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FOREWORD

The NationalInstituteof Technology(NIST)establishesand maintainsthe values of the primary
electricalunits of measurementin the United States. The Electrical Systems Group, part of the
Electronics and Electrical Engineering Laboratory, allocates some of its resources toward
maintainingthe quality of its services for ca1ibrationof watthour meters.

To assess the impact of this resource allocation and focus the activity on the needs of the
industry,a survey was developed and conducted to obtain technicaland economic information
from the beneficiaries of the service. The survey was addressed to individuals identified as
technical points of contact in the industry, requesting from them both technical and economic
information. As it turned out, the responses provided valuableinsight on the structure of the
industry and its relationship to the NIST services. However, the responses to economic
questions did not offer a clear picture because many respondents did not have the information
available. In some cases, the repliesprovided conflictingdata withinone questionnaire, or were
difficult to place on a consistent basis for compilation of statistics.

Consequently,the scope of this study,whichaimedat assessingboth the technical and economic
impactof the calibrationservices,was changedto focus on a primarilyqualitativedescription of
the technical impact. A separate study was then conducted, based on a djfferent approach for
collecting more precise economic information, and is reported in a companion report.!

This report provides a description of the relationship between NIST and the stakeholders in
power andenergymetrology. Emphasisis givento the electricutilityindustry, where the energy
measurement is directly tied to the revenue. The instrument manufacturers of course are
involvedin producingthe measuringinstruments(referencestandardsas well as revenue meters),
while the pub1ic utility commissions are involved in the regulatory aspects of transactions
between producers and consumers of electric energy.

1 A.N. Link, NAn Evaluation of the Economic Impacts Associated with the NIST Power
and Energy Calibration Services, '" NISTIR 5565, 1995.
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SUMMARY

A survey was conducted to assess the economic impact of the NIST Power and Energy
Calibration service. Information wassought from electric utilities,meter and instrument
manufacturers, testing laboratories, and public utility commissionson the structure of their
operations and the economic aspects related to traceabilityto National Standards maintained
by NIST.

The informationreturned by the respondents was not sufficientlycomprehensive and
consistent to allow broad generalizationleading to a reliableassessmentof the economic
impact of the NIST services. However, the technical impact of these services was sufficiently
documented to present this report describingthe infrastructure and the relationships among
the stakeholders.
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1. THE ROLE AND RESPONSmILITffiS OF NIST
TO THE ELECTRIC POWER INDUSTRY

1.1 The motivation for an impact study

The National Institute of Standards and Technology (NIST) has by law
the mandate to provide for industry access to a system of uniform and
consistent measurements. Important measurements withinthe electric
utilities includeenergy measurements for revenue billingto customers, other
measurementsfor the control of the utility systems, and measurements for
determinationequipment efficiency. The principalinstrument used to
measure the electricenergy flowing throughout the utility systems and
ultimatelyto the consumer is the wattboor meter. Thus, the watthour
meter is indeed the "cash-register" of every electric utility.

The initialpurpose of this impact study was to assess qualitativelyand
quantitativelythe technical and economic impacts of power and energy
metrology and the NIST cah"brationservices for electrical power and
energy on the U.S. electrical power industry and supportingmeasurement
community. As described later in this report, the economic data obtained
from respondents did not provide enough basis for :firmconclusions, so that
the final scope if this report is limited to technical impacts. For a historical
and anecdotal perspective, some discussionsare included on attempts at
collecting economic data and the 1imitedresults obtained in that area.

A separate study of economic benefits was conducted on the impact of these
services, which is documented in a companionreport (Link, Opecit.). The
results of the present study on the technical impact, as well as the results of
the companioneconomic impact study, will be used to guide improved NIST
calibrationservices and research programs to respond effectivelyto present
and future industry and laboratory needs.

1
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1.2 Absolute, basic and derived units

Beginningwith the absolute units of mass, length, and time as maintained
by NIST, the basic electrical quantities of voltage, current, and impedance
are derived. These, in turn, support the NIST derivation of the National
Standards for electric power and energy. The derivedunit of power is
the watt; the unit of energy used for billingcustomers is the wattbour
(generallystated in kilowatt-hours). In scientificand Systeme International
(SI) units, the unit of electric energy is the joule. To convert between units,
the relationship of 1 joule =1 watt.second, or 1 watt.hour =3600 joules

may be used

As with any industry, the interchange of goods and services requires that
these quantities be measured. For the electricpower industry in the United
States, principallythe electricutilities, the commodity that is produced and
deHveredis nearly3 trillion (3 x 1012)kilowatt-hours of electric energy.
This service includesthe availabilityof the more than 1 millionkm (600,000
miles) of transmissionand"distributionlines (22 kV and higher) that provide
this energy to every corner of the United States. All this electric energy is
measured manytimes -- from its sources of generation, through the
transmissionand distribution systems, and finallywhen deHveredto the
ultimate end-user.

To understand and appreciate the role of NIST and the utilization of its
calibrationservices by the U.S. electric industry and related businesses, it is
useful to examinethe infrastructures of the individualsectors of the electric

industry that make use of the NIST calibration service for power and energy
measurements. The sectors of the electric industry that make the principal
use of the NIST calibration services are:

. Electric utilities, consisting of investor-owned companies, municipal
systems, and government-owned and operated systems;

. Electric revenue-meter manufacturers;

. Electronic instrument manufacturers;

. Commercialtesting and metrology laboratories providing calibration
services;

. State Public Utility Comnrissions regulating electric utilities.

2
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1.3 The consumers of electric energy

All of the industry sectors listed above ultimatelyserve the needs of the
consumers of electric energy, generallycalled end-users in the electric utility
industry. These can be classifiedinto four groups. The groups are shown in
Table 1 below under three headings of respectivenumbers of end-users,
energy sales, and revenue dollars. It is interestingto note that in terms of
energy sales and revenue, the proportions are approximatelyequal for each
group of residential,commercial, and industrialend-users.

TABLE 1
Classificationof electric energy end-users

Note: The totals may not equal the sum of the components because of independent rounding.

Source: Energy Information Administration, Electric Sales and Revenue (DOE/EIA 0540(90)).

Residential end-users are by far the largest in number (87%) and pay the
largest share of revenue (40%). Commercialend-users are second in
numbers and revenue, but third in energy sales.The largest end-user of
electric energy is industry (35%), yet they account for a modest 25% of the
revenue. The group of" other" representingonly3 percent of the sales and
revenue, includespublic street and highwaylighting,other sales to public
authorities, sales to railroads, etc.

To measure and bill this energy, there are over 100 millionwatthour meters
in servicein the United States. Each of these meters has been adjusted
during its manufacture, checked againwhenpurchased by a utility, and often
tested again at some point in its lifetimeto assure that it is measuring within
an establishedlimit of accuracy. A chainof measurements is used to refer
each adjustment, test, and calibrationagainst a reliablestandard.

3

End-user End-users EnerQV sales Revenue
Groups

Millions Percent kWh billions Percent $ billions Percent

Residential 97 87 924 34 72 40

Commercial 12 11 751 28 55 31

Industrial 1 0.9 946 35 45 25

Other 1 0.9 92 3 6 3

Total 111 100 2713 100 178 100
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1.4 The suppliers of electric energy

There are approximately3200 utilities in the United States, most of which
are small, pub1iclyowned municipalsystems and rural electric cooperatives.
Ownership of the U.S. electric utilities is made up of the major categories as
shown in Figure 1.

Of the total supply of U.S. electric energy, 76% is produced by the 265
investor-owned utilities. About half that amount (38% of the total U.S.
energy) is provided by only about 25 of the largest investor-owned utilities.
Figure 2 shows energy sales (in billionsof kilowatt-hours) and Figure 3
shows the total revenue (in billionsof dollars) for four ownershipclasses.
The ttsize"of an electric utility may be described by a variety of different
measures, such as those 1istedbelow:

Sales of energy (kWh) to end-users
Generation capacity
Revenue
Number of customers
Service area served
Number of milesof transmission and distributionlines

CLASS OWNERSHIP

Investor Owned

2011Publicly Owned

Cooperative

Federal

953

Public Power Districts

Irrigation Districts

State

County Systems 5

Mutual Systems 7

o 500 1000 1500 2000 2500

Number of Utilities

I Total: 3409 I

Figure 1 -Number of U.S. electric utilities by class of ownership

4
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For the purposes of this report, "size"is definedin terms of energy sales,
unless otherwise specified. Another usefulindicator might be the number of
meters purchased, calibrated, adjusted, or tested as a measure of utility
activity, although it is somewhat unique to this study and the number of
meters processed is generallynot a commonmeasure of utility size.

CLASS OWNERSHIP

Investor Owned 2071

Publicly Owned

Cooperative

Total Sales:
2,713 Billion kWh

o 500 1000 1500 2000 2500
Billions kWh

Figure 2 -Electric energy sales to end-users by class of utility ownership

CLASS OWNERSHIP

Investor Owned 140

Publicly Owned

Cooperative 14

Total Revenue:
$178 Billion

o 20 40 60 80 100 120 140
Billions $

Figure 3 -Revenue of electric energy sales by class of utility ownership

5
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"Submetering"is another emerging area of metering concern in many
locations. Owners of multiple-tenant housing,such as apartments and
condominiums, and other commercialconcernssuch as marinas, recreational
vehicles and mobile-homeparks, convalescenthomes, and shopping centers,
can install their own private meters for the purpose of sellingelectricity to
the "occupants." State regulations mayor maynot apply, depending on
the state. In instances where it is permitted and regulated, some form of
measurement traceability is required. This requirement has brought in a
new measurementneed to ensure trade equity, that is, protection that the
consumer is not being overcharged for the energy that is being consumed.
Furthermore, individualmetering is now required on new constructions as
part of energy conservation efforts.

