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1.0 COPE

*‘lﬂ'nndard addresses the general
qualification requirements for pump
ssemblies consisting of the pump, its
apunmm.. the pump sealing system, and

2 pump driv The designation of pump .
el QIRLATRE e e (g eoversd by
Standerd

Mgt

purpose of this standard is to define
the general requirements for qualification
of pump assemblies intended to be installed
1? v:ﬂm safety systems of a nuclear power
plant,

3.0 gmumous
" nitions establish the mig: of
e

words in the context of their use in
pump qualification (QP) standards,

m. The effects of operational,

onmental and system conditions on
equipment during a perfod of time up to but
not includi dair bsis events, or the
process of simulating these events,

1ysis = A course of ressoning showing
2 certain result 1s a consequence of
assumed premises.

Wﬁ - Information which 1s
organized in a readily
understandable and traceable manner that
permits independent auditing of the

inferences or conclusions on the
information,

NOTE: Examples of technica
{nformation include: product
catalog information, dimensional
drawings, bills of materials,
engineering specifications,
erformance specifications,
nstallation and calibration
fnstructions and manuals,
maintenance manuals, test
reports and analysis,

C C1 « Levels of structural

n 2" od quality comensurate with the
relative fmportance of the individual
mechanical components of the nuclear power
generating station,




B
NOTE rz the rec 1"3'?« class

er to the ng documents:

PNuzloar

of Criteria for the Design of Stationar
’3".'}{'1..4 Water Reactor Plants, ANSH-wota=9 ANSEANS 571

@S& Boiler and Pressure Vessel Code,
fon 111

Nuclear Scfog‘ Criteria for the Design of
Stationary BWR Plants - ANSI/ANS N52.1

% = Items from which equipment s

ass (for example: attachments,
bearings, bolts, capacitors, connectors,
overnors, inspection access ports,
nstrument sensors, locking devices

position indicators, resistors, uais. sight
glasses, springs, switches, transistors,
tubes, wires, etc.)

\ « That portion of the engineered
) ures designed to act as the
principle barrier, after the reactor system
pressure boundary, to prevent the relese,
even under conditions of a reactor accident,
of unacceptable quantities of radioactive
material beyond a controlled zone.

%m. The provision of evidence to
supp e conclusfon derived from assumed
premises,
Design 1ife. The time during which
uﬂs;oc!ory performance can be expected for
& specific set of service conditions
W = A systematic assembly of

ce Including quality sssurance
procedures, & applicable.
Equipment, An assembly of components

hird ad manufactured to perform
specific functions,

m « A set of environmenta)
to nvole% the range of

expected environments,



Generic Equipment - A family of pump
Ulﬂ'ﬂé Hl\dn similar design
characteristics in respect to manufacturing
processes, 1imiting stresses, and operating
principle which may be represented for
qualification purposes by a selected
{ndividual unit,

Installed Life. The interval from
nstallation to removal, during which the
equipment or component thereof may Le
subject to design service conditions and

system demands.

Interface - A junction between components of
a punp assembly is an internal interface.
Similarly a junction at the pump assembly
boundary with outside elements of the system
or the building structure is an external
interface.

Margin, The difference between service
conditions and the conditions used during
equipment qualification.

erating Experience - An accumylation of
g%ﬂﬂﬁ'c service data for conditions
cons idered to be equivalent to or exceeding

those defined for the equipment to be
qualified.

Pump, The basic component of the pump
assembly that affects the transfer of fluids,

Pg% Assembly. The grouping of {tems needed

o insure the operation of the pump that

includes, but 1s not 1imited to the pn?.
cooling

its appurtenances, seals, bearings,
system, filters and strainers.

14fication, The generation,
ation, and maintenance of evidence
adequate to demonstrate that the pump
ssembly can perform within the oqu“lmt

specification requirements during @
specified service conditions,

3*’""5 Life. The period of time prior to
e sta a design basis event, for which
the equipment was demonstrated to meet the
design requirements for the specified

service conditions.



4.0

5.0
5.1

it

Service Conditions. Environmental, loading,
power and signal conditions expected as a
resuilt of nommal operating requirements,
expected extremes (abnormal) in operating
requirements, and postulated conditions
®propriate for the design basis events of
the station,

GENERAL QUALIFICATION REQUIREMENTS

A punp assembly installed in a nuclear
system required to perform a safety function
may be subject to postulated operating
conditions defined by the station safety
analysis as design basis events (DBE),
During the occurence of, or {mmediately
following a DBE, the pump assembly may be
required to function while subject to harsh
environmental conditions and while subject
to external loads imposed by interfaces with
the system or the building structure. This
standard addresses the criteria needed to
provide assurance of qualification under
these conditions,

The qualification requirements shall be
defined in the p assembly specification.
(Refer to Section 5.0), The qualification
program to satisfy these requirements f1s
outlined in section 6.0, The final
requirement {s the orderly documentation of
specified requirements, the scope and the
results of the qualification program, and
the definition of quality assurance
procedures to verify the qualification
package.

PUMP ASSEMBLY SPECIF ICATION
GENERAL

To be qualified by the QP series of
standards a punp assembly requires

specifications which

cons idered for a
ssembly install
plant. The requirements
safety systems’ function(s) T the
service conditions postulated during the

[

time frame of the saf function, and the
i et Y
must be accoun r in the

" “qualf process. The [BERpsEEry).

ln.l.n.L_?oM



5.2

5.2.1

requirements in addition to the conventional
specification data. Appendix A provides a
check 1ist of items for guidance in
specification preparation.

specification shall define these L

For a pump assembly designated for 2 Ll

specific application which s to be
ali this standard, ©

respons ibi e r his designee

to prepare the qualification specification A
and approve the qualification program which [ff""
demonstrates that the acceptace criteria g
have been satisfied, P Q‘W

m»ap ssnblg am
the manufacturer develops both the
specification and the qualification program
for th oduct. The qualificati .
vl sl 43 e ot e "
service conditions postu or the
potential spplications for the generic Wsﬂ
pump assembly,

SPECIF ICATION REQUIREMENTS

¢ EAVIFOR e

As a minimum, the following shall be
included:

Acceptance Criteria for Pump Assembly
Qualification.

The acceptance criteria shall include the
parameters for acceptable performance of the
pump assembly during specified service
conditions. Examples of operational
parameters inciude, but are not limited to:
flow, discharge pressure, net positive
5 on _head required (NPSHR), required
(operation or startup time, re -
rate, or regulation capability, as
wplicable. In addition, environmental
parameters pertaining to functional
operation during normal, abnormal, design
basis event and post dcsig\ basis event
service conditions shall be defined for each
operating event where the function of the
pump assembly is vital for safety system
operation, The criteria must also define
external 1gad: g quipment via
interfaces With the 4

startup and ofb\d “.‘?

" L

O TITITET S loads, external loads
imposed through piping connections, and
vibration transmitted by the interface.



For clarity, the scceptance criteria for
each service condition essential to
qualification should be grouped and related
to each particular operational serice

requirement, In addition, consideration
be given to mechanisms such as wear M

ag , err co
the pump assembly or its components.

$.2.2 Definition of the pump assembly equipment
boundary,

The pump assembly, fn general, 1 des the
pump, its appurtenances, its sealing system
the pump driver, a coupling 1f spplicable,
and mounting provisions, xi11ary
equipment such as cooling water systems,
lubrication systems, control valves, and
fnstrumentation may be included in the
assembly or may be external equipment., The
equipment boundary shall indicate which
camponents are part of the pump assembly and
where interfaces exist with the external
systen, The limits of the pump pressure
boundary are defined in ASME Boiler and
Pressure Vessel Code , Section III, NC-1130
and ND-1130. The boundary of the pump
assembly will encompass additiona
components, appurtenances and other items.

5.3 Description of Interface Attachments, Loads,
Power Sources and Control Signals,

Location of loads and structural
characteristics fo
nn be ecif

bs ection NCA they provide constraint
to the code component. Other interface
attachments, including the driver motor
electrical raceway interface, shall be
specified. The specified 1imits of the
supplied power shall be sufficient to
operate the pump assembly at its required
performance.

5.2.4 Design Codes and Standards.

For the pump assembly, the following Codes
and Standards apply:

4



$.2.5

a. ASME Boiler and Pressure Vessel Code,
Section 111 and Section XI.
b. ASME/ANSI QP (applicable sections of
the QP standards)
S IEEE Standards, IEEE 334-1974, IEEE
323-1974, 1EEE 344-1975, IEEE 627-1980
(as applicable)
d. ANSI/ASME NQA-1-1983 Quality Assurance -{jf ‘s
Program Requirements for Nuclear imo;fw s
—aStents (s pplicadle)
e. Hydraulic Institute Standards.

The spplicable sections of the above Codes
and Standards pertinent to qualification of
the pump assembly shall be specified.

Specification of Conditions,

Specification of service conditions
including conditions resulting fram design
basis events (e.g., seismic, loss of coolant
accident, high energy line break accident,
reactivity insertion, loss of reactor
coolant pumps, etc.) for the pump assembly
and the nature of the safety function(s) to
be performed is required. The time the pump

assembly must remain operablejpshall also b subse wuff' te »
specified. The service condicions Tor thess L ostulafed EVERT
events shall be expressed as an estimated gack p

time history for each parameter that may
effect the pump assembly function during the
event,

Some parameters to be considered are:

(a) Pressure. .

(b) Temperature.

(¢) Relative humidity.

(d) Radiation - hourly rate and/or
integrated dose. (Specify gamma, beta,
and/or neutron, as splicable.)

(e) 22?1)“1 effects (air, water quality

(f) Seismic and dynamic excitation.

Same operational parameters to be considered

are:

(a) Duty cycle 'wuring the postulated event,

(b) Power supply (deviation from normal
cmditims.{

(c) Vibration.



5.2,6

$.2.7

5.2.8

Margin,

Margin shall be considered in the
qualification program to account for
resonable uncertanties in demonstrating
satisfactory performance, errors in
experimental measurements and to address
normal variations in cammercial production,
thereby providing greater assurance that the
equipment can perform under the most severe
conditions for which it is qualified.

Because of the variety of equipment that
must be qualified and the different demands
made on equipment, 1t is not practical to
specify generally spplicable margins.

S fic equipment qualification standards
cﬁﬁ;z:?v_ige_xmmmun.ﬁ_k_ P14
margins. In identifying margin, 1t is

permissible to take into consideration known
margins already applied.

Special Materials,

Materials having superior wear
characteristics or corrosion resistance may
be specified for certain camponent parts of
the pump assembly. Conversely, other
materials may be excluded. Non-metallic
materials such as gaskets, seals, or
lubricants that may be susceptible to aging
in a radiation, temperature or chemical
environment may be pre-qualified
individually and a conservative qualified
life assi?ned to ?rovide assurance of
functional capability., These materials
should be specified, as required, for the
intended service conditions,

Maintenance Requirements.

A procedure for programmed replacement of
subcanponents of the pump assembly shall be
provider when environmental or service
conditions or both pradicted for the
specific spplication indicate that the aging
of parts may 1:gair the functional
capability of the pump. The specification
shall state who will specify the replacement
procedure. Also, a listing of allowable
tolerances or clearances or both for
interfacing parts shall be provided by the
manufacturer when maintenance of these
limits is necessary to assure operability of
the pump assembly.



5.2.9 Quality Assurance Requirements.

Quality assurance requirements for
camponents not constructed to the rules of
Section 111 as defined in the ANSI/ASME
NQA-1 shall be specified whole or in part,
as required.

5.2.10 Documentation Requirements.

Reports and supporting data that are
necessary to substantiate the qualification
of the pump assembly shall be listed. The
qualification report shall be certified to
verify that all acceptance criteria have
been met. !
au.d.—( i£ e AJ‘:O n

6.0 Gertdfication Program

A pro?rn to verify the pump assembly
capability to meet the specified
qualification requirements shall be
deveioped. The scope of the grogrun will
depend on the camplexity of the requirements

o(' ssccified for the pump assembly application

1?21&.:19c\er1c punp‘ﬁsanb y ;

a c mmhgg shed by the pump
assembiy manufacturer,” If the available
generic data envelop the specified
requirements and meet the acceptance
criteria, the qualification progran may be
oriented to an analysis demonstrating
similarity of the pump assembly being
qualified to
assembly previous]
more of the accept er en
been verified by generic qualification, an
extension of the generic program via
analysis or supplementary testing or both
will be required as a part of the
qualification program.

