REPAIR RECORD
SEASONS
INSTALLED FOR DATE FUN | METER | MAX | %ACCURACY % ACCURACY COST OF REPAIR TESTED
DATE RDG LOCATION REMOVAL DATE RDC FLOW [ FLow FLOW BEFORE AFTER MATL LABOR BY REMARKS
FI GURE 2-5. Example of a Maintenance Records Form




Section 4. RECORDKEEPI NG

1. METER DATA. In evaluating the progress of any energy managenent program
a chronol ogi cal record of performance nust be retained for reference and
conparison purposes. Mst neter recording devices print information on either
a strip chart or as a colum of al phanuneric symbols. Numerous conputer
prograns are available that calculate and display trends, variations, and
progress toward final goals. If a conputer is not available, information can
be conpiled using a handheld calculator. |f nmeters are not equipped with a
recording device, it will be necessary to determne how often the meter
information shall be recorded. A formnust be devel oped (Figure 2-6) that

wi |l adequately identify and record the pertinent information for subsequent
anal ysis. Recording devices that provide a continual or variable tine
interval record of nmeter measurements are essential to an energy managenent

program but data must be reduced, analyzed, and acted upon regularly to be of
any benefit.

1.1 Data Collection. Data nmust be collected on a regular and consistent
basis. Regular data collection keeps personnel fanmliar with “normal” usage
data and helps create a basis or history of utility consunption. Regular data
collection is essential to prevent backlogs of raw data that nust be reduced

1.2 Data Reduction. Raw data must be reduced to sunmarize metered
information. Tt can be tabul arized, averaged, maximums and m ni mums

cal cul ated, and graphed to show usage trends and denonstrate the val ue of
energy conservation actions. Using statistical techniques, such as multiple
| inear regression, data can also be used to construct utilities consunption
models . Miltiple linear regression produces a utilities consunption nodel
equation by establishing the validity of the relationship between variables
that affect utilities consunption (independent variables) and actual utilities
consunption (dependent variable). By establishing which variables actually
affect utilities consunption, changes in utilities consunption can be
understood and anti ci pat ed.

1.3 Problem Identification. Regular data collection and analysis allows
operating personnel to become famliar with "normal" meter operation and to
recogni ze unusual readings or conditions. This is essential to tinely

mai nt enance.

1.4 Reporting. Metered data serves no purpose if it is not distributed to
personnel who can effect changes. Consequently, each command shoul d establish
a distribution list for meter reports. The distribution list should include

t he commandi ng officer, production officer, public works officer, departnent
heads, and work center and production managers. Command and management

support is an absolute requirement for a successful netering program
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METER RECORD
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FIGJRE 2-6. Exanple of

Formto Record Meter Data
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Section 5.  CERTIFI CATION OF PURCHASED UTILITIES

1. METER CALI BRATI ON CERTI FI CATI ON FOR PURCHASED UTILITIES. Purchased
utilities are a significant cost to Navy activities. Because the utility
conpany usual Iy owns and maintains the utility nmeter, the activity often has
no direct way to verify charges. This problem has been conplicated by the
advent of digital recording meters that provide no visual readout. Follow ng
are nethods of verifying charges for purchased utilities:

1.1 Redundant Metering. Uility bill verification at the 100 percent |eve
can be achieved by redundant netering. This requires installation of Navy
owned neters in series with those of the utility conpany. Depending on
utility service configuration, one or nore neters are required for each
purchased utility. Cost of redundant netering nust be evaluated with respect
to potential benefits before redundant neters are installed. Redundant neter
costs include cost of neters and installation, cost of outages to install the
meters, cost of reading and analyzing the additional meters, and cost of
annual maintenance and calibration

Mbst activities have electric neters at mgjor substations. By calculating
energy bal ance, the activity can verify whether utility charges are correct.
This option is limted to the extent that meters are installed at an activity,
but, because the meters can be used for energy managenent and in-house
billing, this type of redundant nEterin% may be nore cost effective than a
singl e redundant neter. Meters should be sited at major trunks to mnimze
the nunber of meters required.

1.2 Verification by Hstorical Usage Data. Uility bills should be checked

for discrepancies by conparing historical usage rates to present consunption
The follow ng should be considered

(a) Based on past billing records, set high and low limts for utility
consunption and conpare the utility bill to the limts. This is acconplished
by eval uating past data for trends and usage patterns and devel oping a
prediction of what utility consunption should be during a specified interval.
Significant deviation from predicted usage should be investigated. Miltiple
|inear regression techni ques may be useful in devel oping predictions of
utility consunption

1.3 Uility Procurement Contracts. Uility procurenent contracts should be
witten to neet verification requirements. Uility contracts are renewed
yearly and can be modified to achieve this. Contracts should include:

(a) Periodic neter calibration. Calibration should be perfornmed at
yearly intervals, or as required by law. In general, the Public Uilities
Commi ssion requires regulated utilities to periodically calibrate billing
nmeters. Public Wrks personnel should require copies of calibration records
and should have a governnent representative present during calibration to
ensure that standard calibration procedures are followed
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~ (b) An analog display, or data |ogging capabilities should be required on
utility meters to provide for Navy verification of utility meter readings

- (c) Wilities conpanies should be required to upgrade meters to the
m ni mum capabilities needed to accurately nmeter a particular utility. For

exampl e, natural gas meters nust be pressure conpensat ed.
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Section 6. METER TYPES

1. CATEGORIES OF METERS. Meters discussed in this manual fall under two
categories: those used for electric energy and those that neasure fluid flow.

1.1 Electric Meters. The basic meters used in an electric energy nmanagenent
program are:

o Kilowatthour Meter: Measures the total power consumed

e Demand Meter: This meter, usually part of a kilowatthour neter,
measures the average power consunption over specific time periods.

o Power Factor Meter: Power factor neters, |ocated where the main
service enters the facility, permt continual monitoring of the power
factor for the entire installation. The data contribute to conputing
consumer billing.

o Power Survey Recorders and Analyzers: Typically monitor and record
several paraneters such as load power, real power, reactive power
apparent power, power factor, and voltage and current for single-,
two-, and three-phase circuits

o« Ameters: Used to neasure current flow to identify and isolate system
or equi pment energy | osses.

1.2 Steam Water, and Gas Meters. Steam water, and gas flowneters can be
categorized by principle of operation, which yields the classifications

bel ow. Table 2-1 is a conpilation of inportant paraneters for these types of
neters.

osDifferential Pressure Meters: These are the nobst conmon type neters

in use and include orifice, venturi, flow nozzle, and pitot tube.
Used to neasure the difference in pressure between two points in the
system

« Positive Displacenent Meters: Oscillating piston and nutating disk

meters are nost often used in the neasurenent of potable water
Di aphragm neters are used in the neasurenent of natural gas.

«Velocity Meters: Turbine, vortex shedding, electromagnetic, and sonic
design type meters have w despread application.

« Open Charnel Meters: This type of meter is used al nost exclusively to
measure waterflow in open conduits where a full flowis not required.
Characteristically, three sides of the flow are bound by some type
of wall with the remaining side being a free surface. Typical open
conduits include tunnels, nonpressurized sewers, partially filled

pi pes, canals, streams, and rivers. Meters of this type are weirs and
flumes.
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CHAPTER 3.  CONCEPTS OF METERI NG FLUI D FLOW

1. INTRODUCTION.  Selection of the proper meter for neasuring a flowing fluid
(gas, steam or liquid) is often a conplicated process. Know edge of certain

fluid flow fundanentals will help in understanding the operating principles of
various neters and assist in nmeter selection.

2. COWPRESSI BLE AND | NCOWPRESSI BLE FLOAS. Flows in which variations in
density are negligible are termed inconpressible. Density of an
incompressible fluid is not affected by changes in pressure and velocity.
Flow rates of a conpressible fluid are significantly affected by pressure and
tenperature changes. These characteristics nust be considered when measuring
the flow of fluids.

3. MEASURING FLUD FLOW Wth nost fluid flow neasurenment instruments, the
flowrate is determned inferentially by neasuring the fluid s velocity or
change in kinetic energy. Velocity depends on the pressure differential that
is forcing the fluid through the pipe or conduit. Because the pipe's
cross-sectional area is constant, the average velocity is an indication of
flow rate. The basic relationship for deternmining the fluid s flow rate in
such cases is:

Q=VXA

wher e:

Q=flowrate

V = average fluid velocity

A = cross-sectional area of pipe

The equation can be adjusted to determine volunetric, mass, and heat flow
rates. For conpressible fluids, pressure and/or tenperature nust be neasured
to determne the fluid density. This changing density nust be used in the
basic formula to determine a conpensated flow rate.

3.1 Direct Measurenment. Direct neasurenent of fluid flows are made using
positive displacenent neters. These units cannot nmeter steam or other high
tenperature gases. The flowing fluid is divided into specific measurable
units and totalized using nechanical or electronic counters.

3.2 Indirect Measurenent. Differential pressure and velocity flowreters
indirectly neasure fluid flow rates. Many neters in use today operate on the
differential pressure concept. Such neters use the correlation between
pressure and velocity to deternmine the rate of flow This correlation is
expressed by the differential pressure fornula which states that flowis
proportional to the square root of the differential pressure, i.e.,

Q =(dp) /2. For velocity meters the relationship of the continuity

equation, Q =V x A is applied. Velocity nmeters measure velocity at a point
or full bore and calculate flow A correction factor nust be applied to these
meters which results in accuracies of 95 to 99 percent.

3-1



3.3 Turndown Ratio. Turndown ratio, also known as rangability, is the ratio
of the maximumflow rate a neter can accurately nmeasure to the mnimmflow
that it can accurately neasure.

3.4 viscosity. Viscosity, which influences neter selection, may be defined
as the ease with which a fluid flows when it is acted upon by an externa
force. For exanple, water flows nore rapidly froma container than heavy fuel
oil. Under this condition, water is said to have a | ower viscosity than fuel
oil. An analogy for gases is somewhat nore difficult to visualize, but it is
sufficient to know that the viscosity of gases is extrenely small conpared to
liquids. Wien a fluid flows through pipes, viscosity manifests itself as
pressure losses and distortion of the velocity profile.

4. REYNOLDS NUMBER  The Reynol ds Number describes whether a flow will be
laminar or turbulent. The Reynolds Nunber is the ratio of inertia forces to
viscous forces. This dinensionless ratio is expressed as:

R= pVD
u

@D
=

e

Reynol ds nunber

fluid density

average pipeline velocity
inside pipe dianeter
fluid viscosity

'CU<'U:U§_

Fluid viscosity and specific gravity are obtained fromreference tables. Such
tables are available from many sources. Engineering handbooks and
manufacturer’s data are the most convenient sources

4.1 Lam nar and Turbulent Flow The difference between a |am nar and
turbulent flow is shown in Figure 3-1. Lamnar flow is described as a snooth
flowing liquid. It flows in concentric |layers around the center of the
stream The velocity is highest at the center and decreases to the outer edge
of pipes. Laminar flow exists when the Reynolds nunber is approxinately 2,000
or less. In applications with low velocity fluid flows or high viscosity
media, the flowis usually laninar. |f the Reynolds nunmber is greater than
approxi mtely 3,000, the flow is assuned to be turbulent. Turbulent flow as
contrasted with lamnar flow consists of a large nunber of erratic eddy
currents as shown in Figure 3-1. This results in a nmore uniformvelocity
profile fromthe center of the flowto the pipe than is found in a | am nar
flow, however, if the meter is not designed for this type of flow, its
accuracy may suffer. Mst applications involve Reynol ds nunbers above 3,000
due to either high velocity or low viscosity of the fluid. Wen flow ng
fluids have a Reynol ds nunmber between approximtely 2,000 to 3,000, the flow
type is unpredictable. This is known as the transition range and flow range
my be either laminar, turbulent, or a conbination. It should be recognized
that the point where the flow characteristics change is an approxi mate nunber
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FIGURE 3-1. Laminar and Turbulent Flow Patterns

and the boundary values can vary significantly. The Reynolds number is
i mportant because of the inpact it may have on final meter selection.

4.2 Nonstable Flow. A nonstable flow can be defined as a fluid that is
swirling, pulsating, or changed in character by some projection into the fluid
flow or ‘a change in pipe direction. Mst neters are designed to tolerate
smal | amounts of nonstable flow and still register an accurate reading. To
ensure the highest accuracy, all meters specify varying lengths of straight
pipe before and after the meter. These lengths are usually expressed in

nul tiples of pipe diameters. The required length of straight pipe is found by

nul tiplying the pipe diameter by the nultiple listed. Under some
circunstances, it may not be possible to install nmeters with the recomended

| engths of straight piping before and after the neters. If so, the flow
distortions may exceed the ability of the neter to absorb and still return a
reading with the required accuracy. If the velocity profile has been so
distorted or swirl induced to such a degree that neter accuracy is

conprom sed) installation of flow straighteners in the pipe run q ay correct
the situation. Figure 3-2 shows cross-sections of two devices used to
straighten fluid flows. Figure 3-2(a) is a section of pipe that is filled
with straight tubes which will correct nost types of distortions. Figure

3-2(b) is a simlar device except that instead of tubes, a grid device
assenbl ed at 90 degree angles is inserted into the pipe. Some neters may al so
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incorporate a short straightening device in the entrance section of the

neter.  Such meters usually have from4 to 8 evenly spaced radial vanes just
before the meter itself.

4.3 Effect on Installation. Since flow profiles in a pipe are not constant,
meters nust be correctly positioned during installation. Positioning is
specific for each neter and is available from the neter manufacturer.

(a) (b)

/ AN

N /

N

PIPE-FILLED DEVICE GRID DEVICE

FIGURE 3-2. Cross-Sections of Flow Straightening Devices
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CHAPTER 4. PCSITIVE DI SPLACEMENT AND COMPOUND METERS
Section 10 OSCILLATING PISTON AND NUTATING DI SK METERS

1. INTRODUCTION. Gscillating piston and nutating disk are the nost common
type meters used for residential water service. They are essentially equal in
perfornmance and have an excel |l ent conbination of accuracy, long life, sinple
design, noderate cost, and ease of maintenance

1.1 Gscillating Piston Meters.

1.1.1 Meter Design--Oscillating piston neters (Figure 4-1) are available in
nomnal sizes up to 4 inches, with a maximm capacity of 500 gallons per
mnute. The operating and physical characteristics of these meters are listed
in tables 4-1 and 4-2. This type of meter is conmonly used for measuring cold
water, but nodels are available for use with fuel oils and |iquified petrol eum
gas (LPG.

1.1.2 Operating Principles--The main conponents of an oscillating piston
neter are nmincase, neasuring chanber, and register. As liquid flows through
the nmeter strainer and into the neasuring chanber (Figure 4-2) it drives the
pi ston. The piston oscillates around a central hub, guided by the division
plate. The motion of the oscillating piston is transferred to a magnetic
assenbly in the neasuring chanber, which drives a follower nagnet. The
fol l ower magnet drives the register geartrain, which translates the nunber of
piston oscillations into units of total volunme that are displayed on the
register dial. The unit of measurenment nust be specified as either gallons
liters, cubic feet, or cubic neters.

1.2 Nutating Disk Meters.

1.2.1 Meter Design-Nutating disk neters (Figure 4-3) are available in

nom nal sizes up to 6 inches, with a maxi mum capacity of 1,000 gallons per
mnute. The operating and physical characteristics of these meters are |isted
in tables 4-1 and 4-2. This type of meter is comonly used for q easuring cold
water, as well as chemical additives and mxture ingredients

1.2.2 Qperating Principles--The basic conmponents of a nutating disk meter are
mai ncase, measuring chanber, and register (Figure 4-3). As liquid flows
through the neter strainer and into the measuring chanber it drives the disk
(Figure 4-4). Mvenent of the liquid around the measuring chanmber, first
above and then bel ow the disk, inmparts a nutating notion to the di sk (nodding
ina circular path without revolving about its own axis). A shaft that is
perpendi cul ar to the disk extends fromthe top of the central ball of the

disk. As the disk nutates, the top of the shaft noves in a circular path and,
by engaging a crank, operates the meter register. The unit of measurenent

nmust be specified as either gallons, liters, cubic feet, or cubic meters.
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FIGURE 4-1. Oscillating Piston Meter Wth Inlet and Qutlet Valves

2. LIMTATIONS. Rated maxi num capacity for oscillating piston and nutating
disk neters is shown in Table 4-1. Normal flow for these neters shoul d not
exceed approximately one-half of maxinmum capacity. Operating at maxi num
capacity-should be limted to short periods or peak |oads occurring after |ong
intervals. Maxi mum pressure loss for both types is from8.5 to 10.0 percent

of maxi mum operating pressure as shown in Table 4-1. Mechanical drive and
some magnetic drive meters have two changeable gears in the geartrain.

Changi ng one or both of these gears allows the ratio between the notion of the
piston or disk and the register to be calibrated for maxi mum accuracy of
registration. \Wen used for cold water service, the turndown ratio for these
Oeters is approxinmately 80:1, depending upon manufacturer, nodel, and size
Qher limtations are as follows:

« Tenperature limt is 80°F.
e Pressure limt is 150 psig.

elnstallation is permanent.
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TABLE 4-

1.

Operating Characteristics

4-3

Oscillating Piston and Nutating Disk Meters
Maximum
Pressure Recommended* Maximum Number of
Safe Lose at Safe Maximum Disc Nutations or
Maximum Maximum Rate for Normal Piston oscillations
Meter Operatingl Operating Continuous Minimum Test Flow
size capacity capacity Test Flow Limits
(inches) (gpm) (psi) (gpm) (gpm) (gpm) Per 10 Cal | Per Cu Ft
5/8 20 13 10 1/4 1-20 580 435
5/8 x 3/4 20 13 10 1/4 1-20 580 435
3/4 30 13 15 1/2 2-30 333 250
1 50 13 25 3/4 3-50 153 115
1-1/2 100 15 50 1-1/2 3-100 67 50
2 160 15 80 2 8-160 40 30
3 300 15 150 4 16-300 20 15
4 500 15 250 7 28-500 9.3 7
6 1,000 15 500 12 48-1,000 4 3
*See paragraph 2
TABLE 4-2. Physical Characteristics*
Gscillating Piston and Nutating Disk Meters
Meter Length Meter Casing Studs Coupling Nuts Coupling Tailpiece
Pitch Diametef Pitch Diameter
Threaded Nominal Nominal
Meter Spud Flanged| Thread Thread
Size Ends Ends Size min. max. min max. Length Size
5/8 7-1/2 3/4 0.978| 0.988 0.9921] 1,002 2-3/8 1/2
5/8 x 3/4 7-1/2 1 1.227] 1.237 1.242 | 1.252 2-1/2 3/4
3/4 9 1 1.227] 1.237 1.242 | 1.252 2-1/2 314
1 10-3/4 1-1/4)| 1.563| 1.573 1.580| 1.590 2-5/8 1
1-1/2 12-5/8 23 1-1/2)] 1.780| 1.822
2 25-1/4 17 2 2.253| 2.296
3 24
4 29
6 36-1/2
*Inches
Internal threaded studs
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FIGURE 4-2. (Qperating Cycle, Oscillating Piston Meter
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3. INSTALLATION.  Gscillating piston and nutating disk neters nust be
installed in the flow line, upstream of the activity or outlet they are
monitoring. These meters do not require any mninumlength of straight pipe
be installed before or after the meter. \Wen installing a meter, be sure the
foll owi ng checks have been made and the indicated itenms are available.

(a) Check for neter shutoff valve on inlet side of meter.

(b) If extensive line drainage is anticipated, a shutoff valve may be
installed on the outlet side of the neter.

(c) Check for adequate supply of meter connection gaskets.

(d) Ensure that location of neter provides protection from frost,
traffic, or other hazards that may be present.

(e) Ensure that installation is in accordance with direction-of-flow
markings on the meter maincase.

(f) For optinmum performance, ensure that neter is positioned in a
hori zontal pl ane.

If renote reading or electronic transmtting devices are used, install in
accordance with chapter 10 and the manufacturer’s instructions.

4, MAINTENANCE. The followi ng inspection schedul es are adequate for average
installations.

4.1 Mnthly Inspection. In addition to any instructions provided by the
manuf acturer, inspect meters nonthly for the follow ng conditions:

(a) Meter is operating.

(b) Noisy operation (repair or replace neter as required).

(c) Leaks (repair as needed).

(d) Ceanliness of glass cover on register dial (clean as needed).

4.2 Annual Inspection. In addition to the inspections in paragraph 4.1,
inspect nmeters annually for the followi ng conditions:

(a) Ceanliness of meter box, housing, or pit (clean as needed).

(b) Adequate protection from freezing (provide protection at least 1
q onth prior to start of the season).
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4.3 Periodic Inspection. Periodic inspection of meters is required to
determne whether they are neasuring accurately. The time between inspections
shoul d be based on local conditions and the amount of use. The manufacturer’s
representative in any particular area should be famliar with local conditions
and capabl e of assisting in the preparation of a schedule for periodic

i nspection of nmeters.

5. ACCURACY. Accuracy linmts for water meters have been established by

industry. For the neters discussed in this section, limts are based on tests

run at three different rates of flow, maxinum internediate, and nmininum The
accuracy limts for the maxi mumand Intermediate rates are from98.5 to 101.5
percent of the quantity neasured. The limts for the mnimmrate are from95

to 101 percent.
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Section 2. COWPOUND WATER METERS

1. INTRODUCTION.  Conpound neters are essentially two neters within a single
housing. They are normally used in situations that require accurate
measurement of cold water over a wide range of low to high flow rates.

Conpound neters are often used for neasuring water used at apartment or office
bui I dings, hotels, schools, hospitals, and industrial facilities.

1.1 Meter Designs. There are two types of conmpound neter design, parallel
and series. The parallel type has two registers and, if either unit fails,
the trouble can be detected by stoppage of its register. The series type has
only one register. The unit of neasurement nust be specified as either
gallons, liters, cubic feet, or cubic neters. Conpound neters are available
I'n nomnal sizes of 2 to 10 inches, with a maxi num capacity of 2,300 gallons
per mnute.

2. OPERATING PRINCIPLES. The main conponents of a conpound neter are

mai ncase, main |ine measuring chanber (turbine type), bypass measuring chamber
(positive displacement type), conpounding valve, and one or two registers.
Compound neters operate in two nodes; at low flows, only the bypass neter
operate, as flow Increases, the conpounding val ve opens, allowng the neter to

operate at a higher range. In a parallel neter (Figure 4-5), the main line
neter does not operate until the conpounding valve opens. The bypass neter
may or may not continue operating when the main line neter starts up. In the

series neter, when the conpounding valve is closed, water flows through the
bypass neter. \Wen the pressure differential in the bypass neter is great
enough to cause the conpounding valve to open, the main line neter is already
running. The register is driven by a pair of ratchet drives, so that the unit
that is producing g ore registration will drive the register. The main line
unit is not called upon to start fromrest at the changeover point, and thus

| oss of accuracy is avoi ded when the val ve opens. Changeover usually begins
at approximately 5 or 6 percent of maxinumrating of the neter. Operating
characteristics for conpound neters are listed in Table 4-3.