Large utilitiesusuallygenerate their own electricityfor sale. Many small
utilities, such as municipal systemsand cooperatives, often purchase
electricity from some larger utility for resale. In these instances, the
watthour meter is involved in both the purchase and resale of the energy.
Additlonal utilitypower and energy measurementsare in the operation of.
their generation, transmission, and ctistnoutionsystems. These are often
very Jarge and expensive installations,havingcollectively,nationwide total
assets reaching $500 billion ($5xl09), of which two thirds are attributed to
net utility pJant assets (hardware and facilities). Their efficientmanagement
and safe operation (especiallyfor nuclearplants) is a must and relies on,
among other things, power and energymeasurementsthroughout the entire
system.

In addition to the revenue meters that mark the interface between the utility
and the end-user, there are many meters used throughout the utility systems.
Figure 4 indicates the many possible locations in the upper part of the figure,
each possible location being designatedby a letter "M" to indicate "meter".
A typical meter shop is shown at the center of the figure, which is
responsible for the maIDtenanceand support of metering activities of the
utility. The typicalcalibration support of such metering is shown in the
lower portion of the figure. Standards for calibrationare provided, as
indicated, typicallyby two sources, either directlyby NIST, or by an
independent testing or calibration laboratory.

6
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Electric
Power
Grid

Power
Pool

Interties

r--------------------------
New

Product
Evaluation

Company
Working

Standards

Electric
Power
Grid

Power
Pool

Interties

Cooperatives

Municipals
Other

In the parlance of the utilitymeter shop, ''testing'' is a measuring process
wherein the registrationof the meter is determined. No adjustments are
made to the meter. "Calibration," on the other hand, is a measurement

process whe~einthe adjustmentsare made on the mete;rto set the meters'
registration. "Repair" of meters requires new calibration and adjustment.

~_. 1-1-1----------------------------

NIST
Calibration

Service
Independent
laboratory

Watt-Watthour
Var-Varhour

Watt-Watthour
Var-Varhour

(Volt, Ampere,
Ohm, Time)

LEGEND:.~ Energy Flowwith Metering

-J> Standards Support

Figure 4
Revenue metering and system metering supported by

NISTEnergy Calibration Services in a typical utility

7
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At the utility, the testing of new meters is very often done on a sampling
basis. A predeteI'IIrinedportion of the total number of meters purchased in a
lot are selected based on a statisticalsamplingplan. The specificportion
varies from one utilityto another, dependingon the statisticalcriteria that
have been chosen.

Most utilities also perform sample testing of meters in service. These meters
are removed from service and tested liasfound" to determine, on a statistical
basis, the general condition of the meters in the utility service area. Records
are kept to he]p guide the future operations of the metering function.

Many of meters that are tested are meters that have been removed from
service to be upgraded or repaired as necesary. Upgrading, for example,
may be the changingof the mechanicalregister to an electronic time-of-day
register. Any time a meter is modified,repaired, or upgraded, the meter
must be tested and calibrated.

In order to ensure that accurate calibrationmeasurements are being made,
most utilities (especiallythe Jargerutilities)have meter shops that maIDtain
and use standards. Utilitiesare very conscientiousin maintaininggood and
accurate measurementpractices. Errors in the measurement of energy to the
consumer represents an inequity. That error may be in the favor of the
consumer, in which case the utilityis losingrevenue. Or the error may favor
of the utility, in whichinstance the utilityis overcharging the consumer. In
the latter case, most State PublicCommissionsgeneraIlystate that the
metering error be maintainedat less than 2%. Most utilitieswillmamtain
metering uncertamties as low as 0.5% for residential and commercial
accounts, and 0.1 to 0.25% for Jargeindustrial accounts. Even smallerrors
of a few tenths of one percent can collectivelyrepresent huge sums when
considering the "electricbill"for the United States. However, as pointed out
by Link (op. cit.), whilethe inequityis objectionableto the impacted party, it
not relevant when consideringthe national economy because of cancellation.

About 4 millionmeters are tested and calibratedby the utilitiesin the United
States annually. The standards used by the utilities, usuallyan electronic
watthour meter, are traceable to the NIST calibration service for power and
energy. When directly traceable, the utilityties directly to NIST with a
standard without any other party between.

8
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Two commonexamplesof indirect traceabilityare when a utility relies on
1) the calibrationservices of an instrument manufacturer, or
2) a metrology or test laboratory specializingin calibration. In either case,

the parties that provide calibration services for manufacturers or
laboratoriesmaintaintraceability to NIST.

As stated earlier,whileNIST has a legal mandate to maintainbasic
standards, such as the volt and the ampere, standards for power and energy
are derived quantities and are not considered a basic standard. The NIST
calibrationservicefor electric power and energy is offered to the electric
industry on economicefficiencygrounds, rather than as a mandated and
exclusiveservice.

Therefore, it is possible for a company or utility to derive the watt or
watthour from standard units of voltage, current, impedance, and rime and
not rely on the NIST power and energy calibrationservice. This derivation
has been commonlydone in past years. Even now, it is performed
occasionallyby a few of the companies or utilitieswhere the highest
accuracy is not required. However, individualderivation requires expensive
replicationof this process at manylocations across the country at a much
greater overallcost.

The measurementaccuraciesnow required at the utility level are such that
most utilitiessimplydo not have the equipment,knowledge, or economic
resources to perform such derivations of the watt and watthour. Some
meter and instrumentmanufacturers do derive their own standards of power
and energyfrom the units of voltage, current, impedance, and time for their
specialneeds. In general, however, it would not be cost effectivefor these
user industriesto invest in the facilitiesand trained staff to advance and

assure the needed increases in measurement accuracy and precision.

9
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2. SUPPORTERS OF THE UTILITIES AND
THE ELECTRIC POWER INDUSTRY

There are many supporting sectors of the U.S. economy and business world
that provide the necessary goods and servicesto maintainthe electric
production in the United States as a successfuland vital service. The sectors
that are of principalinterest to this study are those that use and rely on
electric power and energy measurements as a part of their operations. These
can be dividedinto the categories shown below. How the measurements are
made and whythey are economicallyimportant to each of these categories
will be examined.

. Electrical equipment and hardware manufacturers and suppliers

. Meter manufacturers

. Instrument manufacturers

. Testing and metrology laboratories

. PublicUtilityCommissionsJPublicService Commissions

. National Institute of Standards and Technology

2.1 Electrical equipment and hardware manufacturers and supp6ers

The generation and distribution of electric energy requires the use of
expensive hardware such as generators, transformers, switchgear, circuit
breakers, and other important components withintheir systems. The
measurement of electric power and energy in many of the system
components is important. This is especiallytrue for generators and
transformers where the assessment of operating efficiencyis of paramount
interest. The 1ifetimecosts of losses due to inefficienciesin generators,
transformers, and reactors often exceed by several times their original cost.

The accurate measurement of losses in transformers is among the most
difficultpower measurements that the industryis called upon to perform.
Likewise, this requirement creates the most demandingchallengeNIST for

.the highest accuracy calibrations that are state-of-the-art. For example,
if a 1% loss is to be determined with an uncertamty of :tl %, calibration
requirements of :to.Ol% or less are required. (Fundamentally,it can be
thought of as a:tl % uncertainty of a 1% loss, or :tlO-2 x 10-2= :tlO-4,or
:to.Ol% measurementuncertainty.)

11
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Generators are designed and sold with specificationsof being capable
of producing specified amounts of power for periods of time without
overheating or mechanicallyfailing. It is thereforenecessary for the
manufacturers of such heavy equipment to measure the generator outputs
to ensure that the specifications are being met. Additionally,the utility that
is purchasing the generator also may test its power deliveringcapability.
These types of field measurements are very difficultto perform, yet they
are very important to the industry. The same general measurements are
made also on transformers and reactors to guaranteeperformance.

2.2 Meter Manufacturers

In the United States, there are four major companiesthat manufacture
rotating (inductivedisc type) watthour meters of the electro-mechanical
design. These types of meters are used at residential,commercialand
industrial sites. WIthin the past 10 or so years, nall-e1ectronic"meters have
been avaiJablefrom other manufacturers, andrecently, also from the same
four manufacturers that produce the inductivetype meters.

The meter manufacturers playa very important role m the support of the
electric mdustry. Foremost, the watthour meter, whether it is mductive or
electronic, is essentiallythe "cash register" for the utility busiJiesses. All
electric energy sold (and sometimes bought, then resold) is measured by
these watthour meters. Without the watthour meters, the utility busmesses
simplycould not exist.

These meters are also used throughout the utilitysystems for measurement
and control A variety of other meter types and instruments, such as those
used for measuring current, voltage, temperature, pressure, etc., are also
used, but they are not considered m this report. It is the watthour meter that
is of critical importance to the utility.

There are more than 4 millionwatthour meters manufactured annually in the
United States. During manufacturing, these meters are adjusted and
calibrated to be within specified limits of performance. Generally,the
percentage registration of the meters is adjustedto have errors less than
:to.1% at specifictest conditions. Such precise adjustments requires a
careful program of calibration where their standardsmay be calibrated to
uncertainties of :to.Ol% or better.

12
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Supporters of the electric industry

All meter manufacturers submit their standardsto NIST for calibration.

These standards in turn are used to maintainthe working standards of the
manufacturer, and those working standards are used to maintainthe
production facilities. Daily or weeklychecks are typicallymade to ensure
that changes have not occurred in their manufacturingprocess.