The development of the qualification program
shall be based on the appropriate QP
- ‘ ] ) 5

v L
of p
]

ump, the
d th

UMy O . ac U
provides further detail on the requirenents
for qualification,

10
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6.1

6.1.1

6.1.2

6.1.3

6.1.‘

6.2
6.2.1

The qualification program for the pump
assembly shall be documented and arranged in
an orderly manner to demonstrate that each
of the acceptance criteria have been
verified.

Qualification Alternatives
o

W Due to the traditional design of pump
assemblies, the majority of safty related
glnps are qualified in configurations such
hat the qualification of assembly
interfaces and camponents is encompassed in
the pump qualification progran. Normally,
it is necessary to include the shaft sea
&ssembly and a driver and interface

following ernative aproaches to pump
assanbly qualification are acceptable.

(a) Qualification of a shaft seal assembly
in accordance with QP-3 and

(b) Qualification of a driver in accordance
with QP-4 or 5 and

(c) Qualification of pump assembled with
the qualified shaft seal and the
qualified driver in accordance with
QP-2 or

(a) Qualification of a shaft seal assembly
in accordance with QP-3 and

(b) Qualification of a driver in accordance
with QP-4 or 5 and

(c) Qualification of pump assembled with
the qualified shaft seal and an
alternative driver in accordance with
QP-2 or

(a) Qualification of a driver in accordance
with QP-4 or 5 and

(b) Qualification of pump and shaft seal
assembled with qualified driver in
accordance with QP-2 and 3 or

(a) Qualification of a driver in accordance
with QP-4 or 5 and

b. Qualification of pump and shaft seal
assembled with alternative driver per
QP-2 and 3 .

Qualification By Analysis

Camponent Parts and Interface Items

After completing one of the above programs
an analytical evaluation of the pump
assembly shall be performed to justify that:

n

g il us R R



6.2.2

6.2.3

7.0
7.1

(a) al) component parts have been qualified.

(b) all interface items have been
considered,

Items That Have Not Been Qualified to QP-1

Camponents or interfaces Wnot e
aonsidened in the qualification rogram
shall be subject to qualification in
accordance with QP-2 , This requires that,
a a minimum, analysis be performed to
justify the capability of the interface or
camponent to perform its function.

Generic Pump Assemblies

If a generic pump assembly has been
previously qualified by the QP series of
standards, the qualification program will be
designated to provide aalysis,
supplementary tests, or evidence of
operating experience to establish the
similarity of the specific pump assembly
being qualified to that previously

ualified. If no previous qualification data
s available to verify capability, the
qualification program must be formulated to
comply with the series of standards.

DOCUMENTAT ION
Gerieral

The qualification documentation shall verify
that the safety system equipment is
qualified for its application and meets its
sgeciﬂcation criteria. The basis for
claiming qualification shall be explained in
a clear logical fashion, Evidence shall be
presented to show that:

(a) the fundamental qualification
requirement is satisfied, and

(b) the qualified 1ife is justified.

Data used to demonstrate the qualification
of the equipment shall be pertinent to the
mplication and organized in an auditable
form. In addition, any aging processes not
treated during the design qualification, but
reserved for in-service surveillance
monitoring shall be specifically fdentified.

12
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7.2

Documentation Files

The end user shall maintain a qualification
file(s), not necessarily at the nuclear
power generating station site. The fileleT
shall contain the equipment specification
il i X Sl |

(a)

(b)

(c)

(d)

(e)
(f)

evidence of campliance with
specified design codes and
standards and

evidence of compliance with
functional quaiification
standards and

description and records of
periodic inspection, maintenance
and canponent replacement
requirements during the life
time duty cycle and

de(t’emmation of quaiification
an

summary and conclusions and

approval signature and date,

13
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APPD‘MA - SPECIFICATION ITEM CHECKLIST

This non-mandatory appendix is provided to aid the
specification writer, It lists items which may
require consideration when developing specification
for a specific punp assembly application. The
selection of items to be specified is the option of
the owner in order to satisfy his special
requirements, and those of Section 5 of this
standards, as applicable.

I ITEMS TO BE SPECIFIED FOR PUMP DESIGN AND
QACTF TCATTON

A. ;gerification Content
Vs onstruction Code Class,

sgpplicable edition date.

2, Definition of in-service
inspection requirements
including references to specific
ISI Codes, as ®plicable.

3. Functional, operating,
environmental and design
conditions under which the pump
must operate. See data sheet
items,

4, Operational modes including time
1imit for recirculating flow
testing.

5. Pump type.

6. Mimimum operating flow
limitations.

Design life. :

8, Requirements for dynamic
analysis or testing .

R Designation of loads, load

combinations and related ASME
Code service conditions.

10, Demonstration of operability by
malysis or test under all
applicable loading conditions.

14



1.
12,

14,

15,
16.
17,
18,

19.
20,
21,
22,
23,
24,

25,

26,
27,

28,

29,

» S
Se‘h: loading OBE md@-—— S SE

Stress limits,

Seismic design criteria.
Quantified acceptable limits for
wear of bearings to establish
minimum service life.

Use of mechanical seals and type
of seal cooler, as applicadle.
Flow restrictor fram seal
cavity, if applicable.

Yent and drain from pump casing
ad types of connections.
Operational limits for pump
recirculation or operation
without cooling water,

Type of pump nozzle connections
and details.

Connection requirements to other
ancillary piping.

Support and anchorage
requirements, and configuration,
Cooling water piping code
requirements.

Separation of running frequency
fram shaft natural frequency.
Minimum acceptable force and
moment carrying capability of
the pump nozzles, the pump
casing, and the pump support
attachments,

Requrement for manufacturer's
provision of values of maximum
allowable forces and moments.
Water chemical content, (Pump
and/or seal cooling water),
Materials of construction when
restrictions exist, such as
delta ferrite content,

Material testing details
required to be specified by the
Code.

Quality assurance requirements
for code and non-code parts.

15



38.

Shop performance test and
measurements to be taken
including: capacity, total
head, power input, efficiency,
NPSH, and vibration at the
bearing or on the shaft.
Prequalification transient test
requirements and acceptance
criteria.

Inspection requirements and
acceptance criteria.

Cleaning requirements.

Painting requirements.
Preparaticn for shipping.
Identification.

Documentation and identification
of documents.

Document approval responsibility.

Data Sheet Items

uid pumped, specific gravity
at given temperatures.
Design pressure.
Design temperature.
Requirement for manufacturer's
provision of values for minimum
flow capability.
Rated flow, maximum required
flow (runcut flow).
Head at rated flow, maximum
required flow, and shutoff
conditions.
Suction temperature; minimum,
normal, maximum,
Suction pressure; maximum and
normal, .
NPSH available at rated and
maximum required flows.
Ambient temperature, humbidity
ad radiation.
Seismic acceleration; both
horizontal (two orthogonal
directions) and vertical.
Maximum horsepower for diesel
generator loading.

16



13,

14,

Cooling water; temperature,
minimum and maximum; pressure,
and maximum pressure drop.
Entrained material for which the
punp is designed; dirt, debris,
insullation, molten fuel, diesel
oil, fish, etc. under normal and
abnormal service conditions.

11, ITEMS TO BE SPECIFICED FOR PUMP SEALING
SYSTEW

A, %goci fication Contents
R ump construction Code Class and

date of applicable ASME Code
Edition.

Type of seal or seal system to
be provided.

Shaft direction or rotation as
viewed from the drive end.
Availability of component
coolant, including the quantity,
temperature, pressure, available
pressure drop, and chemistry.
Availability of seal injection,
including the quantity,
temperature, chemistry, and
solids particle size.

Possible inaccessability of pump
during operation that restricts
opportunities for visual
fnspection and preventive
maintenance to the seal system.
The need for assembly and
maintenance features to limit

personnel exposure time in
radiation fields.

17



B, Data Sheet Items

The following data is required for the
design basis conditions in the operating
modes of normal, safety
in service test, hydrostatic tests, and
others, (See Table I, of QP-3),
1. Conditions At Seal Cavity:
1.1, Fluid pumped, specific

ravity at given temperature.
D ?n pressures
) .3,Design Temperature

1.4.Thermal transient (°F/Min)
1.5.Thermal transiet duration
(min)

1.6 Allowable leakage

.7.Radfation (rads

.9 Maximum entrained material
size under normal and abnormal
service conditions.
&1.8.Shaft speed (rpm)

2. Design Life:

2.1.Static (hrs.)
2.2,Dynamic (hrs.)

3 Component Coolant Conditions:
3,1.Pressure (PSIA)
3,2, Temperature (°F)
3,3.Flow Rate (GPM)

4, Design Basis Event Condition
Information (Design Life):

1. Number of cycles’
.2, Duration of cycles (hrs.)

18
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111, ITEMS TO BE SPECIFIED FOR PUMP MOTOR DRIVERS

The following information, as a minimum,
shall be included in specifications by the
organization responsible for the design of
the piant,

MOTOR DRIVERS
A. MOTOR APPLICATION

. ven equipment functiop.
2. Specific location at Pl% Site. __Nn.
% Inside or outside %cm nment, . p
4, Duty Cycle - conti

intermittent. (If intermittent,

specify in detail.)
5. Type drive (direct, belt, gear

or hydraulic coupling).
6. Applicable motor design standard

- NEMA,
A Functional, operating,

environmental and design

conditions under which the motor

must operate:

a) Design pressures and

tenperatures (maximum, nomal,

minimum) .

b) Operating pressures and

temperatures (maximum, normal,

minimum),

c) Operating conditions (Bmﬂ/r_
RPM) at corresponding
design/operating conditions.

d) Ambient temperature,

pressure, humidity, radiation and
any 1imits on airtirculation to
motors, 1f applicable.

e) Maximum horsepower,

f) Seismic environment.

g) Cooling water - minimum,
normal, maximum temperature,
pressure and chemistry.

19



10.
n.

12,

13,

14,

15,

16,

17.
18

Nom.&um

Required design 1ife of major
components (nonconsumables).
Seismic qualification

ui rements (specification must
i de definition of seismic
envVironment).
Environmental qualification
requirements.
Requirement that the unit
demonstrate operability through
all modes of operation for
duration specified (i.e., shop
or field test, analysis, and/or
experience).
Interface requirements (control
system tilities availabdle,
flanged connections, etc.).
Shaft vibration limits.
Special materials requirements
if different from manufacturers
standards.
Design Qualification _
requirements (i.e,. oressure
vessel um{sis. Tow cycle
fatigue analysis, etc.).
Support or anchorage
requirements and configuration.
Qualification acceptance
criterfa.
Documentation requirements.

19: nsullation class.
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MOT; ORMANCE SPECIF ICAT IONS
o ormal voltage (include

tolerance) ,

Minimum starting voltage

Phxse

Frequency (including tolerance)
Starting torque

Maximum time to accelerate load
Temperature rise and method of
measurement



Iv, ITEMS TO BE SPECIFIED FOR TURBINE DESIGN AND
WACTFICATION

A,

SPECIF ICATION CONTENT

2.
3.

4.
5.

1.

riven equipment function.

Specific location at Plant Site.

Location relative to tainment.,

Ap 1icable turbine d n standard

API, etc.

chtionn. anating.

environmental and design

conditions under which the turbine
must operate -

a) Design pressures and
temperatures (maximum
normal, minimum) for inlet
and exhust.

b) Operating pressures and
temperatures (maximum,
nomal, minimum) for inlet
and exhust.

c¢) Operating conditions (BHP,
RPM) at corresponding
design/operating conditions,

d) Ambient temperature,
pressure, humidity and
radiation.

e) Maximum horsepower,

f) Cooling water - minimum,
nomal, maximum temperature
ad pressure,

g) Process fluid analysis
(chlorides, etc.)