3. LIMTATIONS. Rated maximum capacity for conpound neters is shown in

Table 4-3. Normal flow for these neters should not exceed approximtely
one-hal f of maximum capacity. Operating at maximum capacity should be linited
to short periods or peak |oads occurring after long intervals. Maxinum
pressure loss is 13.3 percent of maximum pressure for all sizes. Mechanica
drive and sone magnetic drive meters have changeable gears in the geartrain.
Changing these gears allows the ratio between the notion of the positive

di spl acenent or turbine measuring chamber and the register to be calibrated
for maximum accuracy of registration. The turndown ratio for these meters
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FI GURE

TABLE 4-3.

4-5.

Compound Met er

Doubl e- Regi st er

Compound Met er

Operating Characteristics

Maximum

Allowable Loss

Maxi mum of Head at Normal
Safe Maximum Rate for Safe Maximum Test
Meter Operating] Continuous Operating Flow Minimum
Size Capacity Duty Capacity Limits Test Flows
(inches) (9pm) (p s i) (9pm) (9 p m)
2 -1 6 0 1/ 4
2 160 8 0 20
4 - 3 2 O 1 2
3 320 160 20 !
6 - 5 0 0
4 500 250 20 3 / 4
10-1,000 1-1172
6 1,000 500 20
16-1,60 2
8 1,600 800 20
32-2,300 4
10 2,300 1,150 20




when used for cold water service covers a range of approximately 70:1 to 100:1
dependi ng upon manufacturer, nodel, and size. OQher limtations are as
fol | ows:

« Tenperature limt is 80°F.
ePressure limt is 150 psig.
elnstallation is pernanent.

Failure to observe the manufacturer’s reconmendations for mninmmlengths of
straight pipe to be installed, both before and after the neter, may result in
inaccurate neasurement and premature conponent wear.

4. | NSTALLATION.  Conpound meters nust be installed in the flow |ine,
upstream of the activity or outlet they are nonitoring. These neters do
require a mninumlength of straight pipe be installed before and after the
neter. Figure 4-6 shows a typical compound neter installation. Wen
installing a neter, be sure the follow ng checks have been made and the
indicated itenms are available.

(a) Check for neter shutoff valve upstream and downstream of neter.

(b) Check for strainer immediately upstream of neter.

BYPASS (PERMANENT OR TEMPORARY)

(FJPSTREAM SHUTOFF / OPTIONAL THROTTLING VALVE
\ OPE

cUEcuKw VAt ve

VALVE \FbLL Nil“G} wilkwihn VALVL, Brr ]
IFB / PRESSURE REGULATOR DEVIC I I
2y - KFH.. T

7 DIAMETERS »{STRAINER AND| MINIMUM OF DOWNSTREAM
—_— METER < 5 DIAMETERS ,| SHUTOFF VALVE
ENI
DIRECTION OF D%V;ZN;E?E;M (FULL OPENING)

WATER FLOW

BFP-BACKFLOW PREVENTION DEVICE

FIGURE 4-6. Typical Compound Meter Installation
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(c) Check for adequate supply of neter connection gaskets.

(d) Ensure that location of nmeter provides protection from frost,
traffic, or other hazards that may be present.

(e) Ensure that check valves or pressure-reducing devices are not
installed upstream of the neter.

(f) Ensure that check valves and pressure-reducing devices |ocated
downstream of the meter are not located closer than 5 pipe diameters.

(g) Ensure that only full-open ball, gate, or plug valves are used
i medi ately upstream of the neter. Butterfly valves are acceptable if they
are a mninumof 5 pipe diameters upstream fromthe nmeter. Gate or butterfly
val ves can be used downstream

(h) Ensure that installation is in accordance with direction-of-flow
markings on the neter maincase.

(i) For optimm performance, ensure that meter is positioned in a
horizontal plane.

I'f remote reading or electronic transnmitting devices are used, install in
accordance with chapter 10 and the nanufacturer’s instructions. A bypass pipe

with gate valves is reconmrended so that service will not be interrupted during
mai nt enance.

5. MAINTENANCE. The foll owi ng inspection schedul es are adequate for nost
install ations.

5.1 Monthly Inspection. In addition to any instructions provided by the
manuf acturer, inspect meters nonthly for the follow ng conditions:

(a) Meter is operating.

(b) Noisy operation (repair or replace neter as required).

(c) Leaks (repair as needed).

(d) Ceanliness of glass cover on register dial (clean as needed).

5.2 Annual Inspection. In addition to the inspections in paragraph 5.1,
inspect neters annually for the followng conditions:

(a) Ceanliness of meter box, housing, or pit (clean as needed).

(b) Adequate protection from freezing (provide protection at least 1
nonth prior to start of the season).

4-11



5.3 Periodic Inspection. Periodic inspection of neters Is required to
determ ne whether they are measuring accurately. The tine interval between

i nspections shoul d be based on local conditions and the amount of use. The
manufacturer’s representative in any particular area should be famliar with

| ocal conditions and capable of assisting in the preparation of a schedule for
periodic inspection of neters.

6. ACCURACY . Accuracy limts for water nmeters have been established by
industry. For the neters discussed in this section, limts are based on tests
run at four different rates of flow maximum internediate, changeover, and
mnimum  The accuracy limts for the maxi numand internediate rates are from
97 to 103 percent of the quantity neasured. The limts for the changeover
rate are from90 to 103 percent. For the mininmumtest flow rates shown in
Tabl e 4-3, conpound neters shall register not |ess than 95 percent of the
actual quantity measured.
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Section 3. DI APHRAGM GAS MNETERS

1. INTRODUCTION.  Diaphragm neters are used only for gas metering. The
principle elements of a diaphragmmeter are flexible partitions or diaphragns
of the measuring conpartnents, valves for controlling and directing the gas
flowin filling and enptying the measuring conpartnents, appropriate |inkage
to keep the diaphragns and val ves synchroni zed, register for counting the
nunber of cycles, and maincase to house the conponents. To obtain continuous
flow and power to operate the register, it is necessary to have three or nore
measuring conpartnents or chambers, with two or nore novable walls. These
walls are sealed with a flexible material that is inpervious to gas. Mvenent
of the walls or diaphragns are so regulated that the total displacement on
successive cycles is the same. The anount of travel or stroke of the

di aphragnms is regulated in nost neters by the radial position of the crankpin
that the diaphragm linkage arns are attached to. Figure 4-7 shows the

sequence for filling and enptying a neter that has two di aphragms and four
neasuring chanbers. The nost common unit of neasurement for these meters is

cubic feet. Diaphragm neters are available to fit pipe sizes up to 4 inches,
with a maxi num capacity of 12,000 cubic feet per hour

2. | NSTALLATI ON
CAUTI ON

Any shock, excess jarring, tipping, or turning upside down of the
meter or regulator may cause internal danage, resulting in
equi prent failure or inaccurate nmeasurenent.

Di aphragm neters nust be installed in the flow line, upstreamof any activity
or outlet they are nonitoring. Al ways check manufacturer’s instructions prior
to installation for the proper nethods of handling, storage, transit, and

installation. \Wen installing a neter, be sure the follow ng checks have been
made and the indicated itens are available.

(a) Securely restrain and properly cushion meters during transit to
prevent tipping and excess jarring

(b) Keep neter hubs covered and protected until ready for installation.

(c) Wen a separate pressure regulator is required, keep inlet and outl et
plugged and protected until ready for installation.

(d) Ensure that the inlet piping is clean and does not contain any pipe
scale, chips, rust flakes, or other foreign materials.

CAUTI ON

Installing meters in a tilted position may cause inaccurate
meter operation and registration
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A. Chamber 1 is
emptying, 2 is fill-
ing, 3 is empty, and
4 is full.

}
|
|
‘\

c. Chamber 1 is

filling, 2 is emptying,

3 is full, and 4 is
empty.

B. Chamber 1 is
empty, 2 is full, 3
is filling, and 4 is
emptying.

D. Chamber 1 is
full, 2 is empty, 3
is emptying, and 4
is filling.

FIGURE 4-7. Operating Cycle, Four-Chamber

Diaphragm Meter



(e) Ensure that the meter is installed plunb and |evel
(f) Check for meter shutoff valve on inlet side of neter.
(g) Check for adequate supply of meter connection gaskets

(h) Ensure that location of meter provides proper protection from traffic
or other hazards that may be present.

If renote reading or electronic transmtting devices are used, install in
accordance with chapter 10 and the manufacturer’s instructions

3. MAINTENANCE. The followi ng inspection schedul es are adequate for average
installations.

3.1 Mnthly Inspection. In addition to any instructions provided by the
manuf acturer, inspect neters nonthly for the followng conditions

(a) Noisy operation of neter.

(b) Smooth novenent of register.

(c) Leaks (repair if necessary).

(d) Ceanliness of glass cover on register dial (clean as needed).

3.2 Annual Inspection. In addition to the inspections in paragraph 3.1,
inspect meters annually for the follow ng conditions:

(a) Proper alignment and position in accordance with installation
i nstructions.

(b) Ceanliness of meter box, housing, or pit, if one exists (clean as
needed)

A schedule for cleaning and repairing neters is necessary, and should be based
on the manufacturer’s reconmendations.
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CHAPTER 5. DI FFERENTI AL PRESSURE METERS
Section 1. ORI FICE PLATE METERS

1. INTRODUCTION. Oifice plate neters are the nmost common neter used in
industry today. It is estimated that over 50 percent of the devices used for
measuring fluids are orifice plate type. The wi despread use of orifice plates

provi des a great deal of background and operational experience in a variety of
situations.

1.1 Qperating Principles. Oifice plates can be used to measure flow because
of the velocity-pressure relationship that exists in a flowing fluid. Wen a
restriction, such as an orifice plate, is inserted into a stream the fluid
velocity nust increase when passing through the restriction. The increase in
velocity is acconpanied by a proportional drop in pressure on the downstream
side of the orifice plate (Figure 5-1). Since the pressure drop across the
meter is proportional to the square of the flowrate, it is possible to
calculate the flow rate by nmeasuring the differential pressure (alp) before and
after the orifice. Instruments of this type are known as inferential meters
as they do not physically neasure the flow, but rather “infer’s it fromthe
known rel ationship between pressure and velocity.

2. METER DESIGNS. There are different orifice plate designs such as
square-edged, one-quarter circle, and conical. For the q ajority of flow
measurenments involving gases, air, steam and water, the square-edged orifice
plate is used. Oher configurations are primarily designed to address
particul ar situations such as high viscosity, erosive fluids, and fluids
containing suspended material.

"UPSTREAM

TUBF PLATE\\\ DOWNSTREAM
HIGH Low TUuBE
PRESSURE\\ PRESSURE\\ ’///
[/A(/]///////// LLLLIXL LA

N

Y

/
7777777777777\ V777777777 777777777777

FIGURE 5-1. Typical Oifice Plate Conditions
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2.1 Square-Edged Oifice. The orifice is sized to neet one specific
anticipated flow rate. The upstreamface of the orifice is flat with a square
edge where the orifice neets the plate surface (Figure 5-2). If the side with
a beveled or recessed edge is facing upstream erroneous data will result.

2.1.1 Recommended Applications. Square-edged orifice metering is applicable
on gas, liquid, and steamflow systens when pipe sizes are greater than 2
inches in diameter.

3. SPECIAL ORIFICES. These orifices are designed for special flow
situations. One-quarter circle and conical entrance devices address |owflow
and high-viscosity situations. Their use is limted. In an effort to prevent
a buil dup of debris on the upstreamside of an orifice plate, eccentric
orifice plates are used where noisture-laden gases are flow ng and segnent al

orifice plates are used where a liquid containing a |arge percentage of gas is
flowing (Figure 5-2)

4. LIMTATIONS. Oifice neters cause sone permanent pressure |oss due to
friction. Pressure loss, increased friction, and increased punping costs may
meke orifice netering undesirable. The range of this metering systemis
limted from3:1 to 4:1. Turndown ratio can be increased by using two or nore
dp transmtters of different rangeabilities with an obvious increase in cost.
They may be mounted in series and connected to a decision processor that wll
select the appropriate transmtter dependent upon the differential pressure
(alp) . Since transmtters are expensive, the use of nultiple transmtters is a

tradeoff between precision requirements and cost effectiveness. Qher
limtations are as follows:

. Tenperature range is to |, 000 F.
e Pressure |imt is 6,000 psig.

5. INSTALLATION. The location of the orifice plate in the systemis
inportant. Whenever possible, it is preferable to locate the primary el enment
in a horizontal line. For accurate flow nmeasurenent, the fluid must enter the
primary element with a fully devel oped velocity profile, free fromswirls or
vortices. In addition, fluid nust exit the bevelled side of the orifice.

Such a condition is best achieved by the use of adequate |engths of straight
pi pe, both preceding and following the primary element. The m ninum
recommended |engths of piping are shown in Figure 5-3. The diagramin

Figure 5-3 that corresponds closest to the actual piping arrangenent for the
meter |ocation should be used to determne the required |engths of straight
pipe on the inlet and outlet. These lengths are those necessary to limt
errors due to piping configurations to less than +%).5 percent. If these

m ni mum di stances are not observed, or if the orifice plate is installed with
the bevel on the inlet side, flow equations and resultant flow cal cul ations
may produce inaccurate data

5.1 Meter Installation. Conmon methods of installing orifice plate neters
are described in the follow ng paragraphs.
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FIGURE 5-4. Orifice Meter Wth Flange Taps

5.1.1 Oifice Flanges. Special orifice flanges are the mst comonly
reconmended nethod for meter installation. The pressure taps are drilled into
the flanges themselves, which are welded onto the pipe. The orifice is
inserted and secured between the two flanges (Figure 5-4).

5.1.2 Carrier Rings. Carrier rings are the second q ost common nethod of
orifice plate installation. Pressure taps, typically corner taps, are drilled
into the rings and the orifice plate is inserted between the rings. The rings
and orifice are then inserted between existing pipe flanges (Figure 5-5).

5.1.3 Existing Flanges and Special Taps. The orifice plate can be inserted
bet ween existing pipe flanges and pressure taps drilled into the pipe. This
met hod was w dely used in the past, but has since been replaced with the nore
standardi zed orifice flanges (paragraph 5.1.1)

6. PREFABRI CATED METER ASSEMBLI ES

6.1 Insertion Fittings. Sone manufacturers produce a dual -chanbered

hand- operated, gear-driven apparatus which allows one ﬁerson to change an
orifice plate. An insertable plate can be changed without system shutdown or
renoval of flanges. The mechanismis constructed so that there is no fluid
spillage or loss and no danger to the operator. For specific product

i nformation consult manufacturers of fluid flow netering equipment.

6.2 Recommended Applications. Prefabricated neter assenblies are
Particularly suited for low flowin pipes of Iess than 2 inches in dianeter”
A comon application is for neasuring natural gas flow to specific pieces of
equi pnent .
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6.3 Limtations. Prefabricated orifice meter assenblies cannot neasure over
an infinite range. The turndown of an orifice neter is 3:1 and, therefore,
predetermned orifice sizing is required to obtain accurate neasurenent data.

6.4 Installation. Prefabricated meter assenblies are permanently installed
meters fitted in a specially designed |ength of pipe with permanently | ocated
pressure taps. The conplete assenbly is installed in the pipe where flowis
to be neasured. The prefabricated assenbly is sized for a particular flow
range and is calibrated accordingly.

7. MAINTENANCE. The followi ng procedures are the mninumrequired for the

nost conmon types of units. Wen developing q aintenance schedul es, refer to
the manufacturer’s instructions. Annually disassenble neter and inspect and
perform mai ntenance as fol | ows:

(a) Check orifice for wear, i.e., roundness, size, and squareness of edge.
(b) Plate should be examned for warping with a straightedge.
(c) Plate should be exam ned for watermarks indicating condensate danm ng.

(d) Check pressure taps for burrs and/or debris.

5-9



(e) Test dp transmitter with dead weight pressure tester and rescale if
necessary.

(f) Dress off roughness on plate

(g) Resize orifice, if necessary, based on flow of previous year. \Wen
orifice is resized, stamp the new diameter and coefficient on the hol der.

(h) Flush all trapped sedinment fromunit.
(i) Reinstall orifice plate so that flow exits the bevelled side
(j) Sensor lines should be blown down at regular intervals.

Since inspection of an orifice plate requires shutdown, scheduling may be
predicated by system supply requirenents.

8. ACCURACY AND RELIABILITY. Oifice meter accuracy is up to +%).75 percent
of full scale. The mgjor influence on accuracy is installation, where care
must be taken to ensure proper installation of the run, pressure taps, and the
tap tubing. Meter runs are highly reliable when used over the range of
calibration. If renoved for cleaning or inspection, they should be
recalibrated before returning to service

9. PRESSURE TAPS AND | NDI CATION DEVICES. A variety of pressure tap
configurations are available for orifice plates. Various devices are used to
quantitatively express the differential pressure. Each of the conmon tap
options and dp devices are described in the follow ng paragraphs

9.1 Pressure Taps. The common tap options are: flange taps, corner taps,
and radius taps.

9.1.1 Flange Taps. The nost conmonly recommended configuration is the flange
tap (Figure 5-4). Pretapped flanges are standardized, convenient, and easily
repl aced

9.1.2 Corner Taps. Carrier rings are drilled for pressure taps and insertion
between existing flanges (Figure 5-5). This type of flange should only be
used if the flange taps are unavailable. Standardization of equipment should
be the goal of a well-planned system

9.1.3 Radius and Vena Contracta Pipe Taps. These taps are nounted directly
in the pipe (Figure 5-6). Although widely used in the past, they have been
largely replaced with standardized flange taps

9.2 Differential Pressure Devices. Dp devices are used to provide a
quantitative display of the differential pressure; they are also called
delta P and DP devices. The four nost comon dp devices are: nmanoneter,
di aphragm bellows, and electronic. Al new or replacement differentia
pressure installations should be electronic.
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9.2.1 Manoneter. The manometer is a rather sinple device. (ne end of the
manometer is attached to the high-pressure tap and the other end to the

| owpressure tap of the orifice plate installation. As the dp created by the
orifice plate is sensed by the manonmeter, a colum of fluid in the manoneter
allows the dp to be read directly on a scale (Figure 5-7). Refer to the
manufacturer’s instructions before installing a manoneter.

9.2.2 Diaphragm The diaphragm device includes a hernmetically sealed

di aphragmthat is in an enclosure with one side open to the high-pressure tap
and the other side to the lowpressure tap (Figure 5-8). The diaphragm noves
as the dp created by the orifice neter is transmtted to the diaphragm
chanber. A pointer attached to the diaphragm pivots about a fulcrumin the
wal | of the chamber and mechanically indicates the dp directly on a scale.
Refer to the manufacturer’s instructions before installing a di aphragm

9.2.3 Bellows. A bellows device is simlar to the diaphragm device in that
the indicator pointer is attached to a conponent that is subject to q ovenent
caused by the dp. In a bellows device, a partition is hernetically seal ed
between two bellows in a confined conpartment with an opening on one side to
the high-pressure tap and another to the lowpressure tap (Figure 5-9). The
input ends of the bellows are fixed to the conpartment walls. As the dp
forces the partition to nmove, conpressing and expanding the respective

bel lows, a lever systemcauses a pointer to directly indicate the dp on a
scale. Refer to the manufacturer’s instructions before installing a bellows.

9.2.4 Electronic. Electronic devices are also known as capacitance devices.
In an electronic device, the dp is transmtted through an isolating diaphragm
to a hermetically sealed sensing diaphragmin the center of the device

(Figure 5-10). The sensing diaphragmis surrounded by silicone oil contained
between capacitors. As the sensing diaphragm deflects in proportion to the
dp, the position of the diaphragmis detected by capacitor plates on each side
of the diaphragm The differential capacitance between the plates and the

di aphragmis converted el ectronically to a 2-wire, 4-20 mA, or 0-10 volt data
transmssion signal. Electronic devices are available in both square root and
| inear function nodels. Solid state, plug-in conponents sinplify

mai nt enance/ repai rs.

9.2.5 Calibration. Static calibration should be performed on all dp devices
at least every 6 nonths.

9.3 Data Transm ssion. Readings from various dp devices nust often be
transmtted to rempote data collection and recording sites. his is because
the dp device may be too remote to warrant onsite reading. Data transm ssion
may al so be necessary because there may be many widely dispersed devices to be
read and it would be uneconom cal to have each one read onsite; or a central
data managenent point has been set up to collect, record, plot, reduce, and
analyze all flow data. Al the taps for dp will accommodate renote
transmssion fittings along with the various dp devices
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9.3.1 Pneumatic. Al dp devices, except electronic, can have readings
transmtted to a renote site by pneumatic |ines.

9.3.2 Electrical. Rather than pneunatically, the reconmended nmeans of data
transmssion is to have the dp electronically converted to an anal og signal
and transmtted electrically to a data collection center.

5-13




dp SCALE
7/

\/ Y

AN
PolNTER/\ / LEVER} ARM
hC

°) MOVABLE PARTITION

FIXED END~ L~ FIXED END

/PlPE

4
} V \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘
L
BELLOWS ~ E E] %
/A

| 7//777777/77477 7777777777777

ANV
(
{
\3
(
(
999,904

FI GURE 5-9. Bel | ows

LEADWIRES FOR
SIGNAL TRANSM!SSION\

SO
Y.

PLATES

Wi

: / / SENS!NG
SILICONE A ) DIAPHRAGM
OIL S~ _— 3
' RIGID
INSULATION

ST s

V4

W

WELDED SEALS

Figure 5-10. Electronic Device

5-14




Section 2. VENTURI TUBES

1. INTRODUCTION.  Venturi tubes are used to neasure flow in pipes and ducts.
They can be applied to gases such as air and steam and to liquids such as
water and oil. Common applications include airflow in large ducts and steam
output fromboilers. Venturis are widely used, and a great deal of operating
experience has been gained in a variety of applications. They are relatively
easy to fabricate, consisting of a tube that gently converges to a | ow
diameter throat and diverges to the downstream pipe diameter (Figure S-11).
If the cost of fluid delivery is high, venturis are desirable because they
have a |ow, permanent pressure loss and do not decrease the delivery rate.
Venturis have a low sensitivity to wear and are useful in erosive flows such
as air with suspended solids. Venturi meters are especially applicable to
large ducts, round or rectangular, where other types of flowreters are
expensive to fabricate and calibrate.

1.1 Qperating Principles. Venturi tubes are inferential neters that do not
measure flow directly, but cause differential pressure to occur. An inferred
flow rate can be cal cul ated by measuring change in pressure and by know ng
proportional relationships. Figure 5-11 illustrates in a cutaway view, the
venturi and the areas of high and | ow pressures associated with their
respective velocities.
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FIGURE 5-11. Venturi Tube
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1.1.1 Venturi Tube/Orifice Plate Conparison. Venturi tubes can neasure the
same fluids as orifice plates. Like orfice plates, they can be built to match
the size and shape of irregular piping. Venturi tubes cause |ess pernanent
pressure drop than orifice plates and are used nore often where punping costs
are higher. Venturi tubes are |ess susceptible to wear from erosive fluids
than orifice plate meters. However, as the size of venturi tubes increases
their cost increases nore than that of orifice plates

2. LIMTATIONS. The primary disadvantage of using venturi metering is their
limted range. The maximum turndown ratio is limted to 4:1, which is
inherent in the design. A marked change in flow conditions requires a new
venturi configuration. Changing venturis is nmore expensive than orifice

plates and requires a longer interruption of the system O her considerations
are as follows:

« Tenperature limt is 1,000°F.
oPressure limt is 6,000 psiag.