When utilities receivea large shipment of meters, it is common practice to
check their performance. This may be done on a samplebasis. Acceptance
of the meters by the utilities is based on the results of such checks. It is
essential that the utilitieshave a so1idprogram for maintainingtheir .

standards that are used to support their testing programs. Larger utilities
typicallyhave their standards caJibratedby NIST or by other calibration
laboratories whose standards are traceable to national standards. Smaller

utilitiesmay submit their standards to NIST, but more Jikelyutilize some
third party source that is in turn traceable to NIST.

2.3 Instrument Manufacturers

Manufacturers of precision power and energymeasuring instruments play an
important supporting role for the electricpower industry. The principal
products of interest to this study are those instruments that measure power
and energy. They are not used for revenue meteringin any sense. These
instruments differfrom the revenue meters in that they are intended to be
used under field or laboratory conditions and are not used in permanent
installations. In general, they are multi-range andhave lower uncertainties
(ie., better accuracy) than revenue meters. Furthermore, they usually
operate oyer a wide range of frequencies.

Availableinstruments have ranges of claimeduncertaintiesfrom ::to.OO5%to
several percent. They may be singlephase or polyphaseinstruments
and are useful to the utilities, meter manufacturers,commercial testing and
calibration laboratories, and to some publicutilitycommissions. Such
devices are often used by manufacturers in their research and development
activities supporting their product lines. Utilitiesmay use such instruments
in the maintenanceof their testing and calibrationprograms. Commercial
testing and calibrationlaboratories mayuse such instruments as standards
and principal tools to perform requested tests. Some PublicUtility
Commissionsmay use such IDstrumentsin support of their operations if they
perform tests or calibrations.

13
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2.4 Commercial Testing and Calibration Laboratories

A number of smallbusinessesperformtesting and caHbrationof meters and
instruments. The important servicethey provide is a traceability link
between a utility and national standards. The calibrationuncertainties
achieved by these laboratories are likelyto be greater than those achieved by
NIST, but are less expensive to attain. In instances where somewhat less
accuracy is acceptableto a utility, commercialtesting and calibration
laboratories provide a service that is an alternativeto NIST caHbrations.

The economic contributions from the commercialtesting and metrology
laboratories to the overall power- and energy-relatedcaHbrationsin the
United States are smallin comparisonto the role of utilities and meter
manufacturers. Yet, these laboratoriesplay an important role in providing a
"Jink"to national standards for manysmallutilitiesand other users of electric
energy. Because of this link, it is importantto recognize their contribution.
Equally important is an assessmentof their viewstoward the importance of
NIST caHbrationservices and programs that directly support their
operations.

Compared to the more than 3000 electricutilities, the population of
electrical testing laboratories that provide traceablemeasurements for power
and energy is relativelysmall. The NationalElectrical Testing Association
(NETA) has 34 member companies,nine of which provide power and energy
cah"brationservices.

2.5 Public Utility Commissions

Public Utility Commissions(PUC) regulate the electric utilities. Some PUC
regulations dictate measurementaccuraciesand traceability to national
standards, but some do not. Amongthe regulationsare those that state the
maximumlimitsof error for revenuemeters. In general, the limit of error is
2%. By dictating the maximumlimitsof error, they in effect mandate a
system of calibrationhierarchy. In today's marketplace, an error as large as
2% is unacceptably large in terms of revenuemetering. This is especially
true for the large business and industrialaccounts, or at intertie points
between utilities.

14



NISTIR5564

Public Utility
Commissions

maintain

traceability

NIST is the
ultimate

referee for
standards

15

Supporters of the electric industry

It is prudent business practice by the utilities to maintain measurement

uncertamties in the order of 0.25% or better, strictly-based on equity of trade

motivation. The referenced Link report documents the psychological

leverage of recognized traceability and low uncertamty which result in

transaction costs savings by avoiding costly disputes.

About one-third of the PUCs in the United States maintam standards of their

own where they monitor tests between utilities and utility customers. In

fewer cases, the PUC may provide a calibration service of standards for the

utilities within their jurisdiction. In a few states, type approval must be

obtamed by the utility from the PUC before meters can be used in those

states. In each of these cases, the PUCS mamtain traceability to national

standards, either by using the NIST services directly, or by using some

commercially available and traceable source. NIST has direct dealings with

six PUCs regarding electric power and energy.

2.6 National Institute of Standards and Tedmology

The role of the National Institute of Standards and Technology (formerlythe
National Bureau of Standards) is simplebut essential. As stated earlier,
NIST provides a uniform set of standards based on fundamentalunits
through its calibrationservices. NIST provides this support to each sector
of the U.S. power industry. By providingthe sameuniform calibration
service to each, the common measurementbasis is formed whereby anyone
party can interchangemeasured quantitieswith any other party. By
providing this commonbasis, disputes and differencesbetween buyers and
sellers are greatlyreduced.

15
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3. SURVEYMETHODOLOGY

3.1 Surveyed stakeholders

The segmentsof the electric power industry that make the greatest use of the
NIST calibrationservices and that can be expected to receive the most
significantimpact are the following:

. Electricutilities: investor-owned companies,municipal systems, rural
electric cooperatives, and government-ownedand operated systems;

. Electricrevenue meter and instrumentmanufacturers;

. Commercialtesting and metrology laboratories;

. State PublicUtility Commissions.

In the initialscope of the study, four categories of economic questions to be
asked from the four groups of participants had been identified, as shown in
Table 2. The more detailedquestions of the survey questionnaire were
derived from these four categories of questions. To provide some
perspective on the scope of the project, these questionnaire forms are
reproduced in the Appendix.

The four categories of questions and the four participant groups were
expected to produce a validsample, from whichprojections to the national
scale could be applied. However, this expectation was not realized as the
economic informationresponses were insufficient,and only a few narratives
were received. Section 4 includes examplesof some of these anecdotes.

The three categories of quantitative questions asked each participant were
designed to determinethe fonowing factors:

· Size and scope of the participants operation, in terms appropriate for each;

· Expenses ofmaintaIDingmeter shop and calibration laboratories as well as
performingtests;

· An estimate of their costs if NIST were to discontinue its power and
energy cahoration services;

The fourth category was an invitation to provide a quantitative or qualitative
narrative on the significance(impact) of the NIST program.

17

--- ~. -. --. -



Survey Methodology

Size is all
relative

18

NISTIR5564

Table 2 -Categories of questions and participant groups

3.2 Size and Scope

In terms of "size"of participant operations, the measure is different for each
participant group.

The size of an electric utility could be assessed by three parameters:

1) the annualelectric energy sales (kWh), revenue ($), and number
of ultimate consumers,

2) the number of meters purchased annually,

3) the number of meters tested, repaired, and calibrated annually.

18
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Meter and Testing and Public
Question Electric Instrument Metrology Utility
Category Utility Manufacturers Laboratories Commissions

Number of Number of Number of Number of
meters meters or meters or meters calibrated

Size purchased instruments instruments
manufactured tested or Number of tests

and Number of calibrated performed or
meters tested Sales witnessed

Scope revenue $$ Services
Sales revenue $$
revenue $$

Energy sold,
kWh

Cost of Cost of Cost of Cost of
maintaining test maintaining test maintaining test maintaining test

Operating and calibration and calibration and calibration and calibration
facilities facilities facilities facilities

Expenses
Cost of Cost of Cost of Cost of
calibrating calibrating calibrating calibrating
standards standards standards standards

Initial cost of Initial cost of Initial cost of Initial cost of
t-Ir establishing new establishing new establishing new establishing new

Cost if NIST capability capability capability capability
discontinues

service Annual cost of Annual cost of Annual cost of Annual cost of
maintaining new maintaining new maintaining new maintaining new
capability capability capability capability

Narratives Savings Savings Savings Savings because
and because of because of because of of calibration or

Calibration calibration or calibration or calibration or NIST traceability
Payoffs NIST traceability NIST traceability NIST traceability
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Survey Methodology

The size of revenuemeter and instrumentmanufacturers could be assessed

by two measures:

1) the number of meters sold annually,

2) the income from meter sales ($).

The size of metrology and testing laboratoriescould be assessed by:

1) the number of meters tested, repaired, and calibrated, and

2) the income from such testing and calibration.

The size of PublicUtility Commissionscould be assessed by:

1) the amount of electric energy consumption and number of
ultimate consumers for each of their respective states

2) the number of tests performed or witnessed,

3.3 Operating and Maintenance Expenses

A set of questions was asked to assess the resources that a company or
utility invests in their measurement basedprograms. This cost includes the
facility and labor costs, equipment and training, and general upkeep as wen
as other measurement-relatedfunctions, such as field testing, etc. This is a
cost that, when projected nationwide, would be an important pan of the
economic infrastructure. However, the responses to these questions were
insufficientfor a broad generalization.

3.4 "What-If t Value Analysis

In terms of economicvalue, the ideal way in which to evaluate the NIST
caHbrationservice would be to evaluate the economics of a particular sector
with and without the service being available. This evaluation has been
possible for similarimpact studies for other areas of calibration and
measurement. For example, for the recently emerging area of fiber optics,
the area was assessedbefore the NIST calibrationservice became available.
This was a relativeyoung area that began maturing in the absence of
effective and appropriate NIST calibrationsupport. After the need for a
NIST caHbrationservice was determined and the service established, the
productivity and economicswere examinedagain. Using the "before" and
"after" comparisons, cost savingscould be clearlyevaluated that were due to
the NIST calibrationservice for that area.