Operational modes including

operating and design process fluid

conditions, and durdtion and
frequency of cperat'lon.

Required design 1ife of major

components (nonconsumables).

Seismic qualification requirements

(specification must include

definition of seismic environment).

Environmental qualification

requirements,

Requirement for demonstration that

the unit will operate through all

modes of operation for duration
specified, (i.e., shop or field
test, malysis, and/or experience).

Interface requirements (control

system, utilities avaflable,

flanged connections, etc.)
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12, Shaft vibration 1imits.

13, Special materials requirements (if
differing from the manufacture's
standards).

14, Design qualification requirements
(1.e., pressure vessel analysis,
low cycle fatigue analysis, etc.)

15. Qualification acceptance criteria.

16. Documentation requirements.

APPENDIX B - MOTOR SPECIFICATION

This appendix {s not part of this standard, but is
included for information only. The following
information, as a minimum, should be reviewed in the
preparation of specifications generated by the
organization raporsﬂne;g the plant design.

I, MOTOR APPLICATION AND SAFETY FUNCTION

W N -
« e

Driven equipment function. ,/
Specific location in the plant.

Mountiig (vertical or horizontal).
Environmental conditions for each
service condition; normal, abnormal,
design basis event md£ost design
basis event, a applicable.

Control system auxiliary equipment.

11, INTERFACES (motor supplier, user or others)

1.
2,

am.&u

Shaft (material, extension, and other
special features).

Couplings (one-half coupling mounted by
motor supplier, self-relese coupling,
solid, nonreverse type).

Motor lead termination (lugs,
insullation, and qualification).
Seismic qualification of motor and
driven equipment.

Water for bearings and air to water
heat exchanger, 1f required.
Motor/driven equipment mounting.



111

PERFORMANCE AND MOTOR DESIGN REQUIREMENTS

WPRUFACTURER

e ON‘G.UO W N -

14,
15.
16.
17.

18,

19,

20,

Horsepower at each operating condition.
Synchronus speed (number of windings if
multispeed).
Normal voltage including tolerance.
Minimum voltage for starting and
rumning.
Pnso ad direction of rotation,

3umcy 1nc‘luding tolerance.

fnertia (WK2),

Dﬁnn equipment speed-torque curve
(minfmum and normal voltage).
l‘m:-u time permitted to accelerate

0
Temperature rise and method of
nsur-cnt.

Service (o
Insu ti 1fe ad other insu fon

requirements such as temperature class.
Thrust requirements (static and
running, upward and downward, side
thrust, etc.).
Locked rotor current 1imit (amps or
percent of rated current),
Type of motor,
Type of enclosure (see NEMA MG-1-1,26)
Description and size of terminal and
auxiliary enclosures,
Paint finish requirements inciuding
internal finish if motor is to be
exposed to high prssure steam or
similar event,
Bearings

a. Type.

b. Detectors.

c. Yet and drain plug.

d. Lubricant requirements,
Maximum reverse speed or fan reverse
speed torque curve,

23



21. Complete test (see IEEE 112)
a. Temperature rise.
b. Sgud torque curve
c. Flow pressure drop curve (if
pipe ventilated).
22, Surge protection required.
23, Current transformers.
24, Space heaters.
25. Winding temperature detectors.
26. Type of ventilation (air, air to water,
heat exchengers).
27, Duty cycle.

ENVIRONMENTAL CONDITION

1. Ioﬂal.l & . _
a n or out containment. .
b. Temperature@ange D —time P""F‘L"
c. Pressure range.
d. Relative humidity range
e. Radiation,
f. Chemical spray.
g. -team.
h. Operating Basis Earthquake (0BE).
i. Vibration.
2. Abnormal conditions if other than those
Tisted.
3, Design Basis Event (DBE) including rate
of change and duration where 2pprop ate.
a. Temperature range.
b. Pressure range.
¢. Relative humidity range.
d. Radiation range.
e. Chemical spray.
f. Safe Shutdown Earthquake (SSE).
g. VYibration,
4, Post Design Basis Event fncluding rate of
change and duration where sppropriate.
a. Time,
b. Temperature range.
¢, Pressure range.
d. Relative humidity range.
e. Radiation.
f. Chemical spray.
g. Vibration.
5. Containment test conditions.

24



MOTOR DESIGN DATA

Data furnished or confirmed by motor
designer 1f required by user.

1. Frame number,

2, Horsepower(s) under all specified service
conditions and speed or windings.

3. Speed torque curve(s).

4, Muperes.

& Full, three quarters, and one half
load current(s).

b. Locked rotor current(s).

5. Service factor(s).
6. Torques, speed torque curves at minimum
and nomal voltages, or at least:

a. Minimum starting torque(s).

b. Pull up torque(s).

7. Efficiencies at full, three quarters, and
one half loads.
8. Power Tactor(s).

a. At full, three quarters, and one
half load.

b. At minimum and nommal voltage.

€. At locked rotor,

9.Space heater wattage, number and
description,
10, Bearing system description in detail.

& Locked bearing or maximum end play
1f not locked.

b. shielding or Tabyrinth,

c. Type, manufacturer, 1ife under
specified loads, speeds, and
environmental conditfons.

d. Insulated bearing.

e. Normal bearing operating
temperature or rise.

11, Insulation system description.

a. Rise(s) by resistance and
fnstalled detectors.

b. Sealed winding.

c. [Estimated life at design
temperature,




12, Permissable successive starts,

a. At ambient and maximum temperature.

b. Time to recover from maximum
starts, standing and running.

c. Plugging limitations.

d. Time motor can withstand locked
rotor.

e. Safe time vs. current
characteristic for locked rotor,
accelerastion and running without
loss of life.

13. Shaft mounted fan CFM vs. pressure drop
curve if required.

“’ *2 °f mro
vl NAME PLATE MARKING PER NEMA MG1-10,39
Vil QUTLINE DRANWING

VIII Wmm
X MAINTENANCE u&mmm FOR ON-GOING
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FOREWORD

(This Foreword is not a part of the prepared Standard

for functional Qualification of ASME Code Class 2 & 3 Pumps
for Safety System Pump Assemblies for Nuclear Power Plant
Applications ANSI/ASME NS51.2)

This Standard is one of a series of standards written to define the design,
fnstallation and functional qualification requirements of ASMC Class 2 and 3
pusp assemplies installed as components of safety systems in nuclear power
plants. Qualification of pump assemblies for this ser fcs requires demonstra=
tion of the adequacy of the equipment to perform fts safety functien in the
expected range of normal, design dasis event, and post design Sasis event
service conditiens. The cesignation of pump assemdlies as “safety-relatec”

is outside the scope of this Standard; this s to be resclved By the staticn
owner 4s part of the statien licensing procedurc. Also, the ASME Boiler and
Pressure Vessel Cide establishes the rules for the pressure boundary intagrity
of the pump, and this standard addresses the requirements for qualificaticn of
the pump assembly for functional adequacy. It 1{s the {ntent of this Stancard

that the requirements shown shall be sandatory, unless othcrwise specified
1“ u' mto ¢

The initial development of this Standard was assigned to tha ANSI N=4S Commitine
with the project cesignation of N-S51. Subsequantially, the ANST N=4Z Cemmis-
tee was dissolved and IEIZ has assumed the prisary responeibility for nuciear
equipment qualification standards. Developmant of the standard {5 Being



continued by the N=551 Steering Committee with ASME spensorship. The present
intent is to develop a saries of N=551 standards as follows:

N-$51.1

N-551.2

N-551.3

N-551.4

N-S551.5

Standard for Qualification of ASME Code Class 2 & 3 Pump Assenr
blies for Safety Systams Service = General Requirements

Standard for Qualification of ASME Code Class 2 & 3 Pumps for
Safety System Servics :

Standard for Qualification of Shaft Seal Assezblies for ASHE
Code Class 2 & 3 Pumps for Safety System Service

Standard for Qualification of Motar Orivers for ASME Code Class
2 & 3 Pumps for Safety Systams Servics

Standard for Qualification of Turdins Orivers for ASME Coce
Class 2 & 3 Pumps for Safety System Servica

These standards are to be ballotad independently and subamfited for ANSI
approval via the ANSI N-41 Comnittee with IEEZ as the Secretariat.



STANDARD FOR QUALIFICATION OF ASME CODE
CLASS 2 & 3 PUMPS FOR SAFETY SYSTEM SERVICE

1.0 PURPOSE AND SCOPE .

L1 Introduction

Safety=relatad nuclear pumps may De required to operate under normal plant
_design conditions, and say be required to operata during or aftar abnormal
conditions arising from a postulatad accident or event. For puzps designated
for this servica, complets specifications, special design considarations, and
procadures for functional gual! fi=ation of the pump are required by this
Standard to previde assurance that the pu=p will function when required. Oesign
recuirements pertinent to the {ntegrity of the pressure retaining bouncary and
fts supports are delineated by the ASME Code Section IIL. This Standard
supplemants these requiresents to provide assurance of cperadi ity for the
sarvice requiresents.

‘ 1.2 Scope
(—-—-—"-“‘

P 1.2.1 This standard establishes_the recuirements..or ¢ngien s ntsri-_"»{-'

Wal qualification of nuclear
power plant pueps for safety-related applications. The standard covers all
phases of the puzp develcpment freom fnitial design through producticn
tasting. It is the respensibilfty of the owner or his authorized zgant T
designate those pumps which m'ufow-nuud active puzps that reguire
qualification under this Standarc.

1.2.2 Functicnal qualification consists of tasts and/or analysas
cpacified herein to dosonstrate that & B3 will perfor: s requirsd szf.
" related function. Requiresents allew qualification of a production puzd I
.nalyses which dezanstrate ¢zsicn similerity to 2 pu o qualificd by test™

”~

.



1.2.3 Qualification %o this Standard is limited to requirements for the
safety-related pumps and their directly asscciated appurtenances. Reguire-
ments for drivers and seals are provided in ANSI Standards. N551.3, NSS1.4,
NSS1.5. Ceneral requirements for pump assenblies are provided in NSS1.1.

1.2.4 A Functional Qualification Report is required to document
compliance with this Standard. The qualification of a pump for a specific
order for a nuclear power plant s documented by an Application Repore.

2.0 REFERENCES

The following references supplement those fn ANSI NS21.1 and form a
part of this Standard. :

2.1 American National Stanca=ds Institute

2.1.1 MN4§.2.1 Cleaning of Fluid Systems and Associated
Cemponents during Construction Phase of Nuclear

Power Plants .

2.1.2 M45.2.2 Packagtng, Shipping, Receiving, Stcrage and Hgnd_'Hng
of [tams fcf Nuclear Power Plants

3.3 Lk} Pipe Thn;ds

2.1.4 816.5 Steel Pipe Flanges, and Flanged Fittings.

2.2 MNuclear Regulatory Commissien

2.2.1 Regulatorv Guides

2.2.1.1 RG 1.93 Comtining Modal Rasponscs anc Sgatia’
Conaonents in Scismic Response Anmalysis

~

- N . ! L S



2.3 ASME Pacers

2.3.1 ASME 1972 " Flexible Rotor=8earing g}stcn Dyaamics-1,
Critical Speeds and’ Respenses of Flexible
Rotor Systeams

2.4 ASME Boiler and Pressure Vessel Code

DL 2.4.1 ASME Section II1, Division 1, Subsection NCA, NC& NO

S -

2.5 Other Standards

2.5.1 Hycraulic Inssitute Stancaras for Centrifugal, Retary & Reciprescal-
ing Pumps.

2.5.2 Annular Bearing Engineers Committee.
3.0 DEFINITIONS
The follewing definitions supplement those in ANSI NS31.1:

A Protatvoe oumo is a first of a kind, first-of a type or series of pu==s
to be qualified ta this standard. '

Procuction pumss are those which ) ¢quivalent to pumps previcusly gquali-
fied.

