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DEPARTMENT OF ENERGY

10 CFR Parts 429 and 431

[Docket No. EERE-2013-BT-TP-0055]
RIN 1905-AD50

Energy Conservation Program: Test
Procedure for Pumps

AGENCY: Office of Energy Efficiency and
Renewable Energy, Department of
Energy.

ACTION: Final rule.

SUMMARY: On April 1, 2015, the U.S.
Department of Energy (DOE) issued a
notice of proposed rulemaking (NOPR)
to establish new definitions and a new
test procedure for pumps. That
proposed rulemaking serves as the basis
for this final rule. This final rule
establishes a new test procedure for
pumps, as well as associated definitions
and parameters that establish the scope
of applicability of the test procedure.
Specifically, the pumps test procedure
adopted in this final rule incorporates
by reference the test procedure from the
Hydraulic Institute (HI)—standard 40.6—
2014, “Methods for Rotodynamic Pump
Efficiency Testing”—with several
clarifications and modifications, related
to measuring the hydraulic power, shaft
power, and electric input power of
pumps, inclusive of electric motors and
any continuous or non-continuous
controls. The new pumps test procedure
will be used to determine the constant
load pump energy index (PEIc.) for
pumps sold without continuous or non-
continuous controls and the variable
load pump energy index (PEILy.) for
pumps sold with continuous or non-
continuous controls. The final rule
incorporates certain recommendations
made by the commercial and industrial
pumps (CIP) Working Group, which was
established under the Appliance
Standards Rulemaking Federal Advisory
Committee (ASRAC), as well as
comments submitted by interested
parties in response to the April 2015
pumps test procedure NOPR.

DATES: The effective date of this rule is
February 24, 2016. Compliance with the
final rule will be mandatory for
representations of PEIcy, PElyy, the
constant load pump energy rating
(PERcL), and the variable load pump
energy rating (PERvy) made on or after
July 25, 2016. The incorporation by
reference of certain publications listed
in this rule is approved by the Director
of the Federal Register as of February
24, 2016.

ADDRESSES: The docket, which includes
Federal Register notices, public meeting
attendee lists and transcripts,

comments, and other supporting
documents/materials, is available for
review at regulations.gov. All
documents in the docket are listed in
the www.regulations.gov index.
However, some documents listed in the
index, such as those containing
information that is exempt from public
disclosure, may not be publicly
available.

A link to the docket Web page can be
found at: https://www1.eere.energy.gov/
buildings/appliance_standards/
product.aspx/productid/44. This Web
page contains a link to the docket for
this document on the regulations.gov
site. The www.regulations.gov Web page
contains simple instructions on how to
access all documents, including public
comments, in the docket.

For further information on how to
review the docket, contact Ms. Brenda
Edwards at (202) 586—2945 or by email:
Brenda.Edwards@ee.doe.gov.

FOR FURTHER INFORMATION CONTACT:

Ms. Ashley Armstrong, U.S.
Department of Energy, Office of Energy
Efficiency and Renewable Energy,
Building Technologies Office, EE-5B,
1000 Independence Avenue SW.,
Washington, DC 20585-0121.
Telephone: (202) 586—6590. Email:
pumps@ee.doe.gov.

Jennifer Tiedeman, U.S. Department
of Energy, Office of the General Counsel,
GGC-33, 1000 Independence Avenue
SW., Washington DC 20585-0121.
Telephone: (202) 287—6111. Email:
Jennifer.Tiedeman@hgq.doe.gov.
SUPPLEMENTARY INFORMATION: This final
rule incorporates by reference into 10
CFR part 431 the following industry
standards:

(1) FM Class Number 1319, “Approval
Standard for Centrifugal Fire Pumps
(Horizontal, End Suction Type),”
approved January 2015.

Copies of FM Class Number 1319 can
be obtained from: FM Global, 1151
Boston-Providence Turnpike, P.O. Box
9102, Norwood, MA 02062, (781) 762—
4300, or by visiting www.fmglobal.com.

(2) American National Standards
Institute (ANSI)/HI 1.1-1.2-2014
(“ANSI/HI 1.1-1.2-2014"), “American
National Standard for Rotodynamic
Centrifugal Pumps for Nomenclature
and Definitions;” approved October 30,
2014, sections 1.1, “Types and
nomenclature,” and 1.2.9,
“Rotodynamic pump icons.”

(3) ANSI/HI 2.1-2.2-2014 (“ANSI/HI
2.1-2.2-2014 ), “American National
Standard for Rotodynamic Vertical
Pumps of Radial, Mixed, and Axial
Flow Types for Nomenclature and
Definitions,” approved April 8, 2014,
section 2.1, “Types and nomenclature.”

(4) HI 40.6-2014, (“HI 40.6—2014")
“Methods for Rotodynamic Pump
Efficiency Testing,” (except for section
40.6.5.3, “Test report;” Appendix A,
section A.7, “Testing at temperatures
exceeding 30 °C (86 °F);” and Appendix
B, “Reporting of test results
(normative);”’) copyright 2014.

Copies of ANSI/HI 1.1-1.2—-2014,
ANSI/HI 2.1-2.2-2014, and HI 40.6—
2014 can be obtained from: the
Hydraulic Institute at 6 Campus Drive,
First Floor North, Parsippany, NJ
07054—-4406, (973) 267-9700, or by
visiting www.pumps.org.

(5) National Fire Protection
Association (NFPA) 20-2016, “‘Standard
for the Installation of Stationary Pumps
for Fire Protection,” 2016 Edition,
approved June 15, 2015.

Copies of NFPA 20-2016 can be
obtained from: the National Fire
Protection Association, 1 Batterymarch
Park, Quincy, MA 02169, (617) 770—
3000, or by visiting www.nfpa.org.

(6) UL 488, (““ANSI/UL 448-2013""),
“Standard for Safety Centrifugal
Stationary Pumps for Fire-Protection
Service,” 10th Edition, June 8, 2007,
including revisions through July 12,
2013.

Copies of ANSI/UL448-2013 can be
obtained from: UL, 333 Pfingsten Road,
Northbrook, IL 60062, (847) 272—8800,
or by visiting http://ul.com.

This material is also available for
inspection at U.S. Department of
Energy, Office of Energy Efficiency and
Renewable Energy, Building
Technologies Program, Sixth Floor, 950
L’Enfant Plaza SW., Washington, DC
20024, (202) 586—2945, or at http://
energy.gov/eere/buildings/appliance-
and-equipment-standards-program.

See section IV.N. for additional
information about these standards.
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F. Review Under Executive Order 12988
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L. Review Under Section 32 of the Federal
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N. Description of Materials Incorporated by
Reference

V. Approval of the Office of the Secretary

I. Authority and Background

Pumps are included in the list of
“covered equipment” for which the U.S.
Department of Energy (DOE) is
authorized to establish and amend
energy conservation standards and test
procedures. (42 U.S.C. 6311(1)(A))
However, there are not currently any
Federal energy conservation standards
or test procedures for pumps. The
following sections discuss DOE’s
authority to establish test procedures for
pumps and relevant background
information regarding DOE’s
consideration of test procedures for this
equipment.

A. Authority

The Energy Policy and Conservation
Act of 1975 (EPCA), Public Law 94-163,
as amended by Public Law 95-619, Title
1V, Sec. 441(a), established the Energy
Conservation Program for Certain
Industrial Equipment under Title III,
Part C (42 U.S.C. 6311-6317, as

codified) 1 2 Included among the various
types of industrial equipment addressed
by EPCA are pumps, the subject of this
document. (42 U.S.C. 6311(1)(A))

Under EPCA, the energy conservation
program consists essentially of four
parts: (1) Testing, (2) labeling, (3)
Federal energy conservation standards,
and (4) certification and enforcement
procedures. The testing requirements
consist of test procedures that
manufacturers of covered products must
use as the basis for (1) certifying to DOE
that their products comply with the
applicable energy conservation
standards adopted under EPCA, (42
U.S.C. 6295(s) and 6316(a)(1)), and (2)
making representations about the
efficiency of that equipment. (42 U.S.C.
6314(d)) Similarly, DOE must use these
test procedures to determine whether
the products comply with any relevant
standards promulgated under EPCA.

DOE is authorized to prescribe energy
conservation standards and
corresponding test procedures for
statutorily covered equipment such as
pumps. While DOE is currently
evaluating whether to establish energy
conservation standards for pumps
(Docket No. EERE-2011-BT-STD—-
0031), DOE must first establish a test
procedure that measures the energy use,
energy efficiency, or estimated operating
costs of such equipment. See, generally,
42 U.S.C. 6295(r) and 6316(a).

Under 42 U.S.C. 6314, EPCA sets forth
the criteria and procedures DOE must
follow when prescribing or amending
test procedures for covered equipment.
EPCA provides that any test procedures
prescribed or amended under this
section shall be reasonably designed to
produce test results that measure energy
efficiency, energy use or estimated
annual operating cost of a covered
product during a representative average
use cycle or period of use, and shall not
be unduly burdensome to conduct. (42
U.S.C. 6314(a)(2))

In addition, before prescribing any
final test procedures, DOE must publish
proposed test procedures and offer the
public an opportunity to present oral
and written comments on them. (42
U.S.C. 6314(b)(1)—(2))

In this final rule, DOE is establishing
a test procedure for pumps concurrent
with its ongoing energy conservation
standards rulemaking for this
equipment (See Docket No. EERE-2011—
BT-STD-0031). As discussed further in
section I.B, DOE published a notice of

1 For editorial reasons, Part C was codified as Part
A-1in the U.S. Code.

2 All references to EPCA in this document refer
to the statute as amended through the Energy
Efficiency Improvement Act of 2015, Public Law
114-11 (April 30, 2015).

proposed rulemaking (NOPR) on April
1, 2015 presenting and requesting
public comment on DOE’s proposals
related to pumps definitions, metric,
and test procedure requirements (April
2015 pump test procedure NOPR). 80
FR 17586.

The pumps test procedure adopted in
this final rule includes methods
required to (1) measure the performance
of the covered equipment and (2) use
the measured results to calculate a
pump energy index (PEI¢. for pumps
sold without continuous or non-
continuous controls or PEIyy for pumps
sold with continuous or non-continuous
controls) to represent the power
consumption of the pump, inclusive of
a motor and any continuous or non-
continuous controls, normalized with
respect to the performance of a
minimally compliant pump. In this final
rule, DOE is also establishing the
specific styles and characteristics of
pumps to which the test procedure
applies.

Manufacturers will be required to
make all representations of pump
efficiency, overall (wire-to-water)
efficiency, bowl efficiency, driver power
input, pump power input (brake or shaft
horsepower), and/or pump power
output (hydraulic horsepower) using
methods that will generate values
consistent with the DOE test procedure
beginning 180 days after the publication
date of this final rule in the Federal
Register. Manufacturers also will be
required to use the new test procedure
and metric when making
representations regarding the PEIcy
PElyy, PERcy, or PERy. of covered
equipment 180 days after the
publication date of any applicable
energy conservation standards final rule
in the Federal Register. However, DOE
notes that certification of compliance
with any energy conservation standards
for pumps would not be required until
the compliance date of any final rule
establishing such energy conservation
standards. See 42 U.S.C. 6314(d) and
Docket No. EERE-2011-BT-STD-0031.

B. Background

DOE does not currently regulate
pumps. In 2011, DOE issued a Request
for Information (RFI) to gather data and
information related to pumps in
anticipation of initiating rulemakings to
formally consider test procedures and
energy conservation standards for this
equipment. 76 FR 34192 (June 13, 2011).
In February 2013, DOE published a
Notice of Public Meeting and
Availability of the Framework
document to initiate an energy
conservation standard rulemaking for
pumps (78 FR 7304 Feb. 1, 2013) and
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held a public meeting to discuss the
Framework document (the “pumps
Framework public meeting”).
Following the pumps Framework
public meeting, DOE convened a
Commercial and Industrial Pumps
Working Group (“CIP Working Group”
or, in context, “Working Group”)
through the Appliance Standards
Rulemaking Federal Advisory
Committee (ASRAC) to negotiate
standards and test procedures for
pumps as an alternative to the
traditional notice and comment
rulemaking process that DOE had
already begun. (Docket No. EERE-2013—
BT-NOC-0039) 3 The CIP Working
Group commenced negotiations at an
open meeting on December 18 and 19,
2013, and held six additional meetings
and two webinars to discuss definitions,
metrics, test procedures, and standard
levels for pumps.# The CIP Working
Group concluded its negotiations on
June 19, 2014, with a consensus vote to
approve a term sheet containing
recommendations to DOE on
appropriate standard levels for pumps
as well as recommendations addressing
issues related to the metric and test
procedure for pumps (‘“Working Group
recommendations”).> Subsequently,
ASRAC voted unanimously to approve
the Working Group recommendations
during a July 7, 2014 webinar.
Following approval of the Working
Group recommendations, DOE
published a NOPR implementing the
recommendations of the CIP Working
Group ¢ and proposing a new test
procedure for pumps, as well as
associated definitions and parameters to
establish the applicability of the test
procedure (April 2015 pump test
procedure NOPR). 80 FR 17586 (April 1,
2015). On April 29, 2015, DOE held a

3Information on the ASRAC, the CIP Working
Group, and meeting dates is available at http://
energy.gov/eere/buildings/appliance-standards-
and-rulemaking-federal-advisory-committee.

4Details of the negotiation sessions can be found
in the public meeting transcripts that are posted to
the docket for the Working Group (http://
www.regulations.gov/#!docketDetail;D=EERE-2013-
BT-NOC-0039).

5 The term sheet containing the Working Group
recommendations is available in the CIP Working
Group’s docket. (Docket No. EERE-2013-BT-NOC—
0039, No. 92) The ground rules of the CIP Working
Group define consensus as no more than two
negative votes. (Docket No. EERE-2013-BT-NOC—
0039, No. 18 at p. 2) Concurrence was assumed if
a voting member was absent, and overt dissent was
only evidenced by a negative vote. Abstention was
not construed as a negative vote.

6DOE’s proposals in the April 2015 pumps test
procedure NOPR reflect the intent of the CIP
Working Group recommendations. However, DOE
proposed some slight modifications and significant
additional detail to ensure the technical integrity,
accuracy, repeatability, and enforceability of the
pumps test procedure and scope.

public meeting to discuss and request
public comment on the April 2015
pumps test procedure NOPR (April 2015
NOPR public meeting).

DOE’s test procedure for pumps,
adopted in this final rule, reflects
certain recommendations of the CIP
Working Group, as well as input from
interested parties received in response
to the April 2015 pumps test procedure
NOPR. Provisions of this final rule that
are directly pertinent to any of the 14
approved Working Group
recommendations will be specified with
a citation to the specific
recommendation number (for example:
Docket No. EERE-2013-BT-NOC-0039,
No. 92, Recommendation #X at p. Y).
Additionally, in developing the
provisions of this final rule, DOE also
has referenced discussions from the CIP
Working Group meetings regarding
potential actions or comments that may
not have been formally approved as part
of the Working Group
recommendations. These references to
discussions or suggestions of the CIP
Working Group not found in the
Working Group recommendations will
have a citation to meeting transcripts
(for example: Docket No. EERE-2013—
BT-NOC-0039, No. X at p. Y).

Finally, in this final rule, DOE
responds to all comments received from
interested parties in response to the
proposals presented in the April 2015
pumps test procedure NOPR, either
during the April 2015 NOPR public
meeting or in subsequent written
comments. In response to the April 2015
pumps test procedure NOPR, DOE
received eight written comments in
addition to the verbal comments made
by interested parties during the April
2015 NOPR public meeting. The
commenters included: Wilo USA, LLC
(Wilo); the Hydraulic Institute (HI); the
National Electrical Manufacturers
Association (NEMA); the Appliance
Standards Awareness Project (ASAP),
Natural Resources Defense Council
(NRDC), Northwest Energy Efficiency
Alliance (NEEA), and Northwest Power
and Conservation Council (NPCC),
collectively referred to herein as the
energy efficiency advocates (EEAs); the
Air-Conditioning, Heating, &
Refrigeration Institute (AHRI); the
Association of Pool & Spa Professionals
(APSP); Pacific Gas and Electric
Company (PG&E), Southern California
Gas Company (SCG), Southern
California Edison (SCE), and San Diego
Gas and Electric Company (SDG&E),
collectively referred to herein as the CA
I0Us. DOE will identify comments
received in response to the April 2015
pumps test procedure NOPR by the
commenter, the number of document as

listed in the docket maintained at
www.regulations.gov (Docket No. EERE—
2013-BT-TP-0055), and the page
number of that document where the
comment appears (for example: HI, No.
8 at p. 4). If a comment was made
verbally during the NOPR public
meeting, DOE will also specifically
identify those as being located in the
NOPR public meeting transcript (for
example: HI, NOPR public meeting
transcript, No. 7 at p. 235). This final
rule also contains comments submitted
in response to the pumps energy
conservation standards rulemaking
(Docket No. EERE-2011-BT-STD-0031)
and such comments will be identified
with that docket number.

II. Summary of the Final Rule

In this final rule, DOE is establishing
a new subpart Y to part 431 of Title 10
of the Code of Federal Regulations that
contains definitions and a test
procedure applicable to pumps. This
final rule also contains sampling plans
for pumps for the purposes of making
representations regarding the energy
consumption of applicable pumps and
demonstrating compliance with any
energy conservation standards that DOE
adopts.

DOE notes that equipment meeting
the pump definition is already covered
equipment. In this final rule, DOE is
establishing definitions for the term
pump, certain pump components, and
several categories and configurations of
pumps. While the range of equipment
included in DOE’s definition of pump is
broad, the test procedure established by
this rulemaking is limited to a specific
scope of pumps, as described in section
III.A of this final rule; specifically
certain kinds of rotodynamic pumps?
for which standards are being
considered in DOE’s energy
conservation standards rulemaking.
(Docket No. EERE-2011-BT-STD-0031)

DOE’s approach adopted in this final
rule establishes a new metric, the pump
energy index (PEI), to rate the energy
performance of pumps subject to this
test procedure. The test procedure
contains methods for determining
constant load pump energy index
(PEIcL) for pumps sold without
continuous or non-continuous controls
and the variable load pump energy
index (PEIvy) for pumps sold with either

7 A rotodynamic (or centrifugal) pump is a kinetic
machine that continuously imparts energy to the
pumped fluid by means of a rotating impeller,
propeller, or rotor. This kind of pump is in contrast
to positive-displacement pumps, which have an
expanding cavity on the suction side and a
decreasing cavity on the discharge side that move
a constant volume of fluid for each cycle of
operation.
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continuous or non-continuous controls.
Both PEIc. and PElyy. describe the
weighted average performance of the
rated pump at specific load points,
normalized with respect to the
performance of a minimally compliant
pump without controls.

The test procedure contains methods
to determine the appropriate index for
all equipment for which this test
procedure applies using either
calculation-based methods and/or
testing-based methods. While both
methods include some amount of testing
and some amount of calculation, the
terms “‘calculation-based” and “testing-
based” are used to distinguish between
methods in which the input power to
the pump is determined either by (a)
measuring the bare pump shaft input
power 8 and calculating efficiency, or
losses, of the motor and any continuous
control @ (i.e., calculation-based method)
or (b) measuring the input power to the
driver,10 or motor, and any continuous
or non-continuous controls 1? for a given
pump directly (i.e., testing-based
method). For both the testing-based and
calculation-based approaches, the test
procedure for pumps established in this
final rule is based on the test methods
contained in HI Standard 40.6—2014,
“Methods for Rotodynamic Pump
Efficiency Testing,” (“HI 40.6—2014"),
with slight modifications as noted in
section III.C.2.

The test procedure also prescribes the
specific categories and configurations of
pumps to which the calculation-based
and testing-based methods are
applicable. As discussed further in
section IIL.E.2, the testing-based
methods are applicable to all pumps
that are subject to the test procedure,
while the calculation-based methods are
only applicable to (1) pumps sold with
neither a motor nor controls (i.e., ‘“‘bare
pump,” discussed later in section
III.A.1.a), (2) pumps sold with motors
that are subject to DOE’s energy
conservation standards for electric

motors 12 (with or without continuous
controls), and (3) pumps sold with
submersible motors (with or without
continuous controls).

Regardless of the metric (i.e., PEIcL
versus PEIyy) or test method (i.e.,
calculation-based versus testing-based),
the results for the given pump are
divided by the calculated input power
to the motor for a hypothetical pump
that serves an identical hydraulic load
and minimally complies with any
energy conservation standards that DOE
may set as a result of the ongoing
standards rulemaking. (Docket No.
EERE-2011-BT-STD-0031) This
normalized metric results in a value that
is indexed to the standard (i.e., a value
of 1.0 for a pump that is minimally
compliant, and a value less than 1.0 for
a pump that is less consumptive than
the maximum the standard allows).

This final rule also establishes
requirements regarding the sampling
plan and representations for covered
pumps at subpart B of part 429 of Title
10 of the Code of Federal Regulations.
The sampling plan requirements are
similar to those for several other types
of commercial equipment and are
appropriate for pumps based on the
expected range of measurement
uncertainty and manufacturing
tolerances for this equipment. For those
pumps addressed by this test procedure,
DOE is also specifying the energy
consumption or energy efficiency
representations that may be made, in
addition to the regulated metric (PEIc.
or PEIVL)

Beginning on the compliance date for
any energy conservation standards that
DOE may set, all pumps within the
scope of those energy conservation
standards would be required to be tested
in accordance with subpart Y of part
431 and must have their testing
performed in a manner consistent with
the applicable sampling requirements.
Manufacturers must make all
representations of pump efficiency,

overall (wire-to-water) efficiency, bowl
efficiency, driver power input, pump
power input (brake or shaft
horsepower), and/or pump power
output (hydraulic horsepower) using
methods that will generate values
consistent with the DOE test procedure
beginning 180 days after the publication
date of this final rule in the Federal
Register. Similarly, all representations
regarding PEIcr, PEIvy, PERcy, or PERvL
would be required to be made based on
values consistent with the adopted
pump test procedure 180 days after the
publication date of any final rule
establishing energy conservation
standards for those pumps that are
addressed by the test procedure. See 42
U.S.C. 6314(d). DOE understands that
manufacturers of pumps likely have
historical test data (e.g., existing pump
curves) which were developed with
methods consistent with the DOE test
procedure being adopted in this final
rule. DOE notes that it does not expect
manufacturers to regenerate all of the
historical test data unless the rating
resulting from the historical methods,
which is based on the same
methodology being adopted in this final
rule, would no longer be valid.

III. Discussion

This final rule places a new test
procedure for pumps and related
definitions in a new subpart Y of part
431, and adds new sampling plans and
reporting requirements for this
equipment in a new section 429.59 of 10
CFR part 429. Subpart Y contains
definitions, materials incorporated by
reference, and the test procedure for
certain categories and configurations of
pumps established as a result of this
rulemaking, as well as any energy
conservation standards for pumps
resulting from the ongoing energy
conservation standard rulemaking, as
shown in Table III.1. (Docket No. EERE—
2011-BT-STD-0031)

TABLE I1l.1—SUMMARY OF RELEVANT PROVISIONS ADDRESSED IN THIS FINAL RULE, THEIR LOCATION WITHIN THE CODE
OF FEDERAL REGULATIONS, AND THE APPLICABLE PREAMBLE DISCUSSION

. s Applicable preamble
Location Proposal Summary of additions discussion
10 CFR 429.59" .....ccevuenee. Sampling Plan ..........c....... Number of pumps to be tested to rate a pump basic | Section III.G.
model and calculation of rating.

8 The term “pump shaft input power” is referred
to as “pump power input” in HI 40.6-2014. The
term “‘pump shaft input power” is used
synonymously with that term in this document.

9DOE notes that for non-continuous controls, as
defined in section IILE.1.c, PEly. can only be
determined using a “‘testing-based” method. If a
calculation-based method is desired, the pump
would instead be rated as a pump sold with a motor

and without speed controls using the PEIc,. metric.
See section IILE.1.c for further discussion.

10 The input power to the driver is referred to as
“driver power input” in HI 40.6-2014. The term
“input power to the driver” is used synonymously
with that term in this document.

111n the case wherein a pump is sold with a
motor equipped with either continuous or non-
continuous controls and is rated using the testing-
based method, the input power to the pump would

be determined as the input power to the continuous
or non-continuous control. See section IILE.2.c.

12 All references to “motors that are subject to the
DOE’s energy conservation standards for electric
motors” refer to those motors that are subject to the
energy conservation standards for electric motors at
431.25(g) (as established in the May 2014 medium
electric motor energy conservation standard final
rule. 79 FR 30933 (May 29, 2014)). See section
1II.D.1 and IILE.1 for more discussion.
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TABLE I1l.1—SUMMARY OF RELEVANT PROVISIONS ADDRESSED IN THIS FINAL RULE, THEIR LOCATION WITHIN THE CODE
OF FEDERAL REGULATIONS, AND THE APPLICABLE PREAMBLE DIScUSSION—Continued

Applicable preamble

Location Proposal Summary of additions discussion
10 CFR 431.461 .......ccoee... Purpose and Scope ........... Scope of pump regulations, as well as the proposed | Section IIl.A.
test procedure and associated energy conservation
standards.
10 CFR 431.462 .................. Definitions ........cccooiviiins Definitions pertinent to establishing equipment classes | Section Ill.A.

10 CFR 431.463 ..................

10 CFR 431.464 and Ap- Test Procedure
pendix A to Subpart Y of
Part 431.

10 CFR 431.466 ..................

Standards.

Incorporation by Reference

Energy Conservation

tions.

plicable classes of pumps.

and testing applicable classes of pumps.
Description of industry standards incorporated by ref-
erence in the DOE test procedure or related defini-

Instructions for determining the PElc. or PEly. for ap-

Energy conservation standard for applicable classes of
pumps, in terms of PEI and associated C-Value.

Sections III.A and 11I.C.

Sections 11.B, 1lI.C, 1II.D,
and lIL.E.

Section III.A and Docket
EERE-2011-BT-STD-
0031.

*Note: DOE is also making minor modifications to 10 CFR 429.2; 429.11(a) and (b); 429.12(b)(13); 429.70; 429.72; 429.102; and 429.134 to
apply the general sampling requirements established in these sections to the equipment-specific sampling requirements for pumps at 10 CFR

429.59.

The following sections discuss DOE’s
new provisions regarding testing and
sampling requirements for pumps,
including:

(1) Scope,

(2) rating metric,

(3) determination of pump
performance,

(4) determination of motor efficiency,

(5) test methods for different
combinations of bare pumps, drivers
and controls,

(6) representations, and

(7) sampling plans.

These sections also present any
pertinent comments DOE received in
response to the April 2015 pumps test
procedure NOPR or the parallel pumps
energy conservation standards
rulemaking (Docket No. EERE-2011—
BT-STD-0031), as well as DOE’s
responses to those comments and the
resulting changes to the test procedure
as proposed in the NOPR.

A. Scope

The term “pump” is listed as a type
of covered equipment under EPCA;
however, that term is undefined. See 42
U.S.C. 6311(1)(A). In the April 2015
pumps test procedure NOPR, consistent
with recommendations from the CIP
Working Group (Docket No. EERE—
2013-BT-NOC-0039, No. 92,
Recommendations #4 and 6-8 at pp. 2—
4), DOE proposed definitions for the
term pump, as covered equipment, and
related components of pumps. 80 FR
17586, 17591 (April 1, 2015). In
addition, DOE proposed to define which
pumps would need to be tested using
the test procedure established in this
rulemaking by applying three criteria:
(1) The equipment category; (2) the
application; and (3) applicable

performance specifications—i.e.,
horsepower (hp), flow rate, head, design
temperature, and speed restrictions. Id.

In response to DOE’s proposed
definitions and scope of the test
procedure for pumps, HI commented
that it detected no inconsistencies with
the scope of the pump test procedure
and energy conservation standard
rulemakings. (HI, No. 8 at p. 4)

DOE'’s criteria for establishing which
pumps will be subject to the test
procedure, including any additional
comments received by interested parties
on those particular topics, are discussed
in sections III.A.1 through III.A.6,
respectively.

1. Definitions Related to the Scope of
Covered Pumps

To help explain the scope for this rule
and the manner in which both the
procedure and related standards will be
applied to different pump
configurations and categories of pumps,
the aforementioned definitions for
pump, certain pump components, and
other specific pump characteristics, are
discussed in the following subsections.

a. Pumps and Related Components

As part of its collective efforts to help
DOE craft an appropriate regulatory
approach to pumps, the CIP Working
Group made a series of
recommendations regarding a variety of
potential definitions that would define
“pump,” the covered equipment. In
particular, the Working Group offered a
definition for “pump’’ along with the
related terms ‘“‘bare pump,”
“mechanical equipment,” “driver,” and
“controls.” (Docket No. EERE-2013—
BT-NOC-0039, No. 92,
Recommendations #1 and 2 at pp. 1-2)

Accordingly, in the April 2015 pumps
test procedure NOPR, DOE proposed
adopting these recommended
definitions with slight modification. 80
FR 17586, 17591 (April 1, 2015).
Specifically, in the April 2015 pumps
test procedure NOPR, DOE proposed the
following terms:

e Pump means equipment that is
designed to move liquids (which may
include entrained gases, free solids, and
totally dissolved solids) by physical or
mechanical action and includes at least
a bare pump and, if included by the
manufacturer at the time of sale,
mechanical equipment, driver, and
controls.

e Bare pump means a pump
excluding mechanical equipment,
driver, and controls.

e Mechanical equipment means any
component of a pump that transfers
energy from a driver to the bare pump.

e Driver means the machine
providing mechanical input to drive a
bare pump directly or through the use
of mechanical equipment. Examples
include, but are not limited to, an
electric motor, internal combustion
engine, or gas/steam turbine.

e Control means any device that can
be used to operate the driver. Examples
include, but are not limited to,
continuous or non-continuous controls,
schedule-based controls, on/off
switches, and float switches.

80 FR 17586, 17591-92 (April 1, 2015).

HI expressed agreement with the
proposed definitions, except for the text
“entrained gases” in the proposed
definition for pump. HI indicated that
the text “entrained gasses’ should be
changed to ““dissolved gasses” because
pumps within scope are not designed to
pump entrained gas, and small amounts
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of entrained gas would result in a loss
of performance and efficiency. (HI, No.
8 at p. 4)

DOE understands that, whereas
dissolved gases are in solution and
would not appear as bubbles in the
pumped liquid, entrained gases are not
in solution and would appear as bubbles
in the pumped liquid. In addition, DOE
agrees that pumps within the scope of
this rulemaking are not designed to
pump entrained gas. This has been
acknowledged through the definition of
“clean water pump,” as described in
section III.A.3 of this final rule, which
specifies that the total gas content of the
water must not exceed the saturation
volume.13 However, the definition for
“pump”’ applies in general to all pumps,
which are covered under EPCA (see 42
U.S.C. 6311(1)(A)), and is broader than
the scope of this rulemaking. Changing
the language in the definition of
“pump”’ from ““dissolved gasses” to
“entrained gasses” would suggest that
DOE’s coverage of pumps was limited.
In addition, such a change would limit
DOE’s coverage to a subset of the pumps
intended by the Working Group and
proposed in the NOPR. Therefore, DOE
declines to make the requested change.

DOE did not receive comments on
other aspects of the “pump” definition
or on the other terms discussed in this
section. As such, DOE is adopting
definitions for the terms “pump,” “bare
pump,” “mechanical equipment,”
“driver,” and “control” as proposed in
the April 2015 pumps test procedure
NOPR without further changes.

b. Definition of Categories of Controls

The definition of “control”
established in this final rule is broad.
DOE acknowledges the definition may
include many different kinds of
electronic or mechanical devices that
can “control the driver” of a pump (e.g.,
continuous or non-continuous controls,
timers, and on/off switches). These
various controls may use a variety of
mechanisms to control the pump for
operational reasons, which may or may
not result in reduced energy
consumption.

In the April 2015 pumps test
procedure NOPR, DOE proposed
specific test methods for pumps that are
sold with motors that are paired with
controls that adjust the speed of the
driver, as DOE determined that these
were the most common type of controls
that reduced energy consumption in the
field. Similarly, DOE proposed that such

13]n general, entrained gasses, or gas bubbles,
will only form when the total gas content of the
water is above the saturation volume of the liquid.
Otherwise, gases are more likely to stay dissolved
in the liquid and not generate gas bubbles.

pumps equipped with speed controls
could apply the PEIy;. metric. 80 FR
17586, 17592-93 (April 1, 2015).
Additionally, DOE proposed that pumps
sold with motors and controls other
than speed controls 14 would be subject
to the appropriate bare pump and motor
test procedures and rated using PEIc;..
Id.