19
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When e:y~m1n1nga mature industry, such as the electricpower industry,
meaningful "before-and-after"data are not obtainable.The NIST calibration
service in support of the electric power industry has been in existence for
nearly a century. Instead of using the "before-and-after"analysis,an
approach of a hypothetical "with and without" analysiswas considered.
Participants were asked to respond to an idea that was prompted by the
question, "What if NIST were to discontinueoffering this calibration
service?" In assessing this hypothesis,economicaspects were to be
considered for each participant to helpgain insight and data. "Howmuch
would it cost your company if NIST were to discontinue this service?" The
results of these responses would then be used then to assess how much is
saved by industryby having access to the NIST Ca1ibrationService for
Electric Power .andIndustry. This question, however, turned out to be the
least successful in yieldingconsistent and comparableanswers, if any.

Also, a narrative was requested askingfor examplesof when having NIST
traceability and a soHdbase of measurementshas saved the company money.
Onlya few anecdotes were obtafu.ed,and no reHablegeneralizationcan be
developed in this report. However, those anecdotes that were recited
expressed positive attitudes, and no respondent took the opportunity of the
survey to express negative attitudes.

20
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4. SELECTED RESULTS

Since this report focuses on technical impact and the economic impact
aspects are effectivelydealt with in the referencedLink report, no
comprehensiveanalysisof the survey returns was performed. Instead,
some selected results and responses are presented in this section, providing
illustrationsand anecdotes on this aspect of the electric industry and the
perceived value of the NIST servicesfor power and energy calibration.

4.1 Number of Meters Tested by the Utilities

The Utility Questionnaireasked the question, "Howmany meters were tested
and calibrated annually." Thirty four of the participating utilities responded
to this question. These 34 utilities represent the fonowing approximate
shares of number of utilities,energy sales, revenue, and customers:

1% of the number of utilities;
38% of energy sales;
39% of revenue;
34% of number of customers.

A total of 1,570,430 meters was reported as tested and caHbratedby these
34 utilities. The distributionof the number of utilitieSsuggested that these
utilities represented a validsample of the overallpopulation of utilities.
Using weightedanalysisprojection methods, an estimate of the national total
number of meters tested and calibrated by allU.S. utilitieswas as fonows:

4.13 millionmeters, based on energy sales;
4.02 millionmeters, based on revenue;
4.65 millionmeters, based on number of customers.

The differencesamong these three bases are small, so that for practical
purposes, a quotable numberof meters tested and calibrated in by all U.S.
utilitiesis 4 millionmeters. This number is believedto be correct to within
:to.5 millionmeters. It is interesting to compare this number of 4 million
meters tested annuallywith the 110 millionend-users cited in Table 1, each
presumablyhavingat least one meter on the premises. Taking out of the 4
millionthose meters needed for new construction, a conclusion would be
that an installedmeter is expected on average to perform for more than 30 to
40 years without receivingcalibration.

21
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4.2 Utility Savings Because of NIST Traceability

In some instances,having NIST traceabilitycan lead directly to a cost
savings. This is true, for example, whendifferencesin measurement results
are resolved and corrected by having traceability. It is a1s0true in legal
cases where litigationcenters about measured quantities; having NIST
traceability usuallyremoves the basic question regariling accuracy of
standards used to support the measurements.

The utility participants were asked to provide instances where it was known
that having traceabilityled to a cost savings, and by how much. A narrative
was also requested describingthe circumstances. In many instances, the
dollar savings resultingfrom havingNIST traceabilityis unctisputed,but the
actual savings may be difficultto assess.

Only five of the participants provided cost savingdata. These represent
the fonowing shares of the national of the national of the utility industry:

0.16% of the number of utilities;
8.5% of the energy;
6.8% of the revenue;
2.7% of the number of customers.

The ctistributionof respondents consisted of one Jarge Government utility,
one Jarge investor owned utility, two mediumsized investor owned utilities,
and one smallinvestor owned utility. Here again, the Jimitednumber of
responses made it difficultto present valideconomic information, hence the
alternative approach taken by Link in assessingthe economic impacts.

4.3 Examples of utility narratives

The last part of the questionnaireinvited respondents to relate examples of
occurrences where the NIST services, either ctirectlyor indirectly, solved
problems or saved money. Not many respondents provided such stories;
among those who did, the fonowing six are representative:

We have no stories to tell. We do, however,believe that NIST services
are valuable in maintaining integrity and reputation in the
community. We like it the way it is.

New meters is a good example. We test only 50/0of the new single-
phase residential meters, which saves the company 95% test time.
The reason we can justify this sampling is that the Commissions
accept this practice because we are traceable to NIST.

22
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While I myself have no "stories" to relate to you I certainly can
vouchfor thefact that your service saves our company both time
and money. We maintain traceability to NIST by participating in
the Round Robin Testing as well as sending our units to you for
calibrationsemi-annually. Wefeel ifwe had to use independent
laboratories both our turnaround time and service per capital
would suffer.

Using NIST traceable standards, we are able to perform in-house
power/energy calibrations at our nuclear power plant that meet the
NRC regulations. Largely due to NIST traceability and product
improvements, sample testing, variable interval testing, selective
testing is now possible. An estimate of the total of these savings is
$70,000 per year.

We cannot recall any particular instance of being challenged with
regard to traceability of our test equipment to the national standard.
We have in the past tested the standards used by our regulatory
agencies and have had good agreement with them.

Our standards are presently traced to NIST through the state PSC
engineering staff for wattmeters accuracies. Over the years, several
shipments of single-phase meters have been received with LL or FL
out of our band of:t 0.3% IIas-found" tests. Traceability required
the manufacturer to recalibrate several pallets of earmarked meters.
This involved several thousand dollars in labor costs.

4.4 Perceived Value of NlST Services to Utilities

The participants were requested to give a relative ranking to the value they
see in the NIST services, described by nine statements. The instructions
given allowed either giving a rank to allnine, or giving a rank to only those
statements applicableto the particular utility. Table 3 shows the result of
compilingthe returns, where 100 is the most valuable level (rank 1) cited by
the respondents,withzerobeingeitherof no valueor the blockfor that ....

question left blank (manyutility respondents did not go beyond ranking the
first few of the nine items).

23
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Table 3 -Ranking of values attributed by utilities to NISTcalibration services

4.5 Valoe of NIST Services to PUCs

From the 19 publicutility Commissionsqueried, 17provided information
in reply to the various questions. Economic information was generally
scarce, but the question on perceived value, similarto that proposed to
utilities, produced interesting returns on the perceived value and ranking of
the NIST services. Table 4 shows the result of compilingthe returns, where
100 is the most valuablelevel (rank 1) cited by the respondents, with zero
being either of no value or the block for that question left blank (manyPUC
respondents did not go beyond ranking the first few of the ten items).

24

Specificreason for value attributedto the services Value score

Required by PUCor PSC, or other regulatorybody 100

Helps to ensure equity-in-tradebetween our company and all 70
customers

Helps to ensure equity-in-tradebetween our company and other 45
utilitiesat power-poolintertiesor gridtie-points

Desire or requirean authoritativeand impartialcalibrationsource 30

Helps to maintaingood company image and improvesoverall 25
public relations

Places company instronger positionincases of potential litigation 25
or disputes

Minimizescosts and differences when dealing withsuppliers and 20
vendors

Enhances capabilityto evaluate new products effectively 15

Require traceabilitybecause we calibrate standards for other 15
parties
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Table 4 -Ranking of values attributed by PUCs to NISTcalibration services
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Specificreason for value attnbutedto the services Value score

Utilitiestraceabilityto national standardsmakes it unnecessary 100
for Commissionto maintain its own referencestandards

Places Commission in stronger position incases of referee 75
measurement

Helps to maintaingood public image and improveoverall public 70
relations

Needed by Commissionto calibrate or support Commission's 65
own reference standards

Requirestraceabilitybecause Commissioncalibratesstandards 55
for utilitiesor other parties

Not requiredor needed by Commission 55

Desireor requirean authoritativeand impartialcalibration source 45

Requiredby PUC, PSC,or other Stateagencyfor their rules or 45
regulationsfor electric utnities

MinimizesCommissionscost and differenceswhen dealing with 40
utilitiesor utilitycustomers

Enhancescapabilityto evaluate new products effectively 15
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5. CONCLUSIONS

Clearly, the watthour meter is an essentialinstrument for both electric utilities and their
customers - every one of the 100-plusmillionend-users. While the cost of the instrument
itse]£is not a large economicfactor, even if 4 millionof them are produced annually,the
economic aspects of their calibrationare important industry and consequently to the NIST
organization involvedin mamtainingthe standards necessary for calibration.

The informationreturned by the respondents to the NIST survey attempting to assess the
economic impact of the meter calibrationservices was not sufficientlycomprehensiveand
consistent to allow broad generalizationleadmgto a reliableassessment. However,
the technical impact of these services was sufficientlydocumented to present this report
describing the infrastructure and the relationshipsamongthe stakeholders.

A very clear message emerged from the responses by the four groups of participants
(electric utilities,meter and instrument manufacturers, test laboratories, and public
utility commissions), stating the importance of traceabilityto the NIST standards.

Some of the survey responses contafuednarrative anecdotes in response to a request for
examples of savingsmade possible by the avai1abilityof the NIST ca]ibrationservices.
Deriving generalizationsfrom a few qualitative anecdotes would be inappropriate, but
a significantpoint is that all these were recited in positive terms, and no respondent took
the opportunity of the surveyto express negative attitudes.

27
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APPENDIX
IMPACT STUDY QUESTIONNAIRES

The principaltool employedto gather information was a set of questionnairesdesigned
to obtain quantitative informationabout two important aspects of the study. The first
aspect was concerned with the size and the economics of the electric power industry in
the limited sense of measurements,testing, and calibration. The second aspect was
related to the "value"of the NIST Power and Energy Calibration Services, as perceived
by the participants.