3. INSTALLATION. The location of a venturi tube in the systemis inportant.
Whenever possible, it is preferable to locate the venturi tube in a horizontal
line. To ensure accurate flow neasurement, the fluid should enter the venturi
tube with a fully developed velocity profile, free fromswrls or vortices
Such a condition is best achieved by the use of adequate |engths of straight
pi pe, both preceding and followng the primary elenent. The m ni num
recommended |engths of piping are shown in Figure 5-4. The diagramin

Figure 5-4, that corresponds closest to the actual piping arrangenent for the
meter |ocation, should be used to determne the required lengths of straight
pipe on the inlet and outlet. These lengths are those necessary to limt
errors due to piping configurations to less than +%.5 percent. M ninmm
recormended distance i s dependent upon the ratio of throat-to-inlet dianeter.
If mninum distances are not observed, the neter may produce inaccurate data

4, MAINTENANCE. The follow ng procedures are the mninmum required for the

nost common types of units. When devel opi ng maintenance schedules, refer to

the manufacturer’s instructions. Performthe followng tasks at the periods
prescribed.

4.1 Quarterly Mintenance.

(a) Flush and clean annular chanber throat and inlet.

(b) Purge trapped air from chanber and connecting pipe

(c) Cean pressure taps.
(d) Blow down sensor lines on a regular schedul e.

(e) Check pressure taps for burrs and/or debris.
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(f) Resize venturi if necessary, based on flow of previous year.

(g) Test dp transmitter every 6 months with dead weight pressure tester
and rescale if necessary.

4.2 Annual Mintenance

(a) Cean and paint exterior of neter.
(b) Dismantle and check for corrosion
(c) COean and restore smoothness to internal surfaces

(d) Check flange gasket and replace if it is leading or intruding into
flow path.

5. ACCURACY AND RELIABILITY. Accuracy is up to £%0. 75 percent of ful
scale. Accuracy is dinminished at |owest turndown. Venturis are nore reliable
than orifice plate neters because they are |ess susceptible to wear.

6. DI FFERENTI AL PRESSURE DEVICES. Dp devices are used to provide a
quantitative display of the differential pressure; they are also called
delta P and DP devices. The four nost common dp devices are: nanoneter
di aphragm bellows and electronic. Al new or replacement installations
shoul d be el ectronic.

6.1 Manoneter. The nanoneter is a rather sinple device. One end of the
manometer is attached to the high-pressure tap and the other end to the

| ow-pressure tap of the orifice plate installation. As the dp created by the
orifice plate is sensed by the manoneter, a colum of fluid in the manoneter
allows the dp to be read directly on a scale (Figure 5-7). Refer to the
manufacturer’s instructions before installing a nanoneter.

6.2 Diaphragm The di aphragm device includes a hernetically seal ed di aphragm
that is in an enclosure with one side open to the high-pressure tap and the
other side to the |owpressure tap (Figure 5-8). The diaphragm noves as the
dp created by the orifice neter is transmtted to the diaphragm chamber. A

poi nter attached to the di aphragm pivots about a fulcrumin the wall of the
chamber and nechanically indicates the dp directly on a scale. Refer to the
manuf acturer’s instructions before installing a diaphragm

6.3 Bellows. A bellows device is simlar to the diaphragm device in that the
indicator pointer is attached to a conponent that is subject to movement

caused by the dp. In a bellows device, a partition is hernetically sealed
between two bellows in a confined conpartment with an opening on one side to
the high-pressure tap and another to the lowpressure tap (Figure 5-9). The

i nput ends of the bellows are fixed to the conpartment walls. As the dp

forces the Partition to nove, conpressing and expanding the respective
bel l ows, a |ever systemcauses a pointer to directly indicate the dp on a

scale. Refer to the manufacturer’s instructions before installing a bellows.
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6.4 Electronic. Electronic devices are also known as capacitance devices

In an electronic device, the dp is transmtted through an isolating di aphragm
to a hermetically seal ed sensing diaphragmin the center of the device

(Figure 5-10). The sensing diaphragmis surrounded by silicone oil contained
between capacitors. As the sensing diaphragmdeflects in proportion to the
dp, the position of the diaphragmis detected by capacitor plates on each side
of the diaphragm The differential capacitance between the plates and the

di aphragmis converted electronically to a 2-wire, 4-20 mA or 0-10 volt data
transmssion signal. Electronic devices are available in both square root and
linear function nmodels. Solid state, plug-in conponents sinplify

mai nt enance/ repairs.

6.5 Calibration. Static calibration should be performed on all dp devices at
| east every 6 nonths.

6.6 Data Transm ssion. Readings from various dp devices nust often be
transmitted to remote data collection and recording sites. This is because
the dp device may be too renpte to warrant onsite reading. Data transm ssion
may al so be necessary because there may be many wi dely dispersed devices to be
read and it would be uneconom cal to have each one read onsite; or a centra
data management point has been set up to collect, record, plot, reduce, and
analyze all flow data. Al the taps for dp will accommdate renote
transmssion fittings along with the various dp devices

6.6.1 Pneumatic. Al the dp devices, except electronic, can have the
readings transnmtted to a remote site by pneumatic Iines.

6.6.2 Electrical. Rather than pneumatically, the reconmended neans of data

transmssion is to have the dp electronically converted to an anal og signa
and transmtted electrically to a data collection center.
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Section 3. PITOT TUBES

1. INTRODUCTION. Pitot tubes are used to q easure the flow of gas, steam
water, and other liquids in ducts and pipes. A pitot tube is a device that
consists of a tube having a short , right-angled bend that is placed vertically
in a mving body of fluid with the nmouth of the bend directed upstream
(figures 5-12 through 5-16). The nost common applications include heating
ventilating, and air-conditioning (HVAC) systems and |ow velocity drafts.
Pitot tubes are widely used as permanent and spot-check neters. Their_
characteristics are well known and information is widely available. Pitot
tubes are generally less than |/2-inch in diameter and are inserted into the
flow streamat right angles to the flow Pitot tube meters neasure the
velocity of flow at only one point. [f properly installed, they provide
accurate and reliable flow measurenent. Pitot tubes are suited for low to
medium flow in large ducts. Due to their small size, pitot tubes cause very
little permanent pressure loss. They are excellent for monitoring purposes

because they are so portable and easily inserted and withdrawn froma flow
stream

1.1 Qperating Principle. The principle used in a pitot tube neter is that
when a flowng fluid inpacts an object, its velocity drops to zero and the
pressure at inpact increases. The pitot tube measures the difference between
i npact (velocity) pressure and static pressure created at inpact. Flow rate
is determned by conparing the two pressures and the known rel ationship
between pressure and flow rate

2. METER DESIGNS. Differences in pitot tube designs are in the positioning
of static and dynami c pressure taps that are used in measuring pressures and
whether the installation is to be permanent or for tenporary spot nonitoring.
Sonme designs place the taps separately, with the static tap |ocated at the
duct wall and the inpact tap at the end of the pitot tube (Figure 5-12).

CGther designs locate both taps on the tube. A single point pitot tube infers
the flow from single position readings

Averaging pitot tubes have nore than one inpact hole along the |eading edge of
the tube (Figure 5-13). The static tap is generally placed on the downstream
side of the tube. The tube is screwfitted into place. The nultiple inpact

hol es provide for an averaging of the velocity across the pipe instead of at a
single point. Cylindrical-bodied averaging pitot tube neters have proven to

be nonlinear (and nonrepeatable) over nost of the flow range. Only designs
that incorporate some sort of vortex shedding body should be used. Both

permanent and portable units can be used to neasure flow rates of gases, air
and steam The pitot tube is especially useful in odd-shaped or |arge ducting.

3.  RECOWENDED APPLICATIONS. Pitot tube meters are appropriate for measuring
gas and steam flow in round pipes with diameters greater than 3 inches,

especi al |y when venturi tubes and orifice plates are too expensive to utilize
or cause too great a permanent pressure drop. A pitot tube is reconmended
where devel oped flow is possible by assuring mninmum straight |engths of pipe
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upstream and downstream of the tube. Permanent nountings are particularly

attractive when repeated readings will be made but other neters are too
expensive.

4. LIMTATIONS. The use of a pitot tube meter at a specific location may be
limted by the follow ng requirenents:

eOnly clean fluids can be measured.
« A recommended m ninum |l ength of straight pipe is required.

«Meter is susceptible to errors when netering an undevel oped or
disrupted flow profile.

« Temperature is limted to 537°C (1,000°F).
ePressure limt is 6,000 psig.

e Turndown is limted to approxinmately 3:1. (Range can be increased by
stacking dp transmtters.)

5. I NSTALLATION.  Figures 5-13 through 5-16 illustrate a variety of pitot

tube installations. The static pressure tap can be located either on the pipe
or duct or be incorporated in the pitot tube itself. The pitot tube is
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inserted at right angles to the flow  The inpact port nust neet the flow
squarely. Placement of the tube is critical. The pitot tube neasures

velocity at only one point. The single point is used to calculate average
flow velocity, but does not necessarily represent average velocity

“critical’. In smll lines, it may be inpossible to place the pitot tube
at ‘critical because of the pipe wall. It may be necessary to q easure flow
at nultlpFe | ocations to establish a relationship between the final pitot tube

location and the actual flow. It is preferable to locate the pitot tube in a
horizontal line. To ensure accurate flow nmeasurenent, the fluid MJST enter
the pitot tube with a fully-devel oped velocity profile, free fromswrls or
vortices. Such a condition is best achieved by the use of adequate |engths of
strai ght pipe, both preceding and following the pitot tube. The m ninum
recormended length of upstream piping is 7.5 times the pipe dianeter. For
specific lengths for a particular installation, consult manufacturer. The
length is necessary to limt errors, due to piping configurations, to |ess
than +%.5 percent. |f mninumdistances are not observed, the pitot tube
neter may produce inaccurate data. In ducts that do not meet straight length

requirements, it is necessary to take nultiple sanples to obtain an adequate
flow profile.

5.1 Permanent Munting Wth Separate Static Tap. In this option, the pitot
tube inpact tap is permanently nmounted facing directly upstream It is
located at a point where the velocity nmeasured represents average velocity.
The static tap is drilled through the wall of the piPe | ess than one-hal f pipe
di ameter upstream of the inpact tap. Both taps are for screwfitted
components.

6. MAINTENANCE. The followi ng procedures are the mninumrequired for the
nost common types of units. \Wen devel opi ng mai ntenance schedul es, refer to
the manufacturer’s instructions. To ensure reliable flow data, the follow ng
actions nust be undertaken quarterly or when data accuracy is suspect:

« Check for clogged orifices.

« Check tip for wear.

« Sensor |ines should be blown down on a regular schedule.

+Rescale dp transmtter if necessary, based on flow of previous year.

eTest dp transmtter with dead weight pressure tester and rescale if
necessary.

7. ACCURACY AND RELIABILITY. Accuracy is typically +%.0 percent of ful
scale. For specific applications, accuracy can be up to +%.75. Pitot tubes
are reliable as long as the fluid being measured is sufficiently clean to
avoid clogging the orifices. Wth contamnated or dirty fluids, Increased
mai nt enance may be necessary to ensure accuracy.
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Section 4. VAR ABLE ANNULAR ORI FI CE METERS

1. INTRODUCTION. Variable annular orifice neters are permanently installed
in piping to neasure mass or volume flow of gases, liquids, or vapors.
Variabl e annular orifice meters do not have a fixed orifice area as do ot her
differential pressure neters, i.e., orifice plate, pitot tube, and venturi
Variable orifice meters produce results on a |inear scale, with large
rangeability, reliable repeatability, and greater operating tenperature
range. The-flow rate neasurenments nay be read and recorded |ocally or
renotely.

1.1 Meter Designs. Changing the area of the orifice with relation to flow
rate i s acconplished in variable annular orifice neters by two nmin designs.
One design uses a novable plug, the other uses a novable orifice.

2. OPERATING PRINCIPLES. Introduction of an orifice into a flow line
produces a differential pressure that is measurable and relative to the flow
rate. If the area of the orifice is fixed, the differential pressure produced
i s dependent upon inlet swirl and velocity profile and is proportional to the
square of the velocity of the fluid. This results in a nonlinear scale and
smal| rangeability. However, if the orifice is annular and its area increases
with the flowrate, the differential pressure is directly proportional to the
flow rate. Variable orifice meters do change the area of the orifice in
relation to flow rate by axial movenent of a plug or bell ows.

2.1 Mwvable Plug. The movable plug design has a fixed orifice with a
contoured plug nounted on a novable shaft (Figure 5-17)0 AS the flow rate
increases, the plug noves axially in the direction of flow resulting in a
larger orifice area. This produces a pressure drop that is linear and
directly proportional to the flow rate.

2.2 Mwvable Oifice. The movable orifice design has a fixed contoured plug
and provides for the movement of the orifice that is attached to a bellows
(Figure 5-18).  As the flow rate increases, the bellows conpresses causing an
increase in the annulus. This enlargement of the annulus results in a
pressure drop that produces a differential pressure change directly
proportional to the flow rate

3. APPLICATIONS. Variable annular orifice neters are versatile in their
application. Specific operating characteristics and capabilities are
dependent upon the nanufacturer. Generally, they can be used wth nost
l'iquids such as water, petroleumdistillates, chem cal conpounds, and crude
oil. Use with gases is virtually unlimted. Metering of vapors includes
steam ammonia, and Freon.

4. LIMTATIONS. The major limtation of the variable annular orifice neter

is that it requires systemshutdown for installation since it is |ocated
axially in the pipe. Because variable annular orifice neters have noving

5-24



SPRING OPPOSED
CONTOURED PLUG

/FIXED CALIBRATION AND LOCKING

FLOATING OR'F'CE{WORM ASSEMBLY
STEADY =
3 7zl
T sy ]
H .. e GH é{ SPIDER 1
: = ] | N @ —l_>
1 S
L = ey ALy _7—
> ﬁ ‘\LOCKING
T NUT
N
REVERSE FLOW SPRING
‘ RESISTANCE
\ SPRING
HIGH D.P. TAPPING /
LOW D.P. TAPPING

FIGQURE 5-17. Movable Plug

FIXED CONTROL CONE\ Wlé%
—— N ’é!
WO\ N N U ¢ 3

MAN

¥
"t

AN\

: =
AN MOVABLE/ \\ '
BELLOWS
12 R= g E AfAML 2] As QY

HIGH D.P. TAPPING >,

FIGQURE 5-18. Mvable Oifice

5-25




parts, any inproper functioning of a moving part can be considered a
limtation. Limtations associated with standard operating ranges are as
fol | ows:

o Tenperature range: -200°C (-328°F) to +460°C (+860°F)

e Pressure range: 0 to 2,500 psi

e Maximum viscosity: 100 cps

e Turndown ratio: 100:1

e Pipe size: 1/2- to 16-inch

o Straight pipe requirements: 6D upstream and 3D downstream

5. INSTALLATION. Installation of a variable annular orifice neter is simlar
to repairing a section of pipe or installing a T-section. The line nust first
be shut down. A section of the pipe is removed and nounting flanges that
accept the flanges of the respective neter are put in place. The neter is
then attached according to nanufacturer’s recomendations. A distinct
advantage of the variable orifice neter is that usually only six dianeters

(6D) of straight pipe are required upstreamof the neter installation and
three diameters (3D) downstream  Sensor nountings can be for |ocal or renote

readout. Attachments for renmote reading may be for pneumatic or electronic
transm ssi on.

6. MAINTENANCE. Maintenance on the nost common variable annular orifice
neters is negligible, but the dp cell , sensors, data transmission |ines, and
processor require regular nonitoring and maintenance. Maintenance schedul es
shoul d be devel oped according to manufacturer’'s recomrendations. The only
conponents that may require attention are the contoured plug and the novabl e
bel l ows. Since inspection requires system shutdown, it is warranted only if
an unreasonabl e or unexpl ai nabl e change occurs during regular monitoring of
meter data. Monitoring of data is a viable indicator for needed inspection
since the repeatability of these meters is usually 0.25 percent of full scale.

7.  ACCURACY AND RELIABILITY. The accuracy of variable annular orifice neters
is +%.0 percent of full scale if calibrated to specified tolerances. No
specific quantitative data is available on the reliability of variable annular
orifice meters, but the nean-tine-between-failures is usually a nmatter of
years. Repeatability over the entire range contributes significantly to the

| arge turndown ratio.
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CHAPTER 6. VELOCI TY METERS
Section 1. TURBINE AND FAN METERS
1. INTRODUCTION.  Turbine and fan neters are inferential type neters. Both

determ ne actual flow by relating rotational speed of a noving el ement, which
acts as a turbine or fan, placed in the flow stream

1.1 Operating Principles. Turbine and fan flowneters use kinetic energy of a
flowing fluid to drive a turbine or fan which generate frequencies
proportional to flow rate. The rotational velocity of the rotating elenent

and the fluid velocity are linearly proportional over the working range of the
net er.

2. METER DESIGNS. Al turbine and fan nmeters consist of a rotating el enent
or rotor. Rotor speed is linearly proportional to fluid velocity.

2.1 Turbine Meter. Turbine nmeters consist of a nultiblade rotor nounted
within a pipe perpendicular to the fluid flow (Figure 6-1). The rotor spins
as the liquid passes through the blades. The rotational speed is a direct
function of flow rate and can be sensed by g agnetic pickup, photoelectric
cell, or gears.

/ CABLE CONNECTOR

g /SIGNAL GENERATOR

NN e
7,

TURBINE HOUSING

FIGURE 6-1. Turbine Meter
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FIGQURE 6-2. Fan Meter

2.2 Fan Meter. Fan neters consist of a housing with a nultiblade rotor
mounted on a spindle at right angles to the direction of flow (Figure 6-2).
Flow enters the meter case, strikes the rotor tangentially, causing rotation
The speed of rotation is determned by the velocity of the liquid and the
configuration of the chanber and rotor. Single jet type q eters are the
sinplest exanple. In the single jet meter, fluid enters the neter through a
single tangential inlet. A single outlet port is |ocated dianmetrically
opposite the inlet. The nultijet type meter has the same general features as
the single jet meter. Liquid enters the working chanber of the nultijet neter
t hrough a nunber of tangential inlets around the circunference and | eaves
through another set of orifices placed at a higher level in the chanber.

2.3 Pressure Losses. Pressure losses in turbine and fan neters are

substantially less than orifice plate neters. Expected pressure loss is in
the range of 0.4 to 0.8 psi

3. TURBINE METER. The turbine neter is used nore often than the fan neter

The rotor is helical and is nounted on a shaft parallel to the flow
direction. Turbine flowreter rotors are suﬂported by ball bearings or ball
sl eeve bearings. Bearings are exposed to the process as long as the flowneter

is in the process pipeline. Bearing life depends on several factors. One

factor is the floweter duty cycle, the actual operation expressed as a
percentage of total tine. Bearing life also is related to corrosion

resistance and type of corrosive inmpurities in the process. Lubricating
qual ities and cleanliness of the process stream have a positive effect on
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bearing |ongevity; abrasiveness of solid particles present has a negative
effect. Hard, abrasive particles in the process streamare the major cause of
turbine flowreter bearing wear. To mnimze stream contam nation by solids, a
strainer should be installed upstream of the turbine flowreter. Recomended
strainer mesh sizes are given in specific product literature.

3.1 Turbine Meter Designs. Turbine meters are applied in two distinct
designs, full-bore and insertion types. Full-bore turbine neters have a
rotating element equal to pipe diameter; they neasure the total flow  Turbine
meters are available for pipe sizes greater than one-half inch in dianeter.
They are designed for liquid or gas measurement. Full-bore turbine meter
costs increase exponentially as line size increases, nmaking them uneconom ca
for large line sizes. Insertion meter costs are the same regardless of |ine
size, making them an attractive alternative. [Insertion meters neasure a
sanple of fluid flow at a local velocity. [Insertion neters can be used to
measure liquid, gas, and steam when pipe sizes are 3 inches or |arger
(Figure 6-3).

3.2 Recommended Applications. Full-bore meters are prinarily applied either
to clean, low particulate fuel oil or water. Corrosive materials can be

q easured if a stainless steel rotor is used. Turbine neter applications for
st eam measurenment nust be so specified to obtain the correct bearing and
turbine materials. Insertion neters are excellent for steam applications

The snall, low inertia rotor has a rapid response time. In addition, cost of
the meter is independent of the pipe size. Wether the full-bore or insertion
type neter is used, the turbine neter is often chosen because of its turndown
ratio. Turbine neters have a mninum flow turndown ratio of 10:1. Turndown
ratio can be up to 50:1 depending on pipe size and fluid velocity. An
insertion turbine meter can also be used as an analytical tool. Because of
its ability to nove across a pipe section and to orient the rotor head at
various angles to the flow stream the neter can determne the nature of
unsymetrical flow patterns and detect any swirl within the pipe. Turbine
meters have an advantage over other types of neters because they are capable
of measuring forward and reverse flow.

3.3 Limtations. Several of the limtations that nay preclude application of
a turbine neter are as follows:

o TUurbine neters are restricted to clean fluids.

oInsertion turbine meters require a clear space of at least 4 feet
perpendicular to the pipe for installation.

« Tenperature operating range for standard units is -73°C (-100°F) to
+427°C (+800°F). Special ranges are available.

e Pressure limt is 3,000 psig.
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3.4 Accuracy and Reliability. The turbine neter is highly accurate through
q ost of its range. Cuaranteed accuracy of +%.0O percent is available.
Insertion nmeters are subject to the inaccuracies that result fromlocally
measuring an average velocity. Reliability of properly installed and

mai ntai ned turbine meters should yield a 4-1/2 year nean-tine-between-repair
and a total life expectancy of 10 to 25 years.

4. SHUNT METERS.  Shunt flownmeters are a special class of turbine neters
which use an orifice plate to control a bypass flow nmetered by the turbine.

4.1 Qperating Principles. The turbine rotation is at a speed proportional to
a bypass flow controlled by an orifice plate, which in turn is proportional to
the main flow rate. A reduction train, that gears down the turbine, is

coupled to a driving magnet. The magnet influences another nmagnet that is the

counter. The two magnets operating in unison enable totalization of the
turbine rotation

4.2 Meter Design. There are two types of shunt meters. One is external to
the min flow pipe, as shown in Figure 6-4. The other is mounted as an inline
meter within the main pipe. Neither type requires power for totalization.

4.3 Limtations. The limtations of a shunt neter are as follows:
« Requi res system shutdown to install
« H gh nmaintenance and difficulty in calibration
« Costs are noderate to high.
o Turndown ratio is 7 to 1.
« Not recommended for steam below 30 psig or over 200 psig
« Not recommended for fuel oils
« Not recomended for air or natural gas below 5 psig.
« Permanent pressure loss due to orifice plate.
4.4 Installation. The flowin the line must be turned off during
installation of a shunt meter. A diversion orifice plate with flanges nust be

placed in the main line. Holes nmust be cut into the main |ine before and

after the orifice plate to accept the bypass piping which contains the turbine
and counter box (Figure 6-4).