To explicitly establish the kinds of
controls that may apply the PEIy.. metric
under the test procedure, DOE proposed
to define the terms ‘“continuous
control” and ‘‘non-continuous control”
(see sections III.B and IIL.E for further
discussion of the PEIyy, rating metric
and its applicability to pumps with
controls, respectively):

e Continuous control means a control
that adjusts the speed of the pump
driver continuously over the driver
operating speed range in response to
incremental changes in the required
pump flow, head, or power output.1® As
an example, variable speed drives
(VSDs), including variable frequency
drives and electronically commutated
motors (ECMs), meet the definition for
continuous controls.

e Non-continuous control means a
control that adjusts the speed of a driver
to one of a discrete number of non-
continuous preset operating speeds, and
does not respond to incremental
reductions in the required pump flow,
head, or power output. As an example,
multi-speed motors such as two-speed
motors meet the definition for non-
continuous controls.

80 FR 17586, 17592-93 (April 1, 2015).

DOE requested comment on the
proposed definitions of “‘continuous
control” and ‘“‘non-continuous control.”
DOE also requested comment on the
likelihood of a pump with continuous
or non-continuous controls being
distributed in commerce, but never
being paired with any sensor or
feedback mechanisms that would enable
energy savings. In response, HI
commented that it agrees with the
proposed definitions for continuous
control and non-continuous control, and
that it does not have data on pumps
with speed controls being distributed in
commerce without any sensor or
feedback mechanisms. (HI, No. 8 at p. 4)

During the public meeting, Regal
Beloit requested a clarification related to
DOE’s definitions of continuous control
and non-continuous control.

12 Here and throughout this final rule, DOE uses
the term “‘speed controls” to refer to continuous
and non-continuous controls, as defined in section
IIL.A.1.b of this document.

15 HI-40.6, as incorporated by reference, defines
pump power output as “the mechanical power
transferred to the liquid as it passes through the
pump, also known as pump hydraulic power.”

Specifically, Regal Beloit requested
clarification regarding whether pumps
sold with multi-pole motors and
“single-speed controls, which would be
considered multi-speed,” would be
classified as pumps sold with non-
continuous controls. (Regal Beloit,
NOPR public meeting transcript, No. 7
at p. 98). With respect to Regal Beloit’s
use of the term “‘single-speed controls,”
DOE believes that Regal Beloit is
referring to “multi-speed” permanent
split capacitor (PSC) motors, which are
PSC motors that are offered with two or
more discrete speed options. Depending
on the specific model, speeds may be
adjusted manually with a switch or
automatically with a type of control
logic. Similarly, multi-pole motors are
induction motors that are offered with
two or more discrete speed options.
Again, speeds may be adjusted
manually with a switch or automatically
with a type of control logic.

In this final rule, DOE clarifies that,
to the extent multi-pole motors and
multi-speed PSC motors control the
driver speed discretely (via manual
switch or control logic) in response to
incremental reductions in the required
flow, head, or pump power output, such
motors would meet the definition of
non-continuous controls and would be
tested in accordance with the applicable
test procedure for pumps sold with
motors and non-continuous controls
(see section IIL.E). DOE also clarifies in
this final rule that any control that can
achieve the specified load points on the
reference system curve (see section
III.E.2.c) meets DOE’s definition of
continuous control, as it can achieve the
specific flow rate and head values
specified by the reference system curve
in the test procedure.

CA IOUs asked during the April 2015
NOPR public meeting whether DOE
would consider differentiating between
two-speed and multi-speed motors, and
stated that if more discrete speeds are
available there is more opportunity to
match the pump and motor to the load.
(CA 1I0Us, NOPR public meeting
transcript, No. 7 at pp. 98—-99) DOE
believes that in this context, CA IOUs is
referring to “multi-speed motors” as
motors with more than two discrete
speeds.

DOE believes the definition of non-
continuous control adequately covers all
motors with two or more discrete speeds
that are sold with any control
mechanism that controls the motor
speed discretely (e.g., manual switch or
control logic). Furthermore, the test
procedure for pumps sold with motors
and non-continuous controls, as
proposed in the April 2015 pumps test
procedure NOPR, contains provisions
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that will typically allow motors with
three or more speeds to achieve a lower
(less consumptive) PEIy; rating than
motors with only two speeds. This
procedure is outlined in detail in
section IIL.E.2.c. Consequently, DOE
believes that motors with differing
numbers of discrete speed options are
already differentiated in the proposed
test procedure and has determined that
it is not necessary to further
differentiate between two-speed and
multi-speed motors.

After considering HI’s agreement with
the proposed definitions and the
questions raised by Regal Beloit and CA
I0Us, DOE is adopting, in this final rule,
the definitions for continuous and non-
continuous controls, as proposed in the
April 2015 pumps test procedure NOPR.

c. Definition of Basic Model

In the course of regulating consumer
products and commercial and industrial
equipment, DOE has developed the
concept of a “basic model” to determine
the specific product or equipment
configuration(s) to which the
regulations would apply. For the
purposes of applying pumps
regulations, DOE proposed to define
what constitutes a basic model of pump.

In the April 2015 pumps test
procedure NOPR, DOE defined a basic
model in a manner similar to the
definitions used for other commercial
and industrial equipment, with the
exception of two pump-specific issues.
Specifically, DOE proposed to define
basic model as it applies to pumps to
include all units of a given covered
equipment type (or class thereof)
manufactured by one manufacturer,
having the same primary energy source,
and having essentially identical
electrical, physical, and functional (or
hydraulic) characteristics that affect
energy consumption, energy efficiency,
water consumption, or water efficiency;
except that:

(1) Variation in the number of stages
particular radially split, multi-sage
vertical in-line casing diffuser (RSV) 16
and vertical turbine submersible (VTS)
pump units are sold with would not
result in different basic models; and

(2) pump models for which the bare
pump differs in impeller diameter, or
impeller trim, may be considered a
single basic model.

80 FR 17586, 17593 and 17641 (April 1,
2015).

The first modification to the basic
model definition applies to variation in

16 The acronym RSV abbreviates ‘“‘radially split
vertical,” which is a key characteristic of the
radially split, multi-stage vertical in-line casing
diffuser equipment category.

the number of stages for multi-stage bare
pumps,’” which DOE believes will
significantly reduce testing burden and
is consistent with DOE’s proposed test
procedure provision that such pumps be
tested with a specific number of stages,
as discussed in section III.C.2.c. DOE
did not receive any comments on the
exception to the general basic model
definition that different stage versions of
multi-stage pumps would be treated as
the same basic model and, as such, is
adopting this pump-specific provision
as proposed, with minor wording
revisions for clarity.

The second modification to the
typical basic model definition proposed
in the April 2015 pumps test procedure
NOPR was that a trimmed impeller,
though it may impact efficiency, would
not be a basis for requiring different bare
pump models to be rated as unique
basic models.18 DOE also proposed to
base the certified rating for a given
pump basic model on that model’s full
impeller diameter—specifically, all PEI
and PER representations for the
members of a basic model would be
based upon the full impeller model. 80
FR 17586, 17593—-94 (April 1, 2015).
This proposal is consistent with the
Working Group recommendation that
the rating of a given pump basic model
should be based on testing at full
impeller diameter only and that DOE
not require testing at reduced impeller
diameters. (Docket No. EERE-2013-BT—
NOC-0039, No. 92, Recommendation #7
at p. 3)

Relevant to this proposed
requirement, DOE proposed to define
the term ““full impeller” as it pertains to
the rating of pump models in
accordance with the test procedure.
Specifically, DOE proposed to define
full impeller as the maximum diameter
impeller with which the pump is
distributed in commerce in the United
States or the maximum impeller
diameter represented in the
manufacturer’s literature, whichever is
larger. For pumps that may only be sold
with a trimmed impeller due to a
custom application, DOE proposed to
define the full impeller as the maximum
diameter impeller with which the pump
is distributed in commerce. 80 FR
17586, 17593-94 (April 1, 2015)

Under DOE’s proposed definition of
“full impeller,” manufacturers would
also be able to represent a model with

17 The implications of the resulting variation in
motor selection for pumps sold with motors or
motors and controls is discussed in section
L.A.1.d.

18 The implications of the resulting variation in
motor selection for pumps sold with motors or
motors and controls is discussed in section
IL.A.1.d.

a trimmed impeller as less consumptive
than one with a full impeller. To do so,
they would treat that trimmed impeller
model as a different basic model and
test a representative number of units at
the maximum diameter distributed in
commerce of that trimmed basic model
listing. In such a case, the impeller trim
with which the pump is rated would
become the “full impeller diameter.” In
these cases, manufacturers could elect
to (1) group individual pump units with
bare pumps that vary only in impeller
diameter into a single basic model or (2)
establish separate basic models (with
unique ratings) for any number of
unique impeller trims, provided that the
PEI rating associated with any
individual model were based on the
maximum diameter impeller for that
basic model and that basic model is
compliant with any energy conservation
standards established as part of the
parallel pumps energy conservation
standards rulemaking. (Docket No.
EERE-2011-BT-STD-0031; 80 FR
17586, 17593—-94 (April 1, 2015)).

DOE noted that, while manufacturers
would be able to group pump models
with various impeller trims under one
basic model with the same certified PEI
rating based on the full impeller
diameter, all representations of PEI and
PER for any individual model would be
(1) based on testing of the model with
the full impeller diameter in the basic
model and (2) rated using method A.1,
“bare pump with default motor
efficiency and default motor part load
loss curve” (explained further in section
IILE), regardless of the actual impeller
size used with a given pump. Id.

At the April 2015 NOPR public
meeting, interested parties representing
HI 19 expressed concern regarding the
option to consider pumps with trimmed
impellers as separate basic models.
Specifically, one HI representative from
Patterson Pump Company noted that the
premise was contrary to the Working
Group’s agreement that all
representations for PEI would be done
using full impeller diameter, not
trimmed impeller diameter. Another HI
representative from Xylem (Mark
Handzel) stated that reporting is greatly
simplified if only reported for full
impeller diameter. (HI, NOPR public
meeting transcript, No. 7 at pp. 29, 32).
The CA IOUs responded that the
Working Group had only agreed to what
was going to be required for reporting
on a mandatory basis, and that its

19 Several interested parties identified themselves
as representing HI at the April 2015 NOPR public
meeting, including Bob Barbour from TACO, Inc.;
HI representatives from Xylem (Mark Handzel and
Raul Ruzicka), and Al Huber from Patterson Pump
Company.
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preference was to maintain the
flexibility for manufacturers to
voluntarily report the information for
pumps with trimmed impellers. (CA
I0Us, NOPR public meeting transcript,
No. 7 at pp. 34, 36) Furthermore, in its
written comments, HI agreed with the
proposed definition of the term “basic
model,” which allows manufacturers
the option of rating pumps with
trimmed impellers as a single basic
model or separate basic models. (HI, No.
8 at p. 4) HI also agreed with DOE’s
proposed definition of full impeller and
the proposal that all pump models be
rated in a full impeller configuration
only. (HI, No. 8 at p. 5)

In response, DOE reaffirms that only
reporting PEI at full impeller diameter
will be mandatory. Given that some
interested parties stated that they prefer
maintaining the option of rating pumps
with trimmed impellers as separate
basic models, and HI did not indicate
concern with this option in the written
comments, DOE is maintaining the
option to rate pumps with trimmed
impellers as separate basic models in
this final rule. Furthermore, DOE notes
that in the case a manufacturer chooses
to rate pumps with trimmed impellers
as separate basic models, the full
impeller definition is still applicable
and all representations regarding the PEI
and PER must be based on the “full
impeller” diameter for that basic model.

Upon further review of the proposed
definition for “full impeller,” DOE has
determined that the language within the
definition is duplicative, and therefore,
potentially confusing. Specifically, in
the proposed definition, DOE referred to
both distribution in commerce and
representations in manufacturer
literature. However, DOE notes that 42
U.S.C. 4291(16) defines distribution in
commerce as meaning ““to sell in
commerce, to import, to introduce or
deliver for introduction into commerce,
or to hold for sale or distribution after
introduction into commerce.” This
definition encompasses making
advertising materials such as
representations in manufacturer
literature. Accordingly, DOE has revised
the definition for full impeller diameter
as set forth in the regulatory text of this
rule (10 CFR 431.62).

d. Basic Models of Pumps Sold With
Motors or Motors and Speed Controls

In the April 2015 pumps test
procedure NOPR, DOE noted that, for
pumps sold with motors and pumps
sold with motors and continuous or
non-continuous controls, pump
manufacturers may pair a given pump
with several different motors that have
different performance characteristics. 80

FR 17586, 17594 (April 1, 2015). Under
the definition of basic model proposed
in the April 2015 pumps test procedure
NOPR and discussed in section III.A.1.c,
each unique pump and motor pairing
represents a unique basic model.
However, DOE noted that, consistent
with DOE’s practice with other products
and equipment, pump manufacturers
may elect to group similar individual
pump models within the same
equipment class into the same basic
model to reduce testing burden,
provided all representations regarding
the energy use of pumps within that
basic model are identical and based on
the most consumptive unit. See 76 FR
12422, 12423 (March 7, 2011). In
addition, consistent with DOE’s
treatment of variation in the number of
stages for multi-stage RSV and VTS
pumps and impeller trim, in the April
2015 pump test procedure NOPR, DOE
proposed that variation in motor sizing
as a result of different impeller trims or
different number of stages for multi-
stage pumps would not serve as a basis
for differentiating basic models. 80 FR
17586, 17593 (April 1, 2015)

In response, HI recommended that
DOE clarify the definition of “basic
model,” stating that “pump
manufacturers may pair a given pump
with several different motors with
different performance characteristics,
and can include all combinations under
one basic model as long as the
representations regarding the energy use
is based on the most consumptive unit
for each given pole speed, given clean
water with a specific gravity of 1.0. . .
[A]s variation in impeller trim of the
bare pump does not constitute a
characteristic that would differentiate
basic models, variation in motor sizing
as a result of different impeller trims
would also not serve as a basis for
differentiating basic models.” (HI, No. 8
at p. 5)

In general, DOE agrees with HI's
interpretation. DOE agrees with HI that
pump manufacturers may pair a given
pump with several different motors with
different performance characteristics,
and can include all combinations under
one basic model if the certification of
energy use and all representations made
by the manufacturer, are based on the
most consumptive bare pump/motor
combination for each basic model and
are determined in accordance with the
DOE test procedure and applicable
sampling plans. Furthermore, because
variation in impeller trim of the bare
pump is not a basis for requiring models
to be rated as unique basic models, DOE
agrees that variation in the horsepower
rating of the paired motor as a result of
different impeller trims within a basic

model would also not necessarily be a
basis for requiring units to be rated as
unique basic models. Similarly since
RSV and VTS pumps may be sold with
varying numbers of stages, the
horsepower rating of the paired motor
may also vary correspondingly. DOE
notes that this variation in motor
horsepower does not necessarily
constitute a characteristic that will
define separate basic models.

However, variation in motor sizing
(i.e., horsepower rating) may also be
associated with variation in motor
efficiency, which is a performance
characteristic; typically larger motors
are more efficient than smaller motors.
For this reason, in response to HI, DOE
clarifies that in order to group pumps
sold with motors (or motors and
controls) into a single basic model (in
contrast to grouping bare pumps with
variations in impeller trim into a single
basic model, as discussed in the
previous section), each motor offered in
a pump included in that basic model
must have motor efficiency rated at the
Federal minimum (see the appropriate
table for NEMA Design B motors at 10
CFR 431.25) 20 or the same number of
bands above the Federal minimum for
each respective motor horsepower (see
Table 3 of Appendix A to Subpart Y of
Part 431).) 21 For example, the Federal
minimum for a NEMA Design B 5 HP,
2-pole, enclosed motor in 10 CFR 431.25
is 88.5. A manufacturer is rating the
pump and motor combination with a
90.2 percent efficient motor. In Table 3
of Appendix A to Subpart Y of Part 431,
90.2 is two bands above 88.5. Therefore,
for a NEMA Design B 3 HP, 2-pole
enclosed motor, in order to be
considered as the same basic model, the
manufacturer cannot distribute it with a
motor with an efficiency less than 88.5
percent, which in Table 3 is two bands
above the Federal minimum. If the
manufacturer wishes to rate it with a
less efficient motor, it must be rated as
a separate basic model. This approach
will ensure that the PEI and PER
representations for the entire basic
model will be representative of the
performance across various impeller
trims and motor horsepower. DOE has
added this clarification to the definition
of basic model.

DOE did not receive any other
comments from interested parties
regarding basic models for pumps sold

20 For submersible motors, refer to the default
motor efficiency values in this test procedure,
shown in Table 2 of Appendix A to Subpart Y of
Part 431, with further discussion in section
1.D.1.b.

21 See section I11.D.1.b for further discussion of
Table 3.
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with motors or motors and speed
controls.

2. Equipment Categories

In the April 2015 pumps test
procedure NOPR, DOE proposed that
the test procedure be applicable to the
following pump equipment categories:
end suction close-coupled (ESCC), end
suction frame mounted (ESFM), in-line
(IL), RSV, and VTS pumps. 80 FR
17586, 17594-95 (April 1, 2015). DOE
also proposed that the test procedure
would not be applicable to certain
categories of pumps, including
circulators, dedicated purpose pool
pumps, axial/mixed flow pumps, and
positive displacement pumps. Id. at
17597. These proposals were based on
the recommendation of the Working
Group. (Docket No. EERE-2013-BT—
NOC-0039, No. 92, Recommendation
#4, 5A, 5B, and 6 at p. 2) DOE also noted
that, while intended to be consistent
with this test procedure, the scope of
any energy conservation standards
proposed for pumps would be discussed
as part of a separate rulemaking. Id.

DOE requested comment on the
proposed applicability of the test
procedure to the five pump equipment
categories noted above, namely ESCC,
ESFM, IL, RSV, and VTS pumps. HI
commented that it agrees that the
proposed test procedure was applicable
to the five pump equipment categories
noted. (HI, No. 8 at p. 5) HI also agreed
that circulators and pool pumps should
be handled under two separate
rulemakings. (HI, No. 8 at p. 7) No other
interested parties provided comments
on the scope of applicability of the
proposed test procedure. As the
amendments DOE is making to the
proposed test procedure provisions do
not significantly change the test
methods or approach specified in the
pump test procedure, and receiving no
dissenting comments, DOE adopts its
proposal that the test procedure
provisions established in this final rule
are applicable to the same scope of
pumps discussed in the April 2015
pumps test procedure NOPR. 80 FR
17586, 17591-17601 (April 1, 2015).

The specific definitions and
specifications DOE proposed to
establish the scope of the test procedure,
and any comments DOE received on
those definitions, are discussed in the
subsequent sections III.A.2.a, III.A.2.b,
III.A.2.c, and III.A.2.d. The final
equipment category definitions DOE is
adopting in this final rule are presented
in section III.A.2.e.

a. Definitions of Pump Equipment
Categories

As noted, in the April 2015 pumps
test procedure NOPR, DOE proposed
specific definitions for the five
categories of pumps (i.e., ESCC, ESFM,
IL, RSV, and VTS) to establish the
pumps to which the proposed test
procedure is applicable. 80 FR 17586,
17595-96 and 17641—42 (April 1, 2015).
To assist in defining these five pump
categories, DOE also proposed the
following definitions for several specific
characteristics of the five pumps
categories for which the test procedure
is applicable—namely rotodynamic
pump, single-axis flow pump, and end
suction pump:

e Rotodynamic pump means a pump
in which energy is continuously
imparted to the pumped fluid by means
of a rotating impeller, propeller, or
rotor.

e Single axis flow pump means a
pump in which the liquid inlet of the
bare pump is on the same axis as the
liquid discharge of the bare pump.

e End suction pump means a
rotodynamic pump that is single-stage
and in which the liquid enters the bare
pump in a direction parallel to the
impeller shaft and on the end opposite
the bare pump’s driver-end.

Id.

Based on these three definitions
involving general pump characteristics,
DOE proposed to define the following
five pump equipment categories to
which the test procedure applies as
follows:

(1) End suction frame mounted
(ESFM) pump means an end suction
pump wherein:

(a) the bare pump has its own
impeller shaft and bearings and so does
not rely on the motor shaft to serve as
the impeller shaft;

(b) the pump requires attachment to a
rigid foundation to function as designed
and cannot function as designed when
supported only by the supply and
discharge piping to which it is
connected; and

(c) the pump does not include a
basket strainer.

Examples include, but are not limited
to, pumps complying with ANSI/HI
nomenclature OHO and OH1, as
described in ANSI/HI 1.1-1.2-2014.

(2) End suction close-coupled (ESCC)
pump means an end suction pump in
which:

(a) the motor shaft also serves as the
impeller shaft for the bare pump;

(b) the pump requires attachment to a
rigid foundation to function as designed
and cannot function as designed when
supported only by the supply and

discharge piping to which it is
connected; and

(c) the pump does not include a
basket strainer.

Examples include, but are not limited
to, pumps complying with ANSI/HI
nomenclature OH7, as described in
ANSI/HI 1.1-1.2-2014.

(3) In-line (IL) pump means a single-
stage, single axis flow, rotodynamic
pump in which:

(a) liquid is discharged through a
volute in a plane perpendicular to the
impeller shaft; and

(b) the pump requires attachment to a
rigid foundation to function as designed
and cannot function as designed when
supported only by the supply and
discharge piping to which it is
connected.

Examples include, but are not limited
to, pumps complying with ANSI/HI
nomenclature OH3, OH4, or OH5, as
described in ANSI/HI 1.1-1.2-2014.

(4) Radially split, multi-stage, vertical,
in-line, diffuser casing (RSV) pump
means a vertically suspended, multi-
stage, single axis flow, rotodynamic
pump in which:

(a) liquid is discharged in a plane
perpendicular to the impeller shaft;

(b) each stage (or bowl) consists of an
impeller and diffuser; and.

(c) no external part of such a pump is
designed to be submerged in the
pumped liquid.

Examples include, but are not limited
to, pumps complying with ANSI/HI
nomenclature VS8, as described in the
ANSI/HI 2.1-2.2—-2008).

(5) Vertical turbine submersible (VTS)
pump means a single-stage or multi-
stage rotodynamic pump that is
designed to be operated with the motor
and stage(s) (or bowl(s)) fully submerged
in the pumped liquid, and in which:

(a) each stage of this pump consists of
an impeller and diffuser and

(b) liquid enters and exits each stage
of the bare pump in a direction parallel
to the impeller shaft.

Examples include, but are not limited
to, pumps complying with ANSI/HI
nomenclature VSO0, as described in
ANSI/HI 2.1-2.2-2008.

Id.

In the April 2015 pumps test
procedure NOPR, DOE requested
comment on the proposed equipment
category definitions and related
terminology. Comments DOE received
on these definitions and DOE’s
responses to those comments are
discussed in the following subsections.
DOE notes that comments regarding the
exclusion of circulators and dedicated-
purpose pool pumps, which are
addressed in sections III.A.2.b and
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III.A.2.c of this final rule, are also
pertinent to the definitions of the ESCC,
ESFM, IL, RSV, and VTS equipment
categories and are also discussed in this
section.

HI Nomenclature

DOE noted that any references to HI
nomenclature in ANSI/HI 1.1-1.2-2014
or ANSI/HI 2.1-2.2-2008 were
incorporated into the definitions of the
aforementioned pump equipment
categories as examples only and
clarified that, in cases where there is a
conflict between the description
provided in ANSI/HI 1.1-1.2-2014 or
ANSI/HI 2.1-2.2-2008, as applicable,
and DOE’s definitions established at 10
CFR 431.462, the language in the
regulatory text would prevail. Id.

DOE requested comment on whether
the references to ANSI/HI nomenclature
are necessary as part of the equipment
definitions in the regulatory text;
whether such references would be likely
to cause confusion due to
inconsistencies; and whether discussing
the ANSI/HI nomenclature in this
preamble would provide sufficient
reference material for manufacturers
when determining the appropriate
equipment category for their pump
models. At the April 2015 NOPR public
meeting, an HI representative from
Xylem (Mark Handzel) advocated the
use of ANSI/HI nomenclature without
new DOE nomenclature. (HI, NOPR
public meeting transcript, No. 7 at p. 63)
In written comments, HI indicated that
it affirms the importance of any pump
rulemaking using ANSI/HI designations
and nomenclature, citing common usage
by U.S. pump manufacturers,
distributors, engineering consulting
firms, and pump users. (HI, No. 8 at p.
6) HI also commented that all references
to ANSI/HI 2.1-2.2-2008 should be
changed to ANSI/HI 2.1-2.2—-2014
because the latter is the current version.
(HI, No. 8 at p. 13) The EEAs
commented that they support the
proposed definitions for the pump types
to which the proposed test procedures
would be applicable; they also indicated
that they believe this approach would
both limit the risk that a manufacturer
could make a small change to a pump
design in order to avoid having to meet
the pump efficiency standards and help
to provide clarity to manufacturers.
(EEAs, No. 10 at p. 1)

After reviewing the comments, DOE is
maintaining its definitions for the pump
equipment categories presented in the
April 2015 pumps test procedure NOPR,
which references the ANSI/HI
nomenclature as illustrative only. DOE
believes that this approach strikes the
best balance between the needs of the

industry and the ability of DOE to
enforce its regulations for pumps
appropriately. DOE reiterates that the
scope of the rulemaking is not limited
to pumps meeting the ANSI/HI
nomenclature referenced in the
definitions and that any pump model
meeting one of the DOE equipment
category definitions is considered to be
part of that equipment category,
whether or not the pump is considered
by the industry to be part of one of the
referenced ANSI/HI nomenclature
subgroups or a different subgroup.
Further, in preparing this final rule,
DOE reviewed the ANSI/HI
nomenclature to ensure that all
applicable categories of pumps that
would meet DOE’s proposed equipment
definitions were listed. Upon review,
DOE noticed that the styles of pumps
identified as OH2, OH3A, OH5A, and
OH6 in ANSI/HI 1.1-1.2-2014 may be
considered by some parties to meet
ESCC, ESFM, or IL pump definitions
because they share some similar
characteristics with those categories of
pumps. DOE wishes to clarify that the
styles of pumps generally considered to
be OH2, OH3A, OH5A, and OH6 are
covered equipment in that they meet the
definition of “pump,” but are not
subject to the test procedure established
in this final rule, since they do not fall
within the specific scope of pumps to
which the test procedure is applicable.
Specifically, DOE determined that
OH3A and OH5A are not within the
scope of this rule because they do not
meet the definition of end-suction pump
(i.e., liquid does not enter pump in a
direction parallel to the impeller shaft
due to inlet adapter) and do not meet
the definition of IL pump (i.e., the flow
inlet and outlet are on the same plane
but not on the same axis). In addition,
DOE believes that the majority of these
OH3A and OH5A pumps are non-
clogging and thus would also be
excluded because they do not meet
DOE’s definition of clean water pump,
as discussed further in section III.A.3.
Regarding OH6 pumps, DOE notes
that such pumps include a high speed
integral gear such that the impeller shaft
will rotate faster than the driver. While
these pumps meet the definition of IL
pumps, they are excluded from the
scope of pumps subject to this test
procedure because they operate at
impeller speeds greater than the
nominal speed limitations discussed in
section III.A.4 and III.C.2.c. In addition,
the impellers and drivers of OH6 pumps
rotate at different speeds and, thus,
would be excluded based on DOE’s
revised specifications regarding the
impeller and driver rotating speeds of
pumps addressed by this test procedure

(see section II1.A.4). Similarly, DOE
notes that OH2 pumps would meet the
definition of an ESFM pump, but would
be excluded because such pumps are
designed specifically for pumping
hydrocarbon fluids, as noted by the
American Petroleum Institute Standard
610 certification and, as such, are not
clean water pumps. For these reasons,
DOE is not referencing OH2, OH3A,
OH5A, or OH6 nomenclature in the
definitions of ESCC, ESFM, IL, RSV, and
VTS established in this rulemaking.
Finally, DOE notes that in April 2014,
HI released an updated version of ANSI/
HI 2.1-2.2, ANSI/HI 2.1-2.2—-2014. DOE
reviewed ANSI/HI 2.1-2.2-2014 and
found the documents to be substantially
the same as ANSI/HI 2.1-2.2 — 2008,
with the exception of the addition of a
new definition and description for pipe
length, more detailed characteristics
identified on some of the figures, and
slight reorganization of the sections to
improve document flow. DOE notes that
none of these minor changes affect the
content pertinent to the references to
ANSI/HI 2.1-2.2—2008 nomenclature
proposed in the April 2015 pumps test
procedure NOPR. As such, DOE believes
that it is appropriate to reference the
most up-to-date industry standard and
is updating all references in the RSV
and VTS equipment category definitions
from ANSI/HI 2.1-2.2-2008 to ANSI/HI
2.1-2.2-2014 in this final rule.

Specific Styles of IL Pumps

In response to DOE’s request for
comment on all proposed pump
definitions in general, HI commented
that twin head pumps, which combine
two impeller assemblies into a common
single axis flow casing with a single
inlet and discharge, were not included
in DOE’s definitions and should be
added to the rulemaking scope. (HI, No.
8 at p. 3) DOE notes that such pumps
are a style of IL pump and, thus subject
to the test procedure and standards as
an IL pump, but DOE understands that
this inclusion was not explicitly laid out
in the NOPR. As such, twin head pumps
meet the definition of IL pumps as
proposed in the April 2015 pumps test
procedure NOPR. Specifically, twin
head pumps are single-axis flow,
rotodynamic pumps with single-stage
impellers and in which liquid is
discharged through a volute in a plane
perpendicular to the impeller shaft.
However, to clarify the applicability of
the IL pump definition and DOE’s pump
test procedure to twin head pumps,
DOE is adopting in this final rule a
definition of twin head pump as set
forth in the regulatory text of this rule
(10 CFR 431.62).
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In this final rule, DOE is also
clarifying the testing and certification
requirements for such pumps. For the
purposes of applying the DOE test
procedure to and certifying twin head
pumps, DOE is clarifying that such
pumps should be tested configured with
a single impeller assembly, as discussed
further in section III.C.2.c.

RSV Pump Definition

DOE also requested specific comment
on whether it needed to clarify the flow
direction to distinguish RSV pumps
from other similar pumps when
determining test procedure and
standards applicability and on whether
any additional language would be
necessary in the proposed RSV
definition in the April 2015 pumps test
procedure NOPR to make the exclusion
of immersible pumps clearer. HI
commented that it believes the icons
shown and the definition found in
ANSI/HI 2.1-2.2—-2014 provide
sufficient clarity to the flow direction,
and that it does not believe any
additional language is necessary. (HI,
No. 8 at pp. 6-7) DOE reviewed the
figures in ANSI/HI 2.1-2.2-2014 and
believes that the figure is illustrative of
the general equipment characteristics
for RSV pumps. The description
accompanying the figure also describes
the manner in which liquid enters and
exits the pump. Specifically, section
2.1.3.6 of ANSI/HI 2.1-2.2—-2014 states
that, for RSV pumps, “fluid enters one
nozzle of the in-line casing and is
directed to the inlet of an internal multi-
stage diffuser pump. After traveling
through multiple stages, the liquid exits
at the top stage of the pump where the
flow is redirected via the outer sleeve to
the opposing nozzle of the in-line
casing.” As DOE’s definition of RSV
pump references the figures and
description in ANSI/HI 2.1-2.2—-2014,
and this description of flow path
through the pump is not inconsistent or
conflicting with DOE’s definition of
RSV pump, DOE does not believe that
further clarification is necessary in this
regard.

Regarding the exclusion of immersible
pumps, HI commented that it did not
believe any additional clarification was
necessary. (HI, No. 8 at pp. 6-7)
Therefore, in this final rule, DOE has
determined that the adopted language is
sufficient to exclude any immersible
pumps from treatment as an RSV pump
for purposes of DOE’s regulations.