Each group of questionnaireswas customized for the four study participant groups
selected for this study. The groups, arranged in the expected approximate descending
order of economic magnitude, are:

. Electric utilities
Meter and instrumentmanufacturers

Commercialtesting andmetrology laboratories
State PublicUtilityCommissions

The general questions asked each group were basicallythe same. The phrasing and
terminology,however, were made applicablefor each group. For example, in trying to
determinethe "size"of each participant in terms of "calibrationand measurement
activity",utilitieswere asked "Howmany meters are tested?", whereas meter
manufacturerswere asked "How many meters were manufactured?", and the Public
UtilityCommissionswere asked "How many tests were performed or witnessed?".
In a few instances, a question appropriate for one group would not apply to another
group. In such cases the question was omitted where it did not apply.

An important element of the Impact Study was the participant'sperceived value of the
NIST CalibrationService for Power and Energy. To evaluate this, a question having
multiple-choiceresponses was asked of each participant. The responses were tailored
for each participant group. The participants were asked to rank numericallythe
importance of the appropriate responses. The candidate responses had been formulated
from informationthat NIST calibrationclients had previouslyshared and from sample
preliminaryquestionnairesused to help formulate the questionnaire and test its
effectiveness.

Copies of the four customized questionnaires, as approved by the Officeof
Management and Budget, are includedin this Appendix.
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Impact Study for NIST Electrical Power and Energy Calibration Service

National Institute of Standards and Technology

Electronics and Electrical Engineering Laboratory
Gaithersburg, Maryland

The Electronics and Electrical Engineering Laboratory (EEEL) of the National
Institute of Standards and Technology (NIST), formerly the National Bureau of
Standards (NBS), is conducting a study to evaluate the value and effectiveness
of selected NIST calibration services. For this study, the service utilizing
the electrical standards of power and energy (watt, watthour, var, and
varhour) has been selected.

Information for this study is being gathered from a sampling of the electric

power industry. and private and public organizations that utilize this NIST
calibration service. The combined responses from electric utilities. meter

manufacturers. instrument manufacturers. independent testing and metrology
laboratories, and State public service commissions will enable NIST to assess

the value and economic impact of this calibration service throughout the

nation. The findings of this impact study will be used to guide future NIST
program efforts. The results should be of in~erest also to the electric power

industry and to those who contribute related measurement support to this
industry.

Your Commission has been chosen to participate in this study because it is
believed that it derives benefits from this NIST service, either directly or

indirectly. "Responding to the attached questionnaire will be appreciated and
assist NIST in completing this study. Your participation is voluntary.

Please return your completed questionnaire and any narrative comments to:

National Institute of Standards and Technology
John D. Ramboz

Electricity Division. MET B344

Gaithersburg. MD 20899

Your response would be appreciated by October 11. 1991. Thank you.

OMB Approval No.: 0693-0013 Expiration Date: April 30. 1992

The public reporting burden for this collection of information is esti-
mated to average 2.25 hours per response, including the time for review-
ing instructions, searching existing data sources. gathering and maint-
aining the data needed. and completing and reviewing the collection of
information. You may send comments regarding this burden estimate or
any other aspect of this collection of information, including suggest-
ions for reducing this burden, to: John D. Ramboz. National Institute of
Standards and Technology, Electricity Division (MET B344), Gaithers-
burg, MD 20899, and to the Office of Management and Budget, Paperwork
Reduction Project (0693-0013). Yashington, D.C. 20503.



GENERAL INFORMATION AND INSTRUCTIONS

The information requested by the attached questionnaire covers three areas:

. Economic data that describes costs related to calibration, testing,
and other operational costs for your Commission,

. "Non-economic" data that assess importance and value of the NIST
calibration service to your operations, and

. Narrative information that describes instances when having
traceability and indisputable measurements have saved your

Commission time and money.

Most of the "non-economic" questions are answerable by multiple choice and
should be easy and quick to answer. The questions that require economic
related answers may require more effort, depending on whether you have direct
access to this information, or have to research it. In any case, it is felt
that no more than a couple of telephone calls within your organization should
make the data requested available to you.

Questions 10 and 11 will likely provoke some thought. These questions ask,"if
the NIST Power and Energy Calibration Service were no lO:1ger offered, how

would this impact your operations. What is the impact and cost to you?" It
will require you to do some intelligent guessing. Reasonable estimates are
acceptable for the responses to these questions it is recognized that there

are variables and estimates involved in answering these two questions.

Question 12 asks for narratives that describe instances when NIST

traceability or indisputable measurements has saved money for your Commission.

Is there an estimate of cost savings to your company as a result of traceable
measurements and calibrationZ This information would be useful.

Please complete the information below or attach your business card:

Commission:

Mailing Address:

"Name and title of person(s) completing this questionnaire:

Phone No.: ! } FAX No.: ! }

Yould you like to receive a copy of the final report when available?

DYes D No



NIST/CEEE Impact Study for Electric Power and Ener~v Calibration Services

E L E C T R I C UTI LIT I E S

1. What are the principal reasons that dictate your needs for NIST calibrat-
ion, or measurement traceability to NIST (for quantities of power and

energy, specifically for the watt, watthour, var, and varhour)? Please

rank numerically, using numeral 1 to indicate the most important, 2 to

indicate next most important, and so forth. If statement does not apply
to your operations, leave blank. Add any unlisted reasons and rank

relative importance. Consider reasons collectively.

Relative Ranking

a.D

b.D

c.D

d.D

e.D

f.D

g.D

h.D

LD

j.D

Required by State Public Utility Commission, Public Service

Commission, or other State or Federal Regulatory body.

Helps to ensure equity-in-trade between our company
and other utilities at power-pool interties or at connections
to the electric power grid.

Helps to ensure equity-in-trade between our company
and all customers.

Places company in stronger position in cases of potential
litigation.

Minimizes costs and possible differences when dealing
with suppliers and vendors.

Helps to maintain good company image and improves
overall public relations.

Enhances capability to evaluate new products effectively.

Desire or require an authoritative and impartial
source of calibration.

Require traceability because we calibrate standards
for other parties.

Other:

2. What was the sales revenue for electric energy sold by your company in
1989?

Sales revenue, 1989: $

1



3. How much electric energy (in kWh) was sold by your company in 1989?
,

Total energy sold, 1989: kWh

4. Number of meters purchased (1989) that your company uses directly in
support of power and energy measurements (include single-phase, poly-
phase, watt, watthour, var, varhour, kVA, demand, etc.) :

meters

5. All meters tested and calibrated, both in your meter laboratory and in
the field (1989):

meters

6. Indicate the testing basis by which you accept new meter purchases:

a.D

b.D

c.D

d.D

e.D

100% Testing, all new meters

Sample Testing, new single phase meters; portion sampled: %

Sample Testing, new polyphase meters; portion sampled: %

None

Other; .please briefly explain:

7. Where does your companysubmit its power.and energy staridards to for
periodic calibration?

8. Figure 1 on the following page shows the company metering which is

supported by the meter and/or standards laboratory and by NIST

calibrations. Does this generally illustrate the structure and operation
of your company? If no, change appropriately or make suitable notation.

a.DYes b.D No

2

---'--- ..

a.D Sends standards to NIST
b.D Uses NIST MAP Service

c. D Sends standards to manufacturer of standard

d.D Sends standards to independent standards laboratory

e.D Other: Briefly describe:



Figure 1

Revenue Meterin~ Suuuorted by NIST Power and Ener~ Calibration Services
for a Tyuical Utility

Measurement traceability achieved by direct or indirect use of the NIST Power and
Energy Calibration Services (i.e., watt, watthour, var, and varhour calibrations).
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9. What does it cost your company to maintain a~d operate the meter and/or
metrology (standards) laboratory? If operated at separate locations and
budgets, please combine. Include- field measurements. Incorporate your

total budget for all testing and calibrations (beyond the watt, watthour

and var, varhour functions). Consider your operating budget, capital
equipment, and related costs:

Total annual operating cost, 1989: $

Does the response to question 9 above reflect any unusual circumstances,
such as new facilities, fire or flood damage, laboratory consolidation,

change of ownership, etc.? If YES, please adjust your estimate
appropriately to project (looking forward) to a typical or normal year
without the unusual circumstances.

Adjusted operating cost: $

10. What portion of the overall laboratory costs given in response for

question 9 above supports just watt, watthour, var, and varhour metering?

Include costs related to time-of-use metering, recorders, demand, kVA,
repair, adjustment, etc.

Portion for related power and energy effort: %

11. How much do you spend annually for the calibration of your standards by
NIST or other sources of calibration?:

Cost of calibrating power and energy standards: $

12. Does or has your laboratory derived the watt, watthour, var, or varhour
from basic electrical standards (i.e., from the voltage, current,
impedance, phase angle, and time)?:

4

------

a. o No, never have
d.

DYes,
still do

b. D Not now, but used to e. D Yes, but we would like to quit

c. o No, but we would like to

If you checked "cn or "d", can you briefly g1ve the benefits to your company?:



If you answered "b" or "e", what are the reason$ for changing? Check
all appropriate reasons. Indicate if a strong or weak reason.

Reason
Strong Weak

f.O o More cost effective to buy the service from NIST or other
standards laboratory than to do it ourselves.

g.O D Present measurement accuracies now make it technically
difficult to derive the watt, watthour, var, and varhour

ourselves with sufficient accuracy to meet our needs.

h.D D Do not have the equipment, technical staff, management,
budget, or training to derive and maintain our own power
and energy standards to accuracies needed.

i.O o Other (please describe briefly):

13. One way to evaluate the effectiveness and value of the NIST Calibration

Service for electrical power and energy (viz., watt, watthour, var, and

varhour) is to examine your laboratory operational and capital equipment

costs IF this particular NIST Calibration Service were no longer
available. (This is only a hypothetical exercise; NIST does not have

plans to discontinue this Service.) Yhat would you do? How would it
impact your operations? Yhat would it c~st your company?