4.5 Maintenance. Mintenance shoul d be performed every 6 nonths. The
diversion orifice plate should be checked for wear and the turbine blades for
deformation.  The counter should be checked for accuracy and calibrated if
necessary.
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FI GURE 6-4. Shunt Meter

4.6 Accuracy. The accuracy of shunt neters is as follows:
« Accuracy: 2%.0 percent of reading
e Linearity: x%.0 percent
« Repeatability: +%.0 percent

5. FAN METERS. A second type of rotational inferential meter is the fan
meter (Figure 6-2).

5.1 Recomrended Applications. The use of fan type neters is limted to cold
and hot water flow measurement. Fan neters have w de ranges and turndown
ratios greater than 10:1 are common. Pressure drop associated with fan type
meters increases proportionately with flow rate. Typically, permanent
pressure drop for this type of neter is less than 1.0 percent at all flow
condi tions.
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5.2 Limtations. Several limtations that may preclude application of a fan
type neter are as follows:

« Fan type neters are restricted to clean fluids.

o Meter installation should be horizontal and |evel

« Tenperature range is from-267°C (-450°F) to +260°C (+500°F).
e Pressure limt is 3,000 psig.

5.3 Accuracy and Reliability. Fan type neters are typically not as accurate
as turbine or positive displacement neters. They have an accuracy of z%.5
percent over the flow range. Reliability is conparable to turbine neters. I|f
installation is proper and maintenance is perfornmed as required, the neters
can be expected to have a 4-1/2 year nmean-time-between-repair and a total life
expectancy of 10 to 25 years.

6. INSTALLATION. Installation of turbine and fan type flowreters involves

pl acement of the sensing element directly in the flow channel. The | ocation
of the turbine or fan meter in the systemis inportant. \Wenever possible, it
is preferable to locate the prinary elenment in a horizontal |line ora vertica
line with flow in the upward direction. To ensure accurate flow neasurement
the fluid should enter the primary element with a fully devel oped velocity
profile, free fromswrls or vortices. Such a condition is achieved by the
use of strainers, straightening vanes, and/or adequate |engths of straight

pi pe preceding and following the primary element. Using a beta ratio of 0.6,
typi cal ASME recommended | engths of such piping are shown in Figure 6-5, but
specific requirements should be obtained from the manufacturer. The diagram
in Figure 6-5 that corresponds closest to the actual piping arrangement for
the neter location should be used to determne the required |engths of
straight pipe on the inlet and outlet. These lengths are necessary to |imt
errors due to piping configurations to less than £%.5 percent. |f mininmm
di stances are not observed, applying flow equations and cal cul ati ons may
result in inaccurate data. Full-bore meters require shutdown of the system
during installation, periodic inspection, and maintenance, but insertion type
meters can be hot-tapped and do not interrupt the systemfor installation or
renmoval . Turbine and fan flowreter installations nust also take into
consideration the following itens:

« Reduce turbul ence by observing recommended straight |ength distances
«Care should be taken to place the neter as far from valves and other
turbul ence-producing fittings as possible. Al regulator and control

valves should preferably be | ocated downstream of the neter; if
upstream beyond the recomended straight |ength distance.

«|f used, place straightening vanes and strainers upstream of the neter.
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«\Wen netering liquids, a “horizontal” line should gently slope upward
for a sufficient distance downstreamof the flowneter to ensure that
it will always be filled with liquid.

7. MAINTENANCE.  The fol Il owing procedures are the minimumrequired for the
nost conmon types of fan and turbine units. \Wen devel opi ng maintenance
schedul es, refer to the manufacturer’s recomendations

7.1 Annual Maintenance. Annually, remove the neter head and inspect as
fol | ows:

(a) Ensure that the rotor has no obvious signs of deterioration, abrasion
wear, or fouled debris.

(b) Ensure that the rotor shaft and bearings are not excessively worn
are free of debris, and the propeller turns freely.

(¢c) Return insertion turbine rotor to the manufacturer for recalibration
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Section 2. VORTEX SHEDDING METER

1. INTRODUCTION. A vortex shedding nmeter consists of a bluff body to devel op
vortices, and an electronic sensing device to nonitor the number and rate at
which vortices are shed. Vortex shedding neters have a wide turndown ratio
and tenperature range. This type neter is commonly used to measure |iquids,
gases, and steam Vortex shedding neters are available in full-bore or
insertion nodels.

1.1 Operating Principles. Vortex shedding is the natural effect that occurs
when a gas or liquid flows around an obstruction or bluff body (Figure 6-6).
Wien flow encounters a bluff body on its downstream course, it separates from
the surface of the bluff body, leaving a highly turbul ent wake that takes the
formof a vortex. Each vortex grows and then becomes detached or shed from
the bluff body. These shed vortices travel downstreamin a fixed, predictable
pattern. The nunber of vortices shed fromthe strut per unit tinme is
proportional to fluid flow rate. This vortex frequency is detected with a
sensor, which transmts a signal to a totalizer or other netering device.

2. METER DESIGNS. Al vortex shedding meter designs consist of two main
conponents, the bluff body and the sensing device. There are many different
bluff body configurations. In sone instances nultiple struts are incorporated
into the design.

2.1 Bluff Bodies. Figure 6-6 illustrates three different strut
configurations. Though the shape differs, actual dinensions of the bluff body
are determned by the relationship between the dianmeter of the pipe, the
viscosity of the fluid, and the flow rate. The strut nust have nonstream ined
edges so that vortex formation can occur

2.2 Sensors. There are four types of sensors conmmonly used to detect
vortices devel oped by the bluff body and shed into the downstream fl ow
strain gauge, magnetic pickup, ultrasonic detector, and piezoelectric elenent.

3. VORTEX SHEDDI NG METER CONFI GURATION.  There are two vortex shedding meter
configurations, full-bore and insertion. The use of one or the other is
dependent on whether the netering is to be permanent or periodic and whet her
or not the pipeline can be shut down for installation.

3.1 Full-Bore Meters. The full-bore vortex neter, which is the same dianeter
as the pipelines is permanently mounted between pipeline flanges. If
permanent metering is planned at the time of initial pipeline construction or
during pipeline retrofit, the full-bore nmeter is usually installed. The

full-bore neter has fittings for signal anplification and transm ssion to
recorders and datal oggers.

3.2 Insertion Meters. Insertion meters are small, vortex-shedding devices
designed to be inserted through fittings and val ves permanently affixed to the
system They are used for obtaining either long termor periodic flow
information. There are two types of insertion meters, fixed and hot tap.
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Fixed insertion meters are used on systens where the pressure can be relieved
during installation and removal of the nmeter. Hot tap insertion neters are
designed for use where systemmonitoring is necessary wthout interrupting
line pressure. The neter is inserted through a full-port ball or gate valve
Hot tap neters require probe |ength clearance above the nmounting flange and
valve to allow full retraction and renoval of the neter

4,  RECOWENDED APPLICATIONS. Vortex shedding nmeters are designed for use on
clean gas and liquid systems, but they are conmonly used on dirty gases and
dirty or corrosive |iquids which decrease neter |ife expectancy.

5 LIMTATIONS. The reconmended applications for vortex shedding neters
require the consideration of the followng limtations:

ol naccurate at low fluid velocities conpared to turbine neters.
« Space availability above the flange for insertion neters.

« Alignment and location are critical

« Wrking pressure limt of 1,500 psi.

« Common tenperature limt of 560°F.

«Pipe size of 1- to 8-inch dianeter.

6. INSTALLATION. The location of a vortex shedding nmeter in a systemis

i nportant. \Wenever possible, it is preferable to locate the prinary el enment
in a horizontal line. To ensure accurate flow neasurenent, fluid nmust enter
the primary element with a fully-devel oped velocity profile, free fromswrls
or vortices. Such a condition is best achieved by use of adequate |engths of
straight pipe, both preceding and following the primary elenent.

Straightening vanes can preclude the need for long lengths of straight pipe
The m ni num reconmended | engths of piping are shown in Figure 6-7. The
configuration in Figure 6-7 that corresponds closest to the actual piping
arrangenment for the neter |ocation should be used to determne required

| engths of straight pipe on the inlet and outlet. These lengths are those
necessary to limt errors due to piping configurations to less than #0.5% If
these mnimum distances are not observed, the flow equations and resultant
flow cal culations may result In inaccurate data. For specific applications,
refer to manufacturer’s installation criteria,

7. ACCURACY AND RELIABILITY. Vortex shedding meters have an accuracy of
+1. 0% when calibrated, with a turndown capability up to 10:1 dependent upon
pipe size and fluid properties. The lack of moving parts results in reduced
mai nt enance and makes this type of neasuring device a very reliable means of
fl ow measurenent.
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FIGURE 6-7. Mninum Straight Length Piping for Vortex Shedding Meters

8. MAINTENANCE . At least once a year vortex shedding neters should be
Inspected for possible damage fromdirty or viscous fluids. Check upstream
filters and replace if necessary. Devices for sensing and transmitting

pressure and tenperature values to the flow processor shoul d be inspected and
calibrated at |east once per year.
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Section 3. ELECTROMAGNETI C FLOWETERS

1. I NTRODUCTI ON. Electromagnetic flowreters (magmeters) can handle nost
liquids and slurries, including corrosives, providing that the material being
metered is electrically conductive. Mst industrial and municipal water and
waste liquids can be measured by these neters. Liquids with suspended solids
and certain waste flows which are often inpossible to neter otherw se, are
dependably neasured with electromagnetic flowreters.

1.1 Qperating Principles. Electromagnetic flowreters operate on Faraday’s

| aw of el ectromagnetic induction, which states that the voltage induced across
a conductor, that noves at right angles through a magnetic field, is
proportional to the velocity of that conductor. The liquid serves as the
conductor; the magnetic field is created by energized coils outside the flow
tube (Figure 6-8). The anount of voltage produced is directly proportional to
the flowrate. Two el ectrodes mounted in the pipe wall detect the voltage,
which is nmeasured by the secondary element. Forward and reverse flow
measurements are possible with no pressure drop.

2. METER DESIGNS. Electromagnetic flowreters are available in full-bore and
Insertion type configurations. Neither type has noving parts

" ELECTROMAGNET

MAGNETIC
FIELD

PIPELINE \

_—ELECTRODE

FLOW
INDUCED VOLTAGE

FIGURE 6-8. Electromagnetic Meter
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2.1 Full-Bore Meters. The full-bore electromagnetic flowreter (Figure 6-9)
is an inline device with an inside dianeter identical to the system It is
inserted between two flanges. These nmeters offer the same resistance to flow
as a conparable length of pipe. The neter section of pipe is constructed of
or lined with, a nonmagnetic material. This prevents the metal tube from
short-circuiting the conducting path of the induced magnetic field through the
fluid fromone electrode to the other. The electrodes for the liquid
excitation are attached to, or inplanted in, the pipe wall

2.2 Insertion Meter. Insertion type electromagnetic flowneters have the
fiel d-devel opi ng magnet and the el ectrodes for energizing the fluid combined
in a single probe (Figure 6-10). The reduced size and wei ght nake the
installation sinpler and maintenance cost |ower

3. RECOWENDED APPLI CATIONS. El ectromagnetic flowreters are avail able for
liquid q easuring in pipe sizes greater than 0.1 inch. The flowreters are
recommended for measuring |iquids of a conductive nature [a conductivity of 5
m crosi enens (mcronhos) per centinmeter will neet the threshold requirenents
for nmost electromagnetic flowmeters]. Liquids may be clean, viscous
corrosive, or contain solids and may contain fibrous or abrasive material

4. LIMTATIONS. Limtations that may preclude the use of an el ectronmagnetic
flowreter for a specific purpose include the follow ng:

| Tenperature limt is 360°F (it is usually a consideration of the flow
tube lining or the insulation of the magnetic coils).
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ePressure limt is comonly the same as the supporting system

« Cost, initial and operational, may exceed project funding or
negatively affect the project Savings-to-lnvestnent Ratio (SIR).

o Flowreter may require installation in a bypass line to avoid magnetic
fields present in an existing pipe configuration

«Data are inaccurate less than full-flow ng pipe

5 I NSTALLATION. Both configurations of the electromagnetic flowreter
full-bore type and insertion type, are discussed.

5.1 Full-Bore Meter Installation. The full-bore electromagnetic flowreter
inserts into a pipeline between two flanges and is secured with bolts. To
obtain accurate measurenments, the follow ng conditions nust exist:

e The neter is subject to electromagnetic fields and nust be shiel ded
from large electric notors, transformers, comunications equipnent,
and other large electrical devices to avoid electromagnetic
di sturbances.

* The meter nust be positioned so that the pipe is full flow ng
approaching and exiting the neter

* The location of the full-bore el ectromagnetic flowreter in the system
is inmportant. \enever possible, it is preferable to locate the
primary element in a horizontal line. To ensure accurate flow
measurement, the fluid nust enter the primary elenment with a fully
devel oped velocity profile, free fromswrls or vortices. Such a
condition is best achieved by the use of adequate lengths of straight
pi pe, both preceding and following the primary elenment. The m ni mum
recommended |engths of piping are shown in Figure 6-5. The diagramin
Figure 6-5 that corresponds closest to the piping arrangement for the
meter location should be used to deternine the required |engths of
straight pipe on the inlet and outlet. These Iengths are necessary to
limt piping configuration errors to less than %0.5%

5.1.1 Meter Gounding. A grounding systemnust be provided for the meter and
the fluid. Detailed instructions for grounding systems are usually supplied

by the equipnent manufacturer. Some grounding considerations are as
fol | ows:

« For conductive piping, the third wire ground to the power supply and a
ground tie to the piping flanges is typically all that is required

« For nonconductive or lined piping systens, a protective grounding

orifice nust be used to provide access to the potential of the liquid
bei ng measur ed.
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5.2 Insertion Meter Installation. Insertion electromagnetic flowneters are
available as hot tap or permanent types. Both types require installation of a
tee or welded fitting on the pipeline for access. [Insertion neters are
generally restricted to lower tenperature and pressure conditions.

Instal lation of an insertion electromagnetic flowreter requires consideration
of the follow ng itens!

« The neter is subject to electromagnetic fields and nust be shiel ded
from large electric notors, transformers, comunications equipnent
and other large electrical devices to avoid el ectromagnetic
di sturbances.

« The neter nust be positioned so that the pipe is full flow ng
approaching and exiting the oeter

o Location of the insertion electromagnetic flowreter in the systemis
inportant. \Wenever possible, it is preferable to |ocate the prinmary
element in a horizontal line. To ensure accurate flow nmeasurenent,
fluid should enter the primary element with a fully devel oped velocity
profile, free fromswrls or vortices. Such a condition is best
achi eved by use of adequate |engths of straight pipe, both preceding
and following the primary element. M ninumrecomended | engths of
piping are shown in Figure 6-5. The diagramin Figure 6-5 that
corresponds closest to the piping arrangement for a oeter |ocation

shoul'd be used to determne required lengths of straight pipe on the
inlet and outlet. These lengths are necessary to limt piping

configuration errors to less than £0.5%

6. MN MM AND MAXI MUM FLOW RATES. M nimum and maxi mum flow rates nust be
established to maintain accurate flow measurements. Wear to the flow tube

bui | dup of coatings, and deposition of solids can be reduced if recomended
flow rates are naintained.

6.1 Mnimm Flow Rate. The mninum flow rate is usually determned by the
rate that produces the |owest acceptable voltage requirenment of the signa
transmtted. |f the mnimm rate causes excessive sedinentation, the dianeter
of the tube nmay have to be decreased to increase velocity through the neter
This provides a self-cleaning action.

6.2 Maxi num Fl ow Rate. The maxi num reconmended flow rate is arbitrary, but
s based on wear patterns experienced with different flow tube Oaterials
interfacing with a specific fluid. A maxi mumrecomended flow rate of 30 feet
per second is common.

7. ACCURACY AND RELIABILITY. Although it is possible to calibrate

el ectromagnetic flowreters to measure flow wthin +0.25% a nore
representative accuracy is 1.0% of its rated capacity. The downturn of

el ectromagnetic flowreters can be up to 40:1. If recomended naximum flow
conditions are not exceeded (causing excessive flow tube |ining wear), and
hydraul i ¢ shocks (water hammer) are avoided, electromagnetic flowreters are
very reliable. Electrode corrosion greater than 0.002 inches per year is
excessive and indicates a need for investigation to determne the cause
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8. MAINTENANCE. Since these are obstructionless instruments, the maintenance
required is small. At least twice a year, renove and inspect the pressure
sensors of the secondary elenment. \ere there is a possibility of coatings
accunul ating, periodic cleaning is necessary because the coating will insulate
the liquid fromthe electrodes and inpair operation. Al data transm ssion
sensors and processors shoul d be checked and di agnosed every six nmonths for
correct input and output.
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Section 4. ULTRASONIC FLOWVETERS

1. INTRODUCTION. Utrasonic flowreters enploy a basic principle of frequency
shift (doppler effect) to measure flow rate of liquids. This type neter is
totally exterior to the pipe, creates no pressure drop, and i s not worn or
damaged by liquids or slurries being measured. Being exterior, these
flowreters are constant in cost regardless of pipe size

1.1 Qperating Principles. Utrasonic floweters use transducers to send and

receive reflected signals frominpurities in the flowing liquid neasured. The
signals are unaffected by tenperature, density, or viscosity of the fluid.

2. METER DESIGNS. Utrasonic floweters are divided into two groups, doppler

effect and time-of-travel. Both designs provide accurate measurenents for
flow in either direction.

2.1 Doppler Meter. A doppler flowneter neasures frequency shifts caused by
suspended particles in a flowing liquid. Two transducer elenents are
contained in a single transducer, a transmtting elenent and a receiving

el ement. The transducer is potted in epoxy and inserted inside a fitting that
has been welded to the pipe (Figure 6-11). A window cut in the pipe allows
the transmtted signal of the transducer to enter the liquid, strike a
particle, and be reflected back to the transducer. Solids, bubbles, or other
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FIGURE 6-11. Doppler Utrasonic Flowreter
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discontinuities in the liquid cause a signal pulse to be reflected to the
receiver. Because the liquid (and entrained inpurities that cause the
reflection) is noving, the position of the particle that reflects the pulse
changes at the flow rate. The change in location of the particle results in a
shift in frequency of the reflected pulse. The frequency shift is

proportional to the velocity of the liquid. Typically, the Iiquids being
measured nmust contain at |east 25 parts per mllion of 30 micron or |arger
suspended particles or bubbles.

2.2 Tine-of-Travel Meter. Time-of-travel neters have transducers nounted on
opposite sides of the pipe (Figure 6-12). The configuration provides for
emtted ultrasonic pul se-traveling between the two transducers nounted at a
45° angle to the direction of flow. The speed of the pulses in the liquid is
tinmed. The difference in time between pul se transmi ssion and reception
traveling upstreamand the pul se traveling downstreamis proportional to flow
rate. Time-of-travel meters neasure flow of liquids that are relatively free
of entrained gas or solids. These neters cover the range of liquids with
entrained gases or solids fromapproxinmately 5 parts per mllion to a density
capability of doppler type neters. Tinme-of-travel neters are sensitive to

pipe wall thickness. Therefore, Inaccuracies arise if scale has formed on the
interior of the pipe.
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3. RECOWENDED APPLICATIONS. A partial listing of reconmended applications
for ultrasonic floweters is as follows:

«Pipe sizes of I/2-inch and |arger

«Raw water, including wells, |akes, rivers, ponds, and springs.
«\Water treatment plants including influent and effluent.

Wast ewater treatment plants including raw sewage, return and

wast e-activated sludge, secondary settling tank supernatant, treated
effluent, plant water, tertiary treatment flows, and supernatant
flows, except mxed |iquor.

oIndustrial flows including brine, plant effluent, and cooling water
4. LIMTATIONS. Limtations of ultrasonic flowreters are dictated by the
degree of entrained solids and gases. One nust know if the fluid contains
solids or gases and at what concentration. Oher lintations are as follows:

o Tine-of-travel type requires clean Iiquids

o Doppler type is best suited to unclean Iiquids

o [Excess solids in slurries may block ultrasonic signals.

« Cannot be used on asbestos or cement pipes.

o Pressure rating generally equal to piping system

o Tenperature range for time-of-travel type is -450°F to +500°F.

« Tenperature range for the doppler type is -450°F to +250°F.

o« Qutside of pipe must be clean where neter is attached.

« Inside of pipe must be free of scale, rust, and corrosion.

5. | NSTALLATION. A necessary requirement of installing electronagnetic
flowneters is that the pipe must be clean and free fromrust on the outside
end without scale or corrosion on the inside. In the prelininary evaluation
of matching a meter to a system the follow ng considerations should be

i ncl uded.

5.1 Meter Choice. The major difference between the two types of ultrasonic
flowreters is their ability to measure liquids containing different |evels of
entrained inpurities. The time-of-travel type is designed for clean |iquids
whil e the doppler type will neasure dirty, corrosive, and slurried |iquids.
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5.2 Meter Position. The meter nust be positioned so that pipe approaching
and exiting the neter are full of process fluid under all operating conditions.

5.3 Meter Location. Location of the ultrasonic flowreter in the systemis

i nportant. Wenever possible, it is preferable to locate the primary elenent
in a horizontal line. To ensure accurate flow neasurenent, fluid should enter
the primary element with a fully developed velocity profile, free fromswrls
or vortices. Such a condition is best achieved by use of adequate |engths of
straight pipe, both preceding and following the prinmary element. The nininum
recommended |engths of piping are shown in Figure 6-5. The diagramin Figure
6-5 that corresponds closest to the piping arrangement for the neter |ocation
shoul d be used to determne required | engths of straight pipe on the inlet and
outlet. These lengths are necessary to limt piping configuration errors to
less than +0.5% If mninum distances are not observed, flow equations and
resultant flow cal culations may produce inaccurate data.

6. ACCURACY AND RELIABILITY. Both types of ultrasonic flowreters have an
accuracy of +5.0% of the upper range value. New el ectronics and nore

efficient designs have inproved meter reIiabiI.itY. Utrasonic flowmeters are
available with self-diagnosing features that include the follow ng:

« Applications.
o Transducer nmml functions.
e Cable and circuit failures.

7. MAINTENANCE . Maintenance on these obstructionless instrunents is

small. At least twice a year, renmove and inspect the pressure sensors of the
secondary elenent. \Were there is a possibility of coatings accunulating,
periodic cleaning i s necessary because the coating will cause refraction
angles to change. Also, sonic energy is absorbed by the coatings and renders
the meter inoperative. Data transm ssion sensors and processors shoul d be
checked and diagnosed every six nonths for correct input and output.
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CHAPTER 7. OPEN CHANNEL METERS
Section 1. VWEIRS

1. INTRODUCTION. Weirs are used in open channels and in conduits where the
fluid has a free surface, such as canals, streams, rivers, tunnels,
nonpressurized sewers, and partially filled pipes

1.1 Meter Designs. Wir designs are classed as sharp crested and not sharp
crested. Sharp crested weirs are used for flow measurement. Not sharp

crested weirs are used for flow control and are not discussed in this manual.

1.1.1 Sharp-Crested Weirs. Sharp-crested weirs (Figure 7-1) are classified
according to the form of the notch or opening as follous:

« Rectangul ar notch, original form

« V-notch, used to provide higher head readings at |ow flow rates.