VTS Equipment Terminology

Upon review of CIP Working Group
transcripts and slides, DOE also
determined that interested parties had
requested the equipment category

“vertical turbine submersible” be
termed ‘“‘submersible turbine,” given
that some of these pumps are installed
horizontally. (CIP Working Group
transcript, No. 14 at p. 263) DOE notes
that the definition proposed for vertical
turbine submersible is silent as to
installation orientation and, as a result,
would include horizontally installed
pumps. DOE believes that referring to
submersible turbine pumps as “vertical
turbine submersible,” when
horizontally mounted submersible
turbine pumps are also included in the
equipment category, as defined, could
lead to confusion among manufacturers
and in the market place. As such, and
given that changing the defined term
from vertical turbine submersible to
submersible turbine would not change
the scope of the definition, DOE is
revising the nomenclature in this final
rule to match that used in the CIP
Working Group, which more accurately
describes the subject equipment. In the
preamble to this final rule, DOE has
retained the VTS abbreviation for the
submersible turbine equipment category
for consistency with the April 2015
pump test procedure NOPR, pumps
energy conservation standards
rulemaking (Docket No. EERE-2011—
BT-STD-0031), and all Working Group
discussions and recommendations to
date (Docket No. EERE-2013-BT-NOC-
0039). However, DOE is adopting the
acronym “ST” for the regulatory text for
long-term consistency with the defined
term.

ESFM Equipment Terminology

Similarly, the “end suction frame
mounted” category proposed in the
NOPR had been referred to as “‘end
suction frame mounted/own bearings”’
in the CIP Working Group
documentation. (See for example,
EERE-2013-BT-NOC-0039-0092 at p. 2
and EERE-2013-BT-NOC-0039—-0031 at
p- 4) The proposed end suction frame
mounted definition would be inclusive
of own bearings pumps, or any end-
suction pump that “does not rely on the
motor shaft to serve as the impeller
shaft.” 80 FR 17586, 17641 (April 1,
2015). DOE intended the ESFM and
ESCC equipment category definitions
proposed in the April 2015 pumps test
procedure NOPR to be mutually
exclusive, whereby pumps that are close
coupled to the motor and share a single
impeller and motor shaft would be part
of the ESCC equipment category, and all
other end suction pumps that are
mechanically-coupled to the motor and
for which the bare pump and motor
have separate shafts would be part of
the ESFM equipment category.

DOE understands that there are
several coupling and mounting methods
for pairing a bare pump and motor, in
addition to frame mounting, and that
referring to the ESFM equipment
category based only on that criteria may
be misleading. To clarify the
applicability of the previously defined
end suction frame mounted equipment
category to own bearing pumps, and
given that changing the term itself
would not change the scope of the
definition, DOE is revising the
nomenclature in this final rule to match
that used in the CIP Working Group.
Therefore, in this final rule, DOE is
defining this equipment category as
end-suction frame mounted/own
bearing and adding to the definition the
term “mechanically-coupled” to clarify
that the ESFM equipment is, in fact,
inclusive of many coupling methods.
DOE is further adopting a specific
definition for ‘“‘mechanically-coupled,”
as mutually exclusive with “close-
coupled,” to explicitly establish the
coupling methods to which the ESFM
equipment category applies. The
definition of mechanically-coupled
consists of text that was in the proposed
definition for ESFM and does not
change the scope of ESFM from the
proposal.

b. Circulators

Circulators, which are a specific kind
of rotodynamic pump, are small, low-
head pumps similar to the IL
configuration pumps that are generally
used to circulate water in hydronic
space conditioning or potable water
systems in buildings.

The CIP Working Group
recommended that circulators be
addressed as part of a separate
rulemaking process that would involve
informal negotiation between interested
parties followed by an ASRAC-approved
negotiation. (Docket No. EERE-2013—
BT-NOC-0039, No. 92,
Recommendation #5A at p. 2)

In the April 2015 test procedure
NOPR, DOE also proposed to exclude
circulators from the rulemaking, and
proposed a definition that would be
mutually exclusive from the other
pumps in the rulemaking. Specifically,
DOE proposed definitions for
circulators, ESCC, ESFM, and IL pumps
that were mutually exclusive, based on
the assumption that circulators require
only the support of the supply and
discharge piping to function as
designed, whereas ESCC, ESFM, and IL
pumps require attachment to a rigid
foundation to function as designed. In
response to the proposed circulator
definition, DOE received comments
from several interested parties,
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addressed below. However, DOE has not
yet received any formal proposals or
requests for negotiation from the
interested parties.

The EEAs and CA IOUs expressed
concern that the portion of the proposed
circulator definition that describes
circulators as “requir[ing] only the
support of the supply and discharge
piping to which it is connected to
function as designed,” may lead to the
design of circulators with alternative
mounting intended to circumvent
regulation. (EEAs, No. 10 at p. 1; CA
I0Us, No. 13 at pp. 4-5) HI agreed that
no pump definition should be
associated with a rigid foundation, as in
the industry rigid foundation has a
different connotation than DOE is using.
(HI, No. 8 at pp. 5-6, 10). HI also
disagreed with the proposed circulator
definition, commenting that there are
many end suction and close-coupled IL
pumps that would meet the proposed
circulator definition but that are not
considered circulators. Instead, HI
stated its belief that such pumps should
be included in the scope of pumps
considered in this rulemaking. As a
result, HI recommended revising the
definitions of circulator, ESFM, ESCC,
and IL pumps, as well as other related
definitions. (HI, No. 8 at pp. 7-8)
Following the close of the comment
period, the HI circulator pump
committee resubmitted revised
definitions for circulator and IL pumps,
and other related definitions. (HI, No. 15
at pp. 1-3)

DOE reviewed both sets of HI’s
recommended definitions and found
them to be essentially the same.
Specifically, HI's circulator pump
committee offered the following revised
definitions of IL pumps and circulator
pumps, which were also included in
HI's comments submitted in response to
the April 2015 pumps test procedure
NOPR:

“In-line pump means a single-stage,
single-axis flow, dry rotor, rotodynamic
pump that has a shaft input power
greater than or equal to one horsepower
and less than or equal to two hundred
horsepower at BEP and full impeller
diameter, in which liquid is discharged
through a volute in a plane
perpendicular to the shaft, except for:
Those that are short-coupled or close-
coupled, have a maximum hydraulic
power that is less than or equal to five
horsepower at the full impeller diameter
and over the full range of operation, and
are distributed in commerce with a
horizontal motor. Examples include, but
are not limited to, pumps complying
with ANSI/HI nomenclature OH3, OH4,
or OH5, as described in ANSI/HI 1.1—
1.2-2014, within the specified

horsepower range. Pumps complying
with ANSI/HI nomenclature CP1, CP2,
and CP3, as described in ANSI/HI 1.1-
1.2—-2014, would not meet the definition
of in-line pump.” (HI, No. 8 at pp. 5—

6; HI, No. 15 at p. 1)

“Circulator pump means a single
stage, in-line, rotodynamic pump that
meets one of the following descriptions:

i. [Wet Rotor Circulator] A single-axis
flow, close-coupled, wet rotor pump
that: (1) Has a maximum hydraulic
power greater than or equal to 1/40 hp
and less than or equal to 5 hp at full
impeller diameter and over the full
range of operation, (2) is distributed in
commerce with a horizontal motor, and
(3) discharges the pumped liquid
through a volute in a plane
perpendicular to the shaft. Examples
include, but are not limited to, pumps
complying with ANSI/HI 1.1-1.2-2014
nomenclature CP1; or

ii. [Dry Rotor Two-Piece Circulator] A
single-axis flow, close-coupled, dry
rotor pump that: (1) Has a maximum
hydraulic power greater than or equal to
1/40 hp and less than or equal to 5 hp
at full impeller diameter and over the
full range of operation, (2) is distributed
in commerce with a horizontal motor,
and (3) discharges the pumped liquid
through a volute in a plane
perpendicular to the shaft. Examples
include, but are not limited to, pumps
complying with ANSI/HI 1.1-1.2-2014
nomenclature CP2; or

iii. [Dry Rotor Three-Piece Circulator]
A single-axis flow, short-coupled, dry
rotor pump, either flexibly or rigidly
coupled that: (1) Has a maximum
hydraulic power greater than or equal to
1/40 hp and less than or equal to 5 hp
at full impeller diameter and over the
full range of operation, (2) is distributed
in commerce with a horizontal motor,
and (3) discharges the pumped liquid
through a volute in a place
perpendicular to the shaft. Examples
include, but are not limited to, pumps
complying with ANSI/HI 1.1-1.2-2014
nomenclature CP3.”

(HI, No. 8 at pp. 8-9; HI, No. 15 at
p-1)

HI also recommended several
supporting definitions, including
definitions for single-axis flow pump,
close-coupled pump, short-coupled
pump, rigid-coupled pump, flexibly-
coupled pump, hydraulic power, wet
rotor pump, dry rotor pump, horizontal
motor, and non-horizontal motor. (HI,
No. 8 at pp. 9-10; HI, No. 15 at pp. 2—
3)

The EEAs and CA IOUs also stated
that they are collectively discussing an
improved definition of circulators with

HI. (EEAs, No. 10 at p. 1; CA I0OUs, No.
13 at pp. 4-5)

In light of the continued discussions
among these interested parties regarding
future definitions, test procedures, and
energy conservation standards for
circulators, DOE has decided to refrain
from defining the term ““circulator” in
this rulemaking. Rather than explicitly
define the term circulator in this rule,
DOE has modified the definitions of
ESCCG, ESFM, IL, VTS, and RSV to
specifically exclude certain categories of
pumps that are widely considered
circulators by the industry, using many
of the criteria and characteristics of
circulators indicated by HI in its
comments and proposed in the April
2015 pumps test procedure NOPR.

In particular, in its definition of IL
pump, DOE excluded pumps that are
commonly marketed and sold as
circulators in the pump industry by
utilizing the design features of a
horizontal motor, as well as a hydraulic
power less than or equal to 5 hp. This
is consistent with HI’s suggested
definition of IL pump as well as
circulator pump, which includes
reference to a horizontal motor and a
horsepower range of 1/40 to 5 hydraulic
hp. DOE agrees that a horizontal motor,
which is a motor that is required to be
oriented with the motor shaft in a
horizontal position in order to operate
as designed, is a distinguishing feature
of a circulator. To clearly establish this
characteristic, DOE is also defining the
term horizontal motor in this
rulemaking based on the definition HI
suggested in its comments. Specifically,
HI’s proposed definition and the
definition DOE is adopting in this final
rule are as follows:

Horizontal motor means a motor that
requires the motor shaft to be in a
horizontal position to function as
designed, as specified in the
manufacturer literature.

DOE notes that it is maintaining a
lower shaft limit of 1 hp for the IL pump
equipment category and only
specifically excluding those pumps that
have both: (1) A hydraulic output of less
than 5 hp and (2) a horizontal motor. As
such, any IL pumps that have a shaft
horsepower greater than or equal to 1 hp
and hydraulic output less than 5 hp and
are not sold with a horizontal motor, as
well as IL pumps that have a hydraulic
output greater than or equal to 5 hp and
shaft horsepower less than or equal to
200 hp and are sold with a horizontal
or non-horizontal motor, would
continue to be included in the IL pump
definition and subject to the test
procedure established in this final rule.
DOE notes that the majority of pumps
that are commonly referred to as



4098

Federal Register/Vol. 81, No. 15/Monday, January 25, 2016 /Rules and Regulations

circulators have a shaft input power less
than 1 hp. Such pumps may operate
with or without horizontal motors. As
such, the lower shaft power limit in the
IL pump definition excludes these
pumps from the scope of this
rulemaking.

DOE also acknowledges that HI
recommended establishing the
hydraulic horsepower threshold over
the full range of operation of the pump.
(HI, No. 8 at pp. 5—6 and 8-9; HI, No.

15 at p. 1) However, DOE notes that the
other horsepower thresholds referenced
in this final rule reference pump shaft
input power as measured at BEP. DOE
also notes that the test procedure
established in this final rule contains a
specific and repeatable methodology for
determining BEP of a tested pump.
Conversely, in the proposed test
procedure, DOE did not define the “full
range of operation” of a pump or
propose a method for how to determine
it. Since it is important that DOE’s test
procedures be as precise and
unambiguous as possible, DOE believes
that it is important that the hydraulic
horsepower of a pump be determined in
a consistent manner when determining
whether or not the pump meets the
definition of an IL pump and, thus, is
subject to DOE’s pumps test procedure
establish in this final rule. Therefore, in
this final rule, DOE is establishing the
hydraulic horsepower threshold for
circulator pumps as determined at BEP.
That is, DOE will exclude from the
definition of IL pump, IL pumps with a
hydraulic horsepower less than 5 hp, as
determined at full impeller diameter
and BEP, and that are distributed in
commerce with a horizontal motor, as
those pumps are considered to be
circulator pumps.

Consistent with the changes to the IL
definition, DOE is also incorporating
horsepower limits into the ESCC, ESFM,
RSV, and VTS equipment category
definitions. DOE notes that, in the April
2015 pumps test procedure NOPR, DOE
proposed to establish the scope of the
test procedure using a horsepower range
of greater than or equal to 1 hp and less
than 200 hp that was applicable to all
ESCC, ESFM, IL, RSV, and VTS pumps.
80 FR 17586, 17600 (April 1, 2015).
However, to maintain consistent format
among the five defined equipment
categories, DOE is including this
established horsepower range in each of
the equipment category definitions
explicitly rather than in a separate scope
limitation. DOE discusses the
horsepower range and other parameters
used to establish the scope of the test
procedure in section III.A.4.

Additionally, DOE has added the
design feature of a ““dry rotor” to the

definition of an IL pump 22 and added

a definition of dry rotor pump, as
suggested by HI. This feature excludes
pumps that comply with ANSI/HI
nomenclature CP1, also referred to as
wet rotor circulators, as described in
ANSI/HI 1.1-1.2-2014. This definition
is also consistent with HI's proposed IL
and circulator pump definitions. DOE
notes that wet rotor pumps were
proposed to be excluded from the scope
of the test procedure in the April 2015
pumps test procedure NOPR under the
definition of ““sealless pump.”
Specifically, DOE proposed a definition
of sealless pump to include both: (1) A
pump that transmits torque from the
motor to the bare pump using a
magnetic coupling and (2) a pump in
which the motor shaft also serves as the
impeller shaft for the bare pump and the
motor rotor is immersed in the pumped
fluid. 80 FR at 17641—42. HI’s proposed
definition of wet rotor is identical to the
second clause of DOE’s proposed
sealless pump definition. As such, in
this final rule, DOE defines dry rotor
pump, consistent with the definition
proposed by HI, and to incorporate the
term dry rotor into the ESFM, ESCC, IL,
RSV, and VTS equipment category
definitions. Given the mutually
exclusive relationship between wet and
dry rotor pumps, the definitions of
ESCC, ESFM, IL, RSV, and VTS pumps,
as established in section III.A.2.a, now
implicitly exclude wet rotor pumps
from the scope of this test procedure.
This implicit exclusion of wet rotor
pumps alleviates the need to explicitly
exclude wet rotor pumps using the
definition of sealless pump as proposed
in the NOPR. Further discussion of
modifications to the definition of
sealless pump are found in section
III.A.2.b.

DOE also acknowledges the concern
from interested parties regarding the
potential issues associated with
referencing attachment to a rigid
foundation. As noted in the NOPR, DOE
initially proposed such a design feature
to clearly differentiate and exclude
circulators from other, similar categories
of pumps that would be subject to the
proposed test procedure. However, DOE
has, based on comments received from
interested parties, revised its approach
to the exclusion of circulators and,
consequently, this design feature is no
longer needed in the definitions of IL,
ESCC, and ESFM. Instead, DOE has
made other modifications to the

22In the NOPR, DOE had excluded sealless
pumps, including wet rotor pumps, from the scope
of the rulemaking in addition to explicitly limiting
the defined pump categories to dry rotor pumps. 80
FR 17586, 17598-99 (April 1, 2015) See section
III.A.3.b.

applicable definitions to continue to
exclude circulators from the equipment
categories addressed in this rulemaking,
as discussed above.

In addition to the parameters
necessary to exclude circulators from
the scope of pumps for which the test
procedure is applicable, the CA I0Us
commented that certain multi-stage
pumps should be included in the
definition of a circulator, as proposed by
DOE. CA IOUs also provided an
example of a commercially available
style of pump that they believe to be a
multi-stage circulator. (CA I0Us, No. 13
at pp. 4-5) DOE reviewed the example
style of pump provided by the CA IOUs
and found that this specific style of
pump is available in sizes from 0.5 to 75
motor hp, depending on impeller
diameter and number of stages. DOE
also concluded that specific models
within this general pump family,
namely those with shaft horsepower
greater than or equal to 1 hp, meet the
definition of an RSV pump and
therefore are included in the scope of
this rulemaking. Conversely, other
models within the same pump family
with shaft horsepower less than 1 hp do
not meet the definition of an RSV pump
and are not subject to the test procedure
established in this rulemaking.
Consequently, given that DOE has
withdrawn its proposal to define
circulators at this time, DOE has
determined that it does not need to
define or address these small RSV
pumps in this rulemaking.

c. Pool Pumps

The CIP Working Group formally
recommended that DOE initiate a
separate rulemaking for dedicated-
purpose pool pumps (DPPPs) by
December 2014. (Docket No. EERE—
2013-BT-NOC-0039, No. 92,
Recommendation #5A at p. 2) In the
April 2015 pumps test procedure NOPR,
DOE proposed defining a “dedicated-
purpose pool pump’’ as an end suction
pump designed specifically to circulate
water in a pool and that includes an
integrated basket strainer. 80 FR 17586,
17641 (April 1, 2015). DOE developed
this proposed definition to help
distinguish a DPPP from other
categories of pumps under
consideration in this rulemaking
(Docket No. EERE-2013-BT-TP—-0055).

In response, APSP requested that DOE
continue to keep pool pumps separate
from the scope of pumps considered in
this rulemaking (APSP, No. 12 at p.1),
and the CA IOUs encouraged ASRAC to
establish a new working group for
DPPP. (CA IOUs, No. 13 at pp. 1-2) In
July 2015, DOE issued a RFI on DPPPs
requesting data and information from
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interested parties on this equipment
(July 2015 DPPP RFI). 80 FR 38032 (July
3, 2015). On August 25, 2015, DOE also
published a notice of intent to establish
a working group for DPPPs. 80 FR
51483. See https://
www1.eere.energy.gov/buildings/
appliance standards/rulemaking.aspx/
ruleid/14 for more updates and
information on the DPPP rulemaking.

DOE also received several comments
regarding its proposed definition.
During the April 2015 NOPR public
meeting, CA IOUs expressed that the
defining characteristic of a pool pump
may not be the strainer basket, as not all
pool pumps have them. (CA I0Us,
NOPR public meeting transcript, No. 7
at pp. 57-58, 68) An HI representative
from Xylem (Mark Handzel) responded
that commercial pool pumps without
basket strainers would be considered
under one of the equipment categories
addressed in this rulemaking. (HI,
NOPR public meeting transcript, No. 7
at pp. 58-59) An HI representative from
Xylem (Paul Ruzicka) also suggested
that, on the residential side, pool pumps
are double insulated products. (HI,
NOPR public meeting transcript, No. 7
at pp. 69-70)

In written comments, the EEAs and
the CA I0Us noted that many pool
pumps, including booster pumps, do
not include an integrated basket
strainer, and that not all pool pumps are
designed specifically to circulate water
(EEAs, No. 10 at p. 2; CA IOUs, No. 13
at p. 2-3). The CA IOUs noted that 40
percent of California residential in-
ground pools have booster pumps that
are operated 2.5 hours per day. The size
is typically 34 nameplate horsepower
with a service factor of 1.5. The CA
I0Us recommended that these be
considered pool pumps and excluded
from this rulemaking, further noting that
these manufacturers were not involved
in the CIP Working Group deliberations.
The CA IOUs also stated that mass
market commodity pool pumps are
unique because either the pump is
secured directly to the motor; or the
pump and motor are each factory
secured to a common frame. (CA IOUs,
No. 13 at pp. 2—4)

In separate written comments, APSP
and the CA IOUs recommended the
following definition:

“A ‘pool pump’ is a pump with the
following characteristics:

¢ An integral end suction pump and
motor combination specifically
designed for pool and spa applications.

e The impeller is attached to a motor
(or motor and controller) served by
single-phase power five total
horsepower or less.

e The pump is secured directly to the
motor, or the pump and motor are
factory secured to a common frame.”
(APSP, No. 12 at p. 1; CA IOUs, No. 13
at p. 3—4)

DOE’s original intent in proposing a
definition for DPPP in the April 2015
pumps test procedure NOPR was to
properly exclude them from this
rulemaking. Upon review, DOE agrees
with certain of the submitted comments
on the proposed definition, such as that
all pumps associated with pools may
not include an integrated basket
strainer. For example, DOE is aware that
booster pumps are not typically sold
with integrated basket strainers and
some filter pumps may be sold
separately from the strainer, as
discussed in the July 2015 DPPP RFI. 80
FR 26475, 26481 (May 8, 2015).

Therefore, after reviewing the
comments submitted by interested
parties, DOE has decided to refrain from
adopting a definition for DPPP in this
final rule. Instead, in this final rule,
DOE is excluding DPPP from the
definitions for ESCC and ESFM pumps,
and DOE will define DPPP in the
separate DPPP rulemaking that was
initiated with the RFL

d. Axial/Mixed Flow and Positive
Displacement Pumps

“Axial/mixed flow pump” is a term
used by the pump industry to describe
a rotodynamic pump that is used to
move large volumes of liquid at high
flow rates and low heads. These pumps
are typically custom-designed and used
in applications such as dewatering,
flood control, and storm water
management.

Positive displacement (PD) pumps are
a style of pump that operates by first
opening an increasing volume to
suction; this volume is then filled,
closed, moved to discharge, and
displaced. PD pumps operate at near-
constant flow over their range of
operational pressures and can often
produce higher pressure than a
centrifugal pump, at a given flow rate.
PD pumps also excel at maintaining
flow and efficiency for liquids more
viscous than water. When used in clean
water applications, PD pumps are
typically chosen for high pressure,
constant flow applications such as high
pressure power washing, oil field water
injection, and low-flow metering
processes.

The CIP Working Group
recommended excluding both of these
types of pumps from prospective energy
conservation standards. (Docket No.
EERE-2013-BT-NOC-0039, No. 92,
Recommendation #6 at p. 2) The
primary reason for excluding these

pumps from this test procedure
rulemaking is their low market share in
the considered horsepower range and
low potential for energy savings.
(Docket No. EERE-2013-BT-NOC-0039,
No. 14 at pp. 114 and 372-73) In
addition, the CIP Working Group
acknowledged that PD pumps are more
commonly used in non-clean water
applications and provide a different
utility than the categories of pumps
addressed in this rulemaking. (Docket
No. EERE-2013-BT-NOC-0039, No. 14
at p. 114) Therefore, in the April 2015
pumps test procedure NOPR, DOE
proposed to exclude these pumps from
the scope of this rulemaking and the
parallel energy conservation standards
rulemaking, but determined that both
axial/mixed flow and PD pumps were
implicitly excluded based on the
proposed equipment category
definitions and scope parameters, so
that explicit exclusions were not
necessary. 80 FR 17586, 17597-98
(April 1, 2015). In the April 2015 pumps
test procedure NOPR, DOE requested
comment on the proposed exclusion
and the assertion that such pumps were
explicitly excluded based on the
existing definitions and scope
parameters. Id.

HI commented that both positive
displacement and axial/mixed flow
pumps should be added to the list of
equipment excluded from the scope of
pumps in this final rule. HI noted that
PD pumps represent a small percentage
of the overall pump market and are
generally used for niche applications,
such as viscous or shear-sensitive
liquids. As a result, such pumps have a
distinct difference in design compared
with rotodynamic pumps. HI also
suggested differentiating and excluding
axial/mixed flow pumps using a specific
speed limit of 4,500,23 where pumps
with a specific speed greater than 4,500
would be considered axial/mixed flow.
(HI, No. 8 at p. 11)

In response to HI, DOE notes that the
April 2015 pumps test procedure NOPR
does not include PD pumps within its
scope of applicability. All equipment to
which the April 2015 pumps test
procedure NOPR and this final rule
applies is explicitly defined as types of
rotodynamic pumps. Further,
rotodynamic pumps are explicitly
defined in the April 2015 pumps test
procedure NOPR and this final rule as
continuously imparting energy to the
pumped fluid by means of a rotating
impeller, propeller, or rotor. Such
definition necessarily does not include

23 Specific speed is a quasi-dimensionless
quantity used to describe relative pump geometry
and flow characteristics.
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PD pumps, which do not continuously
impart energy to the pumped fluid and
do not contain an impeller, propeller, or
rotor. As such, no PD pumps meet the
definition of any equipment within the
scope of this test procedure, as
discussed in section III.A.2.a. Therefore,
DOE does not believe it is necessary to
explicitly exclude PD pumps, which is
consistent with the comments submitted
by HI.

Regarding axial/mixed flow pumps,
DOE agrees with HI that axial/mixed
flow pumps, which are designed to
accommodate high flow-to-head-ratio
applications, should not be subject to
the test procedure established in this
final rule. DOE notes that the definitions
of IL, RSV, and VTS implicitly exclude
axial/mixed flow pumps through
specific design features. Specifically,
the definitions of IL. and RSV pumps
exclude axial/mixed flow pumps by
specifying single axis flow and a liquid
inlet in a plane perpendicular to the
impeller shaft. In contrast, the liquid
intake in axial/mixed flow pumps is
typically parallel to the impeller shaft;
as such, these pumps do not meet the
definition of an RSV or IL pump. DOE
understands that less typical piping
configurations could allow an axial/
mixed flow pump to be built with the
liquid inlet in a plane perpendicular to
the impeller shaft. However, such a
configuration would not satisfy the
definition of single axis flow and, as
such, these pumps would not meet the
definition of an RSV or IL pump.
Additionally, the definition of VTS
pump excludes axial/mixed flow pumps
by specifying that the pump must be
designed to operate with the motor and
stage(s) fully submerged in the pumped
liquid. Axial/mixed flow pumps are not
designed to be completely submerged in
the pumped liquid and, therefore do not
meet the definition of a VTS pump.

In summary, DOE believes that the
definitions of IL, RSV, and VTS
equipment categories are sufficient to
exclude pumps that are referred to as
axial/mixed flow. As a result, DOE
maintains that a specific speed
limitation or other criteria for these
categories is unnecessary, and DOE has
not included a specific speed range for
these pumps in the parameters for
establishing the scope of this
rulemaking described in section III.A.4.

With respect to the end suction
pumps defined in this final rule, DOE
agrees that additional scope parameters
are necessary to limit the scope of this
rulemaking to end suction pumps and
not inadvertently include axial/mixed
flow pumps. DOE agrees with HI’s
suggestion of a specific speed limit to
accomplish the exclusion of axial/mixed

flow pumps. However, DOE reviewed
the specific speeds of all end suction
pumps submitted by manufacturers
during the energy conservation
standards rulemaking and identified
multiple end suction pumps with
specific speeds in the range of 4,500 to
5,000.24 DOE notes these data were
voluntarily submitted by manufacturers
who self-classified their pumps into
equipment types with the
understanding that the rulemaking was
not intended to include axial/mixed
flow pumps. DOE reviewed literature
for the specific pumps end suction
pumps with specific speeds in the range
of 4,500 to 5,000 and found them to be
marketed as end suction pumps.
Furthermore, DOE notes that the
performance data for these pumps were
included in the energy conservation
standards rulemaking analysis.
Consequently, DOE finds it appropriate
to explicitly include within the scope of
this rule, as established in
§431.464(a)(1)(ii), all end suction
pumps with specific speeds up to and
including 5,000 and exclude pumps
with specific speeds greater than 5,000.

e. Final Equipment Category Definitions

After consideration of all comments,
definitions for pump equipment
categories subject to this test procedure
are as set forth in the regulatory text of
this rule (10 CFR 431.62).

DOE received no comments on DOE’s
other supporting definitions proposed
in the April 2015 pumps test procedure
NOPR, namely rotodynamic pump,
single axis flow pump, and end suction
pump. Therefore, DOE is adopting those
definitions as proposed.

3. Scope Exclusions Based on
Application

In an effort to meet the intent and
recommendations of the CIP Working
Group to include only those pumps
intended to pump clean water in the
scope of this test procedure rulemaking
(Docket No. EERE-2013-BT-NOC-0039,
No. 92, Recommendation #8 at pp. 3—4),
DOE proposed to define ‘“clean water
pump” in the April 2015 pumps test
procedure NOPR. 80 FR 17586, 17598
(April 1, 2015). DOE also proposed
defining several kinds of clean water
pumps that are designed for specific
applications and that the CIP Working
Group had indicated should be
excluded from the scope of this test
procedure and DOE’s standards
rulemaking efforts that are being
considered in a separate rulemaking.
(Docket No. EERE-2011-BT-STD-0031)

24 All values for specific speed in this final rule
pertain to calculations using U.S. customary units.

These proposed definitions, comments
DOE received regarding the proposed
definitions, and DOE’s responses to
those comments are discussed in the
subsequent sections III.A.3.a and
III.A.3.b.

a. Definition of Clean Water Pump

In the NOPR, DOE proposed defining
“clean water pump” as a pump that is
designed for use in pumping water with
a maximum non-absorbent free solid
content of 0.25 kilograms per cubic
meter, and with a maximum dissolved
solid content of 50 kilograms per cubic
meter, provided that the total gas
content of the water does not exceed the
saturation volume, and disregarding any
additives necessary to prevent the water
from freezing at a minimum of —10 °C.
DOE also noted that several common
pumps would not meet the definition of
clean water pumps, as they are not
designed for pumping clean water,
including wastewater, sump, slurry, or
solids handling pumps; pumps designed
for pumping hydrocarbon product
fluids; chemical process pumps; and
sanitary pumps. DOE also proposed to
incorporate by reference the definition
for “clear water” established in HI 40.6—
2014 to describe the characteristics of
the fluid to be used when testing pumps
in accordance with the DOE test
procedure. 80 FR 17586, 17598 (April 1,
2015).

DOE requested comment on the
definition of “clean water pump”
proposed in the April 2015 pumps test
procedure NOPR and its proposal to
incorporate by reference the definition
of “clear water” in HI 40.6—2014 to
describe the testing fluid to be used
when testing pumps in accordance with
the DOE test procedure. In response to
these proposals, HI commented that it
agrees with the definition of “clean
water pump” as set forth in the NOPR,
and that it agrees with incorporating by
reference the definition of ““clear water”
in HI 40.6-2014. (HI, No. 8 at p. 11)
DOE received no other comments on
these terms and has determined that the
definitions proposed in the NOPR are
sufficient for the purposes of applying
DOE’s test procedure. However, for
consistency, DOE is making the minor
modification of translating the
definition to use all U.S. customary
units. As such, DOE is adopting the
definition of clean water pump and
incorporating by reference the definition
of “clear water” in HI 40.6—-2014 as
proposed in the April 2015 pumps test
procedure NOPR, with only the minor
modification regarding units noted
previously.
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b. Exclusion of Specific Kinds of Clean
Water Pumps

In the April 2015 pumps test
procedure NOPR, DOE also proposed
defining several kinds of pumps that
meet the definition of clean water
pumps discussed in section III.A.3.a,
but that the CIP Working Group
recommended be excluded from this
pumps test procedure rulemaking.
Specifically, in the April 2015 pump
test procedure NOPR, DOE proposed
that the test procedure would not apply
to the following:

e Fire pumps;
self-priming pumps;
prime-assist pumps;
sealless pumps;
pumps designed to be used in a
nuclear facility subject to 10 CFR part
50—Domestic Licensing of Production
and Utilization Facilities; and

¢ a pump meeting the design and
construction requirements set forth in
Military Specification MIL-P—17639F,
“Pumps, Centrifugal, Miscellaneous
Service, Naval Shipboard Use” (as
amended).

80 FR 17586, 17598—-17600 (April 1,
2015).

Accordingly, DOE proposed the
following definitions of fire pump, self-
priming pump, prime-assist pump, and
sealless pump:

e Fire pump means a pump that is
compliant with National Fire Protection
Association (NFPA) 20-2016,25
“Standard for the Installation of
Stationary Pumps for Fire Protection,”
and either (1) American National
Standards Institute (ANSI)/UL listed
under ANSI/UL 448-2013, “Standard
for Safety Centrifugal Stationary Pumps
for Fire-Protection Service,” or (2) FM
approved under the January 2015
edition 26 of FM Class Number 1319,

25 DOE notes that in the April 2015 pumps test
procedure NOPR, DOE proposed to reference NFPA
20-2013. However, on May 26, 2015, NFPA
released a revised version of NFPA 20. DOE
reviewed the new NFPA 20-2016 and finds it to be
consistent with NFPA 20-2013 for the purposes of
defining the characteristics of a “fire pump” in the
context of DOE’s regulations for pumps. DOE finds
it most appropriate to reference the most up-to-date
version of the NFPA Standard, as that version
would be the version currently in use for specifying
the necessary characteristics of fire pumps in the
industry. Therefore, in this final rule, DOE is
updating the definition of fire pump to reference
NFPA 20-2016.