Contrasted to Figure 1 which shows the utilities traceability by making
direct use of the NIST Calibration Service for electric power and ener£v

(viz., watt, watthour, var, and varhour), Figure.2 on the following page
instead shows traceability directly to NIST Calibration Services for
volta~e. current. impedance. phase angle. and time.

Measurement traceability to basic national. standards could be achieved by
use of one of two paths to NIST Calibration Services for basic standards

(i.e., voltage, current, impedance, phase angle, and time):

. Using PATH ONE, the utility would be required to derive power and
energy standards from the basic standards shown.

. Using PATH TWO, an independent laboratory would derive the watt,
watthour, var, or varhour, which in turn, would provide a
calibration service to the utility.

CONTINUEDON PAGE FOLLOWINGFIGURE 2....
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Figure 2
Revenue MeterinE Supported bv the Use ~f Basic Standards to

Derive Utilities Own Units of Power and Energy

Measurement traceability achieved by use of one of two paths to NIST Calibration
Services for basic standards (i.e., voltage, current, impedance, phase angle, and

time). Using PATH ONE, the utility is required to derive power and energy
standards from the basic standards shown. Using PATH TWO, an independent
laboratory derives the watt, watthour and var, varhour, which in turn, provides a

calibration service to the utility.
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(same as shown by Fig. 1)

, I I
t t t

r-e-e-e-e-e-e-e-e-e-~-e-e-e-e-e-e-e-e-e-e-e-e-e-e-e-e-e-e-e-I-e-e 1e-e-e 1e-e-,

UTILITY METERlABORATORY I I t t t
Company
Field

Standards
New

Product
Evaluation

t t New
Meter
Tests

t t

Watt-Watthour
and ....

Var-Varhour

Company
Primary

Standards

Company
Working
Standards

Meter
Test
Boards

t Voltage
Current

Impedance

Phase Angle
Time

Utility maintains these standards
and derives the watt, watthour, var,

and varhour to maintain traceability.

L-e-e-e-e-eI e-e-e-e-e-e-I-e-e-e-e-.-e-e-e-e-e-.-e-e-e-e-e-e-e-.-e-e-e-.-e-e~

t t

L(PATH ONE)-+-'
or

(PATH TWO)--+-)

NIST
Calibration

Services

Independent
Laboratory

Watt-Watthour
Var-Varhour

Voltage
Current

Impedance
Phase Angle

'lime
Independent laboratory derives the
watt, watthour, var, and varhour

and calibrates utility standards.

6



14. From Figure 2, which path would seem to best su;t your operations?
Remember that if you select to maintain traceability through "Path Two",
NIST will also not offer the independent laboratory power and energy

calibrations, but just the basic electrical calibrations for voltage,

current, impedance, phase angle, and time.

a. D Path One b. D Path Two c.D Other

If "other" was selected, can you briefly describe?:

15. Using the path(s) selected above, and remembering the accuracy needs of

your laboratory, what would be your estimated increased cost for

establishing and maintaining traceability in the absence of the present

NIST Power and Energy Calibration Service? It might be useful to
consider some of the following and how they might affect your operational
costs:

The possible need for:

Added technical staff (consider also the technical level)

Increased managerial time and effort

Additional laboratory space and new capital equipment
Calibration and maintenance of new equipment
Training, travel

Additional shipping of standards, insurance
New record keeping and related paper work

Increased intercomparisons with neighboring utilities

Possible consequences might be:

Trade-offs and comprises in achieving needed accuracies
Possible loss of measurement accuracy

Disagreements in acceptance tests of new meters

Increased interactions with your Public Utility Commissions
Weaker position in cases of litigations or disputes

Increase possibility of inequality-in-trade

a. Initial increased cost for establishing new calibration

capability:
$

b. Annual increased cost for establishing and maintaining
traceability after initial costs have been absorbed:

$

CONTINUEDON NEXT PAGE...
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16. Can you provide a narrative below that describes instances when NIST
traceability, your calibration and standards; or other measurements for

power and energy have solved problems or saved money for your company?
Examples might include resolving disagreements with vendors, customer

complaints, tampering, power diversion, Public Utility Commission

interactions, cases of litigation, system efficiency determinations, and
so forth. (Your "story" should be related to measurements dealing with
the quantities; watt, watthour, var, varhour, demand, kVA, etc.) Attach

seperately if more convenient

a. Dollar amount of savings: $

These savings were a result of:

b.[] NIST traceability
(direct or indirect)

c. 0 Company calibration
and standards

*** THANK YOU FOR YOUR TIME AND EFFORT IN COMPLETING THIS QUESTIONNAIRE ***
[10-30-90]
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NIST/EEEL Impact Study for Electric Power and Ener2v~alibration Services

PUBLIC UTI LIT Y COM MIS S ION S

1. With regard to metering accuracy, does the wording of your regulations
contain references to traceability or to one or more of the following:

a.D

b.D

To "national standards,"

To the National Institute of Standards and Technology, NIST, the
National Bureau of Standards, NBS, or Bureau of Standards,

c.D To the American National Standards Institute, ANSI, "C12",

or American National Standard Code for Electricity Metering C12,

d.D "Traceable measurements" without specific reference to where
the measurements are traceable to,

e. 0 No specific reference to standards.

e. 0 Other: Briefly describe:

***** NOT E *****

If possible, please enclose a copy of the pages of your Commissions

rules and regulations that make reference to traceability requirements,
or the above phrases as answered in Question 1 above.

2. Does your Commission or other State Agency have regulatory authority for
submetering installations, such as multiple tenant housing, apartments,
trailer parks, marinas, shopping centers, etc.?

DYes D No

If yes, what is the approximate percentage of revenue, electricity usage,
or other measure of size in comparison tQ. the total for the State.

Percentage of the State total that submetering represents: %

1



3. Please rank the value of the existence and availability NIST Power and

Energy Calibration Services (for quantities;of Dower and energy,
specifically for the watt, watthour, var, and varhour) in supporting your

Commission's regulatory, compliance, or other responsibilities?

Relative Ranking

aoD

boD

coD

doD

eoD

foD

goD

hoD

LD

j.D

k.D

. Please rank numerically, using numeral 1 to indicate the most

important, 2 to indicate next most important, and so forth. If
choices are equally important, use the same numerical ranking.

. If statement does not apply to your operations, leave blank.

. Add any unlisted reasons and rank relative importance.

. Consider choices collectively.

Requirement by Public Utility Commission or Public Service
Commission, or other State Agency, for their rules or

regulations for electric utilities.

Needed by Commission to calibrate or support Commission's
own reference standards.

Utilities traceability to national standards makes it un-
necessary for Commission to maintain its reference standards.

Places Commission in stronger position in cases of referee

measurements, considering that either or both the Commission

and the utility has traceability to NIST.

Minimizes Commissions costs and possible differences when

dealing with utilities or utility customers.

Helps to maintain good public image and improves
overall public relations.

Enhances capability to evaluate new products effectively.

Desire or require an authoritative and impartial
source of calibration.

Require traceability because Commission calibrates standards
for utilities or other parties.

Not required or needed.

Other:

2



4. Does your Commission get involved in performing, participating in, or
observing referee measurements in cases of utility customer complaints or
disputes?

a. DYes b.D No

If yes, approximately how many such tests are performed in a typical
one-year period?:

c. Number of referee tests in a typical year: tests

d. If reimbursed, what is a typical amount: $

e. Does measurement traceability ultimately to NIST, either
directly or indirectly, have a positive impact in the

results of such referee measurements?

DYes D No

If the answer to e above was yes, please provid~ a short narrative

that summarizes the nature of the advantages of undisputable

measurements, and a cost savings because of h~~ing traceability:

5. Does your Commission own and maintain reference standard meters

(wattmeters, watthour meters, transducers, etc.) for its use in working
with utilities, or utility customers? (Consider those reference

standards that are in use on a regular basis.)

a.DYes b.0 No

IF YOURANSWER IS NO AND YOUR COMMISSION DOES NOT OWN OR MAINTAINITS OWN

REFERENCE STANDARDS THAT REQUIRE CALIBRATION, SKIP AHEAD TO QUESTION 12.

IF YOUR -ANSWERIS YES, PLEASE CONTINUE ON THE FOLLOYING PAGE...
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If yes. please indicate the number of meters or transducers used as

standards below. Include both laboratory and field standards.:

6. If your Commission owns its reference standards. where are they submitted

for periodic calibration? Check more than one if applicable.

a.D

b.D

Send standards directly to NIST

Derive the units of power and energy (i.e., the watt, var, watt,

and watthour) from basic electric standards of voltage. current,
impedance, phase angle, and time.

c.D

d.D

e.D

e.D

Send standards to manufacturer of standard

Send standards to independent standards laboratory

Rely on the original manufacturers calibration

Other: Briefly describe:

7. What is the estimated typical annual cost your Commission to maintain
and operate the meter and/or metrology (standards) laboratory, or to
maintain its reference standards for electric power and energy? If
operated at separate locations and budgets, please combine. Incorporate
your total budget for all electrical testing and calibrations that deal
with power and energy. Consider your operating budget, capital
equipment, and related costs.