« Trapezoi dal, hyperbolic, and parabolic, special notch types, intended
to have a constant discharge coefficient or to have a head directly
proportional to the flow rate

1.1.2 Broad-Crested Wirs. Broad-crested weirs have a considerable thickness
of crest as measured along, and parallel to, the channel. The crest should be
thick enough to prevent the nappe fromspringing free at the upstream edge
(Figure 7-2). This requires a thickness equal to at least tw ce the maxi num
head if the upstream edge of the crest is square. Thickness of the crest may
be reduced one-fourth if the upstream edge is rounded

1.1.3 Round-Crested Weirs. The curvature of the crest surface of a
round-crested weir may be radial or some other geometric curve such as a
parabola (Figure 7-3). The upstreamface of these weirs may be vertical or
sloping. Both the degree of the crest rounding and the amount of slope to the
faces affect the rate of discharge. Wirs of this type are seldombuilt with
the primary purpose of nmeasurenent.

1.2 Qperating Principles. A weir is a damlike device that obstructs liquid
flow and creates a control |l ed nappe and head of |iquid which can be neasured.
For flow neasurenent, the weir is considered a prinmary device to be used in
conjunction with a level measuring device

2. LIMTATIONS. The basic limtations of a weir type open channel flowreter
are as follows:

« Conditions nust be present to provide for devel opment of a head of
liquid .

«\Weirs are not recomended for flows that contain |arge anounts of
suspended solids or debris which could accumulate to Inpede flow.
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3. INSTALLATION. To obtain reliable flow information, weir installation must
include sufficient upstream and downstream preparation. The follow ng

paragraphs are general suggestions only. A design engineer is required to
provide specific details.

3.1 Upstream A weir should be preceded by a straight uniformsection of
channel to ensure uniform velocity distribution in the flow The length of
this channel should be 4 to 6 tines the width of the approach channel upstream
of the weir.

3.2 Downstream On the downstreamside of a weir plate, the edges of the
channel end wall, to which the plate is nounted, should be cut away so that
the nappe will fall freely wthout adhering to the end wall. Also, the width
of the downstream channel at the weir should be sufficiently greater than the
crest length, so that the sides of the nappe fall free

4. MAINTENANCE. Al types of head and area neters are used for open flow
measurenment, and their operation depends on the absence of any kind of

interference at the discharge opening. Weirs require the follow ng
mai nt enance procedur es.

4.1 Daily Mintenance. Check the weir edge daily to make sure it is clean
and free of algae growth and other interfering material

4.2 Mnthly Mintenance. Make sure the breather pipe is open. In cold
weat her make sure frost is not blocking the opening

4.3 Annual Maintenance. Drain the weir and make sure that water breaks
evenly over the crest. Check the weir edge for irregularities and correct if
f ound.

5. ACCURACY AND RELIABILITY. The accuracy of flow measurements nade with
sharp-crested weirs varies depending upon the sharpness of the weir edge, the
exactness with which the weir dinmensions were determned, and the nethod and
accuracy of head determnation. Weir accuracy is determned to vary between
0.5 and 4.0 percent. The reliability of weirs is not a quantitative
characteristic since the crest nust be free of debris to function correctly.
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Section 2. FLUMES

1. INTRODUCTION. A flume in an open or closed conduit is sinilar to a
venturi in a fully charged pipeline. The channel is constructed to cause a
decrease in pressure and an increase in velocity. A common characteristic of
flumes is the formation of a standing wave close to the outlet of the
constricted section which is why they are sonetines called standing wave
flumes. There is no “standard” flume; each is individually designed.

1.1 Meter Designs. The Parshall flume and the Pal mer-Bowlus flume are two
designs currently in comon use

2. OPERATING PRINCIPLES. In flumes, the nmeasuring section can be designed
with a contraction of the sidewalls, by a raised section, or hunp, of the
channel bed, or by a conbination of both contraction and hunp. These changes
cause a neasurable difference in head pressure between the converging section
and the throat. The difference in these pressures is used to calculate flow
rate.

2.1 Parshall Flunme. The Parshall flume is a measuring flune that is

wel | -adapted to use in irrigation canals and ditches. This flume consists of
an entrance section with converging walls and level floor, a throat section
with parallel walls and a downstream sloping floor, and an outlet section with
diverging walls and rising floor (Figure-7-4). The crest is the line where
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the level floor of the converging entrance section joins the inclined floor of

the throat section. Still wells may be installed alongside a flume to view
\gatber level if flume surface is frozen over or water surface is thick with
ebris.

2.2 Palner-Bowlus Flume. The Palner-Bowlus flune is used primrily in
circular conduits such as storm and sanitary sewers. Both sidewall and bottom
contraction are used (Figure 7-5).

3. LIMTATIONS. The mgjor limtation of flumes is that they are designed for
i ndividual locations, such as general information netering of storm and
sanitary sewers or irrigation purposes.

4. | NSTALLATION. Since flunes are not off-the-shelf meters, installation is
governed by design. Upstream and downstream cross-sections and lengths are in
the design specifications for each location. Follow design specifications for
grade height and zeroing of still wells, if used.

5. MAINTENANCE. Al types of head and area neters are used for open flow
measurenent.  Their operation depends on the absence of interference at the
di scharge opening.
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5.1 Monthly Mintenance. Mke sure the throat section is unobstructed and
cl ean. Renove algae growth

5.2 Quarterly Mintenance. Cean the stilling well and make sure connecting
pipe is clear.

6.  ACCURACY AND RELIABILITY. Accuracy of the Palmer-Bowlus flume is +3%
this error coupled with the [ evel neasuring device error gives a conmbined
accuracy of approximately +10% The reliability of flunmes is not a
quantitative characteristic since it nust be kept free of debris to function
correctly. Flumes are |ess accurate than a weir.
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Section 3. LEVEL MEASURI NG DEVI CES

1. INTRODUCTION. To mmintain accuracy obtained by a primary device, a
flowreter nust nmeasure fluid level at the measuring point and precisely

convert it to flowrate. This entails choosing a |evel measuring device
appropriate for site conditions.

1.1 Qperating Principles. Level neasuring devices operate using either the
time for sonic echo response from surface to bottom of liquid flow or
differences in atmospheric pressure between surface and bottom of |iquid

flow ~ The application of these principles is described in various neter
desi gns.

2. METER DESIGNS. Each of the meter types discussed are available with the
capability to integrate flow level data with preprogrammed data specific to
the site and provide an accurate flow rate

2.1 Utrasonic Level Meters. This type of level neter incorporates timng of
ul trasonic pul ses and echoes to determine liquid |level. A sensor/transducer
is fixed above the surface and is unaffected by the type of liquid (Figure

7-6) . The transducer emts a signal directed at the surface of the liquid and
measures the tine interval of echo response

2.2 Bubble Type Meter. The sensing probe for this type of neter is nounted
bel ow the surface of the liquid (usually at the bottom) (Figure 7-7). The
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probe contains a pressure sensitive transducer and a tube for rel easing gas
for bubble formation. The sensor neasures pressure required to produce

bubbles.  The rel ationship that exists between bubble pressure and head
provide data to determne flow rate.

2.3 Subnerged Probe. The subnerged probe type level neter is a differential
pressure transducer that relates pressure created by the liquid head to
at nospheric pressure (Figure 7-8).

2.4 Meter Selection. Table 7-1 illustrates typical site conditions and
possible meter applications and requirenents.

3. LIMTATIONS. Level neasuring devices have the following limtations:

« Must have access such as manhole or handhole for installation.

o« Must have electrical power source.

« Must have conpressed air source.

« Does not have provisions for digital data transm ssion and recording.
4. | NSTALLATION. Installation of the flow channel is permanent at nost

sites. The flow netering device is available as a portable or permanent
type. There is little difference in installation of the two types.
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TABLE 7-1. Level Meter Selection Guide
Application Requirenents Subrer ged
and Site Conditions Bubbl er Probe Ultrasonic
Factors Affecting Accuracy Performance
Silting in Use with caution|Very good* |Excellent
Hi gh <crosswinds Excel l ent Excel |l ent | Not recommended
Floating debris Excell ent Ecellent |Poor
Suspended solids Not recommended |Very good* | Ecel |l ent
(high concentration)
H gh grease concentration Not recommended (Very good* |Excell ent
Foam on [|iquid Excel |l ent Excell ent [Not recommended
Narrow channel Excell ent Excel l ent |Use with caution
Factors Necessitating
Onsite Mai nt enance Mai nt enance Required
Silting in Of t en None to None
occasi onal *
Suspended solids Often None to None
occasional *
H gh grease concentration Oten None
occasi onal *
Channel Application Installation
Wirs and flunes Very easy Very easy Easy
Smal | round pipes Moderately easy Very easy Easy
Large round pipes wth Difficult Difficult Easy
swift current
Irrigation channel or Somewhat Somewhat Easy
smal |l  stream di fficult difficult
River or other |arge Difficult Difficult Easy (if struc-
stream ture over
stream exists)
*Probes are only affected by a nmixture of grease and solids.
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5. MAINTENANCE. Level measuring devices require inspection and calibration
every six months. For nechanical devices, ensure that all noving parts work
freely and correctly. For electronic devices, check sensors and processing
equi pment for calibration. Al devices require periodic viewing to ensure

that material has not accumulated on or damaged the device resulting in
erroneous or no data.

6. ACCURACY AND RELIABILITY. Level-sensing devices differ in the method of
operation, but accuracies of t1.0%and repeatabilities of +0.1% can be
expected. Since |evel-sensing devices are accurate to +1.0% the devel oped
rel ationship between flow |l evel and channel becomes the area of |east accuracy
in the system Conbining the two devices produces a probabl e accuracy range

of +1.0 to +8.0% Reliability of these systens is very good, if basic
mai ntenance is perforned.
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Section 4. VELOCITY MO FIED FLOAWETERS

1. INTRODUCTION. A velocity nodified floweter is a single-unit sensing
device utilizing velocity, depth, and diameter data to determne volunetric
flow in open channels. Special units can be obtained for use in full pipe
flows. A typical unit is made up of a steel band to which is attached an
el ectromagnetic flowvelocity sensor and a pressure transducer to measure
water depth (Figure 7-9).

1.1 Qperating Principles. Using a plug-in nodule correlated to the pipe

di ameter, the processor applies velocity and depth data to the continuity
equation (Q "A x V) and conputes volumetric flow without need for pipe slope,
surface roughness, or enpirical formulas. Even though volunmetric flowis the
principle information conputed and recorded, velocity and depth data may be
di spl ayed.

2. METER DESIGNS. A typical unit is a steel band, sensor units, and cabling
between the power source and the data transmtter.

2.1 Steel Band. An expandable, stainless steel band recessed into the flow
conduit and expanded against the interior wall. Attached to the steel band is
a capsule containing the velocity and depth sensors. The capsule shape is
streamined to prevent fouling of debris.

2.2 Velocity Sensor. A solid state, electromagnetic sensor attached to the
steel band to correlate existing velocities to mean velocity of the flow
conduit. These data are transmtted to the unit processor.

2.3 Depth Sensor. \ter depth is measured by a submerged pressure transducer

encapsulated with the velocity sensor. Water depth data are transmtted to
the unit processor.

3. LIMTATIONS. The limtations of a typical velocity nodified flowreter are
as follows:

« Conduit dianeter range is from 8 to 102 inches.

« Tenperature limts are from-1°C (-30°F) to +32°C (+90°F).

o Liquids nust have a conductivity of at least 5 m cronmhos/cm
«Diameter of pipe or cross-section of channel nust be known.
« 120 VAC, 60 Hz power is required.

4. I NSTALLATION. Velocity nodified floweters are installed inside pipes
using an expandable steel band sized to the pipe diameter. Velocity and depth
sensors are an integral part of the band. Cabling is attached to the sensors

from a power supply and to recording equipment. [Installation Oay be permanent
ortenporary.
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5. MAINTENANCE. Inspect every six months to ensure sensors, recording and
processing equipment are calibrated and functioning.

6. ACCURACY AND RELIABILITY. Typical accuracy of a velocity nodified

flowreter is #2% with a repeatability of +0.5% Reliability is high as |ong
as schedul ed maintenance is perforned.
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CHAPTER 8. SURVEYING THERVAL FLUI D DI STRI BUTI ON SYSTEMS

1. INTRODUCTION.  Fuel usage records are often the only reliable source for
estimating the consunption of energy used by a thermal fluid distribution
system and the processes served by that system This accounting process does
not provi de know edge of when and where energy is consunmed or how efficiently
It is produced. Properly selected flowreters, which provide time-based

consunption patterns are required to successfully survey and manage a ther nal
fluid distribution system

1.1 Plant Level Meters. Accurate netering of fuel, feedwater, condensate
and steamor high tenperature water produced and exported is required to
manage a boiler plant. This level of metering provides boiler efficiencies
and overall plant input/output efficiencies. A 'so, superheaters and
desuperheaters can be nonitored and nore efficiently operated. Export neters
provide overal |l consunption of energy used by the custoners, including system
| osses. Peak energy usage and tine of day usage are quantified and anal yzed.

1.2 Trunkline Meters. Trunkline neters are installed in the min
distribution systemto deternmine energy use by distinct areas of a facility.
\Were possible, areas shoul d be defined by specific customer to achieve
greater accountability. Usage profiles fromtrunkline neters can determ ne
where, when, and how efficiently energy is used. Unusually large system

| osses may also be identified. An optinumdistribution configuration is
determ ned based on energy demand profiles. Trunkline netering also provides
pressure drop analyses for a system

1.3 Portable Meters. Portable neters are installed and renoved without
interrupting service. Individual process or building |oads are profiled for
troubl eshooting or planning and design purposes. Line |oss tests are done
using portable neters. Caution nust be taken if using two meters for line

| oss tests. The | oss neasured may be bel ow the accuracy of the neters.
Economi ¢ anal yses of energy conservation projects are nore accurate with the
use of data from portable neters.

1.4 Condensate Meters. Condensate neters can be used to infer steam |oads by
quantifying the amount of condensate returning to the steam plant. Condensate
neters are |lower cost than steam nmeters, they do not require pressure or
tenperature conpensation, they are generally nore reliable than steam meters,
and they require less maintenance. However, condensate neters should be used
with caution, since steam may be consumed in processes or |ost through |eaks
or steamtraps. Additionally, if the condensate return systemis in poor
condition, a significant portion of the total condensate may be | ost throu?h

| eaks. Consequently, the amount of condensate neasured may be significantly

| ess than the ampunt of steam actually used

2. METERING PROGRAM A successful metering programrequires the follow ng
a. Specification and installation of neter systens.
b. Schedul ed nmintenance and calibration of meter systens.
c. Scheduled collection, reduction, and analysis of data
d.  Managenent support of the metering program
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CHAPTER 9. ELECTRI C METERI NG
Section 1. REQU REMENTS AND USE

1. INTRODUCTION. Metering electrical energy involves use of many types of
neters and associated devices. In many cases, totalizing of kilowatthour
(kWh) usage during a time interval is adequate for studies and billing
purposes. Many nore paranmeters of electric power can be measured to provide
insight into electrical demand requirenents. Some parameters measured to
conplete a nore accurate and informative analysis of an electrical systemare
as follows:

« Vol t age « M d- peak kW denand
« Anmper e o« O fpeak kW demand
« Phase angl e o Ti me- of - use

« Ki | owat t « Power factor

« Ki | owat t hour « Real power

« Onpeak kW demand « Appar ent power

2. | MPORTANCE OF METERING. Metering electrical energy serves three inportant
purposes: provides energy audit data, identifies distribution of costs to
users, and sets standards to be used to evaluate performance. Meter
installation can be costly, but the return in savings usually is worth the
investment. Based on data from 1980, the cost of installing a kilowatthour
neter ranges between $300 and $1,000.

2.1 Audits. To obtain useful information for an audit, a survey requires a
metering systemand a formally standardized method of collecting and reducing
data. Percentages of energy efficiency and pinpointing inefficient equipment
are results that an audit will produce. An energy profile will do the

fol | ow ng:

«Ad in establishing and refining energy use by department or area.
« Establish and inprove accountability.

« Measure cost reductions.

« Determne equipnent capabilities and |oad factors.

«Help in planning facility nodifications and expansions.

« Provide data to analyze variance from standards.

ol dentify successful energy managenent projects.

2.2 Accurate Charges. Accurate distribution of charges to energy users is
needed. Contrary to limted netering of the past, sufficient and discrimnate
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pl acenent of neters today allows the identification and charging of individual

USers.

Itens to take into consideration when planning for netering systemare:
Sufficient noney to nonitor the desired number of circuits.
Staff with tine and qualifications to read neters.

Pl acenent of conductors for efficient connection to potential and
current transforners.

Loads that cannot be shut down for neter installation.
Placenent of meters for easy access in safe |ocations.

Design engineers know edgeable in netering system requirenents.
Trai ning of maintenance personnel.

Funding for maintenance and spare parts.

Cross reference nmethod to determine need for meter calibration.

2.3 Standards. Energy consunption standards can be devel oped from historical
data. Once a standard has been set, periodic nonitoring and plotting may

reveal

a variance that requires further investigation.
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Section 2. CONCEPTS OF METERI NG ELECTRI CI TY

1. INTRODUCTION.  To effectively nanage or participate in electric energy
management prograns, a basic know edge of electricity and meters is highly
beneficial. A course in electricity and neters is beyond the scope of this
manual . The material presented here acquaints individuals with fundanental
electrical units and phenonena specifically related to neters. The mgjor
enphasis is to show how information obtained from electrical meters is
applicable to managenent programs. There is sone mathematical and technical
discussion, but it has been kept to a basic level.

2. COMMON METERING TERMS.  The following definitions provide the means for a
basic application of metering data.

Anpere (1): Unit of current or rate of flow of electricity.

Bl ondel s Theorem The power/energy in a circuit of N lines can be
metered by N single-phase watt/watthour meters with the potential circuits
connected from each line to any common point. [f the conmon point is on one
of the lines, the power/energy can be netered by N1 watt/watthour neters.

Demand Analysis: Demand analysis is the critical exam nation of demand
profiles obtained froma power survey recorder (PSR), or conpiled from data
col l ected using kilowatthour meters, rate schedul es, demand registers, and
other instrunments. One of its purposes is to |ocate peaks and valleys in a
demand profile to evaluate the possibility of load shifting to |evel out the
profile and to reduce demand charges.

Demand Factor: Ratio of maxi nrum demand to the total connected | oad.

Demand Peaks: Al though demand billing procedures are not uniform
ti me-dependent demand charges are typical. One nethod uses onpeak, m dpeak,
and of fpeak hours to assess demand charges. Al though hours may vary between
sunmer and winter nonths, a typical summer schedule is: onpeak-denmand--1:00
PMto 7:00 PM weekdays; i dpeak-demand--9:00AM to 1:00 PM and 7:00 PM to
11: 00 PM weekdays; of f peak- demand--all other hours including holidays.
H ghest charges are assessed for onpeak-demand with proportional cost
reductions for mdpeak and offpeak periods.

Demand Profile: A demand profile is a graphic representation of
electrical demand made on a system during a given period. The profile
illustrates the relationship between denmand, in kilowatt, and time of day
demand occurred. \When graphing, place demand on y-axis and time on x-axis.

Diversity Factor: Ratio of the sum of individual naxi mum demands of
various subdivisions of a systemto the maxi num demand of the whole system

Horsepower (hp): Measure of tine rate of doing work; equivalent to
raising 33,000 Ibs, one ft in one mnute; 746 watts.
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Hours-M dpeak:  This is time-of-day charge used by sone utilities in
demand or total energy billing. M dpeak-hour demand charges are often
considerably less than onpeak-hour demand charges. Total energy charges ny
average 15 to 20 percent less than onpeak-hour charges. Although the schedul e

wll vary anong utilities, a typical summer schedule for m dpeak-hours is from
9:00 AMto 1:.00 PM and 7:00 PMto 11:00 PM on weekdays

Hours-Offpeak:  This is a tine-of-day charge used by sone utilities in
demand or total energy billing. Use of electricity during offpeak-hours
results in lowest total energy charges and in sonme instances may not result in
a demand charge. Although schedules will vary, a typical sunmer offpeak-hours

schedul e is all holidays, Saturdays, Sundays, and fromthe hours of 11:00 PM
to 9:00 AM on weekdays.

Hours-Onpeak:  This is a tine-of-day charge used by some utilities in
demand or total energy billing. Use of electricity during onpeak-hours
results in the highest charges for demand or total energy use. Al though hours
may vary among utilities and will vary between summer and winter, a typica
sumrer schedul e for onpeak-hours demand is from1:00 PMto 7:00 PM on weekdays.

Kilovolt Anperes (kVA): 1,000 volt-anperes.
Kilowatt (kW: 1,000 watts.
Ki | owat t hour (kW): 1,000 watthours.

Load Factor: Ratio of average |oad over a designated period of time to
peak |oad occurring in that period.

Load Shedding: Load shedding is shutting down electrical |oads to reduce
total load and to |ower demand

Megohm 1,000, 000 ohns.
Chm (R): unit of resistance

E
Chnis Law | =R (cd or 100% pf)

Phase Angle: The phase angle refers to the angle created between the
sinusoi dal vol tage curve and either a |agging or |eading current curve.

Al though current may either lag or |ead voltage, commercial users try to
ensure current is slightly lagging

Power Factor: Power factor (pf) is a ratio of real power measured in
watts of an alternating current circuit, to apparent power neasured in
vol tanmperes. Power factor is also the cosine of the phase angle between the
voltage and current.
pf:ﬂ:k_wz

VA VA cos( q) of power triangle
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Power - Apparent:  Apparent power is the product of voltage and current in
acircuit in which voltage and current reach their peaks at different tines.
In other words, there is a phase angle between the voltage and current.
Apparent power is measured in volt-anperes

. Power - Reactive: Reactive power, also called wattless power, is g easured
in ternms of voltanpere-reactive (VAR). Reactive power increases as power

factor decreases and is the conponent of apparent power that does no real work
in the system

Power - Real : Real power is the conponent of apparent power that
represents true work in an alternating current circuit. It is expressed in
watts and is equal to apparent power tinmes power factor.

Signal -Anal og:  An analog signal is a voltage or current signal that is a
continuous function of the nmeasured parameter. Analog signals provide direct,
i nstantaneous information. It is nost often used for onsite nonitoring with
meters and pen chart recorders. |If analog signals are to be transnitted over

| ong distances, the signal is generally converted into a numerical value
before transm ssion

Signal -Digital: A digital signal (nunmerical display) is pulse generated
and discrete. Systens used for transmssion are RS-232, 4-20 ma, and 1-10
vol t.

Tine-of-Use Charges: Many utilities adjust energy charges for the
time-of-day or tinme-of-year that energy is used. For tine-of-day billing
onpeak energy costs will be higher than midpeak and of fpeak costs. Cther
utilities have established winter and sumrer rates

Volt (E or V): Unit of electromotive force

Volt Anperes (VA): Unit of apparent power; EI (single phase); E x | x
1.73 (3 phase).

Watt (W: Unit of true or real power; VA x p-f.

3. ELECTRIC METERS AND BILLING. In charging for electric energy, utility
companies use three types of neters. These are demand, power factor, and
wat t hour nmeters. Total energy charges are obtained froma watthour meter,
power factor froma power factor meter, and demand val ues froma demand
meter. Typically, watthour and demand neters are conbined.