26 Similar to NFPA 20-2016, DOE notes that, in
January 2015, FM Global released an updated
version of the FM Class Number 1319 standard.
DOE reviewed the new January 2015 edition and
notes that it contains only editorial changes as
compared to the October 2008 edition proposed in
the NOPR. DOE believes that it is most appropriate
to reference the most up-to-date version of the FM
standard, as that version is the version currently in
use for specifying the necessary characteristics of
fire pumps in the industry. Therefore, in this final

“Approval Standard for Centrifugal Fire
Pumps (Horizontal, End Suction Type).”

e Self-priming pump means a pump
designed to lift liquid that originates
below the center line of the pump
impeller. Such a pump requires initial
manual priming from a dry start
condition, but requires no subsequent
manual re-priming.

e Prime-assist pump means a pump
designed to lift liquid that originates
below the center line of the pump
impeller. Such a pump requires no
manual intervention to prime or re-
prime from a dry-start condition. Such
a pump includes a vacuum pump or air
compressor to remove air from the
suction line to automatically perform
the prime or re-prime function.

e Sealless pump means either:

© A pump that transmits torque from
the motor to the bare pump using a
magnetic coupling; or

O A pump in which the motor shaft
also serves as the impeller shaft for the
bare pump, and the motor rotor is
immersed in the pumped fluid.

Id. at 17641-42.

HI commented that it agrees with the
definition of “‘fire pump” and
recommended alternate definitions for
“self-priming pump,” ““prime-assist
pump,” and “‘sealless pump” as follows:

o Self-priming pump means a pump
designed to lift liquid that originates
below the centerline of the pump inlet.
Further, such a pump must contain at
least one internal recirculation passage
and requires a manual filling of the
pump casing prior to initial start-up.
Such a pump must then be able to re-
prime after the initial start-up without
the use of external vacuum sources,
manual filling, or a foot valve.

e Prime-assist pump means a pump
designed to lift liquid that originates
below the centerline of the pump inlet.
Such a pump requires no manual
intervention to prime or re-prime from
a dry-start condition without the use of
a foot valve. Such a pump includes a
vacuum pump or air compressor and
venture/educator to remove air from the
suction line to automatically perform
the prime or re-prime function at any
point during the pump’s operating
cycle.

e A sealless pump means either:

O A hermetically sealed pump that
transmits torque from the motor to an
inner impeller rotor via magnetic force
through a containment shell;

O Or, a type of pump that has a
common shaft to link the pump and
motor in a single hermetically sealed

rule, DOE is updating the definition of fire pump
to reference the January 2015 edition of FM Class
Number 1319.

unit. The pumped liquid is circulated
through the motor but is isolated from
the motor components by a stator liner.
(HI, No. 55 at pp. 11-12)

DOE considered these
recommendations and revised the
definitions of these excluded clean
water pumps in this final rule,
incorporating the key components of
HI’s proposals. Specifically, DOE agrees
with HI's revised definitions for prime-
assist pump and self-priming pump and
is adopting them in this final rule with
some minor modifications for clarity.
DOE finds HI's suggested definitions to
be consistent with DOE’s proposed
definitions but more precise, using
industry-specific language.

Regarding HI's suggested definition of
sealless pump, DOE agrees with the
content of the definition. However, DOE
notes that, based on the modifications to
equipment category definitions
described in section III.A.2.a, DOE has
determined that it is no longer necessary
to explicitly exclude wet rotor pumps
(the second clause of HI’s sealless pump
definition) from the scope of this
rulemaking. Specifically, as explained
in section III.A.2.a, DOE is specifying in
its revised definitions that all ESCC,
ESFM, IL, RSV, and VTS pumps are
types of dry rotor pumps. Dry rotor
pump means a pump in which the
motor rotor is not immersed in the
pumped fluid. Conversely, a wet rotor
pump is one in which the motor rotor
is immersed in the pumped liquid.

Given the mutually exclusive
relationship between wet and dry rotor
pumps, the definitions of ESCC, ESFM,
IL, RSV, and VTS pumps, as established
in section III.A.2.a, now implicitly
exclude wet rotor pumps from the scope
of this test procedure. As a result, DOE
has simplified the sealless pump
exclusion in this final rule to exclude
magnet driven pumps only.
Accordingly, DOE is also modifying the
term ‘“‘sealless pump”’ to “magnet driven
pump,” as DOE believes this term more
accurately describes the excluded
equipment. In addition, DOE is
modifying the definition of magnet
driven pump to be consistent with the
suggestions from HI, which DOE
believes is consistent with the portion of
the sealless pump definition proposed
in the April 2015 pumps test procedure
NOPR addressing magnet driven pumps,
but which uses more precise and
industry-specific terminology.

HI also commented that no pumps
designed to the Federal defense
specification MIL-P-17639 should be
included in this rulemaking. (HI, No. 8
at p. 12) HI stated that the specifications
included in the CIP Working Group
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term sheet also should be excluded,
specifically MIL-P-17881, MIL-P—
17840, MIL-P-18682, and MIL-P-18472
(commonly referred to as “MIL-SPEC”).
DOE has therefore reviewed these
additional specifications in determining
exclusions in this final rule.

Pumps designed to these military
specifications must meet very specific
physical and/or operational
characteristics and comply with
complex and rigid reporting
requirements.2” These specifications
require that significant amounts of
design and test data be submitted to
various military design review agencies
to ensure that the pump can be operated
and maintained in harsh naval
environments. DOE believes there is
sufficient justification to exclude all of
the MIL-SPEC pumps identified by HI
from the scope of this rulemaking
without a risk of clean water pumps
being marketed or sold as MIL-SPEC for
actual use in other applications due to
the rigorous and burdensome
requirements associated with complying
with those regulations. DOE notes that,
as mentioned in the April 2015 pumps
test procedure NOPR, when considering
if a pump is designed and constructed
to the requirements set forth in any of
these specifications, DOE may request
that a manufacturer provide DOE with
copies of the original design and test
data that were submitted to appropriate
design review agencies, as required by
each of these specifications. 80 FR
17586, 17599 (April 1, 2015).

After reviewing and considering
comments, DOE is adopting in this final
rule that the following specific types of
clean water pumps are excluded from
the scope of this test procedure final
rule:

e Fire pumps;
self-priming pumps;
prime-assist pumps;
magnet driven pumps;
pumps designed to be used in a
nuclear facility subject to 10 CFR part
50—Domestic Licensing of Production
and Utilization Facilities; and

e pumps meeting the design and
construction requirements set forth in
Military Specification MIL-P-17639F,
“Pumps, Gentrifugal, Miscellaneous
Service, Naval Shipboard Use” (as
amended); MIL-P-17881D, “Pumps,
Centrifugal, Boiler Feed, (Multi-Stage)”
(as amended); MIL-P-17840C, ‘“Pumps,
Centrifugal, Close-Coupled, Navy
Standard (For Surface Ship

27 United States General Accounting Office,
Report to Congressional Committees, Acquisition
Reform: DOD Begins Program To Reform
Specifications and Standards, GAO/NSIAD-95-14.
October 11, 1994. Washington, DC. pp. 2-3.
http://www.gao.gov/archive/1995/ns95014.pdyf.

Application)” (as amended); MIL-P—
18682D, ‘“Pump, Centrifugal, Main
Condenser Circulating, Naval
Shipboard” (as amended); and MIL-P—
18472G, “Pumps, Centrifugal,
Condensate, Feed Booster, Waste Heat
Boiler, And Distilling Plant” (as
amended).

Accordingly, DOE provides the
revised definitions of fire pump, self-
priming pump, prime-assist pump, and
magnet driven pump set forth in the
regulatory text of this rule (10 CFR
431.62).

4. Parameters for Establishing the Scope
of Pumps in This Rulemaking

In addition to limiting the types of
pumps that DOE will regulate at this
time through pump definitions and their
applications, DOE proposed in the April
2015 pumps test procedure NOPR to
further limit the scope of the pumps test
procedure considered in this
rulemaking by applying the following
performance and design characteristics:

e 1-200 hp (shaft power at the BEP at
full impeller diameter for the number of
stages 28 required for testing to the
standard); 29

e 25 gallons per minute (gpm) and
greater (at BEP at full impeller
diameter);

e 459 feet of head maximum (at BEP
at full impeller diameter);

e design temperature range from —10
to 120 °G;

e pumps designed for nominal 3,600
or 1,800 revolutions per minute (rpm)
driver speeds; and

¢ 6-inch or smaller bowl diameter for
VTS pumps (HI VSO0).

(Docket No. EERE-2013-BT-NOC-0039,
No. 92, Recommendation #7 at p. 3); 80
FR 17586, 17600 (April 1, 2015).

Wilo commented that lower
thresholds for horsepower and BEP flow
rate should not be included as limiting
parameters on the scope of pumps
considered in the rule, citing
unspecified gains in energy savings that
could be realized by regulating smaller
models. (Wilo, Docket No. EERE-2011—
BT-STD—-0031, No. 44 at pp. 1-2)3° In

28 The number of “‘stages” in a multi-stage pump
refers to the number of bowl assemblies included
in that pump.

29 The CIP Working Group also recommended
that testing be required with three stages for RSV
pumps and nine stages for VTS pumps, unless a
model is not available with that specific number of
stages, in which case the pump would be tested
with the next closest number of stages. This
recommendation is discussed in more detail in
section II1.C.2.c.

30 A notation in this form provides a reference for
information that is in the docket of DOE’s
rulemaking to develop energy conservation
standards for commercial and industrial pumps
(Docket No. EERE-2011-BT-STD-0031, which is

response to Wilo’s suggestion that DOE
apply the test procedure to pumps with
flow rates below 25 gpm or shaft input
power below 1 hp, DOE believes that
such a recommendation is inconsistent
with the scope of pumps the CIP
Working Group recommended for this
rulemaking. Given that such small
horsepower pumps were not considered
in the CIP Working Group discussions,
any data or information submitted to
DOE throughout those negotiations did
not consider small horsepower pumps.
As such, DOE is electing to maintain the
lower thresholds for horsepower and
BEP flow rate as proposed in the April
2015 pumps test procedure NOPR.

HI recommended in the April 2015
NOPR public meeting and written
comments that DOE establish scope
related to “driver and impeller” speed
rather than just driver speed. HI noted
that pumps do not all have 1:1 motor
rotating speed to impeller-rotating
speed, such as a gear pump. (HI, NOPR
public meeting transcript, No. 7 at p. 85;
HI, No. 8 at p. 13) HI further specified
as an example that a geared pump
designed to use a 2-pole motor could be
in scope but could not be tested
according to section I.C.1 of the test
procedure. (HI, No. 8 at p. 13)

DOE notes that the list shown in the
preamble of the April 2015 pump test
procedure NOPR, based on the CIP
Working Group recommendations,
included a limitation for pumps
designed for nominal driver speeds of
3,600 or 1,800 revolutions per minute
(rpm) driver. (Docket No. EERE-2013—
BT-NOC-0039, No. 92,
Recommendation #7 at p. 3); 80 FR
17586, 17600 (April 1, 2015). However,
in the regulatory text of the April 2015
pumps test procedure NOPR, DOE
modified this recommendation to
acknowledge that the pumps within the
scope of the proposed test procedure
include pumps paired with non-
induction motors, which have wide
range of operating speeds. Specifically,
DOE proposed to limit the scope of the
proposed test procedure to pumps
designed to operate with either: (1) A 2-
or 4-pole induction motor, or (2) a non-
induction motor with a speed of rotation
operating range that includes speeds of
rotation between 2,880 and 4,320 rpm
and/or 1,440 and 2,160 rpm. Id. at
17642. DOE proposed the speed ranges
of 2,880 to 4,320 and 1,440 to 2,160
based on the nominal rotating speeds of
3,600 and 1,800 for 2- and 4-pole
motors, respectively, and the allowed 20

maintained at www.regulations.gov). This particular
notation refers to a comment: (1) Submitted by
Wilo; (2) appearing in document number 44 of the
docket; and (3) appearing on pages 1-2 of that
document.
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percent tolerance on rotating speed
proposed in the NOPR. Id. at 17609.

DOE notes that geared pumps were
never explicitly addressed by the CIP
Working Group; were not included in
the pump data which are the basis of
this final rule and the associated energy
conservation standard rulemaking; and
were not intended to be included in the
scope of the April 2015 pumps test
procedure NOPR. In addition, as
mentioned in section III.A.2.a, geared
pumps typically operate at impeller
speeds higher than the 1,800 and 3,600
nominal rotating speeds DOE referenced
in CIP Working Group discussions and
the April 2015 pumps test procedure
NOPR. In light of HI’s comment, DOE
agrees that it is worth clarifying that
such pumps are not subject to or
addressed by the test procedure
established in this final rule. To clarify
that pumps with higher impeller or
lower driver rotating speeds (i.e., geared
pumps) are not within the scope of this
rulemaking, DOE is modifying the
language establishing the rotating
speeds within the scope of the test
procedure adopted in this final rule to
note that the driver and impeller must
operate at the same speed.

During the April 2015 NOPR public
meeting, the CA I0Us expressed
concern regarding whether it was the
CIP Working Group’s intention to
address VTS pumps that operate at high
speed. Specifically, the CA I0Us
mentioned that it may not have been the
intent of HI to exclude a product
operating at a higher rpm and
recommended that HI consider the
language proposed in the April 2015
pumps test procedure NOPR to ensure
they support the scope of pumps
addressed by the proposed test
procedure. (CA I0Us, NOPR public
meeting transcript, No. 7 at pp. 86—88)
However, in its written comments, HI
did not recommend any changes to the
parameters other than the discussion on
impeller speed versus driver speed. (HI,
No. 8 at p. 13)

Wilo commented that manufacturers
may redesign to nominal speeds
excluded from the DOE regulation.
(Wilo, Docket No. EERE-2011-BT—
STD-0031, No. 44 at p. 2) Wilo
indicated that, for example, a pump
could be designed for use with 6-pole
motors at 1,200 rpm, or for use with
controls at 2,650 rpm. Wilo
recommended to instead apply the
minimum efficiency required per
equipment class (e.g., C-values at 1,800
rpm) to pumps of any speed and
specific speed, thereby eliminating
exceptions for speed and allowing for
enforcement across all motor speeds.

(Id.)

DOE’s data and analysis are based
solely on pumps with nominal rotating
speeds corresponding to those speed
ranges proposed in the 2015 pumps test
procedure NOPR. DOE notes that,
during the initial data request
underlying the parallel pumps test
procedure and energy conservation
standards rulemakings, DOE requested
data on six-pole pumps from
manufacturers. However, manufacturers
declined to provide such on the basis
that, while some pumps may be sold for
use with 6-pole motors, they are all
designed for use with 4- or 2-pole
motors. (Docket No. EERE-2013-BT—
NOC-0039, No. 46 at p. 198) As such,
manufacturers posited that these pumps
would already be captured in the
provided data for 4- and 2-pole, and any
efficiency improvements made to meet
the energy conservation standards for
those equipment classes would also
result in energy savings when the pump
was operated with a 6-pole motor.
Additionally, DOE finds it unlikely that,
for those pumps that can operate with
2-, 4-, or 6-pole motors, a manufacturer
would begin specifying that their pump
was inappropriate for operation in the
nominal speed ranges of 2,880 and
4,320 rpm and/or 1,440 and 2,160 rpm
to avoid regulation.

After considering these comments,
DOE maintains its position set forth in
the NOPR, and limits the test procedure
applicability to pumps designed for the
given motors or speeds. DOE notes that
pumps with lower or higher operating
speeds are covered as ‘“pumps” and,
should DOE deem it necessary, DOE
could evaluate the need for a test
procedure or standards for pumps at
other rotating speeds in a future
rulemaking.

In summary, DOE is establishing in
this final rule the following scope
parameters:

e 25 gpm and greater (at BEP at full
impeller diameter);

e 459 feet of head maximum (at BEP
at full impeller diameter and the
number of stages specified for testing);

¢ design temperature range from 14 to
248 °F;

¢ designed to operate with either (1)
a 2- or 4-pole induction motor, or (2) a
non-induction motor with a speed of
rotation operating range that includes
speeds of rotation between 2,880 and
4,320 rpm and/or 1,440 and 2,160 rpm,
and in either case, the driver and
impeller must rotate at the same speed;
and

e 6-inch or smaller bowl diameter for
VTS pumps (HI VSO0).

As discussed further in section II1.B.2,
DOE is clarifying that the limitation on
pump total head of 459 feet must be

ascertained based on the pump
operating at BEP, at full impeller
diameter, and with the number of stages
specified for testing.

Additionally, to exclude axial/mixed
flow pumps, DOE is applying a seventh
scope parameter for ESCC and ESFM
pumps, namely:

¢ For ESCC and ESFM pumps,
specific speed less than or equal to
5,000 when calculated using U.S.
customary units in accordance with the
DOE test procedure.

As discussed in section III.A.2.d, DOE
is setting this limit on specific speed
based on HI’s suggestion and data
submitted by manufacturers for end
suction pumps. DOE believes that a
specific speed limit for the remaining
equipment categories, namely IL, RSV,
and VTS, are unnecessary, as the
definitions for these categories include
design features that implicitly exclude
axial/mixed flow pumps.

In the April 2015 pumps test
procedure NOPR, DOE proposed
defining bowl diameter to specify
clearly and unambiguously the limiting
criterion for VTS pumps (i.e., bowl
diameter). 80 FR 17586, 17600 (April 1,
2015). Specifically, DOE proposed
defining “bowl] diameter” as it applies
to VTS pumps as follows:

Bowl diameter means the maximum
dimension of an imaginary straight line
passing through and in the plane of the
circular shape of the intermediate bowl
or chamber of the bare pump that is
perpendicular to the pump shaft and
that intersects the circular shape of the
intermediate bowl or chamber of the
bare pump at both of its ends, where the
intermediate bowl or chamber is as
defined in ANSI/HI 2.1-2.2—-2008.

With this definition, only those VTS
pumps with bowl diameters of 6 inches
or less would be required to be tested
under the test procedure. Id.

In response to DOE’s request for
comment on the proposed definition for
“bowl diameter” as it would apply to
VTS pumps, HI commented that the
definition should reference the updated
2014 version of ANSI/HI 2.1-2.2—-2008,
and recommended that the word
“outermost” should be inserted before
the text “circular shape of the
intermediate bowl.” (HI, No. 8 at p. 13)
Based on previously submitted HI
comments regarding the energy
conservation standards rulemaking for
pumps, DOE understands that VTS (e.g.,
VS0) pumps are considered equivalent
to a style of pump referred to as
“submersible multi-stage water pump”’
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(MSS) in EU regulation 547.31 (HI,
Docket No. EERE-2011-BT-STD-0031,
No. 25 at p. 3) DOE also understands
that, according to EU 547, MSS pumps
are designed to be operated in a
borehole and have a nominal outer
diameter of either 4 or 6 inches.

DOE agrees with HI that including the
word “outermost” in the proposed bowl
diameter definition would improve the
clarity of the critical dimension and
ensure the definition is aligned with
how the pumps are treated in EU 547.
Therefore, in this final rule, DOE is
including the term outer diameter before
the text “circular shape of the
intermediate bowl” in the definition of
“bowl diameter” proposed in the April
2015 pumps test procedure NOPR. DOE
has also determined that in order to
avoid confusion with the ANSI/HI 2.1-
2.2-2014 term “‘seal chamber,” the text
“or chamber” should be removed from
the bowl diameter definition. The
revised definition reads as set forth in
the regulatory text of this rule (10 CFR
431.62).

5. Drivers Other Than Electric Motors

DOE recognizes that some pumps,
particularly in the agricultural sector,
may be sold and operated with drivers
other than electric motors (i.e., non-
electric drivers), such as engines, steam
turbines, or generators. In the April
2015 pump test procedure NOPR, in
accordance with the recommendations
of the CIP Working Group (Docket No.
EERE-2013-BT-NOC-0039, No. 92,
Recommendation #3 at p. 2), DOE
proposed that pumps sold with non-
electric drivers be rated as bare pumps
only. Specifically, based on DOE’s
proposed test procedure for bare pumps
discussed in detail in section III.E.1.a,
pumps sold with non-electric drivers
would determine the PEI¢. for the
pump based on the calculated
performance of the bare pump
combined with a default motor that is
minimally compliant with DOE’s energy
conservation standards for electric
motors 32 listed at 10 CFR 431.25. 80 FR
17586, 17600 (April 1, 2015). DOE noted
that by requiring testing and
certification in this manner, any
hydraulic improvements made to the
bare pump to comply with any
applicable energy conservation
standards that may apply to the bare

31 Council of the European Union. 2012.
Commission Regulation (EU) No 547/2012 of 25
June 2012 implementing Directive 2009/125/EC of
the European Parliament and of the Council with
regard to ecodesign requirements for water pumps.
Official Journal of the European Union. L 165, 26
June 2012.

32In context, the terms “‘electric motor” and
“motor” are used interchangeably.

pump would also result in energy
savings when the pump was used with
a non-electric driver. Id.

DOE requested comment on its
proposal to test pumps sold with non-
electric drivers as bare pumps. HI
commented that it agrees that pumps
sold with non-electric drivers should be
tested as bare pumps, as recommended
by the CIP Working Group. (HL, No. 8 at
p- 13) DOE received no other comments
on the proposal and is adopting
provisions for testing pumps paired
with non-electric drivers as bare pumps
in this final rule, as proposed in the
April 2015 pumps test procedure NOPR.

6. Pumps Sold With Single-Phase
Induction Motors

In the April 2015 pumps test
procedure NOPR, DOE acknowledged
that some pumps within the scope of
this rulemaking may be distributed in
commerce with single-phase motors.
However, DOE determined that the
majority of pumps in the scope of this
test procedure rulemaking are sold with
polyphase induction motors. Moreover,
DOE noted that, to the extent that
pumps within the scope of the proposed
test procedure are distributed in
commerce with single-phase motors,
most of these pumps are offered for sale
with either single-phase or polyphase
induction motors of similar size,
depending on the power requirements
of customers.

Given that single-phase induction
motors are, in general, less efficient than
polyphase induction motors and, thus,
will result in different energy
consumption characteristics when
paired with the same bare pump, DOE
proposed that pumps sold with single-
phase induction motors be tested and
rated in the bare pump configuration,
using the calculation-based method (see
section IIL.E.1.a for a more detailed
description of this method). DOE
believed that such an approach would
more equitably rate pumps sold with
single-phase motors and prevent pumps
sold with single-phase motors from
being penalized by the reduced energy
efficiency of the paired single-phase
motor, as compared to similarly-sized
polyphase motors. 80 FR 17586, 17600—
01 (April 1, 2015).

In response to DOE’s proposed
method for testing pumps sold with
single-phase induction motors, HI
agreed that it is appropriate to apply the
calculation-based test procedure to bare
pumps to determine the PEIq. for such
pumps. However, HI also requested the
option of using single-phase motor wire-
to-water test data (that is, applying the
testing-based method for pumps sold
with motors, discussed in section

II1.E.2.b) to determine the PEI¢r for such
pumps. (HI, No. 8 at p. 13) Given that
single-phase induction motors are, in
general, less efficient than polyphase
induction motors, determining the PEIc.
for pumps sold with single-phase
induction motors based on the testing-
based method for pumps sold with
motors will generally result in PEIc.
ratings that are equivalent to or lower
than those determined by rating the
pump as a bare pump (as proposed in
the April 2015 pumps test procedure
NOPR). Therefore, use of the testing-
based method will make it harder,
rather than easier, for pumps sold with
single-phase induction motors, to meet
the established standards. For these
reasons, DOE sees no reason why
manufactures could not be allowed to
employ the testing-based method for
pumps sold with motors to determine
the PEI¢. if they chose to. As such, DOE
is adopting provisions in this final rule
that allow manufacturers the option of
rating pumps sold with single-phase
motors as bare pumps (using a
calculation-based method) or as pumps
with motors using the testing-based
methods. DOE notes that if
manufacturers choose to employ the
testing-based methods for pumps sold
with motors, the denominator must still
be calculated based on the default motor
efficiency values for polyphase NEMA
Design B motor, as discussed in section
III.B.2. DOE also notes that, as for all
pumps subject to this test procedure
final rule, manufacturers must report
which test method was employed in
determining the certified PEIc rating
for the given basic model in the
certification report submitted to DOE.
These requirements are discussed in
more detail in the pumps energy
conservation standards rulemaking.
(Docket No. EERE-2011-BT-STD-0031)

B. Rating Metric: Constant and Variable
Load Pump Energy Index

After significant discussion in the CIP
Working Group open meeting, the
Working Group recommended that DOE
use a wire-to-water, power-based metric
for all pumps, regardless of how they
are sold. (Docket No. EERE-2013-BT-
NOC-0039, No. 92, Recommendation
#11 at p. 5) Specifically, the CIP
Working Group recommended that DOE
use the PEI metric to measure pump
energy performance, which is calculated
as a ratio of the PER (PERcr. or PERvyy)
of the tested pump divided by the
PERcr. of a pump that would minimally
comply with any DOE energy
conservation standard for that pump
type (PERstp). In both cases, PER
represents a pump’s power
consumption at a weighted average of
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three or four load points. The CIP
Working Group recommended a similar
metric for all pump configurations (i.e.,
bare pumps, pumps sold with a motor,
and pumps sold with a motor and
continuous or non-continuous controls)
to allow for better comparability and
more consistent application of the rating
metric for all pumps within the
recommended scope. This way, the
benefit of speed control, as compared to
a similar pump without speed control,

PEICL =

Where:

PERcL = the weighted average input power to
the motor at load points of 75, 100, and
110 percent of BEP flow (hp) and

PERstp = the PERcy for a pump of the same
equipment class with the same flow and

PEIVL —

Where:

PERy.. = the average input power to the
motor and continuous or non-continuous
controls at load points of 25, 50, 75, and
100 percent of BEP flow (hp) and

PERstp = the PERcy. for a pump of the same
equipment class with the same flow and
specific speed characteristics that is
minimally compliant with DOE’s energy
conservation standards serving the same
hydraulic load (hp).

DOE noted in the April 2015 pumps
test procedure NOPR that, under the
proposed approach, the performance of
bare pumps or pumps paired with
motors (but without continuous or non-
continuous controls) would be
determined for the appropriate load
points along the single-speed pump
curve by increasing head (i.e., throttling)
as flow is decreased from the maximum
flow rate of the pump, while pumps

can be reflected in the measurement of
energy use or energy efficiency.

Accordingly, in the April 2015 pumps
test procedure NOPR, DOE proposed to
establish a test procedure to determine
the PEI¢. for pumps sold without
continuous or non-continuous controls
and PEIy, for pumps sold with
continuous or non-continuous controls.
80 FR 17586, 17601-02 (April 1, 2015).
As recommended by the CIP Working
Group, DOE proposed to determine the
PEIcL or PEIyy. as the ratio of a PERcL
or PERy. scaled with respect to a

PERcL,
PERgTD

specific speed characteristics that is
minimally compliant with DOE’s energy
conservation standards serving the same
hydraulic load (hp). A more detailed
discussion of the PERstp value is
provided in section III.B.2.

PERyL
PERsTD

sold with continuous or non-continuous
controls, by contrast, would follow a
system curve and achieve the desired
flow points by reducing the pump’s
speed of rotation rather than controlling
flow by throttling. By reducing speed,
power is reduced in proportion to the
cube of speed, resulting in lower power
requirements for any part load flow
points. As such, the PEIy, for a pump
sold with continuous or non-continuous
controls would be lower than the PEI¢.
for the same pump sold without
continuous or non-continuous controls.
In essence, consistent with the
recommendation of the CIP Working
Group, adopting the PEI¢. and PEIy.
metrics as proposed would illustrate the
inherent performance differences that
can occur when coupling a given pump
with continuous or non-continuous
controls. Id.

“standard pump energy rating” (PERstp)
that represents the performance of a
bare pump of the same equipment class
that serves the same hydraulic load, has
the same flow and specific speed
characteristics, and is minimally
compliant with DOE’s energy
conservation standards. Id.

Specifically, for pumps sold without
continuous or non-continuous controls,
DOE proposed using the PEIc;. metric,
which would be evaluated as shown in
equation (1):

1)

Similarly, for pumps sold with a
motor and continuous or non-
continuous controls, DOE proposed to
use PElyr, which would be evaluated as
shown in equation (2):

2

1. Determination of the Pump Energy
Rating

As mentioned above, PERc;, and
PERyy represent the weighted average
input power to the pump determined at
three or four discrete load points for
PERcL or PERvy, respectively. In order
to determine the representative
performance of a given pump unit, DOE
must define a load profile and establish
specific load points at which to test a
given pump for pumps sold with speed
controls and pumps sold without such
speed controls (i.e., pumps sold as bare
pumps and pumps sold with motors).
Based on DOE’s research and
recommendations provided by the CIP
Working Group, DOE proposed adopting
two distinct load profiles to represent
constant speed and variable speed
pump operation, as shown in Table IIL.2.

TABLE IIl.2—LOAD PROFILES BASED ON PUMP CONFIGURATION

Pump configuration

Load profile

Pumps Sold without Continuous or Non-Continuous Controls (i.e.,

bare pumps and pumps sold with motors).

Pumps Sold with Continuous or Non-Continuous Controls ....................

Constant Load Profile ...

Variable Load Profile ....

Load points
................. 75%, 100%, and 110% of BEP
flow.
................. 25%, 50%, 75%, and 100% of
BEP flow.

Lack of field data on load profiles and
the wide variation in system operation
also make it difficult to select
appropriate weights for the load
profiles. For these reasons, the CIP

Working Group members concluded
that equal weighting would at least
create a level playing field across
manufacturers (see, e.g., Docket No.
EERE-2013-BT-NOC-0039, No. 63 at p.

125), and DOE proposed to adopt this
recommendation in the April 2015
pumps test procedure NOPR. 80 FR
17586, 17604 (April 1, 2015).
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In response to DOE’s proposed
metrics, load points, and weights, HI
commented that it agrees with the PEI¢.
and PEIyy. metric architecture (HI, No. 8
at p. 14), and the CA IOUs also
indicated their support of DOE’s
proposed approach (CA IOUs, NOPR

PERCL =

public meeting transcript, No. 7 at p.
110). Therefore, DOE is adopting, in this
final rule, a metric of PEI¢. for pumps
sold as bare pumps or pumps sold with
motors, but without continuous or non-
continuous controls, as proposed in the
April 2015 pumps test procedure NOPR,

Pin,m

(l)il

i=75%,100%,110%

= wrso(Pr35) + noom (i) + wra0n(PESER)

= 0.3333 x (

Where:

®; = weighting at load point i (equal
weighting or 0.3333 in this case),

P;in.m = measured or calculated driver power
input to the motor at load point i (hp),
and

PERVL -

i = load point corresponding to 75, 100, or
110 percent of BEP flow as determined
in accordance with the DOE test
procedure.

Id. at 17602.

in,c

i=25%,50%,75%,100%

where the PERc. would be evaluated as
the weighted average input power to the
motor at load points corresponding to
75, 100, and 110 percent of BEP flow,

as shown in equation (3):

PIo) +0.3333 x (Pjoow ) +0.3333 x (P100) (3)

Similarly, DOE is adopting a metric of
PEIvr for pumps sold with motors and
continuous or non-continuous controls,
where PERy. is calculated as shown in
equation (4):

= 0025%(1)21151&)) + wso%(Psig&)) + 0)75%(1)7115152) + “)100%(P1igbco/o)

= 0.25 x (Pj) + 0.25 x (PI0C) +0.25 x (Pine) +0.25 x (P[0, ) (4)

Where:

®; = weighting at load point i (equal
weighting or 0.25 in this case),

Piin.c = measured or calculated driver power
input to the continuous or non-
continuous controls at load point i (hp),
and

i = load point corresponding to 25, 50, 75,
or 100 percent of BEP flow as
determined in accordance with the DOE
test procedure.

Id. at 17603.