Axis Orientation s f1lus, .atau Appendix C.

.

4.0 FUNCTIONAL SPESIFTCATION

The funcsiona) requirements for a safety=relat:. simp ¢la’l be prov T.o

in a specificativn. This srecificatisn shall Be grevecec L ef<ler the ~.7u°

factures, the cwrer or hit authorizec »gunt in 22z2riiange wisn ANED Stenz: -
¢

NES1. 1.

(_)



The qualification criteria shall be fdentified for each specified service
condition. The specification shall define the equipment boundary, interfaces
and externa) loads transmitted via tne interfaces, and environmental cenditions
that effect functiona) operation. In additica, requirements for margin in
‘design parameters, special materials, saintenance and quality assurance shall
be specified, as applicable.

S.0 MATERIAL REQUIREMENTS

§.1 Materia) Oesignatien

§.1.1 For items not covered by ASME Code Secticn III.(g.r Cade Case N-119,
materials shall confora %3 ASTM Standards. Other material standards such as
AISI, SAE, or military or federal specifications may De used if suitadle ASTM
standards are not available.

§.1.2 If none of the above saterial standards apply, the material .
manufacturer's designation may be used accompanied by sufficient data t2
demonstrate adequacy feor the intended service. The material manufacturer
shail certify that successive shipments have the sama properties as those in
the sanufacturer's specification and agreed upon with the pump manufaciurer,

§.2 Material Selection and Evaluazion

The material saleczion shall be evaluated as a part of the verification
required by Section 7.0.

The follewing specific concerns shall be included in the saterial
evaluation:

a. Corrosien resistance with recfect o speci?ic flew conditions
and pumped liquic in 2pzifcable areas of the pump. All types of corrasion
attack shall be consicared, such as cravice effects, fuvling, galvanic
effects, siress csrrosicn, et:.

-

-
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T e me e OV



b. Thermal expansion compared ta adjacent parts both for stress
and operability. L *

\ €. Stress level, deflection and fatigue 1fe.

¢ Resistance to galling and taaring in relaticn to adjacent
paterials where relative sotion is present. .

e  Stability when subjected to all cesign conditions, including
radiation, thermal cycles, mechanical and pressure load cycles, and
environmenta)l conditions.

f. Suitapility for use with the manufacturing processes intanced.

g. Suitadility for weld repair during sanufactiure while retaining
the required corrosion resistant preperties. y

, h. Stability during manufacturing fer parts required to maintain
 elose tolerances on straightness and concentricity fer operability’

8.3 Mgteria) Examination and Reozir

5.3.1 A1l wrought aatariais and finish machined castings shall be
examined visually for defects. The acceptance eritariz for this examination
is as follows: . '

Linear defects shall not be accaptadle if the length exceeds tic values
defined in HC/NO 2500 of the ASME ELPV Cod: Scctien III, Oivision 1.

§.3.2 For matariale not covered by 1=+ ASHE DLV Cofs Sectien III,
Division 1, or Code Case N-119 asnlinear €cii<is shall be

2ccent~ile previces
.
the follewing requirerents are =et:

l f a. The limés of &he d2.28T oot L6 .20 67 levac By axcavitien.
i / J

|

)

i

Inte~changeadiiity with cunem Iyvis i

-
wr
“
"
-\
“
4
-~
‘
e




.

..
close fit with

|
|
|

I
I evidence 0’ the

1 Assurance and R

: a
are followed in

' b.

c.
Nznecoze CFEETS

The section has the ainimus required thickness after
excavation,

The defect does not ddversely affect a running clearance or 3

4 mating pare,

$5.3.3 When r'quirtd. Batarials shall pe repaired in dctordance with the
Procedures in the material spcc1f1cation. ASME Code Section III, or Code
Case N~119 as dpplicadle,

§.4 Documentation

i The manufacsyrer shall estanlish precedures to provige documentary
Baterial properties in accordance with Section 1.0, Qualisy

eparting.,

6.0 DESIGN anp FAERICATION REQUIREMENTS

li.l Responsibilisy
\

all recuirements of this Stangary *nd the de
the design of this equizzent.

|

i The pump mEnufaciurer shal) assure thae:
|

H

|

52 puse cafermation Tizits spra ROT axceade:

=7 1llowazle stress Yalioo and maigeea) pra
YT 23 B¢ usad in Bhe o famoama iy Ire oo

The basie integrity of the Part is not affecteq.

sign svecification
uncer al aenticanle

Sueriies for tne /
4

f‘"JY._‘::,' /

——"
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- 6.2 Pﬁmn Strucsural Parts

2.1 Casing :

a. The pump case shall be designed to withstand the combined
forces and coments imposed by the system piping, as well as all other loads
specified by the owner, without distortion that could cause malfunction of the

pump.

5. Unless essantial for pump operation or maintanance, no tapped
(threaded) cpenings shall be lecated in the suction or discharge nozzles cr
other areas directly exposed to hign fluid velocity. Pressure=gage
cannections, if required, shall be described in the Design Specificatien.

e Pumps shall be proviced with drain and vcnt.connoctions unless
the pump is self-venting by the arrangement of the nozzles.

6.2.2 Nozzles

Suction and discharge nozzles of all pumps covered Dy this Standard say
be designed with either flanged or welded ends. Threaded nozzle ends are
prohibited.

§.2.1 Flangces

Pipe flanges shall canform to ANSI Standard B81G.S.

6.2.4 Fasteners
a. Threaded fasteners shall conform tu Unified Scraw Thread
Standards, ANSI Stancarg 31.1.

5. Threaded fasterers wetted by process fluid sh=1i be lecke. 0
such a manner that 17 sne fiztaner is sheired or prekea,call Zuri. wil®
retafned in placa.

[\\ - — «—— - /"
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L”””—’—' 6.3 Rotating Parts

kl; =

6.3.1 Bearincs

-

4. Radial bearings may be any standard design including
antifriction, sleeve, hydrodynamic or hydrostatic.

b. Antifriction bearings shall be salected ta give three years
(25,000 hours) minimum L-10 rating 1{fe (ABEC-1l) with continucus operation at
rated pump conditions, but not less than 16,000 hours at saxioum axial and
radial lToads and ratad speed.

€.  Where water cocling of Bearing ofl is required, neither
gaskated nor threaded canrection joints shall be permitied between watar
passages and ludbricating oil.

d. = Hydrodynamic radial bearings and/or thrust bearings shall be
required under the follewing canditions:

(1) Where ON factors are 300,000 or greatar. [ON fis
Antifriction Bearing Manufacturer's Association tarminology, where 0 repre- k
sents journal diameter and N represents shaft revolutions per minute.]

(2) When anti’riction bdearings are not available to meet the
mininum L-10 rating 1ife.

e.  Thrust bearings may be any standard type such as antifriciion,
hydradynamic, or pivoted shoe, and may be combined with the radial bearings.

T e . v ——

b

Thrust bearings shall be Zesigned ta carry the full lead if the nor=al direc-
tion of rotation fs reversed. Thrust loads shall fncluce the axial loacs :
: incosed by csupling engagement at rated horsepower. The minimum csefficient f
| 2t sliding friction usec in the coupling desicn thrust shall e 0.1%. i

i
}
f. Antifricticn Dearings shall Be rptained on tha shaft a~c #i%2ez !
"ats Reusitgs im agzsriitce with the recammended practices of the Anrcla-

1 “a =dan
-2 oty

2iaeery Commitioe (ABEC-1). Hewever, locking of antifricsicn taruss

!
-

- ¢

- ! B -



arings to the shaft shall be restrictad to the tongue=type lock washer anc
locknut. .

g. The bearing housing for of] Tubricated bearings on horizontal
shaft pumps shall be arranged so that the bearings can be replaced without
disturding pump drivers or the sounting of the pumps in the piping system.

h. Bearing housings shall be ejuipped with labyrinth=type end
seals or lip-type seals, and/or deflectors where the shaft passes tarough the
housing. The seal deflector design shall effectively retain oil in the
housing and prevent entry of foreign material into the housing.

i. Provisien shall be mace to drain oil completaly freom each
bearing housing when in the normal operating pesitien.

j.  Nor;ressure ofl-lubricated bearings shall be equipped with
constant-leve! oilars. The recommenced ol Tevels shall be accurataly locatec
and -learly marked on the outside of the dearing housings by permanent metal
t2gs, marks inscribed in the castings, or other cdurable ceans.

k. Design of the lubricating system shall include features t2
limit dearing inlet or susp ofl temperature. The of) temperature shall not
exceed the lower of the following for the specified normal canaiticns:

(1) Antifriction bearings: 150°F, or 60°F abcve antient;
(2) Mydrodynamic bearings: 140°F, or 60°F above zdient.

| 6.3.2 wWearing Rings

6.3.2.1 Wearing ring saterial combinztiiers shall meat one or =7 o7
follewing criteria:

a. The harcness ef Sotn surfaoo: 45 400 Trd - i MR Q2
(24N) or over;

-t

 — P
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b. The hardness difference between running surfaces is a minimua
of S0 BHN. . .

“ . The materials have nengalling tendency;

d. At least one of the surfacas shall be grooved if matarials with
a tendency to gall are used. ”

e. Wearing rings shall be held in place by 2 positive locking
method, such as threaded against rotation, flanged and threaded, or press fit
and locked with pins, set screws, or welded at three or more points.

f. Cnly stationary wear rings shall be used on pumps over 3600 rea.

§.3.2.2 Running Clearances for Wear Rings. Running ‘clearances between
staticnary wearing rinds and other moving parts are influenced by manuface

| turing or tolerance duf 1d=up, pumping temperatures, suction canditions,

| character of fluid handled, thermal transfents, deformation of the casing and
camponents cdue %o a1l internal .and external loadings, and the expansion and
galling charactaristics of the ring materfal. Clearances shall be liberal t2
cbtain dependadbility of cperation and freedem from excassive rubbing or
sefzure during operating conditions, even at some sacrifice in hydraulic

efficiency. 4 (

Required clearances are as follows:

a. - For bronze, 11 to 13 percent chremiun stainless steel (type 410
and materials of similar galling characteristics, the follewing running
clearances shall be used for wear ringe.

Ofameter of Rozzting Fiatoum Diamesrzl y -
Memter (inches) Clezrance (insier) /
| " Less than 3 0.015
; ; 3 ¢ 4,955 0.97
§ to €.9¢: 0.08
7% .98 0.02C 5
$ % 18.%% e.0:2 :
13 5 12 %3 2,024 !
-n - - - - ’
& %8 1s.:3% ¢.0¢¢ é
35 ¢8 18 TD 0.02¢



*\
b. For materials which have greater galling tendencies, such as

the 100 series stainless steels, 0.008 inch minimum shall be adced to the

diametra] clearances shown above.

c. For matarials which have less galling tendencies, such as steel \\
with a minimun hardness of 45 Rockwell *C* (430 Brinell), 0.004 inch may be ‘
subtracted from the diametral clearancas shown ahove.

- ‘. 3.3 ih‘ft . y

a. The shaft shall be sizec to transmit the maximum torque at any
given lecatien,

5. The shaft shall be designec to Timit recuction of fatigue
strength due to stress concentration at corners in keyway slots, aorupt
changes in shaft diameter or notches.

6.3.4 Shaft Sleeves

Shaft sleeves shall e used at the stuffing box where the shaft s
subject to wear.

a. The sleeves shall be locked to the shaft in a3 positive mannzi,
and shall be designed ta be removable and replaceable in the fiele. '

l B. The shaft sleeves for packing shall be of 2 wear, corrosicn,
and erosion resistant saterdal.
¢c. The outside surface finish or the wear surfac: of ohe sac 't

packing sleeve shall not exceed 63 R.M. & when packing is urrc.

|5.2.5 Iroeller Rotantion
\ I
If a nut s used en the pump shaft to ety .7 o RO R ] T SN,

| & prevented from loosening By @ pesit. sekirs . Y28,
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6.4 Piping Joints « Auxtliarv Svstems

6.4.1 Threads for valves, f1tt1ngs‘and auxiliary connections shall Be
taper pipe threacs in conformance with the specifications of ANSI 82.1.