3.1 Total Energy Charges. The total energy used on an installation is
recorded on watthour nmeters and is billed in kilowatthours. The greater the
wattage of electrical devices, the higher the charges for total energy. Any
met hod that reduces the tine of operation or the power used by an electrica
device will result in decreased energy charges. Many manufacturers now
produce products that use significantly |ess energy, but performessentially
the same tasks as higher powered equipment.
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3.2 Power Factor. Power factor occurs only in AC circuits and is defined as
the ratio of real power to apparent power. Power factor is also the cosine of
the phase angle between the voltage and current signals. Figure 9-1 provides
a graphic representation of power factor. \hen the current signal crosses the
x-axis after the voltage signal, the power factor is said to be lagging. If

it crosses the x-axis before the voltage signal, the power factor is |eading
Power factor values can range fromleading 0.2 to lagging 0.2, with an optinmm
value of 1. Typically power factor ranges from between 0.75 and 0.95, [agging

3.2.1 Apparent Real, and Reactive, Power. Real power is actual power used by
a piece of equipment and converted ultimately into work. Reactive power is not
converted into work but is a neasure of the stored energy (either capacitive
or inductive) that must be constantly transferred between the source of power
and the end equipment. Mtors require reactive power to magnetize their

coils. For each sinusoidal cycle of the voltage provided to the motor, the
magnetic field builds up and col | apses. Reactive power Is borrowed as the
magnetic field is built up and, as the magnetic field collapses, the power is
returned. Apparent power is power a utility nust 8enerate to operate the

equi pment. It contains conponents of both real and reactive power as shown on
the bottom of Figure 9-1. If the power factor is equal to 1 (voltage and
current signals coincide), then real and apparent power are equal. However
because of the power factor effect, the utility nmust generate a greater ampunt
of power than required by online equipnent for useful work. Since apparent
power is defined as volts tines anps, this requires the utility to generate
nore current. In addition to costing nore noney, the increased anperage
flow ng through transmssion lines and into the equi pment causes both to heat,
whi ch hastens deterioration and adversely affects regulation in transforners.
Since reactive power does not register on watthour meters but results in added
expense to the utility, the added cost is passed on to the custonmer in the
form of a power factor charge

3.3 Demand. Denmand is defined as average power used during sone
utility-selected time period. Power is usually expressed in kilowatts and
nornmal industry standards for time are 15- or 30-minute intervals, but
occasionally are as long as 60 minutes. In Figure 9-2, a 15-mnute tinme
interval from 0900 to 0915 is used to illustrate demand. During this interva
| oad varies as shown: 300 kWfor the first 5 mnutes, 400 kWfor the next 5
mnutes, and 800 kWfor the last 5 mnutes. The average power used during
this 15-mnute period is 500 kW shown as a dotted line. This dotted line is
“demand value” or sinply "demand” for that 15-mnute interval. Note that the
area under the dotted line (demand) is exactly equal to the area under the
solid line (varying load). This leads to yet another definition of demand
Denand is that value of power which, if held constant over the interval, wll
account for the same consunption of energy as the real power. Figure 9-3 is
an actual demand graph over four time intervals. As before, demand for each
tine interval is shown by the dotted line with actual power consumed
represented by the solid line. Again for each interval, area under the dotted
line is equal to area under the solid line. If demand shown in the second
interval was the highest demand for the entire billing period, it would be
cal | ed peak demand and would be the value used by utility conpanies for
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billing. Since demand billing varies so greatly among utilities, it is
necessary to thoroughly research and understand the policies of the utility
serving the facility. Alnpst wthout exception, demand will be the najor
element of any electrical bill. The energy manager nust try to find ways to
reduce peak demand so that demand can be as level as possible. Even though
utilities nust be capable of providing maxi num power demands, it is not
necessary to provide it at all times. This will result in a significant
reduction in demand charges.

AVERAGE LOAD OVER
~ 15 MIN. INTERVAL
s 800 KW IS 500 KW
x
(=]

o
o b __ 500 e e
{ 400 KW
300 KW
0900 0905 0910 0915
START TIME INTERVAL END

FIGURE 9-2. Demand Cal culation for One Tine Interval
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4. ELECTRIC METERING COVPONENTS. A wattneter monitors the two basic
conponents of electrical power, current and voltage. Typical connection
diagrans for a voltmeter and ammeter are shown in Figure 9-4. The vol tneter
is a high-resistance device and is always connected in parallel with a source
of power or load. The ammeter neasures-current flow ng-through a conductor is
a lowresistance device always connected in series with the source of power or
load. The wattneter is a conbination of both voltneters and ameters. It
measures power flow fromthe source to the load. The potential coils are
connected in parallel and the current coils are connected in series with the
load. Typical connections for a single phase wattneter is also shown in
Figure 9-4.

4.1 Watthour Meters. The watthour neter is a carefully calibrated induction
notor. It measures electrical energy by utilizing the interaction of fluxes
generated by current and voltage el enents acting to produce eddy currents in
the rotor (disk). The eddy current flow produces lines of force which in turn
interact with the flux in the air gap to produce turning torque on the disk.
The speed that the disk turns depends upon the energy (watts) being nmeasured
Each revolution of the meter disk has a value in watt-hours. A constant

(K) represents the nunber of watthours per revolution. A register counts
revol utions and displays the count as Kkilowatthours (kW).
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5. POLYPHASE A-C CIRCUITS. The energy delivered over a polyphase circuit is
the total energy delivered over each equival ent single-phase circuit that nmake
up the polyphase circuit. Energy can be measured by connecting a single-phase
wat t hour neter in each phase and then adding up readings of individua

nmeters. This is not conmercially practicable because: it requires too nany
meters; it takes nuch nmore time to read the meters; and it multiplies the
chance of mstakes both in reading nmeters and in totaling neters. The
electrical industry has devel oped polyphase watthour neters.

6. POLYPHASE WATTHOUR METER  The pol yphase watthour neter is a conbination
of single-phase watthour neter stators that drive a rotor at a speed
proportional to the total power in the circuit. The meter consists of a

mul tistator notor, neans for balancing the torques of all stators, a nagnetic
retarding system a register, and conpensating devices. These conponents are
assenbled on a frame and nmounted on a base

6.1 Qperating Principle. The operating principle of polyphase watthour
meters, having any nunber of stators, is the same as single-phase watthour
neters. Torque on each stator results fromcurrent in one set of

el ectromagnetic coils and eddy currents induced in a disk, or disks, by

current in the other set of coils. The torques of the several stators combine
to give a resultant torque proportional to total power.

6.2 Blondel’s Theorem Because the sane rules apply to measurement of both
pol yphase energy and pol yphase power, principal parts of single-phase watthour
meters can be conbined for pol yphase energy measurement, nuch as conponents of
singl e-phase wattmeters are conbined for polyphase power mneasurement

Bl ondel ' s theorem applies to measurement of energy exactly as it does to
measurenent of power. A polyphase watthour neter is built with the nunber of
el ements necessary to satisfy Blondel’s theorem

7. METER TYPES. A wide variety of meters are available to neet al nost every
nmeasuring need. Meters can be divided into two major types, indicating and
recording

7.1 Indicating Meters. Indicating meters are used to provide a neasured
value at a given nonent, and show how instantaneous val ue changes as a
function of tine. Indicating neters may have anal og pointers or digital
readouts. Sonme neters have a built-in time delay. Many are equipped to show
average use over a 15 mnute to 30 mnute increnent.

7.2 Recording Meters. Recording neters are used to accumulate a neasured

val ue over a period of time. These meters use either dials such as a
kilowatthour q eter, a paper chart (either circular or strip), or magnetic tape
where readings are coded into pulses and then encoded by a conputer systemto
record the increase in reading between reading intervals.
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Section 3. METERS AND SUPPORT DEVI CES

1. INTRODUCTION. Accurate and reliable data can be obtained using either
permanent or portable neters. Permanent neters are generally installed at
service entrances and at points of large power demand. To perform a power
demand survey, it may be necessary to nonitor many additional |ocations within
a system It may not be economical to install permanent neters at each

| ocation, so portable units are used. The cost of portable neters is higher
than permanent neters but their accuracy is generally very good

2. METERI NG DEVI CES.

2.1 Watthour Meter. Consunption of electrical energy is measured wth either
a nechanical or electronic watthour neter

2.1.1 Mechanical Watthour Meter. A nechanical watthour neter is a small,
precision built, induction notor. It consists of a rotating disk,

el ectromagnet, permanent danping magnet, bearings, geartrain, and dia
assenbly. The electromagnet is wound with a voltage coil and a current coil
Wien the neter is energized, a small current flows through the voltage coil
connected across the lines, and full load current flows through the current
coil. The current in these coils sets up magnetic fields, or nmagnetic flux
that induce small currents (called eddy currents) in the disk. These eddy
currents set up their own nmagnetic field. The conbination of fluxes, or
magnetic fields, interact with one another in such a manner that the disk is
forced to rotate in a positive direction. Wth voltage and current coils
energi zed, the disk gathers momentum and spins faster. Therefore, a braking
device to retard disk speed is provided. The braking device is a pernanent
magnet through which the disk rotates

2.1.2 Electronic Watthour Meter. An electronic watthour neter consists of a
current sensor, kilowatt transducers electronic totalizer, and mechanical or
electronic digital display. Sensor, transducer, totalizer, and display

conbi nations are available for readings of watthours to megawatthours. As
with rmost el ectronic power nonitoring equipment, the cost is high. Most

electronic kWh g eters are used in conjunction with conputerized energy
managenent  systens.

2.1.3 Watthour Meter Selection Criteria. Sone facts that should be known or
consi dered before purchasing and installing a meter are as foll ows:

« Type of service: single-phase network, 3-wire; 3-phase, 3- or 4-wire
wye (Y) or delta ( D)

«Circuit voltage: line-to-line or line-to-neutral, depending on q eter

connections. Determine if requirement exists for PT with current
limting primary fuse.
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« MBXximum circuit current: assume for current estinmating purposes that
1 horsepower = 1 kW= 1 kVA. Determine CT ratio if |oad is above
meter class rating.

« Mounting: socket (S) or bottomconnected (A).

e« Register: 4-dial or 5-dial pointer; 4-dial or 5-dial cyclometer;
cumul ative demand register with 15-mnute interval.

« Frequency: check val ue.

« Conpliance to standards: ANSI Cl12.10, Watthour Meters.
« Special features: pulse device.

2.1.4 \tthour Meter Register. A register of a watthour nmeter is a
geartrain designed to count the number of revolutions of the disk

(Figure 9-5). Rather than displaying the number of disk revolutions directly,
the register derives kilowatthours by the nunber of disk revol utions.

Regi sters are either pointer type or cycloneter type (Figure 9-6).

2.1.5 Meter Terminology. To facilitate an understanding of operation,
testing, and accuracy of neters, it is helpful to recognize the neaning of
certain abbreviations in conmon use:

K, =  The nunber of watthours represented by each revolution of the
meter disk.
K = The register constant. This is the value that a register reading

must be nultiplied by to obtain the correct kWh registration.

R = Refer to Figure 9-5. A ratio of the nunber of revolutions of
first register shaft (A) to each conplete revolution of the first
poi nter shaft (B). The gear marked A is driven by the disk shaft.

G =  Cear reduction ratio between the disk shaft and the gear (Ain
Figure 9-5) which meshes with it.
TF = Transformer factor which is the product of the current transforner
ratio (CTR) and the potential transformer ratio (PTR).
PK.= Primary neter constant
= Kx TF

2.1.6 Meter Nameplate. The neter naneplate provides inportant information in
addition to totalized watthours (Figure 9-7).

2.1.6.1 Cass. Mdern neters will neasure accurately up to 800 percent of

full load calibration test anperes. This is denoted by “CL", or class, on the
namepl ate. Use Class 20 neters with instrunent transformers to obtain
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SINGLE STATOR WATTHOUR METER

CL200  ¢c240v 3w s s10c910G10 TA30 Ky 7.2

2A
FL 8 LL 7 —S
Q TYPE D-4S FORM 2s Q

48 356 27 3

FIGURE 9-7. Meter Nameplate

straight line accuracy up to 20 anps and al so use with CTs with 5 anp
secondaries. Class 10 and 20 meters are for use with instrument transforners
only . Cass 100, 200, and 320 neters are designed to directly meter the line
current.

Cass 10: 2.5-anp neter with 400 percent overload capability
Class 20: 2.5-anp neter with 800 percent overload capability
Class 100: 15-anp neter with 400 percent overload capability
Class 200: 30-anp neter with 666-2/3 percent overload capability
Class 320: 50-anp neter with 640 percent overload capability

There are sone exceptions to the rule. Refer to nmanufacturers instructions
to be sure of the correct application for a particular meter.

2.1.6.2 Register Miltiplier (K). To obtain the correct nunber of
kilowatthours, it may be necessary to multiply the value shown on the q eter by
a register multiplier or register constant K. The value of K, although
shown on the neter namepl ate, can be cal cul ated as fol | ows:

R x KxTFxG
10, 000

K =

r
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R, = register ratio found on front plate, back plate, or frame of
register

K,= watt hour constant

TF = transformer factor = CT ratio x PT ratio

G = first gear reduction ratio usually 50 or 100 (obtain from
manuf act ur er)

Sel f-contained neters, used for domestic service and snall industry, usually
have a nultiplier of either 1, in which case no nultiplier would be shown, or
10.  Wenever the nultiplier is nore than 1, the words “multiply by”, followed
by a number appear on the front plate. For transformer-rated neters, which
are used with instrument transforners for heavy industrial and central station
metering, the nultiplier can be 10, 100, 1,000, 10,000, etc. In this case the
register is supplied for only one transfornmer factor. The multiplier can also
be nunerically equal to the transforner factor. If so the register will read
interms of secondary energy and be read on a “secondary-reading register*’

In any watthour neter, the total energy in kW is equal to the product of the
wat t hour constant (K) and the disk revolutions divided by 1,000:

K, x di sk revolutions counted

1,000

To determine total energy in kilowatt hours as counted by a transformer-rated
meter, the secondary reading register would be nultiplied by the ratio of the
instrument transformers which is called the transfornmer factor. In a system
using current transformers with a rated primry current of 20 anperes, tota
energy registered would equal:

kW =

K, x disk revolutions 20
KWh - X —
1, 000 5
If the systemal so contained a PT with a 7,200 to 120 ratio, the total energy
regi stered woul d equal

K,x disk revolutions 20 7,200
kW = X —X
1, 000 5 120

In this exanple, the nunbers 4 (20/5) and 60 (7,200/120) are the ratios of CT
and PT respectively. Their product, 240 (4 x 60), is the transformer factor
for this neter. Wiatever value is shown on the secondary register nust be

mul tiplied by the transforner ratio to obtain the correct nunber of kW used
in the primary circuit.

2.1.6.3 Voltage Rating. Meters are available for 120-, 240, or 480-volt
service as required
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2.2 Permanent Kilowatthour Meter. A typical kilowatthour neter is shown in
Figure 9-8. Watthour meters are commonly known by the type of electrica
system for which they are designed, such as 3-wire single phase and 4-wire
delta or wye neters. Basic characteristics of a typical kilowatthour neter
are as follows:

« Configuration: Kilowatthour neters are available to neasure energy
consumption for all types of single and polyphase circuits. Two types
of mountings are available: hard-wired A-type meter and socket and
plug-in, S-type neter. In addition to standard registers, three
options are available: tine-of-use register, demand register, and
pul se initiator

« Register: Totalized kilowatthours (kW) are displayed either in a
four or five circular dial arrangement, or in digital form

« Range: Self-contained meters are designed for services of up to 200
anperes and 600 volts. For higher voltages and currents, potential
and current transformers are required. |In many situations, for safety
considerations, a potential transformer (PT) is preferred when
vol tages exceed 277 volts.

« Accuracy: Utility conpanies usually specify an accuracy of+2 percent
and conformance to Anerican National Standards Institute (ANSI) c-12
series standards.

s el

L gt T

«
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6-& TYPE -20-3 WATIHOUR METER ™
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CUTY OF LOS ANGELES

9 150 541

FIGURE 9-8. Kilowatthour Meter
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oInstallation: Power service nust be interrupted to install an S- or
A-type kilowatthour neter. |If service cannot be interrupted, clanp-on
split core transformers may be used. Core transformers are generally
used as a tenporary neasure or for spot monitoring

2.2.1 S and A-Type Kilowatthour Meters. The S- or A-type designation on a
kil owatthour neter refers to the counting configuration. An S-type neter is a
socket -mounted meter. A socket is hard wired into position and the oeter is
then plugged into the socket. The neter can then be renmoved any time wthout
di sconnecting wring. The A-type nmeter is hard wired into position at the
time of installation and requires conplete disconnection of wiring for renoval.

2.2.2 Transfornmer-Rated Kilowatthour Meters. If connected |oad exceeds 200
anperes and/or voltage of a circuit exceeds 600 volts, a transformer-rated kW
nmeter nust be used in conjunction with instrument transformers. For safety
reasons, transformers should be used when voltage exceeds 277 volts, even
though meters without transforners are supplied for 480 and 600 volt service
Transformers reduce the voltage and line current to meter operating range

Both current and potential transformers are used for this purpose

Transformers can be either an integral part of the meter or a separate
component. In using transformer-rated neters, it is inmportant to know that
two values of K may be shown on the nmeter nameplate. The first K which

is asmll nuneric value is the Kof the neter itself. The second K,

whi ch may be shown as K, in which the subscript “t” stands for test, is the
val ue used when the neter is being tested. There is another term which should
be understood; this is the primary K abbreviated Pri K or PK which is
followed by a nunerically large nunber. This value is the nunber of watthours
of primry energy for one revolution of the disk and is equal to the K (of
neter) x Transformer Factor. The transforner factor is equal to the product

of CT and PT ratios. The CT ratio is always the rating of the CT divided by 5
and the PT ratio is the voltage of the primary circuit divided by 120

2.2.3 Three-Phase Crcuits. Polyphase watthour meters are applied to both
delta ( D) and wye (Y) circuits

2.2.3.1 Three-Phase, Four-Wre Y Circuits. A three-phase, four-wire circuit
is equivalent to three single-phase, two wire circuits having a comon return
circuit with potentials 120 degrees apart. It can, therefore, be netered with
three two-wire nmeters or with a three-stator pol yphase neter as shown in
Figure 9-9. Because the voltages of the three phases are balanced, it is
common practice to use a 2-1/2 stator self-contained watthour nmeter to meter
this circuit. Connections for a self-contained watthour neter are shown in
Figure 9-10

2.2.3.2 Three-Phase, Three-Wre Circuits. Mtering of a three-phase,
three-wire circuit is acconplished in accordance with Bl ondel’s theorem by
means of a two-stator neter having current coils connected in two |ines and
corresponding potential coils connected from these lines to the third Iine.
The connection of a transformer-rated meter is shown in Figure 9-11.
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Figure 9-10. Two-and-one-half Stator Meter in a Three-Phase,
Four-Wre Y Circuit
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FIGURE 9-11. Two-Stator Watthour Meter Connected to a Three-Phase,
Three-Wre Circuit Wth Current Transforners

2.2.4 Kilowatthour Meter Reading. |If a nmeter has a dial type register, it
will either have four or five dials, as shown in Figure 9-8. The correct
reading for a five-dial nmeter is 34310; the correct reading for a four-dia
nmeter would be 4310. Every other dial noves counterclockw se. \Wen the
pointer is between two nunbers, record the |ower of the two nunbers. Wen the
pointer appears to be directly on a number, look at the dial to the right. If
the pointer on the dial to the right has passed "O' toward “I,” then use the
nunber the pointer appears to be on. If the pointer on the dial to the right
has not passed “O " use the previous, |ower nunber on the dial being read
Subtract the previous reading fromthe present reading to determ ne

ki 'owat t hours used during the tine interval. If the words “multiply by*’

foll owed by a nunber appear on the neter nameplate, the reading on the
register must be nultiplied by the nunber shown to obtain the correct val ue.

2.2.5 Meter Recording Devel opments. Recent devel opments in the field of
meter recording prom se increased accuracy and automatic processing of data.
Meters currently available allow neter readings to be recorded even when the
meter is inaccessible. Another devel opnent allows neter readers to record
meter data on a hand-held device which resenbles a pocket calculator. The
hand-hel d device is preprogrammed to automatically evaluate the entered
reading for tolerance from past readings. |f beyond a programed tolerance
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it alerts the meter reader to a possible recording error. Data nust either be
corrected or “force” entered, in which case this fact will be noted. The
exact time the neter was read is recorded to the second. All types of neters
can be serviced. At the end of the day, the device is placed into a conputer
interface. The interface equipnent automatically feeds all the infornmation
obtained that day into computer data files. The system also prepares reports
with format and information selected by the utility manager. Systems simlar
to this help elimnate human error.

2.2.6 Field Testing. The accuracy of a watthour meter can be checked using a
sinple tinme test. The nunber of watthours for any period is the product of
the number of disc rotations times the meter constant (k,). The speed of
rotation of the disc indicates the use rate or watts being used. The kilowatt
Is a nore reasonable quantity for consunption rate and the follow ng fornul a
can be used when timng a neter disc

Kilowatts (kW = PTR x CIR x k,x 3600 x REV
1000 x s
Kilowatts (kW = 3.6 x pK x Rsﬂ
wher e
PTR = potential transformer ratio
CTR = current transformer ratio
K, = nmeter constant found on the face of the meter
REV = nunber of disc revolutions during observation period

S period of observation in seconds
pK, = primary neter constant K x (PTR x CTR)

A stopwatch can be used to check neter accuracy using the formula given

above. The calculated kW can be conpared against a known load. If |oad
remains constant, results are quite accurate. However, since accuracy depends
upon a constant |oad which nmay be inpossible to obtainin the field, it may be
preferable to conpare the watthour meter being checked against a watthour
neter standard of known performance. Since both neters will be connected in
the circuit, small variations in voltage, current, or power factor will not
introduce errors as both nmeters are observing the sanme | oads.

2.3 Denand Meter. A demand neter is a kilowatthour neter with an accessory
clock notor and counter mechanism  The basic type of demand neter indicates a
singl e maxi num demand during a given tine interval, using a sweep pointer
Behind the front plate there is a pointer-pusher nechani smthat advances the
pointer. After each demand interval, the pointer-pusher is reset to zero by
the clock while the pointer remains at its last indicated high point.
Therefore, the maxi num demand during a single interval is registered

regardl ess of the number of intervals spanned. The g axi mum demand, in
addition to total kW consumed, is used for billing purposes.
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2.3.1 Demand Register. A demand register is the register on a demand neter
that indicates maximum |oad demand during a given interval of tinme, usually a
15- to 30-mnute period.

2.4 Power Survey Recorder. To assist with electrical power surveys, a power
survey recorder (PSR) is recommended. The PSR is a mcroprocessor-based
instrument that accepts all necessary paraneters for analysis of any

singl e-phase, two-phase, or three-phase electrical system A PSR should
enabl e recording of electrical data for various |oads to provide information
required for analysis. To allow demand anal ysis, the meter should be capable
of measuring kilowatt (kW demand and neke it possible for survey personnel to
correlate data acquired with tine of day, day of week, or other time
designation. Qther paraneters often required for analysis are kil ovoltanperes
(kVA), kilovoltanperes-reactive (kVAR), and power factor (pf). Know edge of
any two of these parameters allows calculation of the third. The choice of
meter that allows selection of the parameter to be recorded will often save
tinme during analysis. \en choosing a PSR, the follow ng additiona
recormended features are to be considered

2.4.1 Portability. To enable different points in a systemto be measured
the PSR must be portable rather than fixed. Physical size and wei ght of
portable neters varies and may require consideration.