DOE notes that, in the April 2015
pumps test procedure NOPR, DOE
proposed to refer to the driver power
input using the variable P;i» regardless
of whether it applied to pumps sold
with motors, where the driver input
power is measured at the input to the
motor, or pumps sold with motors and
continuous or non-continuous controls,
where the driver power input is
measured at the input to the controls. In
this final rule, DOE is clarifying the

33 Europump. Extended Product Approach for
Pumps: A Europump Guide. April 8, 2013.

34 This equation reflects that shown in the April
2015 NOPR public meeting (Docket No. EERE—
2013-BT-TP-0055, No. 6 at p.49) and represents a

terminology by referring to driver power
input to the motor as Piinm and driver
power input to the controls as Piin-c.
DOE notes that HI 40.6-2014 uses the
variable Py, to refer to driver input
power and, for the purposes of applying
HI 40.6-2014 and the DOE test
procedure, DOE’s defined variable (i.e.,
P;in.m gnd P;inc) should be treated as
equivalent to Pg;.

2. PERstp: Minimally Compliant Pump

DOE proposed in the April 2015
pumps test procedure NOPR that the
PERcw or PERy.. of the pump being rated
in the numerator of these equations
would be scaled based on PER¢. of a
pump that would minimally comply
with the applicable standard for the
same class of pump to provide a rating
for each pump model that is indexed to
a standardized value. DOE noted that
scaling the PEIcr. and PEIyvr. metrics

correction from that published in the April 2015
pumps test procedure NOPR. 80 FR 17586, 17604
(April 1, 2015).

based on a normalizing factor would
help compare values across and among
various pump types and sizes. 80 FR
17586, 17604 (April 1, 2015). DOE noted
that such an approach would be
consistent with the CIP Working
Group’s recommendations (Docket No.
EERE-2013-BT-NOC-0039, No. 92,
Recommendation #11 at pg. 5) and is
similar to the approach suggested by
Europump, a trade association of
European pump manufacturers.33 Id.

In the April 2015 pumps test
procedure NOPR, DOE proposed to
determine PERgsrp as a baseline,
minimally compliant pump, inclusive of
a minimally compliant default motor,
defined as a function of flow and
specific speed. To do this, DOE
proposed to use an equation to
determine the efficiency of a minimally
compliant pump, shown in equation
(5]: 34
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Npump,stp = —0.85 * In(Qy9995)* — 0.38 * In(Ns) * In(Q4¢gg,) — 11.48 * In(Ns)? +

17.80 * In(Q4099) + 179.80 * In(Ns) — (C + 555.6)

Where:

Qio0% = BEP flow rate (gpm),

Ns = specific speed at 60 Hz and calculated
using U.S. customary units, and

C = a constant that is set for the two-
dimensional surface described by
equation (5), which is set based on the
speed of rotation and equipment type of
the pump model. The values of this
constant, or “C-values,” are used to
establish the minimum, mandatory
pump efficiency with a minimally
compliant pump and will be established
in the pump energy conservation
standard rulemaking.

DOE developed this equation based
on the equation used in the EU to
develop its regulations for clean water
pumps, translated to 60 Hz electrical
input power and U.S. customary
units.35 Id. HI commented that it agrees
with the corrected version of the
equation for minimum pump efficiency
equation (Mpump,stp) presented during
the public meeting, except that the
555.6 value should be changed to 555.60
and a full significant digit analysis
should be conducted to ensure that two
decimal places can be carried for
efficiency. (HI, No. 8 at pp. 14—15) HI
also indicated that because all data in
the equation are supposed to be

normalized to 1,800 or 3,600 rpm, Qi00%
should be clarified as the flow at BEP in
gallons per minute normalized to
synchronous speed at 60 Hz. In
response to HI's suggested clarifications
to the pump efficiency equipment
presented in the April 2015 pump test
procedure NOPR and the slide deck
presented at the NOPR public meeting
(see Docket No. EERE-2013-BT-TP—-
0055, No. 6 at p.49), DOE is clarifying
in this final rule that Qo9 in the
minimum pump efficiency equation
(Mpump.stp) is the BEP flow rate (gpm)
measured at 60 Hz and full impeller
diameter and normalized to nominal
speed of rotation of the pump (1,800 or
3,600 rpm). DOE has also revised the
equation for minimum pump efficiency
equation (Npump,sTp) to match the
equation shared during the public
meeting, as suggested by HI.

Regarding the significance of the
555.6 value in equation (5) and its
impact on the number of significant
digits in the resultant minimally
compliant pump efficiency (M,pump,STD)
or final determination of PEI¢y, or PEIyy,
DOE notes that all coefficients in the
listed equations in DOE’s pump test
procedure, including the equation for

S)

the minimally compliant pump
efficiency, should be treated as
infinitely significant and should not
limit the number of significant digits
reported in the resultant value. As noted
in the April 2015 pumps test procedure
NOPR and discussed in more detail in
section III.C.2.1, all calculations should
be performed with raw measured values
and rounded only when determining
PERCL or PERVL and PEICL or PEI\/L. 80
FR 17586, 17612 (April 1, 2015)
However, considering HI’s comment,
DOE acknowledges that testing
personnel or manufacturers may
inadvertently interpret equation
coefficients to be reflective of a given
degree of resolution, precision, or
significance. Therefore, to ensure that,
even if the coefficients are incorrectly
treated as carrying an indication of
measurement resolution or precision
such rounding does not impact the
significance of the reported PERc. and
PEIc;. or PERyy1 and PEly. values, DOE
is adding values (zeros in most cases)
after the decimal to some of the
coefficients in the minimally compliant
pump efficiency equation, as shown in
equation (6):

Npump,stp = —0.-8500 * In(Q1005,)% — 0.3800 * In(Ns) * In(Q09,) — 11.480

In(Ns)2 + 17.800 * In(Q;005) + 179.800 * In(Ns) — (C + 555.60)(6)

Where:

Qi00% = BEP flow rate measured at full
impeller diameter and normalized to the
nominal speed of rotation for the tested
pump (gpm),

Ns = specific speed at 60 Hz and calculated
using U.S. customary units, and

C = a constant that is set for the two-
dimensional surface described by
equation (6) based on the speed of
rotation and equipment type of the pump
model. This constant, or “C-value,” is
used to establish the minimum,

Ns

Where:

35 The equation to define the minimally
compliant pump in the EU is of the same form, but
employs different coefficients to reflect the fact that
the flow will be reported in m3/h at 50 Hz and the

mandatory pump efficiency with a
minimally compliant pump and will be
established in the pump energy
conservation standard rulemaking.

DOE added sufficient significant
digits to ensure efficiency can be
reported to 4 significant digits (i.e., the
hundredths place for efficiencies greater
than 10 percent). DOE is also adding
zeros to the equations for calculating the
reference system curve (described in
section IIL.E.1.c) to similarly ensure

__ NgpXy/Q100%

(H100%/5)°75

N; = specific speed,

specific speed will also be reported in metric units.
Specific speed is a dimensionless quantity, but has
a different magnitude when calculated using metric
versus U.S. customary units. DOE notes that an

sufficient significance is maintained
throughout DOE’s test procedure
calculations.

In equation (6), the specific speed (Ns)
is a quasi-non-dimensional number
used to classify pumps based on their
relative geometry and hydraulic
characteristics. It is calculated as a
function of the rotational speed, flow
rate, head of the pump, and number of
stages as shown in equation (7) below:

(7

n,, = nominal speed of rotation (rpm),

exact translation from metric to U.S. customary
units is not possible due to the logarithmic
relationship of the terms.



4108

Federal Register/Vol. 81, No. 15/Monday, January 25, 2016 /Rules and Regulations

Qi00% = BEP flow rate at full impeller and
nominal speed (gpm),

Hioo% = pump total head at BEP flow at full
impeller and nominal speed (ft), and

S = number of stages.

DOE notes that, in the April 2015
pumps test procedure NOPR, the
definition of specific speed did not
indicate that the H;ooo, term should be
normalized by the number of stages. 80
FR 17586, 17604 (April 1, 2015).
However, doing so is consistent with the
theoretical calculation of specific speed
for multi-stage pumps used in the pump
industry,36 as well as the CIP Working
Group discussions and analysis 37 and
treatment in the EU 547 regulations.38
DOE also noted this in the second
footnote to Table 1.2 in the Framework
document. (Docket No. EERE-2011-BT—-

STD-0031, No. 13 at p. 7) To clarify
that, for multi-stage RSV and VTS
pumps the specific speed should be
calculated for a single stage only, DOE
is modifying equation (7) to clearly
specify that the head at BEP should be
divided by the number of stages with
which the pump is being tested.
Further, DOE also proposed using the
capital letter “N” to define nominal
speed of rotation. DOE notes that HI
40.6—2014 defines the “specified speed
of rotation” using the nomenclature
“nep.” While DOE believes that the
phrase “nominal speed of rotation” is
clearer and more consistent with DOE’s
regulatory approach, DOE believes
referencing the same nomenclature as
HI 40.6-2014 will reduce confusion

when conducting the pumps test
procedure. As such, in this final rule,
DOE is updating the variable used for
nominal speed of rotation to be
consistent with HI 40.6-2014.

As proposed in the April 2015 pumps
test procedure NOPR, the calculated
efficiency of the minimally compliant
pump reflects the pump efficiency at
BEP. To calculate PERstp as the
weighted average input power to a
minimally compliant bare pump at the
same load points as PERcr, DOE
determined a method to translate the
default efficiency of a minimally
compliant pump at BEP to the load
points corresponding to 75 and 110
percent of BEP flow, as shown in
equation (8):

Pu,i
PERgTp = w; + L;
i=75%,100%,110% Npump,STD
ap X /100
Pu75% Pu,100%
= W~ro - + Lcq + w 0 - +L 0,
75% 0_947X[Tlpump.STD/100] 75% 100% 1_000X[Tlpump.STD/100] 100%
Pu,110%
+T w1109 ®

Where:

o; = weighting at load point i (equal
weighting or 0.3333 in this case);

Py, = the measured hydraulic output power
at load point i of the tested pump (hp); 39

0; = 0.947 for 75 percent of the BEP flow rate,
1.000 for 100 percent of the BEP flow
rate, and 0.985 for 110 percent of the
BEP flow rate;

Npump,stp = the minimally compliant pump
efficiency, as determined in accordance
with equation (6);

L; = the motor losses at load point i, as
determined in accordance with the
procedure specified for bare pumps in
sections III.D.1 and II1.D.2; and

i = load point corresponding to 75, 100, or
110 percent of BEP flow, as determined

36 Wilson, S. Specific Speed. Grundfos White
Paper. Available at: http://www.grundfos.com/
content/dam/CBS/global/whitepapers/Specific-
Speed.pdf.

37 DOE’s PEI Calculator that was used to support
Working Group negotiations and analysis divided
the pump total head at 100 percent of BEP flow by
the number of stages for multi-stage pumps (See, for
example, Docket No. EERE-2013-BT-NOC-0039,
No. 95).

38 Council of the European Union. 2012.
Commission Regulation (EU) No 547/2012 of 25

in accordance with the DOE test
procedure.

80 FR 17586, 17605 (April 1, 2015).
DOE also proposed in the April 2015
pumps test procedure NOPR that the
quotient of the hydraulic output power
divided by the minimally compliant
pump efficiency for the rated pump
would be used to determine the input
power to a minimally compliant pump
at each load point, and that the pump
hydraulic output power for the
minimally compliant pump would be
the same as that for the particular pump
being evaluated. Specifically, DOE
proposed that the hydraulic power in
equation (8) at 75, 100, and 110 percent

June 2012 implementing Directive 2009/125/EC of
the European Parliament and of the Council with
regard to ecodesign requirements for water pumps.
Official Journal of the European Union. L 165, 26
June 2012.

39In the April 2015 pumps test procedure NOPR,
DOE proposed to define pump hydraulic output
power using the variable nomenclature Prydro.
However, HI 40.6-2014 uses the nomenclature P, to
refer to pump hydraulic output power. Therefore,
for consistency, DOE is adopting the nomenclature
P, for hydraulic output power in this final rule.

I L 0,
Npump,STD 110%
0.985><[ pump /100]

of BEP flow would be calculated using
the following equation (9):

__ QjxH;xSG
Wl ™ 3956

&)

Where:

Py = the measured hydraulic output power
at load point i of the tested pump (hp);

Q; = the measured flow rate at load point i
of the tested pump (gpm);

H; = pump total head at load point i of the
tested pump (ft);

i = load point corresponding to 75, 100, or
110 percent of BEP flow, as determined
in accordance with the DOE test
procedure; and

SG = the specific gravity of water at specified
test conditions.40

40 DOE notes that the specific gravity of the test
liquid specified in the DOE test procedure, which
is clear water as defined by section 40.6.5.5 of HI
40.6—2014, requires that the liquid be between 50—
86 °F, with a maximum kinematic viscosity of 1.6
% 10 ~5ft2/s and a maximum density of 62.4 1b/ft3.
Based on these parameters, the specific gravity of
the test liquid will be between 1.000 and 0.995 and,
therefore, can be treated as unity when testing in
accordance with the DOE test procedure.


http://www.grundfos.com/content/dam/CBS/global/whitepapers/Specific-Speed.pdf
http://www.grundfos.com/content/dam/CBS/global/whitepapers/Specific-Speed.pdf
http://www.grundfos.com/content/dam/CBS/global/whitepapers/Specific-Speed.pdf
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Id.

As indicated in equation (8), the
calculated shaft input power for the
minimally compliant pump at each load
point is then combined with a
minimally compliant motor for that
default motor type and appropriate size,
as described in section IIL.D.1, and the
default part load loss curve, as
described in section II1.D.2, to
determine the input power to the motor
at each load point. Id.

As noted previously, HI and CA IOUs
expressed their support of DOE’s
proposed approach. (HI, No. 8 at p. 7;
CA I0Us, NOPR public meeting
transcript, No. 7 at p. 110) HI also
pointed out in its written comments that
Npump,sTp incorrectly appeared twice in

the middle term in the denominator in
equation (10) of the April 2015 pumps
test procedure NOPR. (HI, No. 8 at p. 15)
DOE acknowledges the correction and
has implemented the equation correctly
in this final rule document. Having
received no other comments, DOE is
adopting the calculation procedure for
PERstp as proposed in the April 2015
pumps test procedure NOPR, with the
minor clarifications regarding the
number of digits reported for certain
equation coefficients and calculation of
specific speed for multi-stage pumps as
noted above and correcting the
erroneous terms that occurred in the
April 2015 pump test procedure NOPR.
Regarding the calculation of pump
hydraulic output power presented in

P,=pXQXxHXxg

Where:

P, = the measured hydraulic output power of
the tested pump,*?

p = density,

Q = the volume rate of flow,

H = pump total head, and

g = acceleration due to gravity.

As shown in equation (10), the unit
conversion factor can be derived from
the product of density and acceleration
due to gravity. An analysis was
performed to convert from the metric
units for density and acceleration due to
gravity specified in HI 40.6—-2014 to the
appropriate units. This analysis found
the value of 3956 to be more accurate
and have a greater amount of precision
than the 3960 value specified in HI
40.6-2014. DOE notes that, in its
submitted comments, HI suggested a
definition for hydraulic power as ‘“‘the
mechanical power transferred to the
liquid as it passes through the pump,
also known as pump output power.
(Refer to HI 40.6 —2014)” and provided
the following equation (11):

— QxXHXSG (11)
Where:

u 3960
P, = measured hydraulic output power (hp),
Q = measured flow rate (gpm),
H = measured pump total head (ft), and
SG = the specific gravity of the test fluid.
(HI, No. 8 at p. 10; HI, No. 15 at p. 3)

However, as noted above, DOE
believes a unit conversion of 3956 is
more accurate. Therefore, to ensure
consistent calculations and results in
the DOE test procedure, in this final rule

41For each of the quantities listed, HI 40.6—-2014
provides multiple metric and U.S. customary units.
Appendix E also provides unit conversions.

DOE is maintaining a unit conversion
factor of 3956 instead of the 3960 value
specified in HI 40.6—-2014 and clarifying
that the 3960 calculation in section
40.6.6.2 of HI 40.6—2014 should not be
used. The calculation and rounding
requirements for the pumps test
procedure are described further in
section III.C.2.1.

C. Determination of Pump Performance

To determine PEI¢. or PEly. for
applicable pumps, DOE proposed that
the test procedure would require
physically measuring the performance
of either: (1) The bare pump, under the
calculation-based methods (see section
[LE.1), or (2) the entire pump, inclusive
of any motor, continuous control, or
non-continuous control, under the
testing-based methods (see section
IIL.E.2). Specifically, the input power to
the pump at 75, 100, and 110 percent of
BEP flow for PEI¢y, or at 25, 50, 75, and
100 percent of BEP flow for PEIy,,
would be required for input into the
PEIc.. or PEly. equations, respectively.
DOE proposed that, depending on
whether the calculation-based method
or testing-based method were applied, a
slightly different test method would
apply for measuring pump performance.
In the case of the calculation-based
method, only the bare pump
performance is physically measured—
the performance of the motor and any
continuous or non-continuous controls
would be addressed through a series of
calculations. In the case of the testing-
based method, the input power to the
pump at the motor or at the continuous
or non-continuous control, if any, is
directly measured and used to calculate

equation (9), DOE notes that the
equation presented in the April 2015
pumps test procedure NOPR specifies a
denominator of 3956. 80 FR 17586,
17605 (April 1, 2015). DOE notes that
this value represents the unit
conversion from the product of flow (Q)
in gpm, head in ft, and specific gravity
(which is dimensionless), to
horsepower. Conversely, DOE observes
that HI 40.6—2014 specifies a value of
3960 in section 40.6.6.2 in regards to
calculating pump efficiency. HI 40.6—
2014 does not specify a specific unit
conversion factor for the purposes of
calculating pump hydraulic output
power. Instead HI 40.6-2014 provides
the following equation (10) for
determining pump power output:

(10)

PEICL or PEIVL. 80 FR 17586, 17606-07
(April 1, 2015).

1. Incorporation by Reference of HI
40.6-2014

Regarding the determination of bare
pump performance, the CIP Working
Group recommended that whatever
procedure DOE adopts, it should be
consistent with HI 40.6—2014 for
determining bare pump performance.
(Docket No. EERE-2013-BT-NOC-0039,
No. 92, Recommendation #10 at pg. 4)
In preparation of the April 2015 pump
test procedure NOPR, DOE reviewed HI
40.6—2014 and determined that it
contains the relevant test methods
needed to accurately characterize the
performance of the pumps that would
be addressed by this rulemaking, with a
few minor modifications noted in
section III.C.2. Specifically, HI 40.6—
2014 defines and explains how to
calculate pump power input,*2 driver
power input (for testing-based
methods),*3 pump power output,*+

42 The term “pump power input” in HI 40.6—-2014
is defined as “‘the power transmitted to the pump
by its driver” and is synonymous with the term
“pump shaft input power,” as used in this
document.

43 The term “‘driver power input” in HI 40.6—-2014
is defined as ‘‘the power absorbed by the pump
driver” and is synonymous with the term “pump
input power to the driver,” as used in this
document.

44 The term “pump power output” in HI-40.6 is
defined as “‘the mechanical power transferred to the
liquid as it passes through the pump, also known
as pump hydraulic power.” It is used
synonymously with “pump hydraulic power” in
this document.
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pump efficiency,*> bowl efficiency,*6
overall efficiency,*” and other relevant
quantities at the specified load points
necessary to determine PEI¢; and PEly.
HI 40.6—2014 also contains appropriate
specifications regarding the scope of
pumps covered by the test methods, test
methodology, standard rating
conditions, equipment specifications,
uncertainty calculations, and tolerances.

Accordingly, in the April 2015 pumps
test procedure NOPR, DOE proposed to
incorporate by reference HI 40.6—-2014
as part of DOE’s test procedure for
measuring the energy consumption of
pumps, with the minor modifications
and exceptions listed in I11.C.2.a
through III.C.2.f of the NOPR document
and discussed in more detail in section
II1.C.2 of this final rule. 80 FR 17586,
17607-12 (April 1, 2015).

HI commented that it agrees with
using HI 40.6—2014 as the basis of DOE
test procedure for pumps. (HI, No. 8 at
p. 15) DOE received no other comments
on this proposal in the April 2015
pumps test procedure NOPR and,
therefore, is incorporating by reference
HI 40.6-2014 as the basis for the DOE
pumps test procedure, with the minor
modifications and exceptions listed in
section III.C.2 of this final rule.

2. Minor Modifications and Additions to
HI 40.6-2014

In general, DOE finds the test methods
contained within HI 40.6—2014 are
sufficiently specific and reasonably
designed to produce test results that
accurately measure the energy efficiency
and energy use of applicable pumps.
However, as proposed in the April 2015
pumps test procedure NOPR, DOE
believes a few minor modifications are
necessary to ensure repeatable and
reproducible test results and to provide
measurement methods and equipment
specifications for the entire scope of
pumps that DOE is addressing as part of
this final rule. DOE’s proposed
modifications and clarifications to HI
40.6—2014, comments received on those
topics, DOE’s responses to those
comments, and any changes to the April
2015 pumps test procedure NOPR
proposals that DOE is making as a result
are addressed in the subsequent sections
II1.C.2.a through III.C.2.1.

45 The term “pump efficiency” is defined in HI
40.6—-2014 as a ratio of pump power output to pump
power input.

46 The term “‘bowl efficiency” is defined in HI
40.6—2014 as a ratio of pump power output to bowl
assembly power input and is applicable only to
VTS and RSV pumps.

47 The term “overall efficiency” is defined in HI
40.6-2014 as a ratio of pump power output to driver
power input and describes the combined efficiency
of a pump and driver.

a. Sections Excluded From DOE’s
Incorporation by Reference

While DOE is referencing HI 40.6—
2014 as the basis for its test procedure,
in the April 2015 pumps test procedure
NOPR, DOE noted that some sections of
the standard are not applicable to DOE’s
regulatory framework. Specifically, DOE
noted that section 40.6.5.3 provides
requirements regarding the generation of
a test report and appendix “B” provides
guidance on test report formatting, both
of which are not required for testing and
rating pumps in accordance with DOE’s
procedure. In addition, DOE noted that
section A.7 of appendix A, “Testing at
temperatures exceeding 30 °C (86 °F),”
HI 40.6—2014 addresses testing at
temperatures above 30 °C (86 °F), which
is inconsistent with DOE’s proposal to
only test with liquids meeting the
definition of “clear water” established
in section 40.6.5.5 of HI 40.6—-2014. As
such, DOE proposed not incorporating
by reference section 40.6.5.3, section
A.7, and appendix B of HI 40.6—-2014. 80
FR 17586, 17608 (April 1, 2015).

HI commented that it agrees with the
proposal to not incorporate by reference
section 40.6.5.3, section A.7, and
appendix B of HI 40.6—2014 as part of
the DOE test procedure. (HI, No. 8 at 15)
DOE received no other comments on
this proposal in the April 2015 pumps
test procedure NOPR and, as such, is
adopting the proposal in the April 2015
pumps test procedure NOPR to
incorporate by reference HI 40.6-2014
except for section 40.6.5.3, section A.7,
and appendix B in this final rule.

In reviewing the relevant sections of
HI 40.6-2014, DOE also noted that
section 40.6.4.1, “Vertically suspended
pumps,” which contains specific testing
instructions for vertically suspended
VS1 and VS3 pumps, mentions VSO
pumps. Specifically, section 40.6.4.1
states ““A variation to this is pump type
VSO . . .[a] VSO [pump] is evaluated as
a pump end only similar to the bowl
performance and efficiency described
for the line-shafted product.” DOE notes
that this language in HI 40.6-2014 is
intended to exclude VSO pumps from
the specifications in section 40.6.4.1
and specify that testing for VS0, as a
type of vertical turbine pump, must
consider only bowl assembly total head
and, for VTS bare pumps, only the bowl
assembly power input, as defined in
section 40.6.2 of HI 40.6—2014.
However, DOE believes that the
language of section 40.6.4.1 is somewhat
confusing and may lead to
misinterpretation by some not familiar
with all the varieties of vertical turbine
and vertically suspended pumps and
their specific testing considerations.

Therefore, in this final rule, DOE is
clarifying that the specifications of
section 40.6.4.1 of HI 40.6—2014 do not
apply to VTS pumps and that the
performance of VTS bare pumps
considers the bowl performance only.
For VTS pumps sold with motors
evaluated using the testing-based
approaches discussed in section IILE.2,
the bowl assembly total head and driver
power input are to be used to determine
the pump performance.

b. Data Collection and Determination of
Stabilization

In order to ensure the repeatability of
test data and results, the DOE pump test
procedure must provide instructions
regarding how to sample and collect
data at each load point such that the
collected data are taken at stabilized
conditions that accurately and precisely
represent the performance of the pump
at that load point. Section 40.6.5.5.1 of
HI 40.6—2014 provides that all
measurements shall be made under
steady state conditions, which are
described as follows: (1) No vortexing,
(2) margins as specified in ANSI/HI
9.6.1 Rotodynamic Pumps Guideline for
NPSH Margin, and (3) when the mean
value of all measured quantities
required for the test data point remains
constant within the permissible
amplitudes of fluctuations defined in
Table 40.6.3.2.2 over a minimum period
of 10 seconds before performance data
are collected. HI 40.6—2014 does not
specify the measurement interval for
determination of steady state operation.
However, DOE understands that a
minimum of two stabilization
measurements are required to calculate
an average. DOE proposed in the April
2015 pumps test procedure NOPR that
the stabilization measurement interval
should not be greater than 5 seconds,
thereby allowing for no fewer than two
separate measurements that each have
an integration time of no more than 5
seconds. 80 FR 17586, 17606 (April 1,
2015).

Section 40.6.3.2.2 of HI 40.6-2014,
“Permissible fluctuations,” also
provides that permissible damping
devices may be used to minimize noise
and large fluctuations in the data in
order to achieve the specifications noted
in Table 40.6.3.2.2. In the April 2015
pumps test procedure NOPR, DOE
proposed to specify that damping
devices would only be permitted to
integrate up to the measurement interval
to ensure that each stabilization data
point is reflective of a separate
measurement. 80 FR 17586, 17606
(April 1, 2015).

DOE requested comment on its
proposal to require that data be
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collected at least every 5 seconds for all
measured quantities. HI commented that
collecting stabilization data every 5
seconds is not standard industry
practice, and that this practice would
require manufacturers to obtain
automated data acquisition systems,
posing additional and unnecessary
burden not agreed to by the CIP
Working Group. (HI, No. 8 at pp. 15-16)
HI recommended that steady-state
operation be verified by recording flow
at the beginning and end of the data
acquisition and checking that the
difference in flow is within the
allowable fluctuation identified in HI
40.6—2014 (Table 40.6.3.2.2). HI also
stated that the two flow readings should
be separated by a minimum of 5
seconds.

DOE also requested comment on its
proposal to allow damping devices, as
described in section 40.6.3.2.2, but with
integration limited to the data collection
interval and HI commented that it
agrees with this proposal except with
respect to the interval used for data
collection. (HI, No. 8 at p. 16)

After reviewing HI’s comments and
considering the proposal in the April
2015 pump test procedure NOPR, DOE
maintains that at least two unique
measurements, at a minimum, are
necessary to determine stabilization
prior to recording a measurement at a
given load point. DOE also agrees with
HI that it is appropriate to continue to
reference the requirements for
permissible fluctuations and minimum
duration of stabilization testing, as
detailed in HI 40.6—2014 sections
40.6.3.2.2 and 40.6.5.5.1. However, in
light of HI’s concern regarding
automated data collection requirements
if the interval of data collection is
specified as 5 seconds, DOE has
determined that a threshold for the data

collection interval does not need to be
specified to determine steady state
operation provided the other
requirements for stabilization are
satisfied. That is, provided that at least
two unique measurements are recorded,
their mean computed, and that the two
unique measurements are not farther
away from the mean than the tolerance
specified in the “permissible amplitude
of fluctuation” table (Table 40.6.3.2.2)
in HI 40.6—2014, the pump can be
determined to be stabilized and data
recorded for the purposes of conducting
the DOE test procedure. DOE notes that
section 40.6.5.5.1 requires that steady
state be determined for a minimum of
10 seconds, but that a longer time can
be used if necessary, in which case the
two unique measurements could be
recorded more than 5 seconds apart. For
example, if a facility were not equipped
with a data acquisition system,
stabilization could be determined over 1
minute and data taken every 30 seconds
to determine stabilized operation at
each flow point.

Regarding the use of damping devices,
DOE is maintaining the requirements
that the integration time for each
measurement cannot be greater than the
measurement interval. This is necessary
to ensure that the measurements used to
determine stabilization are, in fact,
unique. Therefore, in this test procedure
final rule, DOE is adopting stabilization
requirements consistent with HI section
40.6.3.2.2 and section 40.6.5.5.1, except
that at least two unique measurements
must be used to determine stabilization
and any damping devices are only
permitted to integrate up to the data
collection interval. DOE notes that, for
physical dampening devices, the
pressure indicator/signal must register
99 percent of a sudden change in
pressure over the measurement interval

to satisfy the requirement for unique
measurements, consistent with annex D
of ISO 3966:2008(E), “Measurement of
fluid flow in closed conduits—Velocity
area method using Pitot static tubes,”
which is referenced in HI 40.6—-2014 for
measuring flow with pitot tubes.

¢. Modifications Regarding Test
Consistency and Repeatability

Sections 40.6.5.6 and 40.6.5.7 of HI
40.6—2014 specify test arrangements and
test conditions. However, DOE finds
that the standardized test conditions
described in these sections are not
sufficient to produce accurate and
repeatable test results. To address these
potential sources of variability or
ambiguity, in the April 2015 pumps test
procedure NOPR, DOE proposed to
adopt several additional requirements
regarding the nominal pump speed, the
input power characteristics, and the
number of stages to test for multi-stage
pumps to further specify the procedures
for testing pumps in a standardized and
repeatable manner. 80 FR 17586, 17608
(April 1, 2015).

Pump Speed

The rotating speed of a pump affects
the efficiency and PEIcr. or PEILyy of that
pump. To limit variability and increase
repeatability within the test procedure,
DOE proposed in the April 2015 pumps
test procedure NOPR to require all test
data to be normalized to one of two
nominal speeds—1,800 or 3,600 rpm at
60 Hz. Specifically, pumps designed to
operate at any speed of rotation between
2,880 and 4,320 rpm would be rated at
3,600 rpm, and pumps designed to
operate at any speed of rotation between
1,440 and 2,160 rpm would be rated at
1,800 rpm, as noted in Table III.3. 80 FR
17586, 17609 (April 1, 2015).

TABLE IIl.3—NOMINAL SPEED OF ROTATION FOR DIFFERENT CONFIGURATIONS OF PUMPS

Nominal speed
Pump configuration Pump design speed of rotation Style of motor of rotation for
rating
Bare PUMP ...occviiiiiiieeeeee e, 2,880 and 4,320 rpm N/A e 3,600 rpm.
1,440 and 2,160 rpm ... 1,800 rpm.
N/A e 2-pole Induction Motor ..........cccevvieiiiiieiiiee e 3,600 rpm.
N/A e 4-pole Induction Motor .........cccceeiiiriiiiiicieeiceee, 1,800 rpm.
Pump + Motor OR ......cccoceeviieen. N/A e Non-Induction Motor Designed to Operate between | 3,600 rpm.
Pump + Motor + Control ................ 2,880 and 4,320 rpm.
N/A e Non-Induction Motor Designed to Operate between | 1,800 rpm.
1,440 and 2,160 rpm.

DOE proposed that, for pumps sold
without motors, the nominal speed
would be selected based on the speed of
rotation for which the pump is designed
to be operated, while for pumps sold
with motors, the nominal speed of

rotation would be selected based on the
speed(s) for which the motor is designed
to operate. DOE also clarified that
pumps designed to operate at speeds
that include both ranges would be rated
at both nominal speeds of rotations

since each nominal speed rating
represents a different basic model of
pump. Finally, DOE noted that these
speed ranges are not exclusive. That is,
if a pump were to be designed to operate
from 2,600 to 4,000 rpm, such a pump
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would have a nominal speed of rotation
of 3,600 rpm for the purposes of testing
and rating the pump, even though part
of the operating range of the pump (i.e.,
2,600 to 2,880 rpm) falls outside DOE’s
specified speed ranges.