6.4.2 Tapped oo;ninqs and bosses for pipe threads shall conform to
ANST B16.5.

6.4.3 Only ground=joint type unions may be used.
§.4.4 Unions shall not be used as follows:
a. In any piping that cannot bc_isolatcd from the precess fluid;

b. Where it is practicable %o provide the required disassestly
capability by use of flanges.

-~

6.5 Facrication

6.5.1 Welding - Nonpressure Soundary Par;g'

Pump {ntarnals essential for pumo reliability and/er functionanility
shall seet the following requirements: .

2. The welding precadures and the welders shall be qualified in
accordance with ASME Cace, Section IX.

b. Welds that are visually inspected shall be designed with 2n
allowable joint efficiency of 70 percant of the allowadle stress.

c. Non=destructive examinazion shall be applied as specifiec.

6.5.2 Balancing

Major rotating parts such as impelliers, coupiings and Bzlancing cruiv
nall be cynamically 2alanced if the.pums is 12 Ju operatad 2% any af N6
foNowing canditiens: '

. o " ~
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a. At speeds over 1,700 rpm, if rated capacity exceeds 250 gpm anc
rotating part diameter is more than 6 fnches; .

b. At speeds ovcr11.700 rpm for two or more staqci;
€. At speeds over 3,500 rpa.
6.5.3 Vibration
The pump shall be designed, fabricated, and tasted to prevent excessive
vibration. Vibration measurements shall be taken on the bearing housing.

Measurements. shall Be taken at rated speed and withir plus or minus ten percent
of rated capacity. Measurements shall not exceed the following limits:

Soeed (rom) " Double Amslituce Vidrazion. Max. (mils)
1200 and below 4.0
1201 to 1800 3.0
1801 to 4500 2.5
4501 to 6000 2.0
Over 6000 . ’ 1.5

6.6 Qriver Sizing

The driver efficiency and horsapower shall be such that namepiate rating
, (without service factar) is not exceeded anywhare on the pump performance
. gurve freoa ainfmum to runcut flow.

6.7 Qocumentation

! The manufacturer shall establish procecures ta previde the dat: packig
in accordance with Section 11.0, Quality Aszsurance and Repertinu. -

7.0 YERIFICSTIAN CF °:°TCYVEE Mo CESTGN

Verification of presstyps »d sha'' Le le=formec Dy analysi:, “wali’

sion’tess or cperatir: swxgeriacia.  For & ritigatian o Y. neces:s v o 4




prototype pumps and previously qualified pumps to which changes have Been nace
that make functional requalification necessary. The requirements for verifica-
tion are presanted below. For clarity the seisaic qualification requirements
are explained separately from the functional pump requiresments.

7.1 ral

The verification process is to assure functional qualification of
the puzp protatype and {s performad by one or sore accaptable methods as
" outlined below. Each verification ssthod used, and the results of the
‘verification, shall be decumentad in a2 form that {s readily retrievable. The
results of the verification shall be auditable against the verification
requiresents. The tara "verification” as used throughout this Standard
fmplies not only that an analysis, qualification tast and experience is valid
and correct, but also that the analysis, test and field experienca is
applicable to the preuitym pump under considersticn.

Whers changes are made to a previously qualified pump, verification
sethods shall be applied to the changes in the same mznner as for the origina)

protatype, including evaluation of the effects of the changes on the averall

Verification of the prototype pump may bs performed by verification of
all its component parts. Justificatien of this acproach shull Be provided by

evaluating the effecss of interaction of tha parts. Whcre this approach is
used the evaluation of intaraction shall be included in the cocumentation.

7.1.2 Procedures
The sethods of prototype pump verifica:i., cre:
a. analysas;
b. qualification test;

€. axperience;



d. a combinatien of any of the above.

The sethod to be used is dependent on many variables such as size,
safety-related function, sechanical complexity, configuration and lcading
requirements. It is expectad that sost safety-related prototype pumps will
require a combination of sethods including analyses and tests to satisfy
verification of the protatype.

7.1.3 Verification by Analyses

Verification by analyses may be used where accurata analytical tachniques
are availzble. Analysis a3y be used when:

a. Tha response of the system fs linezr or is approximataly
1inear; " ’

b. The dynamic foreing funciion of concern does not increasa the
recponse of the rotating portion of the puap or tend to produce fnstability;

¢. The configuration and size of the pusp make testing
{fmpractical; .

d. The effect of attached ce=gonants {s toe complex for 2cturate
duplication;

e. The load canzitions are too comnier %o be simulated by testing.

7.1.4 Verification bv Taset

Verification by test i reecriand < wherr 1. czn be ascumiedated.  The most
adversa canditions shall Be applicc. nct ealy to Lorify the prz But &ldo t2
shew that a satizfactory zurgin I8 f=u. Lads 10 v.wds vuiid and desui.nted
tesss may De used 33 2 Sot of thy veritiZalien nricadury watre asplicatle.



7.1.5 Verdificztion bv Exverience

whare sufficient experience exists to qulify a puzp, the method as given
in Section 7.4 say be usaed.

7.2 Analyses

The pump sanufacturer shall detarmine the deformation limits, which shall
not be exceeded to maintain the cperadility of the pump.

The pump manufacturer shall provide the necessary allowable stress values
and material properties for the noncode satarials used and analyzed for parss
which affect operability.

In addition, the pump manufacturer shall assure the operadility of the
pusmp during normal and abnormal conditions by camplying with the recuirements
stated Delow. ‘

7.2.1 oacin di {nation

The design specification shall {dentify all staady-state and cyclic
loadings, mechanical, thermal or hydraulic transients that may ecsur during
the 1ife of the plant and the number of the anticipated transients in each
case, the external lcads which may act on tha puzp and the comdinaticns cf
these loads which say occur simultanecusly. The pump sanufacturer shall
consider in the analysis all specified conditions under which the pum fis
expectad to operata.

7.2.2 Rotor Oynamics and Natura] Frecuencies

Satisfactory perforzance of ths assembled puxp/driver unft shall Do the

responsibility of the pusp manufacturer. Any zocitional .ata reguir:. ‘or
this purpose shall be furnished by the criver ard/or geiizox mamu.. .. .&°r.
i ,
> S o bW S
Viorazion Ta1ts of the punp shefe, or t"r‘ng__hr,. o= I S vy 0%
Ll | —— - - opm—
(not accessible, are specified in pariqgrach 6.5.2, , Vibi st B8 2o i % 0
N —————————— _—— -
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tha unit shall be limited to prevent intarnal damage, piping fatigue anc
faflure.

7.2.2.1 Rotating Element Lateral Critical Scceds

a. Pump rotors shall be analyzed for lateral critical speeds. Any
well recognized analytical sethod may be usad.

b. For single sp«& pumps, no lataral natural frequency shall be
within 20 percent of the normal operating speed;

¢. For pumps which operata at varying speeds, the first critical
speed should preferably be above the highest cperzting speed or turdine trip
speed and with the 20 percent margin specified in b. bove. If this is not
possible with the offered dasign, then the pusp sanufacturer and owner or his
agent shall agree that cperation will be poscible with adequate margin (a
ainimum of plus or minus 10 percant) maintained on either side of the
nl'culaud eritical speeds. Satisfactory operatien shall be proved by tast;

d. On single speed, sultigtage horizental or vertical pumps with
closely fittad internal parts, which say provida significant da=mping or bearing
affects, the use of Matrix [taration, Prohl-Myklestad Method, Mcdal Analysis
using finita element methods, Direct Integration or other equal analytical
tachniquas are acceptable to calculate critical speeds. Such mathods shall be
considered when 2 simplified analysis shows an cperating speed o be
unacceptably close to a critical speed or operation at & speed above the first
eritical. Oue to the reduced {nherent margin of consarvatisn in thess
sethods, an fncreased safety sargin of + 25 parcent shall be zpplied. The
paper “Flexible Rotor-8earing Systea Dyn:zics~I, Critical Speads and Respensa
of Flaxible Rotor Systems, ASIZ, 1872,* diccusses those tachnicuss,

7.2.2.2 Stzpility of Rotor Bs~rin~ Svst-r.  Liektly load:d high s
fluid fila bearings say Becaz: unstadle 2nd be subi. 2t to vibration preb! .
as a result of “hairf-speed whiri." Thir phcnesenon sn2ll be consigeres 1~ o2
design of all flui# film bearings.




7.2.3 Natural Frecuencies of Assemoled Pumning Unit or Parts

For vertical puzps similar to those shown in Figures 3 and 4, Appendix A,
the aiign shall be sucirthat the primary natural frequency of the pump/
driver/support unit above the baseplats of an assembled and mountad pump is
at least 15 parcent above or below any continuous operating speed. For other
configurations, pump parts, assemblies or appurtanancas a siaflar margin shall
be saintained. Satisfactary operation shall be proved Dy tast.

" 7.2.4 Shaf:

The analysis of the shaft shall show that the shaft deflection due to any
of the postulated leading combinations does not:

2. excaed the design clearancas and cause excassive rubbing;
B. axceed the operability deflegtion limits, and-

‘e, provide undesirable misalignments -hfcn may reducs the
transaitzed power below the minimsua required.

d. axceed the strass limit that say producs high or low cycle
fatigue failure.

7.2.5 ard

Environmental conditions and configurztion of the pump affect the Dearing
perforsanca. These conditions shall be described in detafl and used in a
bearing stab{lity evaluation. An estisation of the lozds acting on the bdearing
shall be made for steacdy-state and transient conditions and a dotafled evalus-
- tion depending on the type of becaring shall be performad. The baaring evalus-
tion shall cansider at least the following:

a. Static and Cyclic Loading;

5. Rotar dynamic imbalance 2t running frequency;

pre
1o
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c.

d.

h.

Possible magnetic imbalance at twice the running frequency;
Shaft deflection;

Mydraulic loading in both radial and axfal directions;
Rotar weight;

Bearing fits and clearances;

Angular misalignment,

7.2.6 (Qther Pares

Any other part of the pump whose deforzation could affect the reliability
of the pump shall be analyzed to demonstrate that the deformation would not
prevent the pump frea performing its safety function.

7.3 Tasts

7.3.1 Sgecial Reguirements .

« Where the installation subjects the pump to unique conditions wnich
cannot be evaluatad acecuataly Dy efther 2nalysis or experiencs, the purshzscr
shall require special tasts In addition to the required tasts of this sectiua
and Section 9.4, The requirements for Specifal Tests shall be dofinzd in the

Specification.

These tasts shall take nts account spacific fnstrumantatien

requirenents and mandatory in=service tast and {nspection requiresents of
ASME Code Section XI.

Unless otherwise statad in thy Design Sgecification or this Siunders, U
test 1iquid shal’l be clean, cold water (see Reverencs 2.5.1).

I
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7.3.2 Qualification bv Testing

The pump as prepared for qualification testing ihal! censist of all items
either being supplied in accaordance with the Design Spncificition or equiva-
lent {tems to those being supplied and shall include but are net limited to the
pump, seal, auxiliary equipment and {nstrumentation. Only a single set of
tests is required by this standard. When testing has been performed previously
on equivalent ftems no further tasting fs required.

7.3.3 Recuired Tests .

The following basic tests are requirea for gqualification of the pump
and are cefined in Section 9.4.4,

4. Mydrostatic Test
5. Mydraulic Performance Test
€. Mechanical Running Test

.

d. Natural froquincy of pump assembly for vertical turdine type

pumps.
e. Net Positive Suction Head anuirgd'Tnst
f. Endurance Test
7331 Net Positive Suction Mesd Reguired Test.

* 2. The NPSH Test shall ba conducted in accorcance with Mydraulic
Instituta Stancards.

.

B. A drop in scad of 3 perzent (3 percent of first stage heid in
multistage pumss) at @ 2tven flow shall be usr’ 3 estaslish NPSH required,



c. A minimua of three NPSH breakdowns shall be performed to
establish suction requirements throughout the specified pump eperating range.

d. The resulting test curve shall be incluced with the certifiec
performance curve.