2.4.2 Full-Scale Ranges. Because of the range of |oad demands encountered
during a survey, a PSR should be able to measure both very small and very

| arge |oads. PSRs typically have neasurenent |imts of approximtely 600 volts
and 1,000 anperes. Potential transformers extend voltage range and current
transformers increase current capability.

2.4.3 Split Core Transfornmers. Although it is preferable to install metering
devices before a load has been energized, many |oads may be considered too
critical for shutdown. In such instances, split core transformers nay enable
measurenments to be made. Wth such devices, the circuit need not be
interrupted for insertion of current neter elenents

2.4.4 Accuracy. A PSR nust be accurate across the entire range of scal es and

parameters available. Poor accuracy reduces validity of calculations that are
based upon PSR data.

2.4.5 Tenperature and Hunidity'Linits. ‘A PSR nust be capabl e of providing
accurate, reliable information in all climtic conditions encountered

2.4.6 PSR Voltage and Frequency Requirenents. Selectable voltage inputs for
a PSR is advantageous. Metering in various locations may give rise to
differing voltage requirements. Should voltage requirements exceed 600 volts

PT will normally provide the needed additional capability. Al though only one
frequency may be encountered at any particular facility, the PSR selected

should be able to neasure power at whatever frequency is present.
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2.4.7 Availability and Compatibility. PSRs of various capabilities are
available in the commercial q arketplace. Prices and accessories vary

consi derably. Wen renting, leasing, or purchasing equipnent, ensure that al
conmponents needed to undertake a conplete survey are obtained. Additionally,
ensure that survey equi pnent conponents are compatible with each other.

2.5 Tape Recorder Meters. A tape recorder neter is used often for periodic
moni toring because it provides a graph that is easy to analyze. Tapes offer
imediate data for use in conmparing actual power demand with rate schedul e
provisions of the utility. These nmeters are portable and do not interrupt
service when connected. The meter uses clanp-on type current transforners and
may use battery power or 100 volts alternating current (VAC).

2.6 Tinme-of-Use Meter. Time-of-use neters have not changed for nany years;

i nprovements to them have been evolutionary rather than revolutionary. Wth
availability of integrated circuit processors and electronic digital nenories,
tasks performed by these meters that were originally difficult or inpossible,
are now easier. This neter is based on a standard watthour neter structure
with pulse output to an integral mcroprocessor-based register. Wth a
precise internal clock it can be programmed to handl e any tine-dependent
provisions in a rate schedule, such as tinme-of-day and time-of-year rate
changes. The reduction of meter data can provide the follow ng types of

I nformation:

« Total kWh o Onpeak kW
e M d- peak kWh o« O f peak kWh
o Onpeak kW demand e M d- peak kW denand

o O f peak kW denand

2.7 Power Factor and Negative Sequence Meters. Power factor and negative
sequence neters are available to meet specific needs

2.7.1 Power-Factor-Meter. A power-factor neter indicates either a single or
t hree-phase value leading or lagging. It requires both potential and current
connections nuch the sane as a wattneter. Mst power-factor neters are

singl e-phase devices and are not accurate on either inbalance voltage or
current on a three-phase system Sone electronic neters respond to zero
crossings and, in the presence of distortion, are not accurate

2.7.2 Negative Sequence Meter. A negative sequence neter indicates the
presence and magnitude of negative sequence voltage or current, usually
associated with system inbalance, fault conditions, or both

3. OTHER ELECTRI CAL METERI NG COVPONENTS

3.1 Pulse Device (Digital). A wdely used nethod of demand netering is the
block interval, so called because a kW measurement is totalized over a block
of time, typically a 15- or 30-minute period. The nost flexible and easily
computerized block interval netering technique is pulse totalization. Each
pul se represents a specified amount of kilowatt hours read by the meter from
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total or partial rotation of the disk. A pulse device can be retrofitted to
nost existing electromechanical watthour meters. These devices cause relay
contacts to close at a rate proportional to load on the meter. Defined
kilowatt demand is derived from relay closure pulses using the expression:

KW ™ n x KWC
T
wher e:
KW = kilowatt Demand
n = number of pulses occurring over the counting interva
KWC = constant nunber of kilowatts per pulse (demand nultiplier)
T = counting interval in hours

KWC, the watthour constant of the pulse devices, is calculated by:

KW = (R'1) x k,X TF
1000

wher e:
R

nunber of revolutions of the rotor per pulse. This is a
constant provided by the manufacturer of the pul se device
TF = transformer factor = CT ratio x PT ratio

k , = watthour constant

Two types of pulse devices are in common use, contact and pulse initiator.

3.1.1 Contact Devices. A contact device is entirely nechanical, consisting
of a multilobed cam connected into the watthour geartrain. The cam actuates
one or more contact sets. Al conponents of the device are mounted on a
single backing plate that bolts into the neter mechanism under a glass dome.
Three contact configurations are available (Figure 9-12). The different
contact devices available service different electronechanical kW demand
totalizer configurations. Slowbreak contacts, for exanple, are used for

sol enoi d-operated totalizers and qui ck-break contacts for notor-operated
units.  The type of break mechanismis inportant when contact closures froma
pul se initiator are interfaced to a mcroconmputer through a single digita
interface channel. If the sudden drop caused by the cam produces contact
bounce, corrective neasures nust be taken to ensure accuracy of m croconputer
di splays. High-speed logic circuits are sensitive to contact bounce and are
able to resolve a train of pulses froma single bouncing contact switch
closure. This problem can be elimnated using software designed to discard
any data during a specified period of time following a switch contact

3.1.1.1 Contact Device Drives. Mst contact initiators are driven by a

separate worm gear on the meter shaft. Some meters have up to 360 possible
gear ratios using worm gear and sector conbinations. Tables for determ ning
equi val ent camteeth (EqT) can be used, given the nunber of points on a cam
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FIGURE 9-12. Contact Device Configurations

and the gear ratio fromthe meter rotor to the cam These tables are
available from the manufacturer. The disadvantages of contact devices have
limted their installation in newer, nore sensitive watthour neters. Newer
meters produce | ower torque per kilowatt and thus are nore affected by
frictional forces inposed by the cam operated switch. The increased
requirement for higher pulse rates and |ower spring tension on the contact
have proven to increase mai ntenance problems. Nonnercury-wetted swtch
contacts experience bounce.

3.1.2 Pulse Initiators. The disadvantages of contact devices are absent in
pul se initiator designs. A pulse initiator consists of a revolving shutter
di sk operated by a standard watthour neter geartrain. The disk, acting as a
shutter, interrupts a beam of light to activate a photocell. Figure 9-13
shows the basic configuration of a shutter and the placement of the photocel
and light source. The device is essentially frictionless and gives the sane
switch output as a contact initiator through a nercury-wetted relay. The
bouncel ess contact closure data frompulse initiators are designed to
interface with ol der pulse-totalizing equipment. Pulse initiator nodul es can
be retrofitted to nost watthour meters. A typical pulse initiator has one
shutter disk with ten slots, producing one pulse per slot. Shutters are
available with tw, four, six, or eight slots



DISK SLOT _@_ LAMP

SHUTTER DISK

| 2/77/1\ 2.0\ 1/

PRINTED/

h 2
CIRCUIT -PHOTOCELLS
BOARD
10 SLOTS A T ‘
EQUALLY 3.5V AC pAMP
SHUTTER DISK
RELAY COIL = === =]
PHOTO-
PHOTOCELL(, ) \ >CELL 2
17.0V AC 1

D1 XD2

FI GURE 9-13.  Photocell Initiator

3.2 Instrunent Transformers. To have neters function effectively within their
capabilities,

current transfornmers and potential transforners are used.

Intended for neasurenent and control purposes, they perform two primry
functions:

« Transform line current or voltage to values suitable for standard
instruments which nornally operate on 5 anperes and 120 volts.

olsolate instruments and neters fromline voltage. To [ ake this
protection conmplete for

both instruments and operators, THE SECONDARY
CIRCU T SHOULD BE GROUNDED. For grounding, see |EEE Standard 52,
Application Quide for Gounding of Instrunent Transfornmer Secondary
Crcuits and Cases.

WARNI NG

NEVER SHORT A POTENTI AL TRANSFORVER SECONDARY W NDI NG

WI NG
NEVER OPEN A CURRENT TRANSFCRMER SECONDARY W NDI NG
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3.2.1 Current Transformer. Current transformers (CT) are designed to have
the primary winding connected in series with a circuit carrying current to be
measured or controlled. The secondary winding will then deliver a current
proportional to the line current for operation of nmeters, instruments, and
relays. In cases of portable instrumentation, ameter and current coils of
the wattmeter usually obtain their current signal froma clanp-around current
transformer. This CT is used to step down line current to a level that can be
conveniently metered, generally to 5 A or less. The CT surrounds the primry
conductor and produces a secondary current proportional to the magnetic field
created by the primary current in the conductor being neasured. The ratio of
prinary current to secondary current is known as the CT ratio or CTR CTs are
normal [y rated in values to 5 A such as 100:5, 1000:5, and 5000:5. These

val ues indicate how many anperes flowing in the primry conductor will cause 5
A to flow in the secondary winding. Current transformers nust be selected for
each application as shown in Table 9-1. In each instance, the secondary
winding ratio should result in a secondary output of 5 anps at full-rated
primary current. As an exanple, a 1,000-anp current transfornmer has a ratio
of 200 to 1 and a 50-anp transfornmer has a ratio of 10 to 1. The secondary of
a CT shall always be a conplete circuit whenever there is current flow ng
through the primary conductor. Thus, leads of a CT shall never be fused and
shal | always be either connected to a | owresistance ammeter novement or

shorted together by neans of a junper wire, screw, or switch on a CT shorting
termnal strip.

Figure 9-14 is an exanple of how an ameter, voltneter, wattneter, and a
wat t hour neter may be connected through instrument transforners to a

high-voltage line. It is extrenely inportant that manufacturer’s manual s be
followed to ensure a proper neter hookup.

H
1 X4 120 VOLT SECONDARY VOLTMETER

14,400 VOLTS ‘|:€>
POTENTIAL : )

TRANS -
FORMER

LOAD

CURRENT ri
TRANSFORMER

AMMETER WATTMETEF:] /

WATTHOUE/
METER

FI GURE 9-14. Connection of Instrunment Transforners
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3.2.1.1 Mechanical Construction. Current transfornmers are classified as
foll ows:

« Wndow type: This type has a secondary wi nding conpletely insulated
and permanently assenbled on the core, but has no primry w nding.
This type of construction is comonly used on 600 volt class current
transformers.

«Bar type: Same as the window type except a primary bar is inserted
into the window opening. This bar can be permanently fixed into its
position or be renovable.

« Wound (wound-primary) type: “This type has primary and secondary
wi ndings conpletely insulated and permanently assemnbled on the core.
The primary is usually a multiturn w nding.

3.2.1.2 Eectrical Connection. The followng are types of CTs based on
el ectrical connection:

«Single primary: This termis frequently applied to current
transformers having a single prinmary electrical circuit and is
generally used to distinguish them from current transformers having
series-parallel primry w ndings.

« Wndow type with one or nore primary turns: A single conductor
straight through a w ndow type transformer is a “one turn primary”
connection.

If this single conductor is taken through the “w ndow twce, the

namepl ate primary rating is reduced by 1/2. (Miltiply meter reading
by 1/2 the CT nameplate ratio).

If on a single-phase, three wire circuit, two different |eads are
taken through the sanme w ndow transforners, the naneplate primry
rating is reduced by 1/2 (multiply nmeter reading by 1/2 the CT
nanepl ate ratio).

o Double ratio: Double ratio units are built either with a two-part
series parallel winding or with a tap on a secondary w ndi ng.

3.2.2 Potential Transformer. Potential transformers (PT) are designed to
have the primary w nding connected in parallel with a circuit, the voltage of
which is to be nmeasured or controlled. The secondary winding will then
deliver a voltage proportional to line voltage for operation of neters,
instrunents, and relays. A PT is used to reduce line voltage to a level to
match the meter rating, generally 120 V. The ratio of primary to secondary
voltage is known as the PT ratio or PTR  The leads on a PT shall always be
fused and shall never be shorted together. Voltage transformers are available
in many accuracy classes; it is inportant to select one suitable for a
specific application. Figure 9-14 shows how a voltmeter would be connected to
a potential transformer in a high-voltage circuit. |In this instance the turns
ratio would be 120 to 1. As with CT hookups, the manufacturer’s manual should
be consulted and followed to ensure the meter is properly connected in the

circuit.
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TABLE 9-1. FULL-LOAD LINE AMPERES FOR THREE- PHASE* TRANSFORMERS CR LOADS

SECONDARY VOLTAGE

|
|
kva | 208 | 240 [ 480 | 600 T 2,400 T 4,160 [ 13,200
| | I | | | |
I [ | ] I [ l
1.5 | 4 | 4 | 2 | 1 | | |
3 8 | 7 | 4 | 3 | 1 | |
5 | 14 | 12 | 6 | 5 | 1 | 1}
7.5 | 21 | 18 | 9 | 7 | 2 | 1 |
10 | 28 | 26 | 12 | 10 | 2 | 1 |
15 | 42 | 36 | 18 | 14 | 5 | 2 | 1
25 | 69 | 60 | 30 | 24 | 6 | 3 | 1
37.5 | 104 | 90 | 45 | 36 | 9 | s | 2
50 | 139 | 120 |} 60 | 48 | 12 | 7 | 2
75 | 208 | 180 | 9 | 72 | 18 | 10 | 3
100 | 278 | 241 | 120 | 96 | 26 | 14 | 4
150 | 416 | 361 | 180 | 144 | 36 | 21 | 7
200 | 555 | 481 | 241} 192 | 48 | 28 | 9
300 | 833 | 722 | 361 | 289 | 72 | 42 | 13
400 | 1,110 | 962 | 481 | 385 | 96 | 56 | 17
500 | 1,388 | 1,203 | 601 ) 481 | 120 | 69 | 22
750 | 2,082 | 1,804 | 902 | 722 | 180 | 104 | 33
1,000 | 2,776 | 2,406 | 1,203 | 962 | 241 | 139 | 44

bFor singl e-phase transformers or loads, nultiply the above three-phase val ues
y 1.73.

Exanple 1: A 5 kVA single-phase transformer has a secondary |ine current of
12 x 1.73 = 20.8 anperes at 240 V when operating at full |oad.

Exanple 2. Assunme the load to be netered is fed by a 500 kVa transforner at
208 volts on the secondary. If the load is netered on the secondary side of
the transformer, the ammeter will see a max current of 1,388 anps. Thus a
current transformer with a ratio of 400 to 1 (2,000/5) should be used.
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3.2.2.1 Secondary Crcuit. Potential transformers are classified by the type
of design of the secondary circuit.

« Single secondary: In general, standard rating potential transforners,
15 KV class and below, are supplied with a single electrical secondary
circuit designed for 120 volts.

« Tapped secondary: There are applications where it is desirable to
have two or nore val ues of secondary potential available fromthe same
secondary winding. This is particularly true where it is desirable to
connect the secondary winding in delta or we, for three-phase
circuits, and obtain the same secondary voltage.

For such applications, the' transforner secondary is rated at 120 volts
with a tap at 69.3 volts

« Doubl e secondary: Unlike current transformers, double or
mul ti secondary potential,transformers have individual secondary
electrical circuits on the common magnetic core. These wi ndings may
or may not be tapped. Each secondary is affected by the burden
conditions on the other secondaries.

3.2.3 Transforner Accuracy. Because of the function they perform all
instrument transformers nust be classified as to accuracy. The two nost

i nportant specifications for these transformers are ratio accuracy and
phase-angle error. Phase-angle errors should be Iess than 50 mnutes for use
with analyzers of the 99 percent accuracy class and 10 min. or |ess when used
with instruments having accuracies of 99.75 percent or better. It is noted

that control transformers are not suitable for metering since their voltage
can be off by 10 percent.

3.2.4 Instrument Transformer Polarity. \Wen instrument transforners are used
with instruments or relays which operate only according to the magnitude of
the current or voltage, the phase position or direction of flow of current is
of no consequence; connection to the secondary termnals may be reversed

wi t hout changing indication of the instrument. Wen instrunent transformers
are used with watthour neters, in which the operation depends on the
interaction of both current and voltage, the direction of current in the
primary and secondary w ndings nust be known. This is indicated by narking
one primry and one secondary termnal with a distinctive POLARI TY MARKER
Wien current is flowing toward the transformer in the marked prinary lead, it
is flowng away fromthe transfornmer in the marked secondary | ead.

3.2.5 Gounding. It is always desirable to ground a transfornmer rated neter
and also to ground secondaries of both the current transformer and the
potential transformer. This avoids danger of high electrostatic voltages that
m ght otherw se be present as a result of the capacitance (condenser effect)

of the potential-transformer windings. This grounding practice also mninmzes
hazard from high voltages reaching the secondary circuit as a result of

i nsul ation breakdown due to lightning surges or other abnormal circuit

condi tions.
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Section 4. METER | NSTALLATI ON

1. METER INSTALLATION AND USE. To avoid injury during neter installation, the
fol l ow ng warnings nust be observed

WARNI NG

Eye protection nust be worn while switching or when otherw se opening
circuits where anarc or flash is possible.

VWARNI NG

Wear rubber gloves while working on energized circuits, on any series
conductors, or in a Danger Zone, to avoid electrical shock.

WARNI NG

Wear rubber gloves while handling any items in contact with, orlikely to
contact, energized wires and when using live-line tools, to avoid
electrical shock.

WARNI NG

Di scharge any possibl e capacitance charge in disconnected cables to avoid
accidental arc or discharge that mght cause injury.

WARNI NG

Use proper type and size of fuse puller to avoid unexpected actions and
risk of possible injury.

WARNI NG

Do not work on energized circuits unless absolutely necessary. If work
must be done, another qualified person nmust be present with instructions
to reenergize circuit if anything unforeseen occurs.

WARNI NG
Only qualified electricians will install electric neters.
1.1 General Information. Before starting any work, the person in charge

shoul d assenble the entire crew for a job briefing. The job briefing should
include an outline of the followng itens:

o« The work to be done.

« Each crew nenber’s part in the job
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« The hazards known or anticipated during the task.

« Safety precautions to enforce while worKking.

If during the course of the work, changes in the plan become necessary,
menbers of the crew who are affected nust be called together and the changes
expl ai ned.

1.1.1 Prior to Installation. Before installation of any equi pnent, the
person in charge should identify all the circuits present. Conductors shoul d
be identified in terns of circuit and voltage, both at the point where work is
to be done and at all switching and grounding points involved. Prior to
installation of metering equi pment, the supervisor of the building, or area of
the building receiving its electrical supply fromthe metering point, should
be advised of the installation. Barricades or barriers should be installed to
prevent unauthorized entry into the area near the nmeter installation.
1.1.2 Portable Meters. To collect reliable data while performng an
electrical energy survey, the proper meter for the job nust be obtained. The
followng list of equipment paranmeters should be considered:

« Maxi mum vol tage rating.

« Maxi num | oad current (in anperes).

« Accuracy.

o Nunber of simultaneous demand values to be recorded.

« Power factor ranges.

« Ful'l -scal e ranges.

o Tenperature working limts.

o | nput power requirements.

« Type of neter enclosure.

« i ght .

« Overload protection.

1.1.2.1 Connecting the Meter. The itens |isted below are supplenmental to
manuf acturers’ instructions and are provided to assist in safer and nore
accurate meter operation.

« Make only one connection at a time. Wrk on only one conductor or
point at a tine.
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o Check all selectable meter settings to confirm configurations for
nmonitoring desired paraneters.

o Check zero for all paraneters.

« Cbserve polarity of all neter connections.

« Connect additional ground; use #12 copper wre.
« Reset all counters, integrators, and totalizers.

« Sone neters require warmup time. Allow neter to acclinate to
conditions at the test site.

« Replace all protective covers when setup is conplete.
The following itens, coupled with the recommended safety equi pment (as shown
in the safety summary), assist in successful conpletion of electrical power
surveys using a PSR~ The required quantities of items |isted depend on the
number of personnel performing electrical power surveys. Anple quantities of
the following items should be kept in good condition and readily avail able.

«Barriers and warning signs.

«Live-line and switch tags.

« Padl ocks and | ocks.

« One-1line diagram of building.

«Insulated flashlight.

« Ol anp-on vol taneter and ohmmet er.

« Approved three conductor extension cord with grounding plug.

« Electrical insulating tape.

o Li ght neter.
1.1.3 Permanent Meters. The nmore common types of pernmanent neters include

the S-type mounted with a socket and the A-type which is hard wired inits
permanent position. These neter types are designed for original installation

in new buildings or as retrofit equi pment when conditions warrant nonitoring
an in-place electrical service. |In nost cases, electrical service nust be

interrupted to install or renove a oeter.
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1.1.3.1 Socket-Connected S-Type Meters. To install the S-type neter, perform
the follow ng procedures

(a) Meter should be installed plunb and in a location that is free of
heavy vibration

(b) Make sure that neter socket is nounted securely in place and in a
position that the rotor shaft will be vertical when meter is nounted.

(c) TO ground meter frame and surge protectors (if present), good contact
between ground straps and socket rim nust be ensured. To ensure good ground
scrape off any paint between straps and socket rimat points of contact before
fastening them toget her

(d) Make connections to socket termnals per manufacturer’s
instructions. For connections of pulse initiators, consult manufacturer’s
instructions for the particular type of device being operated.

(e) Plug meter into socket. Make sure neter termnal blades engage with
socket jaws. To ensure connection of meter to its load circuit before Iine

voltage is applied, always insert nmeter load (bottonm) terminal blades into
socket jaws first; when renoving, wthdraw them |ast.

. (f) Push meter into place so that the base fits tightly against socket
rim If sealing rimis used, place it around adjoining meter cover and socket

rim Position rimso that clanp is at bottom
(g) Seal or latch rimas required

(h) For connections of pulse initiators, refer to manufacturer’s
instructions for particular type of end device being operated by the pul se
initiator
1.1.3.2 Bottom Connected A-Type Meters. These neters have nounting and
terninal chanber dinmensions that conformto industry standards. Therefore,
mounts for bottom connected A-type neters are interchangeable with all brands
of A-type neters. To install an A-type meter, proceed as follows:

(a) Locate mounting holes in mounting base of neter

(b) Obtain necessary type and size g ounting screws suggested by meter
manuf act ur er

(c) Mount meter base in desired position.
(d) Meter base should be grounded. Use nunber 12 AWG copper wire for

grounding purposes. Conplete grounding process before external connections
are made to neter
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(e) Make external connections to nmeter as shown in manufacturer’s
instructions. The connections should be nmade by working fromright to left.
This ensures conplete connection of neter to its LOAD circuit before LINE
voltage is applied. Disconnection of neter should be made in reverse order

(f) For connections of pulse initiators, refer to manufacturer’s
instructions for particular type of end device being operated by the pulse
initiator

2. COWON ELECTRICITY METERING PROBLEMS. Problens often encountered in the
field while netering electricity fall into four categories: wong neter,

meter incorrectly wired, nultipliers not calculated correctly, or the neter is
not calibrated. |

2.1 Wong Meter. This problem occurs when the neter is incorrectly specified
for the circuit. A common exanmple of this is when a two stator meter is
specified for a four wire we circuit. The meter is often wired as if the
circuit is a delta circuit. However, if the phases are even mnimally

unbal anced, the current flow ng through the neutral wire will not be netered
and the readings inaccurate. SOLUTION. Consult the nmanufacturers literature
and specify the proper neter for the circuit.