In DOE’s April 2015 pumps test
procedure NOPR proposal, DOE
acknowledged that it may not be
feasible to operate pumps during the
test at exactly the nominal speeds of
3,600 or 1,800 rpm and noted that
section 40.6.5.5.2 of HI 40.6—2014
allows for tested speeds up to 20
percent off of the nominal speed,
provided the tested speed does not vary
more than +1 percent at each load point
as required by section 40.6.3.2.2 of HI
40.6—2014. However, to ensure
consistent and comparable test results,
DOE proposed that all data collected
during the test procedure at the speed
measured during the test should be
adjusted to the nominal speed prior to
use in subsequent calculations and the
PEIc. or PELyy. of a given pump should
be based on the nominal speed. Id. For
pumps sold with motors and continuous
or non-continuous controls and that are
tested using the testing-based method
described in section IIL.E.2.c, DOE
proposed that this adjustment to the
nominal speed only apply at the 100
percent of BEP flow load point and that
subsequent part load points be
measured at reduced speed and used in
subsequent calculations without
adjustment. DOE also proposed to use
the methods in HI 40.6—-2014 section
40.6.6.1.1, “Translation of the test
results into data based on the specified
speed of rotation (for frequency) and
density” to adjust any data from the
tested speed to the nominal speed. Id.

DOE requested comment on its
proposal to require data collected at the
pump speed measured during testing to
be normalized to the nominal speeds of
1,800 and 3,600 rpm. HI commented
that it agrees with the proposal. (HI, No.
8 at p. 16)

Therefore, in this test procedure final
rule, DOE is opting to adopt the
operating speed limits proposed in the
April 2015 pumps test procedure NOPR
and discussed in section III.A.4 for the
purposes of applying this test procedure
final rule.

DOE also requested comment on its
proposal to adopt the requirements in
HI 40.6—-2014 regarding the deviation of
tested speed from nominal speed and
the variation of speed during the test,
specifically regarding whether
maintaining tested speed within +1
percent of the nominal speed is feasible
and whether this approach would
produce more accurate and repeatable
test results. HI commented that it does
not believe it is feasible to maintain
tested speed within +1 percent of the
specified nominal speed because typical
motor speed-load curves do not meet
this criterion. (HI, No. 8 at p. 16)
However, HI also noted that data could
be collected and rotating speed
maintained at 1 percent for a particular
data collection point. DOE believes that
HI may have misinterpreted the
proposal in the April 2015 pumps test
procedure NOPR. In the NOPR, DOE
proposed maintaining the speed of
rotation at each test point within the +1
percent speed tolerance, but that the
speed of rotation at each test point
could vary from the nominal speed of
rotation £20 percent, consistent with HI
40.6 —2014. DOE agrees that the +1
percent speed tolerance is applicable to
determining stabilization at each data
collection point only and is not
determined relative to nominal speed
and, therefore, is adopting the April
2015 pump test procedure NOPR
proposal to adopt the nominal speed
tolerances listed in section 40.6.5.5.2 of
HI 40.6-2014, as well as the
stabilization requirements provided in
section 40.6.3.2.2 of HI 40.6-2014 in
this test procedure final rule.
Additionally, DOE is adopting the
provisions that all measured data be
translated to the nominal rating speed.

Power Supply Characteristics

Because pump power consumption is
a component of the proposed metric,
inclusive of any motor and continuous
or non-continuous controls, measuring
power consumption is an important
element of the test. The characteristics
of the power supplied to the pump
affect the accuracy and repeatability of
the measured power consumption of the
pump. As such, to ensure accurate and
repeatable measurement of power

consumption, in the April 2015 pumps
test procedure NOPR, DOE specified
nominal values for voltage, frequency,
voltage unbalance, total harmonic
distortion (THD), and impedance levels,
as well as tolerances about each of these
quantities, that must be maintained at
the input terminals to the motor,
continuous control, or non-continuous
control, as applicable when performing
the testing-based methods or when
using a calibrated motor to determine
bare pump performance. 80 FR 17586,
17610 (April 1, 2015).

To determine the appropriate power
supply characteristics for testing pumps
with motors (but without continuous or
non-continuous controls) and pumps
with both motors and continuous or
non-continuous controls, DOE
examined applicable test methods for
electric motors and VSD systems. DOE
determined that the Institute of
Electrical and Electronics Engineers
(IEEE) Standard 112—2004, “IEEE
Standard Test Procedure for Polyphase
Induction Motors and Generators,”’
(IEEE 112-2004) and the Canadian
Standards Association (CSA) C390-10,
“Test methods, marking requirements,
and energy efficiency levels for three-
phase induction motors,” (CSA C390-
10) are the most relevant test methods
for measuring input power to electric
motors, as they are the test methods
incorporated by reference as the DOE
test procedure for electric motors. Other
widely referenced industry standard test
methods for motors include: IEC 60034—
1 Edition 12.0 2010-02, ‘‘Rotating
electrical machines—Part 1: Rating and
performance” (IEC 60034—1:2010) and
NEMA MG 1-2014, ‘““Motors and
Generators” (NEMA MG 1-2014). DOE
also identified both AHRI 1210-2011,
2011 Standard for Performance Rating
of Variable Frequency Drives,” (AHRI
1210-2011) and the 2013 version of
CSA Standard C838, “Energy efficiency
test methods for three-phase variable
frequency drive systems,” (CSA C838—
13) as applicable methods for measuring
the performance of VSD control
systems. A summary of DOE’s proposed
power supply characteristics and the
requirements of the industry standards
DOE referenced in developing such a
proposal are summarized in Table III.4.

TABLE 11l.4—SUMMARY OF TOLERANCES PROPOSED BY DOE IN THE APRIL 2015 PUMPS TEST PROCEDURE NOPR AND
REFERENCED IN RELEVANT INDUSTRY STANDARDS

: Voltage Frequency Voltage waveform Source
Reference document Section unbalance Voltage tolerance tolerance distortion impedance
April 2015 Pumps Test Procedure | lll.C.2.c .... | £0.5% ...... 10.5% coiriiine 10.5% .coiiiiinne THD <5%.
NOPR Proposal.
HI 40.6-2014 (calibrated motors) ..... Ca i | 5% oo +1%.
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TABLE |Il.4—SUMMARY OF TOLERANCES PROPOSED BY DOE IN THE APRIL 2015 PUMPS TEST PROCEDURE NOPR AND
REFERENCED IN RELEVANT INDUSTRY STANDARDS—Continued

: Voltage Frequency Voltage waveform Source
Reference document Section unbalance Voltage tolerance tolerance distortion impedance
CSA C390-10 (Motors) .......ccceeeveeeene 5.2 e +0.5% ...... 10.5% ooeerieeieenne 10.5% oceeiieenne THD <5% (to
20th).
IEC 60034—-1:2010 (motors) ............. 7.3 i | e, +5%* (zone A) ... | 2% * (zone A).
91T s | i | e | e THD <5% (to
100th).
IEEE 112-2004 (MOtOrs) ......ccoveveenee. 31 S0.5% eeoes | e 10.5% e THD <5%.
NEMA MG 1-2014 (motors) ............. 7732 .. 1% v | e 10.5% oo deviation factor
<10%.
12441 | e, +10% ™ i +5% **
1245 ... 1%t
AHRI 1210-2011 (VFDS) ...ccevvvrueee. 51.2 ........ <0.5% ...... +0.5% oo F0.5% oeeiiiieiins | e <1%.
CSA C838-13 (VFDS) ..ccovvveverreennene 53 e +0.5% ...... 10.5% oovieirine 10.5% oo THD <5% (to 1% < value <3%
20th). of VFD.

*Values are for the overall bounds of the hexagonal surface in IEC Figure 12.
**NEMA states that performance within these voltage and frequency variations will not necessarily be in accordance with the standards estab-
lished for operation at rated voltage and frequency.
TNEMA states that performance will not necessarily be the same as when the motor is operating with a balanced voltage at the motor

terminals.

HI commented that it disagrees with
the power conditioning requirements
proposed in the April 2015 pumps test
procedure NOPR; knows of no pump
test labs that meet them; and views
them as a significant and unnecessary
burden to manufacturers that were not
agreed to by the CIP Working Group. HI
specifically cited costs associated with
the proposed limitation on voltage
unbalance, and noted that the nominal
motor efficiency values used for the
calculation method have a less stringent
tolerance of 2 percent. HI also indicated
that testing with unconditioned power
will result in a lower efficiency value
and a higher PEI value than when
testing with conditioned power. HI
proposed that whereas conditioned
power, as proposed in the April 2015
pumps test procedure NOPR, should be
used for DOE enforcement testing and
motor calibration, manufacturer test labs
should only be held to the 3 percent
limit for driver input power fluctuation
specified in HI 40.6—2014. (HI, No. 8 at
pp. 16-18)

Regal Beloit stated during the April
2015 NOPR public meeting that motor
manufacturers faced similar challenges
when motor standards were introduced,
and third-party test labs adapted to help
meet the power conditioning
requirements. Regal Beloit also
indicated that AHRI 1210 was not
developed for pumps, and CSA C838
would be preferred. In addition, Regal
Beloit expressed concern that any
loosening of the power conditioning
requirements could hinder
differentiation between lower and
higher performing products. (Regal
Beloit, NOPR public meeting transcript,
No. 7 at pp. 137—46)

As noted in the April 2015 pumps test
procedure NOPR, DOE recognizes that
driver efficiency can vary: (a) When the
input voltage level is not exactly at the
nameplate voltage, (b) when the
fundamental frequency of the input
voltage waveform is not exactly 60 Hz,
(c) when input voltage phases are
unbalanced, and/or (d) when the input
voltage waveform is not strictly
sinusoidal. However, DOE
acknowledges the concerns of HI
regarding the burden of providing
power meeting strict voltage, frequency,
voltage unbalance, and THD limits. As
EPCA requires DOE test procedures to
not be unduly burdensome to conduct
(42 U.S.C. 6314(a)(2)), DOE, in this final
rule, is reconsidering the proposed
requirements regarding the power
supply characteristics to find a
compromise among repeatability,
accuracy, and test burden.

DOE notes that HI's proposal of a +3
percent tolerance on power is not
feasible without some parameters
around power supply characteristics, as
variation in voltage unbalance,
harmonics, voltage, and frequency will
affect the variability in the measurement
of input power to the pump insofar as
it will affect the performance and
efficiency of the motor. That is, for
example, increased voltage unbalance
will affect motor performance such that
testing the same pump sold with a
motor under differing voltage unbalance
conditions will result in different
measured pump performance. This can
be viewed either as: (1) Different
(typically lower) hydraulic output for
the same input power to the motor or (2)
different (typically increased) input

power to the motor to deliver the same
hydraulic output power.

Under the latter scenario, DOE has
developed an approach to correlate
variability in power supply
characteristics with variability in the
measured input power to the motor.
Similarly, DOE separately considered
how variability in power supply
characteristics would impact input
power to the continuous or non-
continuous controls. Specifically, DOE
determined, for each power supply
characteristic (i.e., voltage, frequency,
voltage unbalance, and voltage THD) the
level of variability that was associated
with HI’s proposed acceptable tolerance
of £3 percent on driver input power. As
such, DOE considered each of the power
supply variables individually to
determine if alternative, less
burdensome requirements were feasible.

Regarding the impact of variation in
voltage, section 12.44.1 of NEMA MG 1—
2014 specifies that AC motors shall
operate successfully under running
conditions at rated load with a variation
in the voltage up to +10 percent of rated
(nameplate) voltage with rated
frequency for induction motors.
Similarly, according to Figure 5—1 in the
DOE Advanced Manufacturing Office
(AMO) “Premium Efficiency Motor
Selection and Application Guide”
(AMO motor handbook), the efficiency
of a “pre-EPAct” 48 standard efficiency
motor varies by less than £3 percent
when operated at £10 percent of
nameplate voltage. Section 2.2.2 of
ANSI C84.1-2011 states that the
nominal voltage of a system is near the
voltage level at which the system

48 Energy Policy Act of 2005, Public Law 109-58,
119 Stat. 594
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normally operates, and that systems
generally operate at voltage levels about
5 to 10 percent below the maximum
system voltage for which system
components are designed. DOE also
notes that section C.4.1 of HI 40.6—-2014
indicates that when a calibrated motor
is used to determine the pump input
power, the voltage shall be the same as
used during the calibration of the motor
with a tolerance of +5 percent; this
specification is consistent with the £5
percent outermost limits in Figure 12 of
IEC 60034-1:2010 for zone A
(continuous operation). In consideration
of these standards, DOE has determined
that, within reasonable limits, motor
performance does not appear to be
strongly affected by variation in voltage.
However, DOE believes that it is
important to ensure voltage is
maintained within those reasonable
limits. Therefore, in this final rule, DOE
is adopting a tolerance on voltage
consistent with the requirements in HI
40.6-2014 of £5.0 percent of the
nominal rated voltage. DOE believes
such a proposal provides representative
measurements without imposing undue
test burden on manufacturers.

Considering the impact of frequency
on the rated performance of pumps and
motors, the AMO motor handbook states
that a premium efficiency motor is
usually 0.5 to 2.0 percent more efficient
when operating at 60 Hz than when the
same motor is driven by a 50-Hz power
supply, suggesting that motor
performance is not strongly dependent
on frequency. However, section C.4.1 of
HI 40.6-2014 indicates that when a
calibrated motor is used to determine
the pump input power, the frequency
shall be the same as used during the
calibration of the motor with a tolerance
of £1 percent. DOE believes that the HI
requirement would be equally
applicable to determining the
performance of pumps sold with motors
and pumps sold with motors and
continuous or non-continuous controls
under the testing-based methods to
ensure repeatable and accurate
measurements. Therefore, in this final
rule, DOE is relaxing the proposal in the
April 2015 pumps test procedure NOPR
to instead limit frequency variation of
+1.0 percent of nameplate frequency,
consistent with HI 40.6—2014. DOE also
notes that the U.S. electric grid typically
provides power at a frequency within
these bounds and, as such, DOE believe
such a tolerance will not impose undue
test burden. Further, DOE believes that
maintaining tolerances consistent with
the typical U.S. electric power supply is
necessary to ensure repeatability of the
test and ensure that the test is

representative of the energy
consumption of the equipment.
Specifically, a specification of +1
percent is consistent with the £1 percent
tolerance for continuous operation
across all durations of off-nominal
frequency specified in the North
American Electric Reliability
Corporation (NERC) Standard PRC-024—
1, “Generator Frequency and Voltage
Protective Relay Settings.”

Regarding voltage unbalance, DOE
notes that motor performance will vary
as a function of voltage unbalance.
Specifically, NEMA MG 1-2014
includes a horsepower derating curve
for up to 5 percent voltage unbalance
and recommends limiting voltage
unbalance to 1 percent, noting that
motor performance will not necessarily
be the same as when the motor is
operating with a balanced voltage at the
motor terminals. Similarly, Table 5-3 in
the AMO motor handbook relates a
voltage unbalance of 3 percent to a
decrease in motor efficiency of 2 to 3
percent, compared with a decrease of 5
percent or more for a voltage unbalance
of 5 percent.#? DOE notes that a
variation of 3 percent in motor
efficiency equates to a 3 percent
variability in measured input power to
the motor.

Given the dependence of motor, and
thus pump, performance on voltage
unbalance, DOE then evaluated the
relative burden associated with
providing different levels of voltage
unbalance in the test facility, in an effort
to determine a level of voltage
unbalance that would not be unduly
burdensome to specify in the test
procedure. DOE researched typical
levels of voltage unbalance available on
the national electric grid, based on
utility standards and specifications for
generation and distribution of power.
NEMA MG 1-2014 states that if a motor
is subjected to more than 1 percent
voltage unbalance the manufacturer
should be consulted regarding this
unusual service condition, and the
AMO motor handbook states that
unbalances exceeding 1 percent will
void most manufacturers’ warranties.
DOE also found that PG&E Electric Rule
No. 2 states that the voltage balance
between phases for service delivery
voltages will be maintained by PG&E as
close as practicable to 2.5 percent.5°
Similarly, Annex C of ANSI C84.1-2011
indicates that approximately 98 percent

49DOE Office of Energy Efficiency and Renewable
Energy (EERE), Premium Efficiency Motor Selection
and Application Guide—A Handbook for Industry
(February 2014, www.energy.gov/eere/amo/motor-
systems).

50 Accessed on August 21, 2015, at www.pge.com/
tariffs/tm2/pdf/ELEC_RULES_2.pdf.

of the electric supply systems surveyed
were found to be below 3.0 percent
voltage unbalance, and 66 percent were
found to be below 1.0 percent; the
standard states that electric supply
systems should be designed and
operated to limit the maximum voltage
unbalance to 3 percent when measured
at the electric-utility revenue meter
under no-load conditions.5! Therefore,
DOE determines 3.0 percent voltage
unbalance provides a reasonable
tolerance, would be generally available
to most testing facilities using grid-
supplied power and would limit the
impact on input power to less than 3
percent, consistent with HI's
recommendation.

Regarding limitations on harmonic
distortion on the power supply, the
AMO publication, “Improving Motor
and Drive System Performance” (AMO
motor sourcebook) states that electrical
equipment is often rated to handle 5
percent THD (as defined in IEEE Std
519), and notes that motors are typically
much less sensitive to harmonics than
computers or communication systems.52
Similarly, IEC 60034-1:2010 specifies a
limit of 5 percent voltage THD,
measured to the 100th harmonic. In
addition, for bus voltage of 1.0 kV or
less at the point of common coupling
(PCQ), section 5.1 of IEEE Std 519-2014
recommends line-to-neutral harmonic
voltage limits of 5.0 percent individual
harmonic distortion and 8.0 percent
voltage THD for weekly 95th percentile
short time (10 min) values, measured to
the 50th harmonic. The IEEE standard
also indicates that daily 99th percentile
very short time (3 second) values should
be less than 1.5 times these values.
NEMA MG 1-2014 uses different
metrics (voltage waveform deviation
factor and harmonic voltage factor or
HVF) to establish harmonic voltage
limits and horsepower derating factors
for motors. However, the NEMA metrics
are not directly comparable to voltage
THD, and the HVF derating curve was
developed under the assumption that
any voltage unbalance or even
harmonics are negligible.53 In

51 American National Standard For Electric Power
Systems and Equipment—Voltage Ratings (60
Hertz).

52 DOE EERE, Improving Motor and Drive System
Performance—A Sourcebook for Industry (February
2014, www.energy.gov/eere/amo/motor-systems).

53NEMA's voltage deviation factor is calculated
as the maximum difference between corresponding
ordinates of the voltage waveform and of the
equivalent sine wave, divided by the maximum
ordinate of the equivalent sine wave when the
waves are superimposed such that the maximum
difference is minimized. Harmonic voltage factor
(HVF) is calculated by squaring the ratio of
harmonic voltage to rated voltage for each odd
harmonic not divisible by three (up to some
specified order, e.g., the 13th harmonic in IEC
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consideration of these recommendations
regarding voltage THD limits and
potentially significant impacts on motor
performance, in this final rule, DOE is
limiting voltage THD to <12.0 percent
(corresponding to the IEEE 3-second
limit but measured to the 40th
harmonic) in this final rule to ensure
representative and repeatable
measurements. DOE also notes that a
limit of <12.0 percent voltage THD is
not unduly burdensome for test labs as
it is within the bounds of standardized
voltage THD limits placed on grid
operators and, thus, is generally
available on the national electric power
rid.

8 DOE also discussed source impedance
in the NOPR and considered adopting
specifications in AHRI 1210-2011
(source impedance <1 percent) or CSA
(C838-13 (source impedance > 1.0
percent of VFD and < 3.0 percent of
VFD) for motors and speed controls. 80
FR 17586, 17611-12 (April 1, 2015).
DOE understands that a nonlinear load
can distort the voltage waveform,
depending on the magnitudes of the
source impedance and current
distortion.?* However, DOE also
understands that motors are not a
significant source of harmonics in the
current waveform if the steel core is not
magnetically saturated,5° and that motor
efficiency is not greatly affected by
harmonics in the voltage waveform if
voltage THD is sufficiently limited.
Therefore, in this final rule, DOE is not
specifying source impedance
requirements. DOE believes that the
adopted requirements for the preceding
four power supply characteristics (i.e.,
voltage unbalance, voltage, frequency,
and voltage THD) will sufficiently limit
variability in motor performance
resulting from variations in the
characteristics of the mains power
supplied to the motor.

Regarding the impact of variation in
power supply characteristics on
continuous and non-continuous

60034-1:2010), dividing each result by the order of
the corresponding harmonic, and then taking the
square root of the sum of these quotients. Voltage
THD is calculated by taking the square root of the
sum of squares of each RMS harmonic voltage (up
to some specified order, e.g., the 50th harmonic in
IEEE 519-2014), and then dividing by the RMS
fundamental voltage.

54]EEE Std 1560-2005, “IEEE Standard for
Methods of Measurement of Radio-Frequency
Power-Line Interference Filter in the Range of 100
Hz to 10 GHz” (February 2006).

55 Fire Protection Research Foundation,
“Evaluation of the Impact on Non-Linear Power On
Wiring Requirements for Commercial Buildings”
(June 2011, www.nfpa.org/research/fire-protection-
research-foundation/projects-reports-and-

proceedings/electrical-safety/new-technologies-and-

electrical-safety/evaluation-of-the-impact-on-non-
linear-power).

controls, DOE understands that motors,
continuous controls, and non-
continuous controls all have similar
power conditioning requirements
because they will be subjected to similar
electrical conditions in the field. That
is, based on DOE’s research,
manufacturers appear to have designed
motors to be reasonably tolerant of
variability in power supply
characteristics (or power quality) that
are characteristic of typical grid
operation, but their performance is
significantly impacted at levels outside
the bounds of that commonly
experienced in their field. While less
information is available of the response
of continuous and non-continuous
controls to these power supply
variables, DOE expects this relationship
to be true for such controls as well. For
example, NEMA guidance published in
2007 states that adjustable frequency
controls can operate on power systems
with a voltage unbalance not exceeding
3 percent.56 In addition, guidance
published by the Electric Power
Research Institute (EPRI) in 2001
indicates that VSDs should be specified
to operate without any problem for a
voltage unbalance of 2 percent.5”
Consequently, DOE is applying, in this
final rule, the same power conditioning
requirements to pumps tested with
motors and pumps tested with motors
and continuous or non-continuous
controls.

DOE notes that these requirements are
applicable to pumps sold with motors
and pumps sold with motors and
continuous or non-continuous controls
rated using the testing-based method, as
such methods require measurement of
electrical input power to the motor or
control. Commensurately, these
requirements are applicable to any
pumps rated using a calculation-based
method, including bare pumps, pumps
sold with applicable electric motors,
and pumps sold with applicable electric
motors and continuous controls, when
the bare pump is tested using a
calibrated motor to determine pump
shaft input power. Pumps evaluated
based on the calculation method where
the input power to the motor is
determined using equipment other than
a calibrated motor would not have to
meet these requirements, as variations
in voltage, frequency, voltage
unbalance, and voltage THD are not

56 NEMA Application Guide for AC Adjustable
Speed Drive Systems (December 2007, www.nema.
org/Standards/Pages/Application-Guide-for-AC-
Adjustable-Speed-Drive-Systems.aspx).

57 EPRI Guide to the Industrial Application of

Motors and Variable-Speed Drives (September 2001,

www.epri.com/abstracts/Pages/ProductAbstract.
aspx?ProductIld=000000000001005983).

expected to significantly affect the
tested pump’s energy performance.

Number of Stages for Multi-Stage Pumps

RSV and VTS pumps are typically
multi-stage pumps that may be offered
in a variety of stages.58 The energy
consumption characteristics of such
multi-stage pumps vary, approximately
linearly, as a function of the number of
stages. However, to simplify
certification requirements and limit
testing burden, DOE proposed in the
April 2015 pumps test procedure NOPR
that certification of RSV and VTS
pumps be based on testing with the
following number of stages:

e RSV: 3 stages; and

e VTS: 9 stages.

If a model is not available with that
specific number of stages, the model
would be tested with the next closest
number of stages distributed in
commerce by the manufacturer, or the
next higher number of stages if both the
next lower and next higher number of
stages are equivalently close to the
required number of stages. This is
consistent with DOE’s proposal,
discussed previously in section IIL.A.1.c,
that variation in number of stages for
RSV and VTS pumps would not be a
characteristic that constitutes different
basic models. 80 FR 17586, 17610 (April
1, 2015).

In response to DOE’s proposal
regarding testing of multi-stage RSV and
VTS pumps, HI commented that it
agrees with this proposal. (HI, No. 8 at
p. 18) DOE received no other comments
on this proposal and has, therefore,
adopted the provisions for testing multi-
stage RSV and VTS pumps proposed in
the April 2015 pumps test procedure
NOPR with no modifications.

Twin Head Pumps

A twin head pump is a type of IL
pump that contains two impeller
assemblies, mounted in two volutes that
share a single inlet and discharge in a
common casing. In response to the April
2015 pumps test procedure NOPR, DOE
received comment from HI
recommending that DOE include twin
head pumps in this rulemaking and
align their test procedure with
Europump guidelines.?® (HI, No. 8 at p.
3) These guidelines recommend testing
a twin head pump by incorporating one

58 The stages of VTS pumps are also commonly
referred to as “bowls.” See section 2.1.3.1 and
Figure 2.1.3.1 of ANSI/HI 2.1-2.2-2014.

59 Guideline on the application of COMMISSION
REGULATION (EU) No 547/2012 implementing
Directive 2009/125/EC of the European Parliament
and of the Council with regard to ecodesign
requirements for water pumps (12th of September
2012)).
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http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000000001005983
http://www.nfpa.org
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of the impeller assemblies into an
adequate IL type pump casing.

DOE agrees with HI’s
recommendation and, as discussed in
section III.A.2.a, originally intended to
include these pumps as a category of IL
pumps. To clarify DOE’s original intent
in this final rule, DOE is adopting a
definition of twin head pump,
specifying that twin head pumps are a
subset of the IL pump equipment
category, and modifying the test
procedure in this final rule to be
consistent with the EU guidelines.
DOE’s definition for twin head pump
and the modified IL definition are
presented in section III.A.2.a. However,
DOE also acknowledges that
clarifications to the test procedure
proposed in the April 2015 pumps test
procedure NOPR are necessary to
explicitly specify the procedures for
testing twin head pumps in accordance
with the DOE test procedure. As such,

_ Puydroui _

DOE is establishing explicit instructions
for configuring twin head pumps in this
final rule.

In general, twin head pumps, as a
subset of IL pumps, are tested in
accordance with the test procedure for
IL pumps. Specifically, twin head
pumps, which are essentially two IL
pumps packaged together in a single
casing, are to be tested using an
equivalent single-head IL configuration.
That is, to test a twin head pump, one
of the two impeller assemblies is to be
incorporated into an adequate, IL style,
single impeller volute and casing. An
adequate, IL style, single impeller volute
and casing means a volute and casing
for which any physical and functional
characteristics that affect energy
consumption and energy efficiency are
essentially identical to their
corresponding characteristics for a
single impeller in the twin head pump
volute and casing.

Pyydrou,i

T]pump,i -

Where:

Npump,i = pump efficiency at load point i (%);

Py = pump hydraulic output power at load
point i (hp);

P; = pump shaft input power at load point i
(hp);

P;inm = measured driver power input to the
calibrated motor at load point i (hp);

Nmotor,i = the calibrated motor efficiency 60 at
load point i (%); and

i = load point corresponding to 40, 60, 75,
90, 100, 110 or 120 percent of expected
BEP flow.

The pump efficiency at each of these
load points is then used to determine
the tested BEP for a given pump and, in
particular, the flow rate associated with
the BEP of the pump (i.e., BEP flow).
Then, based on the determined BEP
flow, the pump shaft input power or
input power to the motor is determined
at each of the specified load points, as
discussed in section III.B.

In the April 2015 pumps test
procedure NOPR, DOE observed that the
specific load points measured in the test
protocol may not be exactly at 75, 100,
or 110 percent of the BEP flow load
points specified in the test procedure
and, thus, the relevant power input

60 Note: to determine pump shaft input power
based on the measured driver input power, a
calibrated motor and the calibrated motor
efficiencies at each load point i must be used where
they are known with “sufficient accuracy,”
meaning that the efficiency of the motor combined
with the power measurement device uncertainty
must not exceed +2.5 percent, as required by Table
40.6.3.2.3 in HI 40.6-2014.

j - in,m i
P; P X Mmotor,i

measurements—specifically, pump shaft
input power, input power to the pump
at the driver, or input power to the
continuous or non-continuous
controls—must be adjusted to reflect the
power input at the specific load points
specified in the test procedure. To
adjust the measured power input values,
DOE proposed that the measured input
power and flow data corresponding to
the load point from 60 percent of
expected BEP flow to 120 percent of
expected BEP flow be linearly regressed
and the input power at the specific load
point of 75, 100, and 110 percent of BEP
flow be determined from that regression
equation. 80 FR 17586, 17610—11 (April
1, 2015).

In response to the April 2015 pumps
test procedure NOPR, HI commented
that it agrees with DOE’s proposal to use
a linear regression of the pump input
power with respect to flow rate at all the
tested load points greater than or equal
to 60 percent of expected BEP flow to
determine the pump shaft input power
at the specified load points of 75, 100,
and 110 percent of BEP flow. (HI, No.

8 at p. 18) DOE received no other
comments on the proposal and, as such,
is adopting it as proposed in the April
2015 pump test procedure NOPR with
no revisions or modifications.

d. Determination of Pump Shaft Input
Power at Specified Flow Rates

HI 40.6—2014 provides a specific
procedure for determining BEP for a
given pump based on seven load points
at 40, 60, 75, 90, 100, 110 and 120
percent of the expected BEP flow of the
pump. The test protocol in section
40.6.6.2 of HI 40.6—2014 requires that
the hydraulic power and the pump shaft
input power, or input power to the
motor for pumps tested using the
testing-based methods, be measured at
each of the seven load points. HI 40.6—
2014 further specifies that the pump
efficiency be determined as the
hydraulic power divided by the shaft
input power, or as the hydraulic power
divided by the product of the measured
input power to the motor and the
known efficiency of a calibrated motor,
depending on how the pump is tested.
The equations for calculating pump
efficiency are shown in equation (12):

(12)

Determination of Pump Shaft Input
Power for Pumps With BEP at the
Maximum Allowable Flow

HI 40.6—2014 contains a method for
determining the BEP of tested pumps
based on the flow rate at which the
maximum pump efficiency occurs. DOE
recognizes that there may be some
unique pump models that do not exhibit
the typical parabolic relationship of
pump efficiency to flow rate. Instead,
for some pumps, pump efficiency will
continue to increase as a function of
flow until reaching the maximum
allowable flow that can be developed
without damaging the pump, also
referred to as “pump run-out.”
Similarly, the expected BEP of some
pumps may be only slightly below the
maximum allowable flow. For such
pumps, it may not be possible to use the
procedure described in HI 40.6—2014 to
determine the BEP, since the pump
cannot safely operate at flows of 110
and/or 120 percent of the expected BEP
of the pump. In such cases, DOE
proposed in the April 2015 pumps test
procedure NOPR that the seven flow
points for determination of BEP should
be 40, 50, 60, 70, 80, 90, and 100
percent of the expected maximum
allowable flow rate of the pump instead
of the seven flow points described in
section 40.6.5.5.1 of HI 40.6-2014. In
addition, in such cases, DOE proposed
that the specified constant load flow
points should be 100, 90, and 65 percent
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of the BEP flow rate. 80 FR 17586,
17611 (April 1, 2015).

In response, HI commented that it
disagreed with this proposal because in
order to determine the location of the
BEP, testing must occur at rates of flow
greater than 100 percent of expected
BEP flow. (HI, No. 8, p. 18) DOE notes
that the proposal in the April 2015
pumps test procedure NOPR is specified
with respect to the expected maximum
allowable flow rate, or the expected
BEP, of the pump, not the measured
BEP flow. That is, under the NOPR
proposal, pumps with the expected BEP
occurring at the maximum allowable
flow, as defined in ANSI/HI 1.1-1.2—
2014, would be tested at the alternative
load points specified in test procedure
for pumps with BEP at run-out.