.7.3.3.2 fEncurance Test

A. An extenced operaticnal test shall be run to verify compliance
with system cperational requirements.

8. The Design Specification snall define the duration of the tast,
fn any event nct less than 4 hours.

C. The Dciign Specification snall define the number frequency of
start-stap cycles.

0. The Cesign Specificatien shall define 2cczeptance criteria %0
. be demensirated by disassamdly and {nspection at the campleticn
of tasting.

€. The Design Scecification shall Tist required data to be cbtained
curing the test.

F. The Design Specification snall {dentify {f the pump will net
De aczessible in a post-2czicent situasicn, and those pumps shaill

have extended testing.

7.3.3.3 Desjon Transient Test

~

L 8. A geciza transjent te=t 12 0, toorerature . Dlssst
DU eri.) Is required for each prototy; wnery L5 Dumy Must De CHOATIY

O withstanging suth trensients., w i€ Sullavie Ltrunsient cencitlicr ¢
Latmet e estaBlliaeg B, sisting, ..oiiflisii.mg R 2%

g By Ktad § Py Lt
3 SRELM .
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B. The Design Specification shall describe the rate and magnit.ce
of wﬁ_",t change in the pumped fluid. When the lower temperature of the
v | change cannot be conveniently duplicated by the tast fluid, the upper teast
temperature shall be established by adding the totai temperature change t3 the
lowar test tamperature. .

c. The tast shall be run in accordance with a written procadure
gefining minimum tamperature change and maximum time within vhich transient
sust occur, as well as the beginning and ‘ending conditions of operation. The
test shall be considered successful {f the pusp continues to operate for a
ginimum of 1 hour at the new temperature or until all temperatures have
stabilized, followed by a step and restart. Agceotance criteris SROLLZ

be establishec ang aoreed to in the precedure by the owner and
Seasiisr. 4. ATY pumps so testad shall be completaly dismantled and
br l examined. A1l dimensions critical to operability of the pump assembly shall
be checked and the results cempared to the desfon reaniremante

e. Dimensional change acceptance criteria-shall be ice-
Dy |/ fleg in the procedure. Parts whose dimensions have changed as a
result of the test shall have thelr design reviewed. An explanzticn

shall be provided as to the cause and a recommendation for the neec
-of a retest on design change sﬁlll be made. If design change is to
be made retesting shall be required.

1. 4 Flow Distribution T

7.3.4 Puyrchased Iten gun‘l.‘ig!tign

The sanufacturers of purchased {tams shall demcnstrate the adequacy of
the ftem in efther or both of the following ways.

a. Iy'prov1¢1ng the purchass~ with documentatien showing that tre
proposed ftam as designed has been used sucsessfully for a stated length cf
sime in a similir installatisn. This methad shall not be usad 1f the pros:i. ag
{tem or the envirenment fn which it s to De used ¢iffers significantly frem
the one %o which 1% {s Seirj compared

’
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b. By supplying the purchaser with evidence that the proposed item
has successfully passed through a comprehensive testing program. The testing
program shall have incluced full=-scale testing which meets or exceeds the
specified design basis conditions. A detailed description of the tasts, test
equipment, and actual test results shall be subamitted.

7.3.5 Failure Ouring Pump Qualification Test

the test procedure. if any part of the pump fails oduring a gquali-
-fication test program, the pump supplier shall prepare a report of
the details of the failure and submit it to the purchaser as part

of the Data Pacjage. The report shall describe the cause of the
failure, circumstances of operation at the time of failure, cor-
rective measures employed, and qualification by redesign and retest.

7.3.6 Qualificaticn Resort .

L

Description of the tast program, test conditicns and test results shall
be included in the qualification repert required Dy Section 1l.

7.4 Experfence
7.4.1 Prototyve

A protatype fs the first of a type %o qualify under this standard. IS
may be that it has been eovoloocé frem 4 model or previous prototype whnich s
similar in sany ways, or actually identical to scme features of the new
machine. Whare these are fdentical the previous field exgerience may be usec
as verification of the functicnal integrity of the protstype.

7.4.2 Prototyoe Characteristics

A prototype may qualify under this standacd by experience relat ¢ Lo %o
following charactaristics. The experience must reflect #n equal ¢r nure
sagervative sat of qualifying values than will Be regquiree By th. v vo=%
s~egifieatisn,



a. Case Stiffness.
b. Shaft Stress, Materfal and Critical Speed.

¢. Baaring Matarial, Mounting and Clearances.

7.4.3 Verification

7.4 nes Critaria. '

a. At least one pump fdentical to the prototype cperating threugh
canditions equivalent to specified criteria, or: .

B. At least three identical pumps cperating which do not vary by
more than one {tem from Table 9.1.2 gr:

€. At least five fdentical pumps cperating which do not vary by
more than three ftams from Table 9.1.2 and:

d. If pumps are vertically suspended, the undasped length below
floor 1s at least as great as qualifying prototype and any differences in
support surface rigidity is shown to have no significant effect on vibration
charactaristics.

7.4.3.2 Geometric similarity (scaling) is a prarequisita for utilfizztion
of other sized pumps. In addition to seeting the requirements of 7.4.3.1, the
prototype pump being qualified shall net be physically sore than 15 percent
larger or smaller than the previcusly qualified pu=p being used for compari-
son; the diametars of the pump's yol\n.u or irpallers shall be compared. Flew

of that for the previously qualifisd pu=p.

7.4.3.3 1If the above experience requircments cannot be met as outlinza,
a test and/or gnalysis of the prutetype shall bo conductad.

e
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7,0 Quality Assurance and Reporting

The qualfty assurance and reporting requirements applicable ta praototype
pusp verification are given in Sectien 11.0.

8.0 QYMAMIC QUALIFICATION REQUIREMENTS
8.1 Qualiffcation Aoorosch

Dynaaic qualification procadures say utilize tasting, analysis or coabina~
tions of testing and analysis. The procadure selected shall demonstirate the
operability of the puzp, when subjected to the specified applicadble loads,
regardless of its size, configuration and mechanical complaxity.

Ideally, the pump should be qualified under canditions fgentical to those
expected during a casign basis condition. Deviations frea these conditions
shall be justified.

8.2 Jesting

Tests may be efther supporting tasts (only a part of the qualification
program) or qualification tasts. Supporting tasts are these tasts conductad
to determine dynamic properties and charactarigtics of the pump to provide
data needed for the final qualification ¢ither By testing or analysfs. Quali-
ficaticn tests are performed to sarve as evidence that the oparability of tiu
punp is maintained under the loading cozbinations associated with design bisis
canditions. Offferent supporting tast sethods and typical data to be obtaincc
froz them are given in Appendix B.

8.2.1 Oualifirsticn Tests

The pymn shall ba tested while eperating. The following requirement: 2. ¢
goutitions for » prenerly conductad qualificztien tret and shall be fulfillicd:



a. Seisaic Input
(1) Magnitude of Excitation

The sagnitude of the floor motion in three orthoganal axes
shall be provided in the specification. The method of simulating this moticn
shall de documented in a tast procadure.

(2) Single and Multiaxis Excitation

Inmput motion shall be applied in a sanner that simulates
the response of the pump to tha triaxfal sotfon of the magnitude sentioned in
8.2.1.a.(1). The tize phasing of the inputs shall be such that a purely
rectilinear resultant input is aveided. Conditions for accepting single and
piaxial or any other safsaic input are statad in Appendix 8.

(3) Single and Multiple Freguency

; Random vibration input having a bread freguency cantant
shall be used as sefsaic input. This input shall cxcite 211 soces ta the
required magnitude, such that the tast response spectrum shall envelep the
corresponding design respense spectrum in the region of all pump natural
frequencies. Single frequency imput may be acctaptad 1f the dynamic charzce
teristics of the pump show that its anticipated respense is acequataly
represented by one moda, or, the floor response at the pum location is
reasonably f{ltared to a single frequency type motion.

b. Mounting

The pump shall be sounted to sioulate the recommended servic:
sounting when practical. Where this 1s not prastical, the effect of tha
actua) supporting structure shall be considered in dateraining the input
motion. As & minimum, the mounting fixture dosign shall have the sane
stiffness charzctaristics as the actui) sounting and shall czuse no extir® ous
dynamic coupling ta the tast fitaa.

»
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c. Nozzle Loads

The nozzle loads, as provided in the désign wc'eifiéaticns
siaulating the pipe effects on the pump for the corresponding loading csasin-
ation, shall bDe applied during the tast. Appendix 8 provides guidelines for
nozzle load considerations. If supporting tests show that nozzie loads are
not significant for pump operadility, they say be disregarded during the
qualification tast.

The sost savere loading csadbination that {s feasible shall be
usad for the qualification tast.

8.3 Analysis
For dynamic qualification by analysis the _fonoving shall be datermined:
4. Anlicu!o loads to be used in the analysis. .
5. Oynamic charactaristics (frequency, mode shape and damping) of
the pump (and acsordingly the sathods of analysis). Tha dasping values sheuld

be consistant with those in Regulatory Guide 1.61.

€. The allowzble stresses and deflections (dzsign limits) wher
subjected to all applicable loads.

8.3.1 Agglicable Loads
The applicable loads include but are not limitad ta:

a. ° Sefsafc input excitation as specified in the design
specification !

b. Nozzle loads

€. Decad weight

- 0 S R



d. Pressure and therzal loads as provided {n the design
specification ' -

e. Vibratory loads due to pump oparation

The most severe loading comdbination that fs feasible shall be usad in the
analysis for qualification purposes. The resultant strassas and deflections
at eritical locations shall de lower than the stress and daformation
allowadles.

8.3.2 A of Analvsi

-

The analysis say be eftaer static, detailed gynamic, or simplified
dynamic analysis. Appendix B8 provides the basis for the analysis mathed
selection,

8.3.3 Stresses and Deflections Criteria

The punp shall be analyzed for three directional sefsmic forces. The
stress components resulting from esch force shall be coabined by the square
root of the sua of the squares mathoed to obtain a single stress for the
seisaic loading. Seismic daflections (daflcctions due to sefsmic loads) shall
be calculated in the same way. Other sethods of combining the stresses anc
deflections resulting from the three compenents of earthquake may b used if
1t can be shown that the square root of the sus of squares mathod dogs. net
apply %o a particular case. These seiszic stressas and daflections shall be
combined with the resulting stresses and deflections due to all other
applicable loads and used to obtain the fins! resultant stresses and doflec~
tions. These valuss will be compared with the design limits estadiished by
the design specification and the pusp manufisture”, The lecations where the
stresses and deflections shall be caleulatad include, but are not 1imited t3,
the following:

a. Pressure retaining/containing parts

b. Coupling



€. Pump hold down fastenars and bolts
d. Shaft and rotor assemdly
e. Keys, pins, fasteners, walds and bDearings

f. Pump support pads

g. Pump foundation anchor bolts.

8.4 inatian of Test Analvsis

In some cases the succeassful operation of the pump when subjected to the
most savere combination of applicable loads cannot be demenstrated Dy either
tasting alone or analysis alone. In thesa casas a qualification pregram which
consists of tasting in part and analysis in part shall be developed t3 suit
the particular pump. This qualification program shall demenstrata that the
pusp s capable of operating whan subjectad %o all applicable loads.

. -

8.5 Qocumentation

The quality assurance and reporting requirements applicable to dynamic
qualification of puzps are given in Section 11.0.

9.0 VERIFICATION OF PRODUCTION PUMPS

Production pusps shall be verified for equivalence ta a p=atotype pun;
that has already baen qualified. Oemonstration of equivalency includes
comparison to a qualified protatype puzp by analysic, tasting, and operating
experiences or a coxbdination of these mothods,

9.1 VYerification Mathod

'Y demonstration of equivaiengy to 4 qualified pretatype;

b. evaluatien end qualificitiion By 29°lyics, tess, evserien~t ' -
cemb incion of tuthads ef the diffarcrcn” Detween 3 oratst;rd . n 2r.