2.2 Incorrect Wring. It is estimated that between 5 to 10% of the
electricity nmeters on navy bases are incorrectly wired. There are severa
ways the wiring can be wong

2.2.1 Current leads, potential leads, or instrument transformers could be
reversed or out of rotation or phase. The phase angle between the current and
the voltage for each phase to be wrong, resultinq in erroneous readings by the
meter. SOLUTION: Ensure meter |S wired correctly. Determne the nature of
the load being netered and estimate its power factor. Then use a power factor
meter on the incomng potential and current wires to determne if the neter is
reading the estimated power factor.

2.2.2 Blown Potential Fuses. |f fuses protecting potential transformers
(PTs) are blown, the meter could be missing one or nore phases of the |oad and
running at 1/3 or 2/3 of normal speed. SOLUTION. Ensure that fuses for PTs
are not blown. On nost panel nounted neters, each PT circuit has a snal

light that, when lit, indicates that the circuit is operating properly

2.3 Incorrect Multipliers. The nultipliers have been incorrectly calcul ated

resulting in the register readings being multiplied by the wong numbers.
This often occurs when neters have been switched to a new |ocation with

different sized CTs or PTs, or when a neter has been repaired and the register
changed. SOLUTION.  Ensure that the values for the CT and PT ratios, K,

R, and Gare correct. Recalculate K, the register nultiplier, to

ensure it is correct.
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2.4 Uncalibrated Meter. Meters built by major manufacturers are designed to
run several years before calibration. However, depending on their use, navy
meters should be calibrated fromonce per year to once every 5 years.
SCLUTION:  Field calibration of permanent neters can be performed by
installing a portable neter In series wth the permanent meter, timng the
revolutions of the rotor, and conparing the kWdemand of the permanent neter
to that of the portable nmeter. This method shoul d be accurate to within
5-l0% . More accurate calibration requires the removal of the meter fromthe
circuit to use a calibration stand.
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Section 5. ELECTRI CAL ENERGY SURVEYS

1. DATA FROM DEMAND SURVEYS. Electric bills may provide only the peak denmand
for a month or the average of three or four highest peaks for a nonth,
dependi ng on how the particular utility conpany conputes maxi mum billing
demand. No indication is given of how this peak conpares to the bal ance of
the demand profile for the interval, nor what conbinations of |oads caused the
peak. This information can only be acquired by nonitoring key points in the
internal electrical system

1.1 System Information. Each electrical systemis different, but system
information for each follows a simlar pyramd pattern, with overall system
information available at the peak and an increase in detailed informtion
available as the base is approached. Figures 9-15, 9-16, and 9-17 illustrate
the process of demand surveying in three phases

1.2 Survey Starting Point. The survey should begin at the utility service
entrance. If a pulse initiator is in place, a demand anal yzer can be
connected without need for voltage or current connections. [If a pulse
initiator is not installed, additional connections will be required. Consult
the user manual for the demand anal yzer before making any connections

1.2.1 Wility Service Entrance. A utility service entrance demand profile
gives considerable information about the overall system Conparing profiles
obtai ned fromsystemnonitoring will provide answers to the follow ng
questions and will prove valuable in analyzing an electrical system

(a) What is the peak facility load in kilowatts?

(b) What day of the week did it occur?

(c) Was the peak the same each day? If not, why?

(d) What is the after-hours load? Was it the sane each day/night?

(e) Is there evidence of power wasted by starting equi pment before hours
or letting it run unnecessarily during lunch or after hours?

(f) HOWdoes the peak conpare with the utility conpany’s demand charge
for the previous nonth?

(g) Could a slight change in startup tinme save noney?

(h) HOWlong did it take the facility to reach full power |oad after
starting time?

(i) Is there a tendency to anticipate quitting tine?

(j) What is the maxi mum power factor of the |oad? Wat is the mninmun®
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FIGURE 9-15. Demand Survey, Phase |

9-38




LEVEL

l

LEGITIMATE DEMAND |

REDUCTION OF
TOTAL DEMAND

ISTRIVE TO REDUCE
| TOTAL DEMAND

DEMAND KW AND DEMAND
PROFILE OF EACH
SUBSTATION

MONITOR SYSTEM AT EACH
SUBSTATION FOR ONE
COMPLETE CYCLE
(DAY, WEEK, MONTH)

LEVEL

COMPARE TOTAL DEMAND
WITH KW DEMAND METER
IF IN PRESENT SYSTEM
PERFORM DEMAND ANALYSIS
OF SUBSTATION DEMAND
PROFILE
T
i
PEAKS

LEVEL PFAKS BY MOVING
LOADS AT PEAK DEMAND OF
ONE SUBSTATION TO
VALLEY DEMAND PERIOD OF
ANOTHER SUBSTATION

CONTINUE SURVEY AT
FEEDER LEVEL WITH
PHASE III
|

Y

FI GURE 9-16. Demand Survey, Phase |
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FIGURE 9-17. Demand Survey, Phase 111
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(k) When did the minimum power factor occur? Wat caused it?

(1) How does the power factor conpare With the one on which the previous
power bill was based?

(m What is the voltage drop between the main power bus and the various
Mmaj or Consuners.

If the profile peaks radically at only a few points, then demand |eveling
could lead to a reduction in demand charges. An exception to this may exist
because of peaks caused by individual pieces of equipment, or allied pieces
that nust operate together. It may be preferable for the equi pment use to be
shifted to a reduced-denand charge period. If the demand profile is
reasonably level, it may indicate that reduction of demand charges can only be
obtai ned through planned reduction in total consunption.

1.3 Specific Load Profiles. The next step in a demand survey is to record
el ectrical power consunption by substation, building, and department. This
enabl es the facility engineer to associate sone of the causes of the

undesirabl e conditions with nore specific load profiles. Sone information

obtained fromrecording instrunents at the building level will provide answers
to the follow ng questions.

I h‘7(a) Did the building equipment start on time in the norning and after
unch?

(b) Wat is the load at noon and night?

(c) Howlong did it take for the building and each department to reach
full power load after startup?

(d) To what extent was quitting tine anticipated at noon and in the
evening? \ere machines left running idle?

(e) What is the idle load in the building?

(f) Does the building have a peak load that corresponds to the tota
facility peak? What causes it? Could a change in scheduling reduce the power
demand?

(g) I's there evidence of pyram ding |oads which cause excessive or
pul sating peaks?

éh) Does anything in the record offer explanations as to the waste of
power ?

(i) What proportion of the demand charge and energy consunption should be
allocated to this building?

(j) What is the power factor?
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1.4 Equipnent Load Profiles. After obtaining the total building electrica
power |oad records, the next step is to test individual pieces of equipnent.
These tests determ ne what each individual piece of equipnent is contributing

to the total electrical power |oad, and whether it is operating within
speci fications.

1.4.1 Equipnent Mnitoring. |f electrical power consunption is excessive
the equipment may be overloaded or faulty. [If equipnent is drawi ng nore
current than expected, it may indicate the need for a nore efficient notor
Answers to such questions are especially informative in interpreting
performance of automatically-operated equi pment. The record shows when and
how | ong each machi ne was operated and how long it was idle. It discloses
waste if automatic equipnent is not functioning properly. Monitoring

i ndividual equipment will answer the follow ng questions;

(a) What are nmaximum mninum and average |oads for the equipnment? Are
they within specifications?

(b) If the motor is not the correct size, what is the horsepower of the
motor that should replace it?

(c) Is there sufficient voltage at the notor termnals?
(d) How much does the unit contribute to peak |oad?
(e) Could the equipnent schedule be rearranged to reduce peak |oad?

(f) I's load on a unit a contributor to any loss of productive effort
shown by the department record?

(g) What is the idle load of this unit?
(h) Does the idle |oad show any narked increase since the last survey?

(i) Does the record show any characteristic which indicates a faulty
condition in the motor or the associated equi pment?

(j) How does the record conpare with other records of simlar equipnent?
(k) Does the record show any data valuable in reducing energy consunption?

2. | NTERNAL SURVEYS. Assuming that inprovenents seem possible, then further
investigation nmust be carried out to determ ne what | oad makeups are causing
t he demand peaks and what can be done to shift |oad conbinations to reduce
these peaks.

2.1 Demand Survey Exanple. Each electrical systemis different, but they al
spread out like a pyramd, with total facility information available at the
peak and nore detailed information available as the base is approached. At
what ever point a demand analysis is made, it nust be carried out for a ful
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cycle of operations so that normal permutations and conbinations of |oads are
encountered. Depending on the facility, a full cycle may be a day, but nore
likely a week, and sonetinmes a conplete month or billing period is required
Figure 9-18 shows a typical situation with three substations and three feeders
per substation. The survey should begin at the utility service entrance

2.1.1 Service Entrance. A utility service entrance demand profile gives
considerable information about the overall plant. If it peaks radically at a
few places then demand leveling could lead to a reduction in demand charges,
unless the peaks are being caused by individual or allied pieces of equipment

which must operate together. It may be profitable to shift these loads to a
reduced denmand charge offpeak period, if the rate schedule includes such
time-dependent provisions. If the demand profile is reasonably level, it may

indicate no need for load shifting.

2.1.2 Substation and Feeders. In Figure 9-18, the demand of the three
substations and the individual feeders supplied by the substations are
monitored. Provided that the demand studies are carried out at conparable
times in the plant operating cycle, and that successive operating cycles show
reasonabl e consistency, the three substation demand profiles should be roughly
equal to the overall plant profile. The sum of the individual feeder profiles
shoul d roughly equal the respective substation demand profile. Figure 9-19
shows this concept for substation No. 2 and feeders 2A, 2B, and 2C. These
plots were obtained on four successive Wednesdays from data obtained by
nmonitoring the three feeders and the substation output from 8:00 AMto 8:00 PM

UTILITY SERVICE

ENTRANCE

SUBATATION NO. 1 SUBSTATION NO. 3

SUBSTATION NO, 2

i
@

FIGURE 9-18. Three Substations Wth Three Feeders Per Substation
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2.1.3 Profile Analysis. In Figure 9-19 the peak demands occur around 10: 00
AM and during the period from1:00 PMto 5:00 PM After the norning buildup

feeders 2A and 2C show |evel demand, with the substation peaks being
principally caused by erratic loading of feeder 2B. If the demand on feeder

2B is made up of many small |oads, then a better time distribution of these

| oads would level demand on this feeder and consequently on substation No. 2.
Qther possibilities are to shift loads on feeders 2A and 2C away from the

peaks of feeder 2B, or to transfer some of the peak [oads on any of the

feeders to second shift. [If these steps are not possible, then the peaks from
this substation could be mated to the valleys from other substations

2.1.4 System Management. Developing a series of plots for an entire facility
and designating the principle loads on the plots, gives a clear picture of the
overal |l demand situation, building fromthe base of the pyramd to the peak.

Such information is invaluable in developing procedural steps that reduce
demand charges or devel oping an energy managenent system program

2.2 Periodic Studies. It is inportant to renenber that changing market

forces and equi pnent requirenents create needs to nodify a system |oad
makeup. Therefore, periodic studies should be carried out, at least at the
utility service entrance, to make sure that gains from a previous energy audit

are not outdated.

e 2B e—e TOTAL

Jpn

FIGQURE 9-19. Demand Profiles
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CHAPTER 10. | NSTRUMVENTATI ON I N METERI NG

1. DESCRIPTION. Today's versatile electronic instrumentation allows managers
to manage their systems 24 hours a day without using neter readers. The old
method of collecting data using neter readers, who periodically inspect and
log readings for strategic neters, creates a reaction delay to situations that
should be corrected immediately. For instance, in the event of a line break,
modern instrumentation would report the |eakage upon occurrence as opposed to
later discovery by a neter reader. An instrunent alerts the operator that an
excessive flow is passing through the system and the manager can then take

i medi ate action. The neter can record the time and magnitude of the |eakage,
actuate alarmsystens, and provide a variety of signals to initiate corrective
action. In addition to providing-information on occurring events, electronic
instrunmentation provides records for later viewing to anal yze trends or
significant changes or billing information.

1.1 Qperating Principles. An electronic instrument records the anount of a
medi a passing through a neter and converts it into an electrical signal to be
di spl ayed in neaningful units. OQher equipment can be controlled based on
this signal. Consunption registered on an el ectromechanical or electronic
totalizer shows the amount of the nedia that has passed through the meter over
a period of time. Quantity may be displayed in a variety of units, not
necessarily those displayed on the nmeter register. A second common instrument
display is the instantaneous rate through the neter

1.1.1 Meter Qutput. The output is typically shown on an analog (a needl e and
scale instantaneous reading neter) or digital (a digital readout neter
reporting in discrete scale increnents) indicator. Qutput may also be fed to
a variety of chart recorders for permanent records

1.1.2 Meter Signals. Aong with the basic outputs, nodern processors are
able to provide a variety of signals for use with conputers and other process
nmanagenent equi pment.  Some exanpl es of output signals are: 4-20 mA, 2-10
WC, O5 VDC, and 3-30 VDC pulse. If the data is to be entered into a
computer system an interfacing nodule can prepare the data signal for an
RS-232C input application. These signals offer an infinite variety of system
control functions and can provide data readouts to both [ocal and renote

| ocations. The receiving equipment is able to convert the data received from
a sinple slave device into a base for a conplete managenent system

1.2 Local Instrumentation. Figure 10-1 shows a meter sending an electronic
signal to a local instrument that displays the instantaneous use rate on an
anal og indicator and the total use measured on a totalizer. The analog use
rate indicator may be replaced with a digital indicator or a variety of
recording devices, if desired.

1.2.1 Meter Wth Onsite Recorder. Figure 10-2 shows an equival ent package
with a 31-day strip chart recorder that replaces the anal og indicator of the
systemin Figure 10-1. This configuration is used when data is required at
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FIGURE 10-2. Meter Wth Onsite Recorder/Totalizer

close intervals and no other data or functions are required of the netering
operation. This arrangement would be useful to the onsite operator who
requires an Imrediate data record.

1.3 Renote Instrunmentation. Wth the advent of inexpensive PCS, software,
and new meter technologies, nost utilities management functions can be
automated within the foreseeable future. Meter data may be transnmitted to
renote locations by adding a transmtting option and the appropriate

transm ssion equi pment to the netering system The transmission distance is
limted by the equipment and the availability of a comunications |ink between
the neter site and the renote location. Figure 10-3 shows an expansion of
figure 10-1 with the neter-generated data being displayed onsite and also
being transmtted via the tel ephone systemto a renmote point that may be many
mles fromthe meter site. If information is not required onsite, the onsite
instrunent can be replaced with a transmtting nodule as shown in

Figure 10-4. Transmtted data can be anal yzed automatical |y using specially
adapted PC software, and reports such as the Uilities Cost Analysis Report
(UCAR) and the Defense Energy Information System (DEIS) Il Report can be
generated and transmtted automatically. Because of the cunbersome nature of
present systems of meter reading, recordkeeping, billing, and reporting, very
little analysis is performed. Mbdernizing the way utilities are managed wll

save noney, inprove readiness, and provide better support to the fleet.
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Renote nonitoring technology will enable a utilities mangement system
that will automatically record netered consunption data for major utilities at
an activity and send data to a central PC.  The PC will receive the data, and
automatically generate utility bills for tenants. |n addition, renote
moni toring equi pment installed at major steam electric, conpressed air, and
chilled water generating plants will provide detailed infornmation on equi pnent
status and performance. This data, along with utility conpany cost and
consunption data, operations and mai ntenance personnel cost data, materia
cost data, and other information, will be used to automatically generate
various analyses of utilities costs and performance. These analyses wil
allow managers to nmake decisions that will result in optinmzed operations in
the present and future.

1.3.1 Renote Interfacing Kilowatt Meters. There are two reasons for
providing a kilowatthour meter with a pulse initiator. The pulse initiator
allows for nonitoring of the load center on a tenporary basis or collecting
remote data on a permanent basis. In either case, pulse initiators are
manufactured with a variety of output signal parameters and care nust be taken
to ensure conpatibility of conponents. For applications requiring a distance
between the pul se device and data col |l ection point of over 50 feet, the signa
may require reinforcement. Increased voltage and the use of signal repeaters
are two common methods used. Do not attenpt any signal manipul ation wthout
first referring to the manufacturer’s instructions of all equipnment involved

1.3.2 Transmssion to TWO Points. The need to have data transmtted to two
renmote points is frequently necessary in the whol esaling or custody transfer

of the commdity. In these applications, both the supplier and the end user
nmust have neter data readily available to them Figure 10-5 depicts a neans

of acconplishing the task with one telemetry transmtter. Figure 10-6 shows a
systemwith two data channels if the channels nust be isolated

1.3.3 Repeater Transm ssion. Repeater data transmission systens provide the
user with a relatively inexpensive nmeans of sending data to a renote point, as
shown in Figure 10-7. Although repeaters acconplish the transfer of data from
| ocal to remote points at a cost of approximately 10 percent of what ot her
transm ssion systems cost, they do have limtations. The prinmary

consi deration when a repeater is contenplated is its requirenent for a

dedi cated wire pair. \Wen using a repeater, no other signals may be on the
wire pair. Repeaters also have finite distance |imtations, usually expressed
in ohns rather than distance, because the gauge of transmission |ines varies.
Typically, a repeater systemis |imted to a maxi numtransm ssion |oop
resistance of 4,000 ohms. Another means of data transmission is the use of a
modem t hrough existing tel ephone Iines which is cost effective since the cost
is only the price of a telephone call

1.4 Conputer Managenent. The system shown in Figure 10-8 usually requires
telemetry of data froma nunber of meters in a system to a central point
where the data is converted into a conmputer conpatible signal (RS-232C). In
this system the conputer continuously monitors the data lines. It

i medi ately warns the operator when a signal is not within programmed |imts.
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On demand, the conputer prints a conplete analysis of the system and out put
totals to present. \Wen strategically |ocated meters are connected to a
conputerized system with critical paraneters, the conputer can instantaneously
provide the information necessary to nonitor, control or operate a system

1.5 Demand Billing. As the cost of energy, materials, and |abor increases,
there is a need to limt the large, intermttent demands on systens and to
encourage utilization during offpeak periods. To acconplish this task and
identify systems not in conformity with policy, instrumentation is required

1.5.1 Control Parameters. Control parameters depend on the characteristics
of the system Some systenms are limted in peak capacity and g ust contro
maxi num use. There may be other areas of concern that are unique to a
particular system such as a user who intermttently uses power at a rate that
overl oads the system affecting many other users.

1.5.2 Recorder Types. Common instruments used in a demand billing system are
a rate recorder such as the one illustrated in Figure 10-2, or a circular
recorder, as shown in Figure 10-9. Circular recorders are not highly
effective if data reduction is required and have been replaced with a data

| ogger with reduction by mcroprocessor program These devices record the use
rate continuously. Peaks are easily detected over the period of recording.

If a recorder is used, the preferred type is a linear tracking, nultichannel
recorder. One advantage of this systemis that the chart becomes a permanent
record in case of custoner disagreement concerning subsequent billings

1.5.3 Alarm Actuator. A unique variation of chart recorders is shown in
Figure 10-10. In this application the utility installs an instrument with a
recorder onto user equipnent. The agreement with the user is that severe
penalties will be levied each time the use exceeds a predetermned rate. In
an effort to avoid the penalty, a two-point alarm actuator is installed wth
an alarm programmed to respond at some warning point before the limt is
reached, and then to initiate action if the limt is exceeded.

1.5.4 Alarm Wth Totalizer. Another variation of a use rate and penalty
systemis shown in Figure 10-11. This approach places a penalty (generally a
unit price increase) on all consunption exceeding the limt. This is

acconpl i shed by enploying an alarm actuator and using a totalizer to record
the excessive usage.

2. SYSTEM COVPONENTS

2.1 Meter Energy Usage. Although each mediumrequires a specific type of
meter, all meters nust have a signal -generating device to provide either
onsite or renote data reading and recording_capabilities. The meter q ust
sanple the media and transmit a representative signal to the system Electric
meters rely on the nediumthey monitor for energy to produce the nonitoring
signal . Turbine neters generate their own signal. Many meters rely on an
outside source of electricity to produce a transm ssion signal.
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2.2 Signal Cenerators. Electronic or electromechanical signal generators are
available that produce analog and/or digital signals for transmtting data to

data processing equi pment (onsite meters or recorders) or to a nmore conplex
renote system

2.2.1 Analog Qutput. The analog output of a signal generator is a continuous
signal representing the quantitative information obtained by the nmeter.

2.2.2 Pulse Qutput. A pulse output is a discrete series of pulses produced
by the signal generator representing quantitative information.

2.3 Power Supply. Power supplies are a required part of many systens to
supply low voltage in direct current (VDC) and low current in mllianperes
(m\) for excitation of the signal generator. The low voltage and current is
processed by the signal generator, producing an analog and/or digital signal,
for transmssion to the monitoring system

2.4 Pulse Rate Converter. The pulse rate converter (PRC) is designed to
interface between the meter pulse generating unit and neasuring equipnent.
The device accepts |owlevel input frequency signals, processes the signals,
and provides output signals that are proportional to the use rate.

2.5 Pulse Conpensator. Pulse conpensators are self-contained electronic
modul es which conpensate the output pulse train of a neter with respect to a

secondary process variable such as tenperature, pressure, or density.

2.6 Frequency-to-Current Converter. The frequency-to-current converter (FCQ)

converts the pulse output froma neter or other transmtter into a
proportional 4-20 mA current |oop signal.
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FIGURE 10-11. Alarm Actuator and Totalizer System

2.7 Repeater. The repeater is used to extend the distance the renote

equi pment can be located fromthe q eter. The repeater is located as close as
practical to the meter. The repeater allows reduction of the electrical |oad
on the meter generator electrical contacts, extending the life of the device.

It also provides a strong signal to allow monitoring equipment at renote
| ocations to be as nuch as several mles fromthe meter.

2.8 Accunmul ators. Wen it becomes necessary to place two or nore g eters in

parallel to satisfy a system requirement, an accumul ator collects and conbines

data from these neters and transmts a totalized signal to the remainder of
the system
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ABBREVIATIONS

AC Alternating current

ASME (American Society of Mechanical Engineers
CPR Cardiopulmonary resuscitation
cps Centistokes per second

cr Current transformer

DC Direct Current

DoD Department of Defense

dp Differential pressure

ECO Energy conservation opportunities
EqT Equivalent cam teeth

F Fahrenheit

FCC Frequency--to--current converter
gpm Gallons per minute

hp Horsepower

HVAC Heating, ventilating, and air conditioning
Hz Hertz

kVA Kilovoltamperes

KVAr Kilovoltamperes-reactive

kw Kilowatt
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LPG Liquified petroleum gas

mA Milliamperes
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