Estimated total annual operating cost: $

4

c. Number of wattmeters:

d. Number of watthour meters:

e. Number of varmeters:

f. Number of varhour meters:

g. Number of multifunction watt and watthour meters:

h. Number of multifunction var and varhour meters:

i. Other (please describe):



8. How much do you spend annually for the calibraFion of your electric power
and energy standards by NIST or other sources of calibration?:

Cost of calibrating power and energy standards: $

9. Does your laboratory derive the watt, watthour, var, or varhour on a
regular basis from basic electrical standards (i.e., from voltage,
current, impedance, phase angle, and time)?:

If you checked "c" or "d" above, can you briefly describeo.the benefits to
your Commission?:

If you answered "b" or "e" in response to question 9 above, what are the

reasons for changing? Check all appropriate reasons. Indicate if a

strong or weak reason. If "Other", please describe briefly.

Reason
Strong Weak

f.D o More cost effective to buy the service from NIST or other
standards laboratory than to do it ourselves.

g.D D Present measurement accuracies now make it technically
difficult to de~ive the watt, watthour, var, and varhour

ourselves with sufficient accuracy to meet our needs.

h.D o Do not have the equipment, technical staff, management,

budget. or training to derive and maintain our own power

and energy standards to accuracies needed.

i.D o Other (please describe briefly):

5

a. D No, never has d. D Yes, still does

b. D Not now, but used to e. D Yes,but we would like to quit

c. D No, but we would like to



10. One way to evaluate the effectiveness and value of the NIST Calibration

Service for electrical power and energy (viz., watt, watthour, var, and

varhour) is to examine your operational and capital equipment costs IF
this particular NIST Calibration Service were no longer available. (This
is only a hypothetical exercise; NIST does not have plans to discontinue

this Service.) What would you do? How would it impact your operations?
What would it cost your Commission?

Contrasted to direct NIST traceability by your Commission, or from an
independent standards laboratory which makes direct use of NIST Power and
Energy Calibration Services (viz., watt, watthour, var, and varhour),

instead consider a chain of traceability relying on the NIST Calibration
Services for only voltage. current. impedance. phase angle. and time.

Measurement traceability to basic national standards could be achieved by
use of one of two paths to NIST Calibration Services for basic standards
(i.e., voltage, current, impedance, phase angle, and time):

· PATH ONE; your Commission would be required to derive power and
energy standards from the basic standards sho~~, or

. PATH TWO; an independentlaboratorywould derivethe watt,
watthour, var, or varhour, which in turn, would provide a
calibration service to your Commission.

Which path would seem to best suit your operations? Remember that if you
select to maintain traceability through "Path Two., NIST will also not
offer the independent laboratory power and energy calibrations. but just

the basic electrical calibrations for voltage. current. impedance. phase
angle. and time.

a.D Path One b. D Path Two c.D Other

If .other" was selected, can you briefly describe?:

6

-



11. Using the path(s) selected above, and remembering the accuracy needs of
your Commission, what would be your estimated increased cost for

establishing and maintaining traceability in the absence of the present
NIST Power and Energy Calibration Service? It might be useful to
consider some of the following and how they might affect your operational
costs:

The possible need for:

Added technical staff (consider also the technical level)

Increased managerial time and effort
Additional laboratory space and new capital equipment
Calibration and maintenance of new equipment

Training, travel

Additional shipping of standards, insurance
New record keeping and related paper work

Possible consequences might be:

Trade-offs and compromises in achieving needed accuracies
Possible loss of measurement accuracy

Disagreements in complaint tests
Increase possibility of inequality-in-trade

a. Estimated initial increased cost for establishing new
calibration capability:

$

b. Estimated annual increased cost for establishing and maintaining

traceability after initial costs have been absorbed:

$

12. Can you provide a narrative that describes instances when measurements or
calibrations traceable to NIST, either directly or indirectly, have

solved problems or saved money for your Commission? This can relate to

either traceability of your reference standards, or the traceability of

utility owned reference standards. (Your "story" should be related to
measurements dealing with the quantities; watt, watthour, var, varhour,
demand, kVA, etc.) Attach separately if more convenient. ".

Continued on following pa~e...
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a. Estimated dollar amount of savings: $

These savings were a result of:

b.D NIST traceability
(direct or indirect)