DOE acknowledges that pump
manufacturers must have some
knowledge of the expected operational
characteristics of their pump, including
the expected BEP and expected
maximum allowable flow, in order to
determine the appropriate load points
for determining BEP. However, DOE
notes that this is the case for all pumps,
not just pumps with BEP at run-out.
That is, the specific load points used to
determine BEP for all pumps are
specified with respect to the expected
operating characteristics of the pump
(i.e., BEP flow rate, as specified in
section 40.6.5.5.1 of HI 40.6—-2014, or
maximum allowable flow for pumps
with BEP at run-out). DOE believes this
is necessary since the BEP and flow
characteristics of different load points
could vary widely and it is important
that the data captured during the test
procedure effectively and fully
characterize the performance of the
pump over the pump’s operating ranges.
DOE also understands that significant
design, engineering, and modeling are
involved with creating pump models for
specific applications and design
parameters and, as such, DOE finds it
unlikely that the BEP of a pump will
occur at or near a pump’s maximum
allowable flow without the pump
manufacturer having some expectation
that this will occur based on the
inherent design characteristics of the
pump. As such, DOE believes that the
proposed test procedure for pumps with
BEP at or near run-out is consistent with
the HI 40.6-2014 industry test protocols
and appropriate for determining the
performance of such pumps and no
additional changes are necessary. DOE
also notes that the maximum efficiency
point (or BEP), in the case of pumps
with BEP at the maximum allowable
flow rate will occur at the maximum
flow rate tested and will not be a

parabolic maxima, as is the case for
most pumps.

DOE notes that, in the April 2015
NOPR, DOE referred to pumps with BEP
at run-out as corresponding to those
with their expected BEP at the expected
maximum allowable flow. DOE
recognizes that pumps with their
maximum allowable flow occurring
between 100 and 120 percent of BEP
flow would also not be able to be tested
in accordance with the proposed test
procedure, as not all of the load points
specified in the procedure could be
measured in accordance with the test
procedure. As such, DOE is adopting, in
this final rule, the proposal described in
the April 2015 pumps test procedure
NOPR, except that DOE is clarifying that
pumps with maximum allowable flow
occurring between 100 and 120 of BEP
flow also qualify as pumps with BEP at
run-out and must apply the appropriate
test procedure. To ensure that the DOE
test procedure is consistent and
adequately captures the range of flow
rates with which the pump is expected
to operate, DOE is maintaining in this
final rule that load points for
determination of BEP are specified with
respect to the expected maximum
allowable flow of the pump, for pumps
with the expected BEP within 20
percent of the expected maximum
allowable flow. In the final rule, DOE is
also clarifying the specific load points
that must be used in determining pump
or driver input power in accordance
with the procedure described in section
11.c.2.d.

e. Measurement Equipment for Testing-
Based Methods

In the April 2015 pumps test
procedure NOPR, DOE noted that HI
40.6-2014 does not contain all the
necessary methods and calculations to
determine pump power consumption
for the range of equipment that will be
addressed by this final rule (i.e., pumps
inclusive of motors and continuous or
non-continuous controls). For the
purposes of determining most quantities
relevant to the determination of PEI¢ or
PEIvy. for pumps rated using the
calculation-based methods, DOE
proposed to incorporate by reference HI
40.6—2014, appendix C, which specifies
the required instrumentation to measure
head, speed, flow rate, torque,
temperature, and electrical input power
to the motor. However, DOE noted that,
for the purposes of measuring input
power to the driver for pumps sold with
a motor and continuous or non-
continuous controls rated using the
testing-based method, the equipment
specified in section C.4.3.1, “electric
power input to the motor,” of HI 40.6—

2014 may not be sufficient. Based on the
specifications in CSA C838-13 and
AHRI 1210-2011, since these test
standards are the most relevant
references for measuring input power to
such controls, DOE proposed that
electrical measurements for determining
VSD efficiency be taken using
equipment capable of measuring
current, voltage, and real power up to at
least the 40th harmonic of fundamental
supply source frequency ¢! and have an
accuracy level of 0.2 percent of full
scale when measured at the
fundamental supply source frequency.
80 FR 17586, 17611-12 (April 1, 2015).

DOE requested comment on the type
and accuracy of required measurement
equipment, especially the equipment
required for electrical power
measurements for pumps sold with
motors having continuous or non-
continuous controls. AHRI commented
that AHRI 1210-2011 specifies
appropriate power supply tolerances so
that both pump manufacturers and DOE
enforcement testing can be confident
with the establishment and verification
of ratings of VFDs sold with pumps.
(AHRI, No. 11 at pp. 1-2) AHRI also
indicated that any harmonics in the
power system can affect the measured
performance of the pump when tested
with a motor or motor and continuous
or non-continuous control. In addition,
AHRI notified DOE that VFD
manufacturers are working to expand
the scope of AHRI 1210-2011 to include
a higher horsepower upper limit and to
include additional load points.

HI commented that it disagrees with
the requirements in AHRI 1210-2011
and CSA C838-13, asserting that they
were not agreed to by the CIP Working
Group and would be excessively
burdensome. (HI, No. 8 at pp. 18-19) HI
also indicated that pump manufacturers
do not have the same equipment as
motor and drive test laboratories and
should not be expected to have the same
level of instrumentation. HI
recommended that DOE instead require
the £2.0 percent maximum permissible
measurement device uncertainty
specified in Table 40.6.3.2.3 of HI 40.6—
2014 for driver input power.

In response to HI's concerns regarding
the burden of such additional
instrumentation, DOE notes that, in the
April 2015 pumps test procedure NOPR
proposal, such sophisticated electric
measurement equipment was only
proposed to be required for the

61 CSA C838—13 requires measurement up to the
50th harmonic. However, DOE believes that
measurement up to the 40th harmonic is sufficient,
and the difference between the two types of
frequency measurement equipment will not be
appreciable.
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measurement of input power to the
continuous or non-continuous control
when rating the pump under the testing-
based methods. For other pump
configurations and when testing a pump
using the calculation-based methods,
the electrical measurement equipment
specified in HI 40.6—2014 section
C.4.3.1 of appendix C would apply. DOE
also notes that several interested parties,
including HI, previously commented
that such measurement equipment was
necessary due to the potential impact of
the continuous control on line
harmonics and other equipment on the
circuit. (Docket No. EERE-2011-BT—
STD-0031, CA I0Us, Framework public
meeting transcript No. 19 at p. 236;
Docket No. EERE-2011-BT-STD-0031,
HI, No. 25 at p. 35) HI also previously
noted that this additional
instrumentation is manageable and
within the capabilities of what most of
the HI members are doing today.
(Docket No. EERE-2011-BT-STD-0031;
HI, public meeting transcript, No. 19 at
p. 235)

In addition, given the power
conditioning requirements adopted in
section III.C.2.c, DOE believes that the
more sophisticated electrical
measurement equipment capable of
measuring true root mean square (RMS)
voltage, true RMS current, and real
power for distorted waveforms is
required to ensure that the incoming
power is within the specifications for
those pump configurations where it is
required and that the power
measurement is accurate. Specifically,
DOE is requiring, as discussed at length
in section III.C.2.c, certain voltage,
frequency, voltage unbalance, and
voltage THD levels be maintained when
testing: (1) Bare pumps using a
calibrated motor, (2) pumps sold with
motors using the testing-based methods,
and (3) pumps sold with motors and
continuous or non-continuous controls
using the testing-based method. In order
to verify that these requirements are
met, measurement equipment must be
capable of accurately measuring real
power, true RMS voltage, frequency,
voltage unbalance, and voltage THD.
DOE notes that, in section C.4.3, HI 40.6
specifies that driver input power to the
motor should be calculated as the
product of (1) line volts, (2) line amps,
and (3) power factor. As HI 40.6-2014
specifies the measurement of power
factor, DOE believes that the electric
equipment capable of measuring at least
real power, true RMS voltage, and true
RMS current is already required by HI
40.6-2014, as such measurements are
necessary for determining power factor.

Some watt meters and watt-hour
meters would not be sufficient for

accurate measurement of real power for
distorted voltage waveforms or distorted
current waveforms; this is because such
instruments incorrectly assume that the
waveforms are perfectly sinusoidal (i.e.,
free of the harmonics that are
introduced by non-linear loads).62 DOE
is therefore requiring the use of
instruments that accurately measure
true RMS current, true RMS voltage, and
real power for distorted waveforms with
harmonic frequencies ranging from the
fundamental frequency (60 Hz) up to
and including the 40th harmonic (2400
Hz).

However, with respect to the required
accuracy of any electrical measurement
equipment, DOE acknowledges the
concern from HI regarding the
additional burden associated with
acquiring instrumentation consistent
with the specifications provided in the
NOPR. As such, DOE reviewed available
and applicable test methods for motors
and controls, including AHRI 1210-
2011 and CSA C838-13. DOE notes that
AHRI 1210-2011 in turn references IEC
61000—4-7, “Testing and measurement
techniques—General guide on
harmonics and interharmonics
measurements and instrumentation, for
power supply systems and equipment
connected thereto,” regarding the
necessary characteristics for electric
measurement equipment. [EC 61000—4—
7 provides requirements for Class I
instruments and recommends their use
where precise measurements are
necessary, such as for verifying
compliance with standards. The
maximum error on power for IEC Class
I instruments is +1 percent of measured
value for readings greater than or equal
to 150 W (0.2 hp). However, IEC 61000—
4-7 states that the error limits refer to
single-frequency (i.e., sinusoidal)
steady-state waveforms, in the operating
frequency range, applied to the
instrument under rated operating
conditions to be indicated by the
manufacturer.

The requirements in IEC 61000—-4-7
generally align with those in section
5.7.3 of CSA C390-10, which specifies
that motor input power measurements
shall have a maximum uncertainty of
+1.0 percent of the reading (including
all errors from the power meter, current
transformers, and potential/voltage
transformers). However, CSA also states
that the specified uncertainties shall
apply only at the rated full load (i.e.,
near rated power factor) of the motor

62 PG&E, “Voltage and Current Measurement of
Non-Sinusoidal AC Power” (October 2004, http://
www.pge.com/includes/docs/pdfs/mybusiness/
customerservice/energystatus/powerquality/
nonsinusoidal_power.pdf, accessed September 8,
2015).

under test. While both IEC 61000—-4-7
and CSA C390-10 recommend
instrument tolerances of 1.0 percent,
DOE notes that their application of that
tolerance is not the same as the
tolerance DOE is adopting in this final
rule, which applies to the measured
power at each test point and with the
power supply characteristics
experienced during the test.

DOE recognizes that the accuracy of
input power measurements can be
compromised to some extent when
voltage and/or current waveforms are
displaced and/or distorted. In addition,
DOE recognizes that motors will not
always be fully loaded during pump
testing, that motors may be operated
somewhat above nameplate voltage (as
allowed in this final rule), and that
some distortion of the voltage waveform
is permitted in this final rule. Therefore,
DOE believes it is appropriate to allow
electrical equipment accuracy of 2.0
percent of measured value, consistent
with the tolerance specified in section
40.6.3.2.3 of HI 40.6—2014 and HI’s
request. DOE is adopting such a
requirement in this final rule.

DOE also recognizes that current and
voltage instrument transformers can be
used in conjunction with electrical
measurement equipment to measure
current and voltage. Usage of instrument
transformers can introduce additional
losses and errors to the measurement
system. DOE is clarifying in this final
rule that the combined accuracy of all
instruments used to measure a
parameter must meet the prescribed
accuracy requirements for electrical
measurement equipment. Section C.4.1
of AHRI 1210-2011 indicates that
combined accuracy should be calculated
by multiplying the accuracies of
individual instruments. In contrast,
section 5.7.2 of CSA C838-2013
indicates that if all components of the
power measuring system cannot be
calibrated together as a system, the total
error shall be calculated from the square
root of the sum of the squares of all the
errors. DOE understands that it is more
accurate to combine independent
accuracies (i.e., uncertainties or errors)
by summing them in quadrature.63 DOE
is therefore using the root sum of
squares to calculate the combined
accuracy of multiple instruments used
in a single measurement, consistent
with conventional error propagation
methods.

Therefore, in this final rule, DOE is
specifying the characteristics of the

63 National Institute of Standards and Technology
(NIST) Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results
(http://physics.nist.gov/Pubs/guidelines/sec5.html,
accessed September 8, 2015).
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electrical measurement equipment that
must be used when measuring input
power to the motor, continuous
controls, or non-continuous controls.
Specifically, the electrical measurement
equipment in such cases must be
capable of measuring true RMS current,
true RMS voltage, and real power up to
at least the 40th harmonic of
fundamental supply source frequency

and have an accuracy level of £2.0
percent of the measured value when
measured at the fundamental supply
source frequency. DOE notes that
standard electrical measurement
equipment meeting the requirements of
HI 40.6—-2014 section C.4.3.1 may still
be used when testing any pumps under
the calculation-based methods (i.e., bare
pumps, pump sold with motors, and

pumps sold with motors and continuous
or non-continuous controls), provided a
calibrated motor is not used to
determine the pump shaft input power.
The electrical measurement equipment
requirements being adopted in this
pumps test procedure final rule are
summarized in Table III.5.

TABLE Ill.5—ELECTRICAL MEASUREMENT REQUIREMENTS FOR DIFFERENT CONFIGURATIONS OF PUMPS FOR THE
CALCULATION BASED AND TESTING BASED APPROACHES

Electrical measurement requirements

Pump Testing-based test method
configuration Calculation-based test method or
without a calibrated motor Calculation-based test method
with a calibrated motor
Bare Pump ....ccooceeeeiiiiiees HI 40.6—2014, section C.4.3.1, unless testing with a | Not Applicable.

Pump + Motor or Pump +
Motor + Continuous or
Non-Continuous Controls.

calibrated motor.
HI 40.6—2014, section C.4.3.1, unless testing with a
calibrated motor.

Equipment capable of measuring true RMS current,
true RMS voltage, and real power up to at least the
40th harmonic of fundamental supply source fre-
quency and have an accuracy level of £2.0 percent
of the measured value when measured at the funda-
mental supply source frequency.

While DOE acknowledges that these
requirements may represent a burden
for some manufacturers and test labs
who do not already have such
equipment, DOE has minimized the
additional burden associated with this
requirement, to the extent possible, by
only requiring more sophisticated
power measurement equipment in those
cases where it is necessary to verify that
the test procedure power conditioning
requirements are being met. DOE also
notes that, for many pumps, the testing-
based approaches are optional and a
manufacturer could elect to determine
the PEI using the calculation-based
approach and avoid having to purchase
and use the more accurate and
expensive electrical measurement
equipment necessary for conducting
testing under the testing-based
approach. The burden associated with
this test procedure, and in particular the
required test equipment, is discussed
further in section IV.B.

f. Calculations and Rounding

DOE notes HI 40.6-2014 does not
specify how to round values for
calculation and reporting purposes.
DOE recognizes that the manner in
which values are rounded can affect the
resulting PER or PEI, and all PER or PEI
values should be reported with the same
number of significant digits. In the April
2015 pumps test procedure NOPR, DOE
proposed to require that all calculations
be performed with the raw measured
data, to ensure accuracy, and that the

PERc1 and PEIc. or PERy, and PElLy, be
reported to the nearest 0.01. 80 FR
17586, 17612 (April 1, 2015).

DOE requested comment on its
proposal to conduct all calculations
using raw measured values and that the
PERCL and PEICL or PERVL and PEIVL, as
applicable, be reported to the nearest
0.01. In response, HI commented that it
understands and agrees that the
requirement is to normalize raw data to
nominal speed, and the PERcy, PEIc,
PERv. and PEIy.. would be reported to
the nearest 0.01. (HL No. 8 at p. 19) In
the April 2015 NOPR public meeting, a
representative of HI (Paul Ruzicka)
suggested that DOE clarify that
calculations be performed with “raw
normalized data,” since all data are to
be corrected to nominal speed. (HI,
NOPR public meeting transcript, No. 7
at pp. 165—66)

DOE appreciates HI's confirmation of
the proposed approach. In response to
HI’s suggestion that DOE clarify that all
calculations are to be performed with
“raw normalized data,” DOE notes that
the normalization to nominal speed is
also a calculation and that such
calculation is also to be performed with
raw measured data. Also, some
collected data do not need to be
normalized to nominal speed. As such,
DOE finds it clearer to continue to
specify that all calculations be
performed with raw measured data,
including the normalization to nominal
speed.

In addition, in preparing the final rule
test procedure provisions, DOE
reviewed the calculations, uncertainty,
and significance of measured values
used to determine the PERcr. and PEIcp
or PERy.. and PElyy, as applicable.
Based on this analysis, DOE determined
that while PEI¢; and PEly; are to be
reported to 0.01, the precision of the
measurement equipment specified in
the NOPR is not sufficient to determine
PERc. and PERy.. to 0.01, especially for
large pumps. As such, in this final rule,
DOE is continuing to specify that all
calculations be performed with the raw
measured data, to ensure accuracy, and
that the PEI¢cr. and PEIvy. be reported to
the nearest 0.01. However, DOE is
specifying, in this final rule, that PERcp
and PERy.. need only be specified to
three significant digits, which is
equivalent to or better than the level of
significance specified for PEI¢. and
PEIv.. DOE also agrees with HI that all
data should be corrected to nominal
speed prior to performing subsequent
calculations, as described in section
II.C.2.c.

D. Determination of Motor Efficiency

The PEI¢r. and PELy; metrics both
describe the performance of a pump and
an accompanying motor, including
continuous or non-continuous controls,
if applicable. As such, the performance
of the applicable motor must be
determined to calculate the PEI¢r or
PEIy. of a given pump model.
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In the April 2015 pumps test
procedure NOPR, DOE proposed that
the motor efficiency would be
determined based on the configuration
in which the pump was sold. For
determining the default motor efficiency
of a minimally compliant pump
(PERstp) and for determining the default
motor efficiency used to calculate PERcL
for bare pumps, DOE proposed to
specify the nominal full load motor
efficiency that corresponds to the
applicable Federal minimum standard.
For determining PERc. or PERy,. for
pumps sold with motors or with motors
and continuous or non-continuous
controls, DOE proposed to use either (1)
the physically tested performance of the
motor paired with that pump when
using testing-based methods, or (2) the
represented nominal full load motor
efficiency (i.e., the nameplate and
certified rating) of the motor (other than
submersible) distributed in commerce
with that pump model when using the
calculation-based test method. 80 FR
17586, 17612—13 (April 1, 2015). The
specific procedures for determining the
applicable Federal minimum and
represented nominal full load motor
efficiency values are described in
section III.D.1 and IIL.D.2, respectively.

Based on DOE’s proposed test
procedure, the applicable Federal
minimum or the represented nominal
full load motor efficiency would then be
used to determine the full load losses,
in horsepower, associated with that
motor. The full load losses would then
be adjusted using an algorithm to reflect
the motor performance at partial loads,
corresponding to the load points
specified in the DOE test. These losses
would then be combined with the
measured pump shaft input power at
each load point to determine the PERcL
or PERyy for that pump, as described in
section III.B. Id. Section IIL.E.1 describes
how the Federal minimum or
represented nominal full load motor
efficiency is used in the calculation-
based method when calculating overall
pump power consumption.

1. Default Nominal Full Load Motor
Efficiency

For determining the default motor
efficiency of a minimally compliant
pump (PERsrp) and for determining the
default motor efficiency used to
calculate PERcy. for bare pumps, DOE
proposed to specify the nominal full
load motor efficiency that corresponds
to the applicable Federal minimum
standard. In the April 2015 pumps test
procedure NOPR, DOE proposed that
the “default” nominal full load motor
efficiency values be based on the
minimum nominal full load motor

efficiency standards for polyphase,
NEMA Design B motors from 1 to 500
hp, defined in 10 CFR part 431, subpart
B for medium and large electric motors,
except for submersible motors.
Specifically, at the time of the proposal,
the values in Table 5 of 10 CFR
431.25(h) defined the nominal full load
motor efficiency standards, by number
of poles and horsepower for the
applicable motors. 80 FR 17586, 17612—
13 (April 1, 2015). DOE is using the
term ““default nominal full load
efficiency” throughout this document to
refer to the default values used in this
test procedure for determining PERstp
and for bare pumps, PERcL
corresponding to the applicable Federal
minimum energy conservation
standards. See section III.D.1.a for a
discussion regarding electric motors
covered by DOE’s energy conservation
standards at 10 CFR 431.25 and section
IL.D.1.b for a discussion regarding
submersible motors.

a. Covered Electric Motors

For the determination of PERgtp for
all pumps (except ST pumps) and
PERc. for bare pumps (see section
III.E.1.a), default nominal full load
motor efficiency values are required. As
mentioned previously, DOE believes the
nominal full load motor efficiency
standards specified for NEMA Design B
motors are appropriate for the pumps
(except ST pumps) to which this test
procedure is applicable. In the April
2015 pumps test procedure NOPR, DOE
also proposed to specify the selection of
the default motor characteristics used
for calculating PERc. and PERstp based
on the configuration in which the pump
is being sold. Specifically, for bare
pumps, DOE proposed that the default
nominal full load motor efficiency for
determining PERcr. and PERstp would
be based on the following criteria:

e The number of poles selected for
the default motor would be equivalent
to the nominal speed of the rated pump
(i.e., 2 poles correspond to 3,600 rpm
and 4 poles correspond to 1,800 rpm);

¢ the motor horsepower selected for a
given pump would be required to be
either equivalent to, or the next highest
horsepower-rated level greater than, the
measured pump shaft input power at
120 percent of BEP flow, as determined
based on an extrapolation of the linear
regression of pump input power
(discussed in section II1.C.2.d); and

e the lower standard (i.e., less
stringent) of either the open or enclosed
construction at the appropriate motor
horsepower and number of poles. 80 FR
17586, 17612—13 (April 1, 2015).

As mentioned previously, the
appropriate table at 10 CFR 431.25 is the

table of nominal full load motor
efficiency standards that is currently
required for compliance of NEMA
Design B polyphase motors.

For pumps sold either with motors or
with motors and continuous or non-
continuous controls, selection of a
default nominal full load motor
efficiency for calculation of PERgtp is
also required. This default nominal full
load motor efficiency is also based on
the applicable Federal minimum
standards. In this case, DOE proposed
that the motor horsepower and number
of poles selected for determining the
default nominal full load motor
efficiency for use in the calculation of
PERstp should be equivalent to the
horsepower and poles of the motor with
which the pump model is distributed in
commerce. Similar to the case for bare
pumps, DOE also proposed that the
default nominal full load motor
efficiency corresponding to the
minimally compliant motor in PERstp
would still be the minimum of the open
and enclosed standards for the
appropriate motor horsepower and
number of poles. That is, regardless of
the motor construction (i.e., open or
enclosed) of the motor with which the
pump is being rated, the minimum
nominal full load motor efficiency
standard listed in the applicable table
for polyphase NEMA Design B motors at
10 CFR 431.25 for the given motor
horsepower and number of poles would
be used. Id.

DOE requested comment on its
proposal to determine the default motor
horsepower for rating bare pumps based
on the pump shaft input power at 120
percent of BEP flow and, in response, HI
commented that it agrees with this
proposal. (HI, No. 8 at p. 19) DOE also
requested comment on its proposal to
specify the default nominal full load
motor efficiency based on the applicable
minimally allowed nominal full load
motor efficiency specified in DOE’s
energy conservation standards for
NEMA Design B motors at 10 CFR
431.25 for all pumps except pumps sold
with submersible motors. HI
commented that each NEMA MG 1
nominal efficiency value is the average
efficiency of a large population of
motors of the same design, so for any
given nominal efficiency value, half of
the corresponding population would be
lower. (HI, No. 8 at p. 19) HI indicated
that the NEMA MG 1 minimum
efficiency values should be used instead
so that the test method for determining
PEI¢r. and PEly, are not disadvantaged.
Wilo similarly commented that the use
of NEMA nominal efficiencies would
cause 50 percent of borderline pumps to
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fail. (Wilo, Docket No. EERE-2011-BT—
STD-0031, No. 44 at p. 2)

DOE acknowledges the comments
from HI and Wilo regarding the use of
nominal full load motor efficiency
values from 10 CFR 431.25. DOE notes
that these values represent the
minimum Federal efficiency standard
for applicable covered motors and, as
such, believes that referencing an
alternative, lower efficiency value
would be inappropriate and
inconsistent with DOE’s regulatory
framework. However, in response to the
specific concern voiced regarding a
potential disadvantage when using the
testing-based method, DOE will follow
the method the manufacturer used to
determine the representative value
when conducting enforcement testing.
In other words, if a pump manufacturer
has used the calculation-based rating
method to determine the representative
value for a pump basic model, then DOE
would also use the calculation-based
approach, which relies on the nominal
full load motor efficiency values from
the table and not the actual motor tested
performance. Conversely, if a
manufacturer elected to use the testing-
based approach, DOE would also assess
compliance using the testing-based
approach which would account for the
actual tested efficiency of the motor
incorporated into the pump. Thus, a
manufacturer need not be concerned
that the actual efficiency of an
individual motor would have a
disparate effect on the measured
efficiency during assessment or
enforcement testing.

In this final rule, DOE is adopting the
default nominal full load motor
efficiency values for bare pumps and the
method for determining PERstp
proposed in the April 2015 pumps test
procedure NOPR. That is, the default
nominal full load motor efficiency for
bare pumps and for determining PERstp
for all pumps (besides VTS pumps) is
determined by referencing the
applicable energy conservation
standards found at 10 CFR 431.25 for
NEMA Design B motors that are
required at the time the pump model is
being certified. At the time of
publication of this document, the

appropriate motor Federal energy
conservation standards for NEMA
Design B polyphase motors can be
found at 10 CFR 431.25(h).

DOE notes that, if DOE were to amend
the energy conservation standards for
NEMA Design B polyphase motors, the
represented values for pump PEI would
no longer remain valid, and
manufacturers would need to revise
their represented values to reflect the
amended nominal full load motor
efficiency standards and recertify at the
first annual certification date after the
compliance date for the amended motor
Federal energy conservation standards.
As a result of the methodology being
adopted today, which will result in
changes to represented values for
pumps when the Federal energy
conservation standards for NEMA
Design B polyphase motors changes,
DOE does not believe that any actual
design or manufacturing changes will be
required from the pump manufacturer
since the bare pump will remain the
same and is unaffected by the motor
standard. Instead, DOE is ensuring that
pump ratings still reflect differential
representations depending on the
efficiency of the motor that is being sold
with the pump. DOE understands that
certain motors that were minimally
compliant with the previous motor
standard may no longer be able to be
sold once manufacturers are required to
comply with amended standards for
motors (if adopted) and thus, DOE
believes a methodology which reflects
this reality is best. Because the PEI is an
indexed value that is meant to compare
the performance of the pump being
tested to that of a theoretical
“minimally-compliant” pump, the
default nominal full load motor
efficiency for that “minimally-
compliant pump” must reflect any
changes in the motor standard and
available products in the market. If DOE
did not adopt a methodology that
acknowledges potential changes to the
energy conservation standards for
NEMA Design B motors, then pump
represented values could be artificially
inflated when compliance with
amended energy conservation standards

for motors is required and could result
in a situation where a compliant pump
could be less efficient due to the credit
being given from the amended energy
conservation standards for motors.

For these reasons, DOE is specifying
in the pumps test procedure adopted in
this final rule that when determining
PERstp for all pumps (except VTS
pumps) and PERc. for bare pumps, the
default nominal full load motor
efficiency value that is used must be the
energy conservation standard for NEMA
Design B polyphase motors that is
required at the time the pump model is
being certified and must be updated
with an annual certification. As this
amended default nominal full load
motor efficiency will occur in both the
numerator and the denominator of the
PEI metric, such a test procedure
provision will not lead to changes in the
relative ratings of bare pump models
using the calculation-based approach.

b. Submersible Motors

DOE notes that submersible motors
are not currently subject to the DOE
energy conservation standards for
electric motors specified at 10 CFR
431.25. Therefore, for the purposes of
calculating PEI¢;. for bare VTS pumps or
PERstp for any pumps sold with
submersible motors, DOE requires a
default assumption regarding full load
efficiency for submersible motors. In the
April 2015 pumps test procedure NOPR,
DOE constructed a table of motor full
load efficiencies by motor horsepower,
similar to the table of energy
conservation standards for electric
motors at 10 CFR 431.25(h), as shown in
Table II1.6. 80 FR 17586, 17614—15
(April 1, 2015).

As it was not DOE’s intent to impact
the rated efficiency of submersible
motors through this rulemaking, DOE
deflated the minimum submersible
motor efficiency that DOE observed by
using the maximum number of “bands”
across a horsepower range to ensure that
the value represented a worst-case
value. Where no data were available,
DOE applied the same number of NEMA
bands across the range of motor
horsepower and numbers of poles.

TABLE Il.6—TwO-POLE MOTOR SUBMERSIBLE MOTOR FULL LOAD EFFICIENCY BY MOTOR HORSEPOWER RELATIVE TO
THE FULL LOAD EFFICIENCY IN IN TABLE 5 OF 10 CFR 431.25(h)

Minimum Observed number Default number

observed full load of “bands” below | of “bands” below

Motor horsepower efficienc the full load the full load
(hp) - oles¥ efficiency in Table | efficiency in Table

f{,/) 5 of 10 CFR 5 of 10 CFR

° 431.25(h) 431.25(h)

LTSS P PSSRSO PTUPUPTPTRPROOE 67 6 11
8 P UPRPY 67 11 e
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TABLE Il1l.6—TwO-POLE MOTOR SUBMERSIBLE MOTOR FULL LOAD EFFICIENCY BY MOTOR HORSEPOWER RELATIVE TO

THE FULL LOAD EFFICIENCY IN IN TABLE 5 OF 10 CFR 431.25(h)—Continued

Minimum Obﬁerved ,pumber Dgfault n’ymber
observed full load of “bands” below of “bands” below
Motor horsepower efficiency the full load the full load
(hp) (2-poles) efficiency in Table | efficiency in Table
(%) 5 of 10 CFR 5 of 10 CFR
431.25(h) 431.25(h)
73 9
75 9
76 10
77 10
75 13
72.2 15
76.4 13
79 12
79.9 12
83 10
83 11
84 11
83.8 12
87 10
86 13
86 13
88 12
87 14
87 14

In response to the April 2015 pumps
test procedure NOPR proposal, HI
commented in the public meeting that
several of the minimum motor
efficiency values are higher than what is
being published. (HI, NOPR public

meeting transcript, No. 7 at pp. 159-60).
In written comments, HI provided
corrected efficiencies for several values.
(HI, No. 8 at pp. 19-20)
DOE thanks HI for submitting data to
assist in constructing a submersible

motor efficiency table that is
representative of minimally efficient
submersible motors. DOE has revised its

proposed submersible efficiency values

to accommodate the lower values
provided by HI, as shown in Table III.7.

TABLE III.7—REVISED SUBMERSIBLE MOTOR FULL LOAD EFFICIENCY BY MOTOR HORSEPOWER

Minimum observed full load

Observed number of “bands”

Binned number of “bands”

Resulting default nominal full

efficiency below the full load efficiency in | below the full load efficiency for load submersible motor
Motor horsepower (%) Table 5 of 10 CFR 431.25(h) NEMA design B motors in efficiency
(hp) CFR 431.25
2 poles 4 poles 2 poles 4 poles 2 poles 4 poles 2 poles 4 poles
55 68
66 70
68 70
70 75.5
74 75.5
68 74
70 74
72 75.5
72 77
74 78.5
77 80
78.5 815
80 82.5
81.5 84
81.5 85.5
81.5 84
84 84
84 85.5
85.5 86.5
86.5 86.5

During the April 2015 NOPR public
meeting, Nidec Corporation (Nidec)
expressed that the levels of submersible
motors should be consistent with the
requirements for vertical motors. Nidec
also stated that there be two sets of
default efficiency values: one for a dry

rotor and one for a wet rotor. (Nidec,
NOPR public meeting transcript, No. 7
at pp. 160—61) Nidec added that the
type with air could use Table 12-12
from NEMA MG 1. (Nidec, NOPR public
meeting transcript, No. 7 at p. 163)

In response to Nidec’s comment, DOE
notes that all equipment categories that
are subject to the test procedure,
including VTS pumps that are most
commonly paired with submersible
motors, are defined as dry rotor pumps.

As such, wet rotor submersible motors
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and wet rotor submersible pumps are
not subject to the test procedure, and a
table of minimum efficiency values for
them is not necessary. DOE notes that,
in response to Nidec’s comment
regarding ‘“‘the type [of motor] with air,”
DOE believes Nidec is referring to non-
hermitically sealed units (i.e., non-
submersible motors) and confirming
that Table 12—-12 in NEMA MG-1
(which is consistent with DOE’s
minimum efficiency standards for
electric motors at 10 CFR 431.25) is
appropriate for such non-submersible
motors. While DOE’s application of the
minimum efficiency standards for
electric motors in this final rule is
limited to NEMA Design B motors, DOE
notes that NEMA’s comment is
consistent with the approach being
taken in this final rule.