LI,



c. tasting and other quality control measures to demonstrate that
the required safety-related performance features were not downgraded during
construction of the production pumps.

9.2 Procedures - Eouivalency With Prototype

9.2.1 The manufacturer shall cert{fy that the production pusps are
{dentical with the qualified prototype puzp where this {s the case. In this
event only the production tasts outlined fn Section 9.1, Step ¢ and as
required by Section 9.4, are necessary. '

9.2.2 where the prototype and procduction pumps are not fdentical the
sanufaciurer shall compare the charactaristics as given fn Table 9.1.2. Where
the production puzp can be shown to seet the prototype pump features, the
pusps are functionally equivalent. In this event only production tests as
outlined in Section 9.1, Step ¢ above, and as required By Section 9.4, are
necessary. ' . :

9.2.3 Wwhere the production pump equivalency to tha protatype is not
demonstrated, the sanufacturer shall perform additidnz] analyses or tasts,
provide additional experienca or by a combination of these %o deacnstrate thc
adequacy of the production pump.

9.2.4 Analyses

Additional analyses required to qualify a production pump shall De
performed n acsordance with the applicable paragraphs of Section B8.2.
(Appendix 8) ‘

9.2.5 Tests

.

. Additional tests required to qualify a preductisn pusp shall be perfor o
in accordance with the appliczble paragraphs of Sectien 8.3 (Appendix 8).



9.2.6 Experience _

Additiona) experience provided to qualify a producticn pump shall seet
the requirements of the applicadle paragraphs of Section 7.4,

9.2.7 Qynamic Oualffication :

Additional dyr wic qualification needed for production pumps shall meet
the applicable requiresents of Section B.2. (Appendix 8) |

9.3 Qocumentation

The documentation package for the pumps shall include, as applicadle, the
manufacturer's Certificata of Equivalency in acsordance with paragrapn 9.2.1
or the comparison of prototype and preduction pump features or the additional
tests, analyses and experience that demonstrata the qualification cf the
production pumps. Each Functional Qualification Repart shall be cartified to
be correct and complete and be in compliance with this Standard, by a
responsible fndividual. .

9.4 Production Puso Tests
9.4.1 General

The tasting requirements of this section presume that the protatype
tasting has already been aczozplished and a Certificate of Compliance
furnished %9 the owner that the gqualification tast 12 spplicadle ta the pusp
design being production tasted. Pump production tasts are thosa tests
designed to verify that the preduction purps conform to the prototype for
which the certificata of co=pliance was fssucd.

9.4.2 Soecial Reoufrements

6.4.2.1 When the installation sudjecss the pump t.b unique cenaiticencs,
’, .
specia)l grototyoe tasts may Le necessary. Refer to poragraph B.3.2
(Appondix B).

]
™~ }4



TABLE 9.1.2

:guivahncv with Protityoe

Jtem

2.

Chemical and Physical Prop. of materials.
FLUID SYSTEM REQUIREMENTS

A.

c.
0

E.
F.

Head=Flow Characteristic Curve
Power

Net Positive Suction Head Required
Thermal and Pressure Transients
Specific Speed

Izpeller Diametar

MECHANICAL REQUIREMENTS

Case Stress Lavels
Shafe

Coupling -

Bearing Mcunting & Type.
Running Clearances
Support System Stiffness
Baseplate Stiffness
Speed = Pump

Stages

Critical Speed
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9.4.2.2 1t may be necessary to test scme vertical pumps with perticns
omitted because of factory height limitatiens. In this case, discharge heic
as measured will be different from rated head. Corrections for this heacd
discrepancy shall be macde by the manufacturer during the test and the
correction noted {n the tast repore.

9.4.3 Test Fluid

Unless otherwise stated in the Design Specifications, the tast liquid
shal) be clean, cold water (see Mydrzulic Institute Standard).

9.4.4 Recuired Pump Tests

9.4.4.1 = The following tasts are required or optional. Optional tasts
shall be performed when required Dy the Design Specificatien.

- Reoui red Optional

A. Hydrostatic Test X
B. Hydraulic Performance Test X
C. Mechanical Running Test X
0. Net Positive Sucsion
Head Test* X
E. Natural fregquency tast for
vertical turtine type
oumts aniv * X
F. Natural frenuencv test S
Dz- for ho on ymp s

9.4.4.2 Hyarostatic Test = Al pressure poundary parts which are uncer
‘the jurisdfcation of the ASME Code, Section III, shall be hydrestatically
tasted in accordance with the applicatle Code recuirements, unless the Design
Specificat’an imposes more stringent requirements.

9.4.3,2.1 Special Hydrostatic Test for Vertical Pumps = Fer

vertical pumps, when hydrostatic tests pre specified for component parts wnich
are not part of the pressure boundary, the teast prossure shall be 1.5 tim-e
the maximum differential pressure ta which the parts are subjected. Tes:® may

S(.cTer =0 Seczien /.3.3.1 for description of test.)

3
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be done as an assemdbly or in segments. Suction bowls or inlet elements that
are not subjectad to differential pressure need not be tested.

¢ .

9.4.4,2.2 Hydrostatic Test of Auxiliary Systems < Caoling passages
and jackats for bearings, stuffing boxes, pedestals, and of1 coolers shall be
hydrostatically testad to 1.5 times the cooling system design pressure or to
118 psig, whichever is greatar. B

9.4.4.3 Perfornance Test

9.4.4.3.1 The performance tast shall be run in actordance with
applicable Hydraulic Instituta Standards for centrifugal pumps, except as
modified below.

9.4.4.3.2 The manufacturer shall operate the puap in the shep for a
sufficient perfod ta enadle him ta cotain completa test data, {ncluding speed,
head, capacity and power from shut-off to & flow beyond rated casacity or
given runout. The minimm number of tast points shall be specified in the
Design Specificatten. . ' :

9.4.4.3.3 The manufacture~ shall maintain a completa detafled log
of 211 such final tasts and shall prepare the mufr.ed nuzber of copies,
including test curves and data certified as to Sorrectnass.

9.4.4.3.4 Unless stherwise mutually agreed upon, the speed 3 Lo
used in cannection with tasts of motor-driven puzps shall be the rated spoec
shown on the cartified outiine drawings, zpplying %o the specific driver bein:
furnished.
9.4.4.3.5 Test talerances on head and capacity at decign poirn.
shall be in accordancs with Hydraulic Instituta Standards. If selerances “.
required at flows other than design flow, =iy shalt b:. daffned fa tha 0. ¢ =
Specification. ‘

. 9.4.4.3.6 Auxilia=v Svste=s, Wnoo quxilizry systamt curd Jo

exchangers, ofl csolers, ets. are furnished imtegraliy with ife 2um@, <.



. tected without disasscdly, =t iding =1 ferc nem f& »iis3fagner: ;-

shall be recorded for cooling water flow rate, pressure drop and temperature
rise 1f data 1s meaningful with respect %o the system design and/cr operating
conditions. :

9.4.4.4 Mechanical Running Test. The mectanical running tast may De
conductad independently or simultanecusly with the performance test. The
following parametars shall be seasured or cbserved after equilibrium
conditions have been achieved and shall meet the tolerances or limits as
follows.

BF o
9.4.4.4.1 Bearing of! temperature shall haye stabilized andlshall » ™\

t exceed the limits given in Section 6.3.1.kJ tha equilibriua temperature
shall be recorded.

9.4.4.4.2 vibraticn seasurements shall De taken on the shaft t2
bearing housing. Measurements for vertical pucps shall be taken at the top
of the motar bearing housing. The pump shall Be at rited speed and at a czpacitly
of +10 percent from rated capacity and the czasurements shall be recorded. 7
- e T
ibration amplitucdes shall not exceed the linits given in Section 6.5.3.

The vibraticn seasuring {nstmment shall have a freguency measuring
capab{lity from one-half rotationz] speed to three tizes rotational speed.

9.4.5 Failura of Pu=r on Test

If any part of the pump fails during procuction tasting, 2 repsrt snzl)
be prepared dascribing the details of the failure and shall be sudmittaed to
the purchasar as a part of the data package. The report shall describe the
corrective action taken to ascure the acceptability of the part for usa in ¥
pump as shipped. Failure of critical puw carponents .hall require retesti:
Purchaser zpproval sust be given to ship without retest wien parts are
replaced as a result of test faflure.

9.4.6 Post-Tes: Procedures

" Following the cammletice of 311 testing, the pusy =xy dDe thir . as

b1
P

b %

.
' r
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Specification does not state otherwise. If desfred by the manufacturer, seal
faces may De relapped and other sealing parts such as O-rings and gaskets may
be replaced. All basic components shall be shipped as tested unless specific
authority is granted by the purchasar to substitute ancther part.

9.5 Quality Assurance and Reparting

The quality assuranca and reporting requiresents applicable ta
verification of production pumps are given in Section 11.0.

10.0 CLEANING, PACKAGING, SHIPPING, RECSIVING, STORAGE AND HANDLING

10.1 (Cleanliness

Puzps within the jurisdiction of this Stancard shall de sanufactured 2nd
assemdled under conditions which allow them to be installed fn flufd systens
having the appropriata cleanliness classification as defined in ANST N45.2.1.
Unless the Design Specification specifies a higher cleanliness classification,
the following shall apply.

[tu : g‘l;uﬂimss Classificatien
Wetted surface of pump Class C ,

Pump bearings, unless Tubricatud by
pumped fluid Class 8

Lubrication systezs other than the
pumped fluid Class 8

10.2 Pickaging, Shivoing, Receiving, Starsce and Hardling

The sanufacturer shall follow, and thall fnvete for his suppliers to
follow, the requirements of AMST N&S.2.Z for packaving, shipping, recciving,
storzge and handling of the finished pr=p and the finfshed p=p parts.

Level C of NAZ.2.2 shall 2pply unless Level A or £ is required by the [iziun
Speci fication. : :

- 0 L



11.0 QUALITY ASSURANCE AND REPORTING

- 11.1 Resoonsibility

It shall be the rasponsibility of the puzn manufacturer, -as prime
contractor, to implement the quality assurance requiresents of this Standard
as wall as those of the design specification. -

.2 mlimlc Standards

The quality assurancs program requiresents and quality cantrel
requirements are established Dy the design specification. This Standard
supplements those requirements. The requirements of the ANSI N45.2 series of
quality assuranca standards are %o be followed as acplicable to the activities
covered by this standard. ;

11.3 Data Package

. a. The Data Package fs the total group of documents and recards
required by the design specification and this Standard. .

b. That portion of the Data Package relatad to this Standarc shall
incluce the Functicnal Qualification Report (7.3.6), Production Puzp Verifi-
cation docuzantation (9.5) and Procduction Pump Test results (9.4), and
Certificate of Compliance (9.4.1).

¢. - The Datz Package shall be ferwerded to the Owner or his agent
prior ta or accompenying shipment of the pump assembly.
" 4. The Data Packaga shall be revicwad By the Owner or his agent
for corpleteness. Owrer's acceptanca of the Data Packaga does not relieve tho
manufacsur<r of Nis responsibility to camply with all the regquirements of tii:
Standard or the design specificatien. ‘



APPENDIX A
RECOMMENDATIONS FOR THE DESIGN OF SAFETY RELATED PUMPS

A.1 PIPING, VALVES AKD FITTINGS
A1l removable auxiliary piping, including supply and takeoff connections
for the gland, seal leakoffs, vents, drains and of1 systes say terminate with
a fange or pipe thread. The zinimua size for connections ta the pu=p should
e 3/4-inch Schedule 80 ncainal pipe size, except for seal connections. Smaller
sizes are subject to approval by the owner or his agent.

A2 PUMP ASSEMBLY TYPES

Typical pump assesblies covered by this Standard are shown in Figures 1
through 10. Thesa figures are for classification only and are not {ntandec %2
dictate details of construction or cover every acceptable design or arrangezent.