c.D Commission calibrations
and standards

d.D Utilities calibrations
and measurements

13. Any other comments that you feel would be useful in understanding the

role and operation of your Commission by NIST in completing this study:

~~~ THANK YOU FOR YOUR TIME AND EFFORT IN COMP~TING THIS QUESTIONNAIRE ***
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NIST/EEEL Impact Study for Electric Power and Ener2v Calibration Services

METER & INSTRUMENT MANUFACTURERS

1. What are the principal reasons that dictate your needs for NIST
calibration, or measurement traceability to NIST (for quantities of power
and energy, specifically for the watt, watthour, var, and varhour)?

Please rank numerically, using numeral 1 to indicate the most important,

2 to indicate next most important, and so forth. In cases of equal
importance, use the same numerical ranking. If statement does not apply
to your operations, leave blank. Add any unlisted reasons and rank

relative importance. Consider reasons collectively.

Relative Ranking

a.D

b.D

c.D

d.D

e.D

f.D

g.D

h.D

1.D

j.D

-

Required by State Public Utility Commission, Public Service

Commission, or other State or Federal Regulatory body.

Customers require NIST traceability. Without traceability,
our ability to compete in the market place would be hampered.

Helps to ensure equity-in-trade between our company
and all customers.

Places company in stronger position in cases of potential
litigation.

Minimizes costs and possible differences when dealing
with customers.

Helps to maintain good company image and improves
overall relations with customers.

Enhances capability to develop new products effectively.

Desire or require an authoritative and impartial
source of calibration.

Require traceability because we calibrate standards
for other parties.

Other:

1



2. What was the revenue for electric meters o~ instruments (power and
energy) from sales by your company in 1989?

.Sales revenue, 1989: $

3. How many electric meters or instruments (power and energy) were sold by
your company in 1989? (include single-phase, poly-phase, watt, watthour,
var, varhour, kVA, demand, etc.):

Total meters or instrumentssold, 1989: meters

s. Figure 1 on the following page shows the company metering which is

supported by the meter and/or standards laboratory and by NIST
calibrations. Does this generally illustrate the structure and operation
of your company?

a.DYes b.D No

If your response above was DQ, please change the drawing appropriately, if

possible, or make suitable notation.

2

4. Where does your company submit its power and energy standards for
periodic calibration?

a.D Sends standards to NIST
b.D Uses NIST MAP Service

c.D Sends standards to manufacturer of standard

d.D Sends standards to independent standards laboratory

e.D Other: Briefly describe:



Figure 1

Tyuical Meter Manufacturing SUDDorted by NIST Calibration Services

Measurement support within a typical meter manufacturing facility which supports

manufacturing and production. Sources of traceability achieved by direct or
indirect use of the NIST Power and Energy Calibration and other Calibration
Services.
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6. What does it cost your company to maintain and operate the meter and/or
metrology (standards) laboratory? Incorporate your total budget for all
testing and calibrations. If operated at separate locations and budgets,
please combine. Consider your operating budget, capital equipment, and
related costs:

Total annual operating cost, 1989: $

Does the response to question 6 above reflect any unusual circumstances,

such as new facilities, fire or flood damage, laboratory consolidation,

change of ownership, etc.? If so, please adjust your estimate
appropriately to project (looking forward) to a typical or normal year
without the unusual circumstances.

Adjusted operating cost: $

7. What portion of the overall laboratory costs given in response for

question 6 above supports just power and energy (i.e., watt, watthour,
var, and varhour) metering and calibrations? Include costs related to

time-of-use metering, recorders, demand, repair, adjustment, etc.

Portion for related power and energy effort: %

8. How much do you spend annually for the calibration of your standards by
NIST or other sources of calibration?:

Cost of calibrating power and energy standards: $

9. Does your laboratory derive the watt, watthour, var, or varhour on a
regular basis from basic electrical standards (i.e., from voltage,
current, impedance, phase angle, and time)?:

If you checked "c" or "d" above, can you briefly describe the benefits to your

company? :

4

a. D No, never has d.
DYes, still does

b. D Not now, but used to
e. D Yes, but we would like to quit

c. D No, but we would like to



If you answered "b" or "en in response to question 9 above, what are
the reasons for changing? Check all appropriate reasons. Indicate if a

strong or weak reason. If "Other", please descri~e briefly.

Reason
Strong Weak

f.O D More cost effective to buy the service from.NIST or other

standards laboratory than to do it ourselves.

g.O D Present measurement accuracies now make it technically
difficult to derive the watt, watthour, var, and varhour

ourselves with sufficient accuracy to meet our needs.

h.O D Do not have the equipment, technical staff, management,
budget, or training to derive and maintain our own power

and energy standards to accuracies needed.

i.O D Other (please describe briefly):

10. One way to evaluate the effectiveness and value of the NIST Calibration
Service for electrical power and energy (viz., watt, watthour, var, and

varhour) is to examine your laboratory operational and capital equipment
costs IF this particular NIST Calibration Service were no longer
available. (This is only a hypothetical exercise; NIST does not have

plans to discontinue this Service.) What would you do? How would it
impact your operations? What would it cost your company?

Contrasted to Figure 1 which shows the traceability by making direct use
of the NIST Calibration Service for electric Dower and ener~ (viz.,

watt, watthour, var, and varhour), Figure 2 on the following page
instead shows traceability directly to NIST Calibration Services for only
voltage. current. impedance. phase angle. and time.

Measurement traceability to basic national standards could be achieved by
use of one of two paths to NIST Calibration Services for basic standards

(i.e., voltage, current, impedance, phase angle, and time):

. Using PATH ONE, your company would be required to derive power and
energy standards from the basic standards shown.

. Using PATH TWO, an independent laboratory would derive the watt,
watthour, var, or varhour, which in turn, would provide a
calibration service to your company.

CONTINUED ON PAGE FOLLOWING FIGURE 2....
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Figure 2
Meter Manufacturin~ Supported by the Use of Basic Standards to

Derive Companies Own Units of Power and Ener~.

Measurement traceability achieved by use of one of two paths to NIST Calibration

Services for basic standards (i.e., voltage, current, impedance, phase angle, and
time), assuming that NIST Power and Energy Calibration services were not

available. Using PATH ONE, your company is required to derive power and energy
standards from the basic standards shown. Using PATH TWO, an independent

laboratory derives the watt, watthour and var, varhour, which in turn, provides a

calibration service to your company. Compare to Figure 1.
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From Figure 2, which path would seem to best suit your operations?

Remember that if you select to maintain traceability through "Path Two",
NIST will also not offer the independent laboratorY power and energy

calibrations, but just the basic electrical calibrations for voltage,

current, impedance, phase angle, and time.

a. D Path One b. D Path Two c.D Other

If "other" was selected, can you briefly describe?:

11. Using the path(s) selected above, and remembering the accuracy needs of

your company, what would be your estimated increased cost for

establishing and maintaining traceability in the absence of the present
NIST Power and Energy Calibration Service? It might be useful to

consider some of the following and how they might affect your operational
costs:

The possible need for:

Added technical staff (consider also the technical level)

Increased managerial time and effort
Additional laboratory space and new capital equipment
Calibration and maintenance of new equipment

Training, travel

Additional shipping of standards, insurance
New record keeping and related paper work

Possible consequences might be:

Trade-offs and compromises in achieving needed accuracies
Possible loss of measurement accuracy

Disagreements in acceptance tests of new meters

Weaker position in cases of litigations or disputes
Increase possibility of inequality-in-trade

a. Initial increased cost for establishing new calibration

capability:
$

b. Annual increased cost for establishing and maintaining
traceability after initial costs have been absorbed:

$

CONTINUED ON NEXT PAGE...
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12. Can you provide a narrative below that describes instances when NIST

traceability, your calibrations and standards, or other measurements for

Dower and energy have solved problems or saved money for your company?
(Your "story" should be related to measurements dealing with the
quantities; watt, watthour, var, varhour, demand, kVA, etc.) Attach
separately if more convenient

a. Estimated dollar amount of savings: $

These savings were a result of:

b.[] NIST traceability
(direct or indirect)

c. [] Company calibrations
and standards

*** THANKYOU FOR YOUR TIME AND EFFORT IN COMPLETING THIS QUESTIONNAIRE ***
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NISTIEEEL Impact Study for
Electric Power and Energy Calibration Setvices

A Questionnaire for
COMMERCIALTESTINGAND METROWGY LABORATORIES

1. Do you consider the existence and availability of the NIST Power and Energy Calibration Services
important in supporting your Company's responsibilities? (For quantities of power and enere:v.
specifically for the watt, watthour, var, and varhour.)

a. 0 Yes b.D No

2. Does your Company make use of the NIST Cah"bration Services for Power and Energy, either directly
or indirectly?

a. 0 Yes b. 0 No

If answered yes, please provide a short narrative descn"bing how your Company uses the cah"bration
services (directly, indirectly, or both). Attach separately if more convenient.

c. 0 Directly d. 0 Indirectly

3. What are the principal reasons that dictate your needs for NIST cah"bration, or measurement
traceability to NISI, either directly or indirectly? Please provide a short narrative. Attach separately if
more convenient.

1



4. Do you own power and energy standards, i.e., standard wattmeters or watthour meters or transducers?
(Consider those that are in use on a regular basis.)

a.D Yes b.0 No

If yes, please indicate the number of meters/transducers used as standards below. Include both
laboratory and field standards.:

c. Number of wattmeters:

d. Number of watthour meters:

e. Number of varmeters:

f. Number of varhour meters:

g. Number of multifunction watt and watthour meters:

h. Number of multifunction VaTand varhour meters:

i. Other (please describe) :

5. Where do you submit your power and energy standards for periodic cahoration?

a. 0 Send standards directlyto NISf.

b. 0 Derive the units of power and energy (i.e., the watt, watthour, var, and varhour) from basic
electric standards of voltage, current, impedance, phase angle, and time.

c. 0 Send standards to manufacturer of standard

d. 0 Send standards to independent standards or metrology laboratory.

e. 0 Rely on the original manufacturers cahoration.

f. 0 Do not have standards cah"brated

g. 0 Other: Briefly descn"be:

2

..L



6. How many power and energy measuring instruments (meters and/or transducers) do you calibrate in a
typical one-year period?:

Number of instruments cah"brated in a typical year:

7. What is the approximate annual income for power and energy related measurements, tests, and
cah"brations? :

Annual income from measurements, tests, and calibrations: $

8. What does it cost your Company to maintain and operate the meter, testing, and/or metrology
(standards) laboratory? Incorporate your total budget for all electrical testing and calibrations.
Consider your operating budget, capital equipment, and related costs. IToperated at separate locations
and budgets, please combine. ITthe response reflects any unusual circumstances, such as new facilities,
fire or flood damage, laboratory consolidation, etc., adjust accordingly to typical normal year:

Total annual operating cost: $

9. What portion of the overall laboratory costs givenin response for question 8 above supports just power
and energy(i.e.,watt,watthour,var, and varhour)measurements, tests, and cah"brations? Include costs
related to repair and adjustments.

Portion for related power and energy effort: %

10. How much do you spend annually for the calibration of your electric power and energy standards by
NIST or other sources of calibration?:

Annual cost of cah"bratingyour power and energy standards: $

11. Does your laboratory derive the watt, watthour, var, or vamour on a regular basis from basic electrical
standards (i.e., from voltage, current, impedance, phase angle, and time)?:

a. 0 No, never has d. 0 Yes, still does

b. 0 Not now, but used to e. D. Yes, but we would like to quit

c. 0 No, but we would like to

ITyou checked "c" or "d" above, can you briefly descn"be the benefits to your Company?:

L -". , #. - - ---- -~...----
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If you answered "b" or "e" in response to question 11 above, what are the reasons for changing?
Check an appropriate reasons. Indicate if a strong or weak reaSOn. H "Other", please descn"bebriefly.

Reason
Strong Weak

f. 0 o More cost effectiveto buy the servicefrom NISf or other standards laboratory
than to do it ourselves.

g. 0 o Present measurement accuracies now make it technically difficult to derive the
watt, watthour, VaT,and varhour ourselves with sufficient accuracy to meet our
needs.

h.D o Do not havethe equipment,technicalstaff,management,budget,or trainingto
derive and maintain our own power and energy standards to accuracies needed.

i. 0 o Other (please describe briefly):

12. One way to evaluate the effectiveness and value of the NISf Cahbration Service for electrical DOwer
and ener2V (namely, watt, watthour, VaT,and varhour) is to examine your operational and capital
equipment costs considering IF this particular NIST Cah"bration Service were no longer available. (Ibis
is only a hypothetical exercise; NIST does not have plans to discontinue this Service.) What would you
do? How would it impact your operations? What would it cost your Company?

Contrasted to direct NIST traceability by your Company, or from an independent standards laboratory
which makes direct use of NIST Power and Energy Cahbration Services (namely, watt, watthour, VaT,
and varhour), instead consider a chain of traceability relying on the NIST Cah"bration Services for mY!
volta2e. current. imDedance. Dhase an21e. and time.

Measurement traceability to basic national standards could be achieved by use of one of two paths to
NIsr Cah"bration Services for the basic standards of voltage, current, impedance, phase angle, and
time:

. PATHONE: Your Companywould be required to derivepower and energy standards from the
basic standards shown,or

. PATH 1WO: An independent laboratory would derive the watt, watthour, VaT,or varhour, which in
turn, would provide a cah"bration service to your Company.

Continued on following page.....
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Which path would see~ to best suit your operations? Remember that if you select to maintain
traceability through "Path Two", NISf will also not offer the independent laboratory power and energy
cah"brations, but just the basic electrical cah"brationsfor voltage, current, 'impedance, phase angle, and
time.

a. 0 Path One b. 0 Path Two c. 0 Other

If "other" was selected, can you briefly describe?:

13. Using the path(s) selected above, and remembering the accuracy needs of your company, what would
be your estimated increased cost for establishing and maintaining traceability in the absence of the
present NISf Power and Energy Cah"bration Service? It might be useful to consider some of the
following and how they might affect your operational costs:

The poSSl"bleneed for:

Added technical staff (consider also the technical level)
Increased managerial time and effort
Additional laboratory space and new capital equipment
Cah"bration and maintenance of new equipment
Training, travel
Additional shipping of standards, insurance
New record keeping and related paper work

POSSl"bleconsequences might be:

Trade-offs and compromises in achieving needed accuracies
POSSl"bleloss of measurement accuracy
Increased cost of doing business

a. Estimated initial increased cost for establishing new cah"bration capability: $

b. Estimated annual increased cost for establishing and maintaining traceability after initial costs have
been absorbed:

$

5
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14. Can you provide examples that describe instances when NIST traceability, your cahorations and
standards, or other measurements for Dower and ener2V have so1ved~problems or saved money for your
Company? (please use examples related to measurements dealing with the quantities; watt, watthour, VaT,
varhour, demand, kVA, etc.) Attach separately if more convenient.

a. Estimated dollar amount of savings:$

These savings were a result of:

b. 0 NIST traceability(direct or indirect)

c. 0 Company caborations and standards

*** THANK YOU FOR YOUR TIME AND EFFORT IN COMPLETING THIS QUESTIONNAIRE ***
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