HI stated that DOE needs to
emphasize that single-phase motors are
not part of the minimum efficiency
tables. (HI, No. 8 at pp. 19-21) DOE
notes that in this test procedure, as
described in section III.A.6, all pumps
sold with single-phase motors,
including single-phase submersible
motors, may be rated as bare pumps in
order to not be penalized for the
inherently lower efficiencies of single-
phase equipment. In the bare pump
approach, the default submersible motor
efficiency values presented in Table III.7
are used in calculating both the
numerator (PERcr or PERyy) and
denominator (PERstp) of PEI; the lower
efficiency of a single-phase motor is not
taken into account. DOE notes that, as
described in section III.A.6, pumps sold
with single-phase submersible motors
may also apply the testing-based
approach, if desired by the
manufacturer. However, in such a case,
the default motor efficiency used to
determine PERgtp would continue to be
the default nominal submersible motor
efficiency presented in Table III.7.

In regard to selection of default motor
size for submersible motors, in the April
2015 pumps test procedure NOPR, DOE
proposed to apply the same sizing
method proposed for other categories of
pumps, described in section II1.D.1 of
this NOPR. At the April 2015 NOPR
public meeting, HI stated that
submersible motors are sold utilizing
full NEMA motor service factors and
recommended amending the
submersible motor sizing to account for
this sizing approach. (HI, NOPR public
meeting transcript, No. 7 at p. 150) In
its written comments, HI noted that
DOE needs to emphasize that
submersible pumps are typically loaded
to the fully utilized service factor of the
motor. (HI, No. 8 at pp. 19-20)

In response to HI's suggestion, DOE
has reviewed the typical service factors
of submersible motors offered for sale
with pumps within the scope of this test
procedure. DOE determined that the
majority of submersible motors
exhibited service factors of 1.15. DOE
notes that this value is also consistent
with the service factor prescribed in
table 12—4 of NEMA MG-1 2009 for
Design A, B, and C polyphase, squirrel
cage, general-purpose, alternating-
current motors of the open type with a
motor horsepower greater than 1 hp. In
light of this, DOE is revising its
requirements for the default motor
sizing of submersible motors in this
final rule to reflect the service factors
observed in the industry. That is, DOE
is specifying that, for VTS bare pumps,
the default submersible motor
horsepower be determined as the motor
horsepower that is equal to or the next
highest motor horsepower greater than
the pump shaft input power (in
horsepower) at 120 percent of BEP flow
divided by the service factor, or 1.15.
DOE notes that some motors less than 3
horsepower may have a higher service
factor, but by using the same value for
all pumps, DOE is simplifying the
procedure and does not expect this
simplification to significantly impact
the PEI for VTS bare pumps. This is
because the same service factor (1.15) is
used for the given pump’s PER¢;. and for
PERsTD, so the two efficiency values
essentially cancel out and do not
significantly impact the rating.

DOE reiterates that this default service
factor is only necessary for determining
the default motor efficiency for
submersible motors. For pumps sold
with submersible motors and pumps
sold with submersible motors and
continuous or non-continuous controls,
the actual submersible motor size with
which the pump is distributed in
commerce is used when determining
motor efficiency for use in calculating
PERCL, PERVL, ElIld PERSTD.

In summary, in this final rule, DOE
will allow the use of default nominal
full load submersible motor efficiency
values presented in Table III.7 to rate (1)
VTS bare pumps, (2) pumps sold with
submersible motors, and (3) pumps sold
with submersible motors and
continuous or non-continuous controls
as an option instead of using the testing-
based approach. DOE believes that
allowing the calculation-based method
to be used for pumps sold with
submersible motors may also reduce the
testing burden for some manufacturers.
However, if manufacturers wish to
account for the use of submersible
motors with a higher efficiency than the
default nominal full load submersible

motor efficiency, they may choose to
rate the pump model using the testing-
based, wire-to-water method described
in section IILE.2.

2. Represented Nominal Full Load
Motor Efficiency for Pumps Sold With
Motors

For pumps sold with motors or
motors and continuous or non-
continuous controls that are rated using
the calculation-based approach, DOE
proposed in the April 2015 pumps test
procedure NOPR that the nominal full
load motor efficiency used in
determining the PERc.. or PERy. will be
the value that is certified to DOE as the
nominal full load motor efficiency in
accordance with the standards and test
procedures for electric motors at 10 CFR
431, subpart B. 80 FR 17586, 17613—-14
(April 1, 2015). As noted in the April
2015 pumps test procedure NOPR and
described in greater detail in section
NILE.1.b and IILE.2, this verifiable and
standardized represented nominal full
load motor efficiency is only available
for motors that are subject to DOE’s test
procedure for electric motors and, as
such, DOE proposed in the April 2015
pump test procedure NOPR, that only
pumps sold with motors subject to
DOE’s electric motor test procedure and
energy conservation standards would be
able to conduct the proposed
calculation-based approach. Id. at
17618, 17626-28. DOE notes that these
represented nominal full load efficiency
values correspond to the certified value
submitted on the motor manufacturer’s
certification report and on the
nameplate of the motor itself. Therefore,
if the motor manufacturer elects to
certify conservatively at the Federal
energy conservation standard level, this
is the value the pump manufacturer
must use in its calculations for pumps
sold with motors subject to DOE’s
Federal energy conservation standards.

For pumps sold with submersible
motors and rated using the calculation-
based approach, DOE also proposed that
the nominal full load motor efficiency
values would be the same as the default
nominal full load submersible motor
efficiency values used to determine the
PERcy. for bare pumps and PERsrp. Id.
at 17614. These values are
representative of minimally efficient
submersible motors and are discussed
further in section III.D.1.b. As noted
previously, if manufacturers wish to
represent the efficiency of pumps sold
with submersible motors that are more
efficient than the assumed value, then
they may perform the testing-based
method described in section IILLE.2.b in
section.
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DOE received no comments on these
proposals and is adopting the provisions
for specifying the represented nominal
full load motor efficiency for motors
subject to DOE’s electric motor test
procedure and the default nominal full
load submersible motor efficiency for
submersible motors, as proposed. DOE
notes that, for pumps sold with motors
not addressed by DOE’s electric motor
test procedure (except submersible
motors), the calculation-based methods
described in section IILE.1.b would not
apply, and no assumption regarding
nominal efficiency of the motor paired

Pj
Yi= <_0'4508 X (MotorHP

Where:

yi = the part load loss factor at load point i,

P; = the shaft input power to the bare pump
at load point i (hp),

MotorHP = the motor horsepower (hp), and

i = load point corresponding to 75, 100, or
110 percent of BEP flow for uncontrolled
pumps or 25, 50, 75, or 100 percent of
BEP flow for pumps sold with a motor

Lfllll = [T]motor,full/loo]

Where:

Lsu®* = motor losses at full load (hp),

MotorHP = the motor horsepower (hp), and

Nmotor,ful = the default or rated nominal full
load motor efficiency as determined in

)3+-12399><(M

with the pump is permitted when
determining PERcr. or PERy1.. However,
an assumption regarding the default
efficiency of the minimally compliant
motor that can be paired with a given
pump would still be required to
calculate PERstp. See Section II1.D.1; 80
FR 17586, 17613-14 (April 1, 2015).

3. Determining Part Load Motor Losses

As described in section III.B.2, default
nominal full load motor efficiency is
converted to motor losses, in
horsepower, at each load point to
determine the input power to the motor

Pj
otorHP

and continuous or non-continuous
controls.

Id.

In the proposal, the full load losses of
the motor would be determined based
on the full load motor efficiency, which
would be the default nominal full load
motor efficiency described in section

MotorHP — MotorHP

accordance with section III.D.1 or III.D.2,
respectively (%).

Id

Finally, DOE proposed that the part
load losses at each specified load point

Li = La X Vi

Where:

L; = motor losses at load point i (hp),

Lsu = motor losses at full load (hp),

yi = part load loss factor at load point i, and

i = load point corresponding to 75, 100, or
110 percent of BEP flow for uncontrolled
pumps or 25, 50, 75, or 100 percent of
BEP flow for pumps sold with a motor
and continuous or non-continuous
controls.

These calculated part load motor
losses at each of the specified load
points would then be combined with
the measured pump shaft input power
and weighted equally to calculate PERcL
or PERy, via the calculation-based

64 DOE notes that, in the April 2015 pumps test
procedure NOPR, DOE proposed to define this term
using the nomenclature L aefaure and described it
as equivalent to “default motor losses at full load.”
However, upon further review, DOE finds this
terminology confusing because this equation
applies both to pumps rated as bare pumps, for

approach and PERstp, as described in
section IILE.1.b and III.B.2, respectively.
Id. at 17615-16.

DOE requested comment on the
development and use of the motor part
load loss factor curves to describe part
load performance of covered motors and
submersible motors, including the
default motor specified in section II1.D.1
for bare pumps and calculation of
PERstp. DOE received no comments on
the proposal and, as such, is adopting
the proposed methodology presented in
the April 2015 pumps test procedure
NOPR with no modification for pumps,
except those sold with submersible

which a default nominal full load motor efficiency
applies, as well as pumps rated with motors and
pumps rated with motors and controls, for with the
nominal full load motor efficiency with which the
pump is rated applies (not a default value),
depending on the context. Therefore, in this final
rule, DOE is updating the terminology to use the

when determining PERstp. This same
approach is used to determine PERcL.
under the calculation-based approach,
which is described in greater detail in
section IIL.LE.2.b. In the April 2015
pumps test procedure NOPR, DOE
proposed to determine the part load
losses of the motor at each load point by
applying an algorithm to the full load
losses of the motor. 80 FR 17615.
Specifically, DOE proposed to
determine a part load loss factor (y;) at
each load point based on the following
equation (13):

P

)2““4301’<(E5Eiﬁ5)+'“6410) (13)

II1.D.1 for bare pumps and when
determining PERstp, or the represented
nominal full load motor efficiency
described in section III.D.2 for pumps
sold with applicable motors.
Specifically, DOE proposed that the full
load motor losses would be calculated
as shown in equation (14):

(14)

would be determined based on the
product of the full load losses and the
part load loss factor at that load point,
as shown in equation (15):

(15)

motors. DOE notes that, in making the
change requested by interested parties
to account for service factor in sizing
submersible motors (see section
II.D.1.b), DOE is making a slight
modification to the part load loss factors
for VTS pumps to specify that where

Py
—>1
MotorHP 2

a value of 1.000 should be used as the
part load loss factor.

This change is needed because the
proposed part load loss curves were not
developed to be representative of

nomenclature L and describe the term as
equivalent to “motor losses at full load,”
referencing the relevant procedure for determining
full load motor losses based on the pump
configuration.
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performance above the full load of the
motor. This modification implicitly
assumes that the motor efficiency curve
is flat between full load and the service
factor (i.e., 1.15). DOE expects the full
load losses of the motor to be more
representative of the performance of
motors beyond full load operation than
extending the curve, which would
assume that losses would decrease
(efficiency would increase) above full
load. DOE has not made any other
revisions to the part load loss factors.
DOE also notes that such is the case for
all pumps; that is, the ratio of pump
shaft input power to motor horsepower
should not exceed a value of 1 for any
pump. As such, to ensure that the part
load loss factor equation is not applied
inappropriately, DOE is adding this
clarification as applicable to all pumps
tested under the test procedure.

E. Test Methods for Different Pump
Configurations

As previously discussed, the PEI¢y,
and PEIy, for a given pump is
determined by first calculating the
PERcr. or PERy1, as applicable, for the
given pump. For all pumps, the PERc.
or PERy. is then scaled based on a

calculated PERgstp (i.e., the PERc of a
pump that would minimally comply
with the applicable standard). (Docket
No. EERE-2011-BT-STD-0031) The
process for determining the PERstp is
described in section IIL.B.2.

In the April 2015 pumps test
procedure NOPR, DOE proposed that
different test methods for determining
the PERc1. and PERy. of applicable
pumps would apply based on the
configuration of the pump model and
the characteristics of the motor and
controls it may be sold with. 80 FR
17586, 17616 (April 1, 2015). For
example, the available test method(s) for
pumps sold alone (i.e., bare pumps)
would be different than those for pumps
sold with motors or pumps sold with
motors and continuous or non-
continuous controls. Further, the
available test methods for pumps sold
with motors that are covered by DOE’s
energy conservation standards for
electric motors at 10 CFR 431.25(g) (as
established by the energy conservation
standards established in the May 2014
medium electric motor energy
conservation standard final rule (79 FR
30933 (May 29, 2014)) 85 would be
different than the available test methods

for pumps sold with motors that are not
covered by DOE’s test procedure for
electric motors. Specifically, DOE
proposed defining the applicability of
the proposed test methods based on the
following:

e Two potential approaches: (1)
Testing-based versus (2) calculation-
based;

e three potential configurations: (1)
Bare pumps, (2) pumps sold with
motors, and (3) pumps sold with motors
and controls; and

o two different sub-configuration
criteria:

(1) Whether the pump was sold with:
(a) a motor covered by DOE’s electric
motor energy conservation standards,
(b) a submersible motor, (c) a motor that
is not covered by DOE’s electric motor
energy conservation standards and is
not a submersible motor, or (d) no
motor; and

(2) whether the pump was sold with:
(a) continuous controls, (b) non-
continuous controls, or (c) neither
continuous or non-continuous controls.

The applicability of DOE’s proposed
test methods to different configurations
of pumps is summarized in Table III.8.
Id. at 17627.

TABLE [11.8—APPLICABILITY OF CALCULATION-BASED AND TESTING-BASED TEST PROCEDURE OPTIONS BASED ON PUuMP

CONFIGURATION

Pump configuration

Pump sub-configuration

Calculation-based test method

Testing-based test method

Bare Pump ...............

Pump + Motor ..........

Electric Motor

Pump + Motor +
Speed Controls.

Control.

Electric Motor

trols.

Bare Pump ........cccoceet

Pump + Motor Covered by DOE’s Electric
Motor Energy Conservation Standards
OR Pump + Submersible Motor.

Pump + Motor Not Covered by DOE'’s

Energy Conservation
Standards (Except Submersible Motors).

Pump + Motor Covered by DOE’s Electric
Motor Energy Conservation Standards
+ Continuous Control OR Pump + Sub-
mersible Motor + Continuous Control.

Pump + Motor Covered by DOE’s Electric
Motor Energy Conservation Standards
+ Non-Continuous Control OR Pump +
Submersible Motor + Non-Continuous

Pump + Motor Not Covered by DOE'’s
Energy Conservation
Standards (Except Submersible Motors)
+ Continuous or Non-Continuous Con-

A.1:

Load Loss Curve.

B.1:

Load Loss Curve.

C.1:

System Curve.

Tested Pump Efficiency of Bare
Pump + Default Nominal Full
Motor Efficiency + Default Motor Part

Tested Pump Efficiency of Bare
Pump + Represented Nominal
Load Motor Efficiency for Actual Motor
Paired with Pump + Default Motor Part

Not Applicable .........c.........

Tested Pump Efficiency of Bare
Pump + Represented Nominal
Load Motor Efficiency for Actual Motor
Paired with Pump + Default Motor/Con-
trol Part Load Loss Curve + Assumed

Not Applicable ....................

Not Applicable .........c.........

Not Applicable.
Load

B.2: Tested Wire-to-Water Per-

Full formance.

B.2: Tested Wire-to-Water Per-
formance.

C.2: Tested Wire-to-Water Per-

Full formance.

C.2: Tested Wire-to-Water Per-
formance.

C.2: Tested Wire-to-Water Per-
formance.

65 DOE recognizes that the scope of the electric
motor standards at 10 CFR 431.25 may change in
the future as a result of potential future

rulemakings. Since the scope of such future motors
standards is unknown, DOE wishes to clearly and
unambiguously establish the specific motors which,

when sold with an applicable bare pump, would be
eligible to apply the calculation-based test methods
described in this section.



4126

Federal Register/Vol. 81, No. 15/Monday, January 25, 2016 /Rules and Regulations

DOE’s proposed applicability of
testing-based and calculation-based test
methods, as shown in Table III.8, was
designed to maximize the number of
pumps that can be rated using the less
burdensome calculation-based methods
A.1,B.1, and C.1. DOE also proposed
the applicability of the various test
methods to maximize flexibility in
rating equipment. That is, where
possible, DOE proposed to allow either
the calculation-based or the testing-
based method to be used to determine
the PEI of applicable pump models. 80
FR 17627-28. In this case, if a
manufacturer wished to represent the
improved performance of a given pump,
for example from a motor with
improved part load efficiency
performance, and believed that the
assumptions made in the calculation
method would not adequately represent
the improved performance of that
pump, the manufacturer would be able
to use the testing-based methods to rate
the PEI¢y. or PEIy,. of that pump model
to capture the improved performance of
the pump as tested.

DOE also noted that, since the
measured performance of individual
units can vary from the average
performance of the population or from
DOE’s assumed values used in the
calculation-based approach, it is
theoretically possible for the
calculation-based approach to generate
ratings that are better or worse than the
testing-based approach. To address this
possibility, DOE proposed that
manufacturers report the test method
(i.e., calculation-based or testing-based)
used to determine the PEI for each
model and that DOE would use the
same method used by the manufacturer
to generate the rating when performing
assessment or enforcement testing. Id. at
17628.

DOE requested comment on its
proposal to establish calculation-based
test methods as the required test method
for bare pumps and testing-based
methods as the required test method for
pumps sold with motors that are not
regulated by DOE’s electric motor
energy conservation standards, except
for submersible motors, or for pumps
sold with any motors and with non-
continuous controls. DOE also requested
comment on the proposal to allow either
testing-based methods or calculation-
based methods to be used to rate pumps
sold with continuous control-equipped
motors that are either (1) regulated by
DOE’s electric motor standards or (2)
submersible motors. In addition, DOE
requested comment on the level of
burden associated with reporting the
test method used by a manufacturer to
certify a given pump basic model as

compliant with any energy conservation
standards DOE may set.

HI commented that it agrees with
these proposals, and that it is not too
burdensome to note the test method in
the certification report, as proposed in
the April 2015 pumps test procedure
NOPR. (HI, No. 8 at p. 23) Wilo
commented that the calculation-based
test methods should be eliminated
entirely. Wilo indicated that one
problem is that DOE is not responsible
for providing tools to determine
compliance, so each manufacturer will
be responsible for creating its own
potentially erroneous evaluation tool.
Wilo also indicated that a second
problem is that there are no standard
efficiencies for VFDs, so a manufacturer
could use a minimally performing VFD
to create a better performing PEI value
for a given pump sold with motor and
controls. (Wilo, Docket No. EERE-2011—
BT-STD—-0031, No. 44 at pp. 3—4)

In response to Wilo’s comment
regarding the calculation-based
approach, DOE notes that DOE
developed the calculation-based
approach with extensive feedback and
input from the CIP Working Group and
believes that it is appropriate for the
categories and configurations of pumps
for which DOE proposed it would be
applicable. DOE also notes that, as
described in the April 2015 pumps test
procedure NOPR, the calculation-based
approach is significantly less
burdensome than the testing-based
approach since a manufacturer may
elect to determine the PEI rating for
several pump models sold with different
combinations of motors and/or
continuous controls based on the
physical test of the bare pump only.
That is, manufacturers may test a
representative sample of bare pumps
(see section III.G for a description of
DOE’s sampling provisions for pumps)
and all subsequent ratings of that bare
pump sold with any combination of
motors that are covered by DOE’s energy
conservation standards, submersible
motors, and continuous controls may be
calculated using the calculation-based
approach with no additional physical
testing. Due to the potentially large
burden associated with requiring
physical testing of each potential
combination of a bare pump, motor, and
continuous control, as well as the
existing concerns of manufacturers and
other interested parties regarding the
proposed test procedure (see section
IV.B), DOE is electing to maintain the
calculation-based procedure as an
option for applicable pumps.

DOE also notes that the calculation-
based procedure is required for bare
pumps, as testing-based methods do not

apply to bare pumps because a PEI
rating (which includes the efficiency of
the motor) cannot be determined based
on a test of the bare pump alone. For all
other pump configurations, the
calculation-based method is only
offered as an option, should
manufacturers choose to employ it.
Therefore, if Wilo prefers to use the
testing-based approach to certify their
equipment, it may do so for all
configurations of pumps except bare
pumps.

Regarding the accuracy or validity of
any evaluation tools to implement any
calculations associated with either the
calculation-based or testing-based
approach, DOE notes that manufacturers
must rate pumps in accordance with the
test procedure. The calculation-based
approach required by the regulations
provides sufficient detail for
manufacturers to develop reliable tools.
Nonetheless, manufacturers are
responsible for ensuring that any
calculations are performed correctly,
whether performed using an evaluation
tool or by hand, for both the calculation-
based and the testing-based approaches.

In response to Wilo’s comment
regarding the potential for a
manufacturer to improve the PEI rating
of a given pump model sold with a
motor, but without continuous controls,
by pairing the pump with continuous
controls, DOE acknowledges that the
PEI for pumps sold with continuous
controls tested using either the
calculation-based or testing-based
approach will be better (i.e., lower) than
that of the same pump sold and tested
with a motor only. However, consistent
with the feedback provided by the CIP
Working Group, DOE believes that
decreased PEI is reflective and
representative of the improved energy
performance customers are likely to
observe in the field. That is, the load
points and, in the case of controlled-
motors, the system curve, assumed for
these pumps (discussed in section III.B
and IIL.E.2.c, respectively) are
representative of the operation of such
pumps in the field. DOE also notes that,
as mentioned in the April 2015 pumps
test procedure NOPR, the testing-based
method is intended to allow for more
granular differentiation of equipment
performance, including differentiation
of the performance of different models
or styles of continuous controls. In
particular, DOE noted in the April 2015
pumps test procedure NOPR that the
ability of the testing-based method to
differentiate among the performance of
various continuous controls was
particularly important for pumps sold
with motors and continuous controls,
since DOE is only assuming a single
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system performance curve to represent
all applicable continuous controls, as
described in section IILE.1.c, and the
testing-based method may provide an
opportunity for manufacturers to
differentiate among the performance of
different continuous control
technologies. Id. at 17627-28.

In this test procedure final rule, DOE
is adopting the test method applicability
proposed in the April 2015 pumps test
procedure NOPR and shown in Table
I11.8 with no modifications. As proposed
in the NOPR, DOE is also adopting
requirements that manufacturers report
the test method used to determine the
ratings for applicable pump models and
provisions that when conducting
assessment and enforcement testing
DOE will use the same method reported
by manufacturers.

The specific test methods, any
comments DOE received on the
proposed methods and applicability,
and the final test methods DOE is
adopting in this final rule are discussed
in the following sections:

¢ Section III.LE.1.a: The calculation-
based approach for bare pumps (method
A1),

e section IILE.1.b: The calculation-
based approach for pumps sold with
applicable motors,

e section IILE.1.c: The calculation-
based approach for pumps sold with
applicable motors and continuous
controls,

e section IILE.2.b: The testing-based
approach for pumps sold with motors,
and

e section IIL.E.2.c: The testing-based
approach for pumps sold with motors
and continuous or non-continuous
controls.

1. Calculation-Based Test Methods

In the April 2015 pumps test
procedure NOPR, DOE proposed that
the following calculation-based test
methods would be used to rate (1)
pumps sold as bare pumps (method
A.1); (2) pumps sold either with (a)
motors that are regulated by DOE’s
electric motor standards or (b)
submersible motors (method B.1); and
(3) pumps sold with motors that are
either (a) regulated by DOE’s electric
motor standards or (b) submersible
motors, and that are equipped with
continuous controls 6667 (method C.1).
80 FR 17586, 17616 [April 1, 2015).

Regardless of the pump configuration
or characteristics, the calculation-based
test method for the applicable pump
types includes the following steps:

(1) Physical testing of the bare pump,
in accordance with HI 40.6-2014, to
determine the pump BEP and pump
shaft input power at 75, 100, and 110 of
actual BEP flow, adjusted to nominal
speed;

(2) Determining the part load losses of
the motor (or default motor) and any
continuous or non-continuous controls
applicable to the rated pump model at
each load point;

(3) Taking the sum of the pump shaft
input power at nominal speed and the
calculated part load motor losses at each
load point in the constant load or
variable load profiles, as applicable, to

determine the input power to the pump
at each load point;

(4) Determining the PERcr. or PERvy,
as applicable, for the given pump as the
weighted average of the input power to
the pump at the applicable load points;

(5) Determining the PERstp for the
minimally compliant pump, as
described in section II.B.2; and

(6) Dividing the PER¢y. or PERy from
step 4 by the PERgrp for that pump
model to determine PEI¢.. or PEIvy,
respectively.

The specific test methods for bare
pumps, pumps sold with motors, and
pumps sold with motors and continuous
controls are described in more detail in
the following sections IIL.E.1.a, IIL.LE.1.b,
and IILE.1.c, respectively.

a. Calculation-Based Test Method A.1:
Bare Pump

As described previously, DOE
proposed in the April 2015 pumps test
procedure NOPR that the bare pump
PERcL would be determined based on
the measured pump shaft input power
at 75, 100, and 110 percent of BEP flow.
80 FR 17586, 17616—17 (April 1, 2015).
Section III.C of this final rule describes
the test method for determining pump
shaft input power at the specified load
points, which is based on HI 40.6—2014.
DOE proposed that the measured pump
shaft input power at the three constant-
load flow points would then be
combined with the part load motor
losses at each load point and equally
weighted to determine PERcy. for that
bare pump, as shown in equation (16):

_ in,m in,m in,m
PERcr, = w7s00(Pysig ) + 010006 (Pioots) + @1109%(Pr1oo)

= w7504 (Py594 + L7ses) + 010006 (Prooss + Lioog) + W11006 (Pr100s + Li10s)

Where:

®; = weighting at load point i (equal
weighting or %4 in this case),

P;inm = calculated input power to the motor
at load point i (hp),

P; = the shaft input power to the bare pump
at load point i (hp),

L; = default motor losses at load point i (hp),
and

i = load point corresponding to 75, 100, or
110 percent of BEP flow as determined

66 The calculation-based test method was
designed to capture the dynamic response of a
control that can continuously respond to changes in
load and reduce power consumption at all load
points below BEP. Therefore, pumps sold with non-
continuous controls would instead use the testing-
based method described in section IILE.2.c, which
captures some reduction in power consumption at

in accordance with the DOE test
procedure.

Id.

The part load motor losses for the bare
pump would be determined for the bare
pump based on a default nominal full
load motor efficiency, representative of
a motor that is minimally compliant
with DOE’s electric motor energy
conservation standards (or the default
minimum motor efficiency for

some reduced flow rates. DOE discussed this
approach with the CIP Working Group, which
generally agreed with it, although such a
recommendation was not specifically included in
the CIP Working Group recommendations. (Docket
No. EERE-2013-BT-NOC-0039, No. 107 at pp. 49—
50)

(16)

submersible motors), as described in
section III.D.1, and the default motor
loss curve, as described in section
1I1.D.2. Id.

As presented in section III.B, the
PEI¢.. for a bare pump can then be
calculated as the PERc. for a given
pump divided by the PERstp for a pump
that is minimally compliant with DOE’s
pump standards sold without controls,
as shown in equation (17):

67 DOE notes that some pumps sold with
continuous controls, such as pumps sold with
ECMs, may not be eligible to apply the calculation-
based method based on the fact that ECMs are not:
(1) A type of motor covered by DOE’s energy
conservation standards for covered motors or (2) a
submersible motor (see section IILE). These pumps
would instead apply a testing-based method.
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_ [ PERcL ]
PEly, = [—PERSTD 17)
Where: pumps sold with motors that are not DOE also requested comment on its

PERstp = the PERcy. for a pump of the same
equipment class with the same flow and
specific speed characteristics that is
minimally compliant with DOE’s energy
conservation standards serving the same
hydraulic load (hp). The procedure for
determining PERstp is described in
detail in section III.B.2.

For bare pumps, DOE proposed
establishing the calculation-based
approach (method A.1) as the only
applicable test procedure, as testing-
based methods do not apply to bare
pumps because a PEI rating (which
includes the efficiency of the motor)
cannot be determined based on a test of
the bare pump alone.

DOE received no specific comments
on the proposed test procedure for bare
pumps and is adopting the calculation-
based test procedure, as proposed.

b. Calculation-Based Test Method B.1:
Pump Sold With a Motor

For pumps sold with motors that
either are regulated by DOE’s electric
motor standards or are submersible
motors, DOE proposed to allow the use
of the applicable calculation-based
method (method B.1), in addition to the
testing-based method (method B.2,
discussed in section III.E.2.b). In these
cases, DOE proposed that the
calculation-based test procedure would
be similar to that for pumps sold alone
(method A.1) except that the
represented nominal full load motor
efficiency, or losses, would be that of
the motor with which the pump is sold
when determining PERcr, as opposed to
the default nominal full load motor
efficiency assumed in the bare pump
case. For motors covered by DOE’s
electric motor standards, DOE proposed
that the represented nominal full load
motor efficiency be determined in
accordance with the DOE electric motor
test procedure specified at 10 CFR
431.16 and appendix B to subpart B of
part 431 (see section 1I1.D.2) and
applicable procedures for determining
the represented value (also specified in
10 CFR part 429 and 431). For pumps
sold with submersible motors rated
using the calculation-based method, the
default nominal full load submersible
motor efficiency would be determined
from Table II1.6 (see section III.D.1.b).
DOE also reiterated that this calculation-
based method would not apply to

subject to DOE’s electric motor
standards (except for submersible
motors). 80 FR 17586, 17618 (April 1,
2015).

The PEI¢;. for pumps sold with motors
would then be calculated using a similar
approach that would be applied to bare
pumps shown in equations (16) and
(17), above, except that the default part
load losses of the motor at each load
point would be determined based on the
represented nominal full load motor
efficiency, as described in section
1L.D.2. Id.

As previously discussed in section
[I.B.2, in determining PERstp, DOE
proposed to use the electric motor
efficiency standards listed at 10 CFR
431.25 for polyphase NEMA Design B
motors as the default nominal full load
motor efficiency of the minimally
compliant pump for pumps sold with
motors other than submersible motors.
Similarly, for pumps sold with
submersible motors, the default nominal
full load motor efficiency would be that
specified in Table II1.6 in section
[I.D.1.b for both the rated pump model
ElIld PERSTD. Id

In the April 2015 pump test
procedure NOPR, DOE requested
comment on several specific items
related to the proposed calculation-
based test procedure for pumps sold
with applicable motors. Specifically,
DOE requested comment on its proposal
to determine the part load losses of
motors covered by DOE’s electric motor
energy conservation standards using the
represented nominal full load motor
efficiency, as determined in accordance
with DOE’s electric motor test
procedure, and the same default motor
part load loss curve used in test method
A.1. In response, HI commented that it
could not comment on this issue. (HI,
No. 8 at p. 21) DOE received no
additional comments on this proposal.

DOE requested comment on its
proposal that pumps sold with motors
that are not addressed by DOE’s electric
motors test procedure (except
submersible motors) would be rated
based on the testing-based approach,
and HI commented that it agrees with
this proposal. (HI, No. 8 at p. 21) DOE
received no additional comments on
this proposal and has determined that
no revisions are necessary.

proposal to determine the PERcy of
pumps sold with submersible motors
using the proposed default nominal full
load efficiency values for submersible
motors and to apply the same default
motor part load loss curve to the default
motor in test method A.1 to the bare
pump. HI commented that it agrees with
the proposal as long its concerns
regarding submersible motor efficiency,
as detailed in section IIL.D.1.b of this
final rule, are addressed. (HI, No. 8 at p.
21) DOE received no other comments on
this proposal.

Based on the comments received from
interested parties, DOE is adopting the
proposed test method B.1 for pumps
sold with motors covered by DOE’s
electric motor test procedure. For
pumps sold with submersible motors,
the default nominal full load
submersible motor efficiency values
used in the calculation of PER¢;. and
PERstp are the values shown in Table
II1.7, which are revised based on the
input from HI.

c. Calculation-Based Test Method C.1:
Pump Sold With a Motor and
Continuous Controls

For pumps sold with continuous
controls and motors that are either (a)
regulated by DOE’s electric motor
standards for electric motors or (b)
submersible motors, DOE proposed, in
the April 2015 pumps test procedure
NOPR, to allow use of either the
applicable calculation-based method
(method C.1, discussed in this section
IIL.E.1.c) or the testing-based method
(method C.2, discussed in section
III.E.2.c). 80 FR 17618-19. The proposed
calculation-based approach for pumps
sold with motors and cont