Vertical Coupled Pump. Figure 2.

a. Thrust Bearing.
‘Tho puzp axizl thrust Toad is taken Dy the driver thrust bearing.
Bearing loads impesed on the driver by the pusp shall be specified by the puid *
menufacturer. .
b. Pip Radial lenﬁnq.
The bearing shall be lubricated by the fluid Seing pumped.

¢. Journal for ‘$leave=Type Searing.

Tic shafs rv have a tleeve, {f crzired. The journal and hearing

g2= “apm a rea=czlling Tomhination.



d. Coupling.

The coupling shall be of the rigid type. A spacer-type coupling
shall be provided for pumps when gechanical seals are specified and used. The
spacer shall be of sufficient length to permit replacament of the seal assembly
without removing the driver. The pump half coupling shall be of such design
mtitmumv«mmmmnﬁmmﬂ.cfh‘m

Vertical Turbine=Type Puzp. Figure 3

a. Thrust Bearing.

The pump axial thrust lcad {s taken By the driver thrust bearing.
Bearing loads fmposad on the driver by the pump shall be specified by the pum

manufacturer.

b.  Puzp Radial Bearings.

L

-

Slesve or guide bearings in the purp may De lubricated By
the fluid being pu=ped.

Bezring matarial shall be suitzble for purpage and servica
tamperature. ’

Bearings shall be of sufficient length to withstand saxim
loads.

Bearings shall be retainad against rotation by an inter
ference T4t or a suitadble machunical method.

Bearings shall be rztained agsinst axfal covement by snap

rings, shouldars in tha bearing housing, or other suitidle

- 0 ke, L )



¢c. Couplings.

L

The puzp to driver shaft coupling shall be rigid adjust-
able type. A spacer type coupling shall Be provided for
puzps when mechanical seals are specified and used. The
spacer shall be of sufficient length t3 permit replacezent
of tha seal assembly without removing the driver. The pum
half coupling shall be of such design that it can be resoved
froa the puzp shaft without tha usa of heat.

Line shaft couplings shall be used when puzp length prohibits
the use of a single shaft. ~

Line shaft cauplings shall not depend on threads %3 do the
driving and shall not lcosen with reverse rotatien. Tha
usa of keyways and kays or scoe similar method shall b2
used. Threads, split rings, retaining rings, or pins may
be used to carry the axial thrust loads.

d. Mounting Plata.

The mounting plate s {ntegral with the discharge head.

Vertical Turbine=Type Puzp with Sustion Barrel. Figure 4 (This pu=p is
the same 25 Figure 3, but with suction barrel.)

4. Mounting Plate.

The puzp shall have a s“eql mountine plata cttached divi=tly Lo

the suction barrel.
" flanged joint undar pressure.

The foundztien-L.oiss shall ne™ b vsed ts sagure the

Horizonta) Frame Mountec Pumpr. Tigure €



a. Coupling:

The shaft coupling between the pump and driver shall be a
flexible=spacer=type. The spacer length shall permit removal of the coupling,
bearings, seal ard rotor as applicable.

b. Baseplata:

; The baseplata and pusp supports shall be cﬁnstruc‘.tc'so as to
@inisize misalignment caused by extarnal loads from connecting piping.
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Figure 7: VORIZONTAL AXILALLY SPLIV MULVISUAGE PUMP

.\uhlly sgllt appliss to pressure casing Jolnts located parallel to Lhe centerline of Lhe
prip ehaft,  Horizontal shaft th pusp case. Bearings in r.-p bearing Mslr.' Thrust
sl rudla) bearings on ona end; radlal bearing on other end. arings are ol lubricated.
.. =aals--pna on exch end. Two or more steges. Single or double suction flvst stege,
FYsot 4o creozar ceepling. Py and driver rovnted on o coczon bautlm. Axially split

cace przpa shall nel be fernlshed I the rr.pino tezperalure Is 400°F or higher. Centerline-

sappovied Licp castegs shall be used for horlzonta) pumps with pusplng fluld tenperatures
ol 30% == wighee,
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APPENDIX 8
+.OYNAMIC QUALIFICATION GUIDANCE

-

8.1 ScoeE

This appendix establishes gufdi"nn and altarnate methods which say be
used to provide accaptable qualification for safaty related pumps. It
discusses possible practical deviaticns from {deal qualification ;nndit*tons.

8.2 LIFICATION APPROACH

The capability of the pump to operats during and aftar the saismic and other
dynamic events wil) be evaluated by tasting and/or analysis. The type of quali-
fication to De used is highly dependent on the pump size, canfiguration and
sechanical complexity. For some pumps, the canfiguration and complexity may De
such that tasting {s the sost feasidle sethod of qualification. For these cases,
testing is recomwended. Mowever, for other designs, analysis may be the most
reasonable approach dus to the avaflabil{ty of accurate analytical tachniques
or when it 41s fepractical %o use only gqualification tasts. For these cases,
analysis or combination of testing and analysis {s reccamended.

Conducting scme supporting tests or analytical werk, though it does not
qualify the pump, say be very beneficial in sisplifying the qualification
procedure. For examp'e, 1f a supporting tast shows that the fundamental
natural fraquency of the installec pump {s above 33 Hz, qualtfication by
analysis could be simplified. Ia other cases, the supporting tasts say de of
static type, to datarzing either the stiffness or flexiBility of the puip.
This information would be usad ta develen or verify the sathezatical mccel.

The following 1ist of {tems say provide assistanca in deteraining tho

" dynamic qualification sethod. This 11st s not {ntanded to be all inclusive
but rather to provide guidelines concerning the choica of tasting and
analytical procedures. oo e B e

P e & & e -



Testing is reccamended f:

a. The response of the pump to any dynamic forcing functicn is
expectad to be highly non-linear and depends on many factors other than the
nature of the farcing function. Also, whan the applied loads produce direcs
responses in different elements of the assembly, '

b. The dynamic response of the rotating portion of the 2z is
coupled with seaisaic excitation, and '

€. Structural portions of the pump are highly Fonplcx and beyond
the capability of mechanical modeling techniques.

Analysis may be more practical if:
2. The response of the puzmp is l{near or approximataly linear,

b. The responsa of the rotating portion of the nuamp s not
affectad by seismic excitation,

¢. “The ceafiguration and size of the pusp sake tasting
{apractical,

d. The effect of attached components, such as piping, piping
SUppOrts, pump suppor:s, ets., are too complex for accurate duplication uncer
tast conditions, and '

e. The Wsit‘lm.bf loading coabinations is too camplex to De
sioulated in tasting. '

8.3 IESTING

Tests may de efther supporting tasts or qualification tasts. This
section discusses mathods of supporting tests and prevides guidelines fer

determining and applying some of the applicable lczds fer qualificatic: tesis.

n



B8.3.1 DYNAMIC TYPE SUPPORTING TESTS -

In these tasts the pump shall be excitad by dynamic type forcing
functionms by using a shake table or single=point excitar applied, at suf-
ticient number of points. The excitaticn shall be of sufficient strongth to
axcita all significant modes. Typical data obtained from thesa tasts are:

a. DOynamic charactaristics of the pump (natural fnqucnc*lu. moce
shapes and damping factors) or the pump parts and assemblfes,

B.  Cross-coupling effects (f.e., the response in any direction due
to the axcitation in any other direction). In-the locations where {astalling
accelercmetars is fsp-ictical, the cress-coupling say be estimatad based on
the response o the available locations.

c. + The ﬂgﬂﬂemu of :5“. responsa of the pump %0 vibratary
gotien to detarmine the necassity of combining the carresponding nozzle loads
with seismic loads c¢n the pump body and their effect on the stress patiarn.

8.3.2 STATIC SUPPORTING TESTS

These tasts are conductaed by applying static forcas on the pump. Typical
dati obtained from thesa tasts are: .

a. Static deflections and fexidility parazetars that are need.c
for constructing a sathematical modal, and

5. DOistartion in mivug. dus to nozzle loads and deformation
l{mits within which the pump would saintain 1ts eparability.

8.3.3 QUALIFICATION TESTS

In some casas it {s not possidble to apply all splicable loads simult-r--
ously as expected ta octur during the seisnic and ethar gynazic a-ents L0
satisfy the qualification criteria. In these cases some medifications to .
loads and procecuri. say be nacessary witnout discraciting toe resiits o



qualification test. The following are acceptable cases for modifying the
{nput loads.

2. Seisaic Input

(1) The input sotion may be 2pplied ta one vertical and one
principal (or two orthogonal) horizental axis simultaneously. The time phas-
ing of (he inputs shall be such that a purely rectilinear resultant fnput s
avoided. An acceptadble altarnative s to have vertical and horizontal imputs
* {nphass, and then repeatad with fnputs 180° ocut-of-phase. In acdition the
tast shall be repeated with the equipment rotatad 90‘ horizontally.

(2) Single axis excitation may De used if the crou-cnupnng
{s cansidered as follows:

When perforaing the supporting tests, the ratio of tha
response in any direction due to the excitation in any other direction will le
detarained. To explain this, let ™ be the ‘ratic of the response in the j
direction (due to the excitation in the 1 direction) to the axcitation in the.
{ direction, and cdetarmine r‘y. Lo r”. rn. Pox u;c.rzy. The saisaic
coefficients to be used in qualification tasts (separats single axis tasts)
will De based on the values oauim frea the design response spectrum and the
cress-coupling factars, '1.1 '

The oqultions' to detaruine these coefficients are
expressad as follows: '

X, =X 09”7'01'“18

Y= “x’oy .,uz‘

J zt.'nx:"yzvs‘zs .
where xg. Yt‘ Z: ® The seisaic coar“icients to De used in the
Qualifirntion %ests fo thea X, Y, 2

gé=ec*ians.

™
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Xgo Yoo I, = The seisaic coafficients as determined from
' . the design response spectrum fn the X, Y, I
directions.

'
'

5 Y 2 = The three principal directions of the pumo
or . :
any other set of orthogonal axes which may
produca higher pump response.

b. Nozzle Loads

The nozzle Toads as specified {n the design specification will
be simulated by dynamicetype or equivalent static~type loads to act on the
pump during the tast. Ous to the fact that the qualification say dDe required
before these nozzle loads are finalfzed in the design specification, scme
guidelines are given here to estimata the value of these loads. These values
will be based on weight, thermal and seisaic piping analysis, as well as
transient dynamic and hydraulic loads, 1f any, and also the worst load
comtination during the LOCA in accordance with the appliable critaris. The
estimated loads will be provided by the user and agreed upon by the
sanufacturer. ' :

If the tast fs performed using a prepared envelope of nezzle
lToads, it 1s suggested that these loads would be based on a ratio of “he
allowable stresses for different plant conditions as defined by the piping
design critarfa. This ratio would depend on the size of the nczzle, weignt of
the pusp, operating tamperature, etc. Tha lcads used {n gualifications would
be compared with the results of the piping analysis when availadle. If the
piping anzlysis resultad in higher lcads than those which are used in tasting
and could not be reducad, retesting should be done.

. 8.4 ANALYSIS

Analysis say also be used supperting qualificatfon or as the only
qualification means. [* the analysis {s used to provide data nesdea for

’
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qualification, it is supporting analysis. When analysis fs used as con=
firmation of operability of the puzp when subjectad to all applicatle loads,
it {s qualification analysis.

8.4.1 DS OF ANALYSIS

a. Static Analysis

If it can be shown that tha fundamental natural frequency of
the puzp 1s equal %o, or higher than 33 Mz, static analysis say be performed
tc detarmine the stresses and doflections due to dynamic loads. In this case
the seisaic forces will be detarmined by sultiplying the mass of the assemdly
or part of the puzp times the maximum floor sefsaic accaleration at the Base
of the pump (Zere pericd acceleration from the responsa spectra). These
forces shall De agplied through the cantar of gravity of the assemdly or the
part of the pump.

b. Detailed Dynamic Analysis

A detailed dynamic analysis shall be required unless a
conservative factor {s used, and Justified, to count for the participation of
higher modes. A mathematica) moda! may be constructad to represent the
dynamic behavior of the pump. The model will be analyzer using the response
~ spectrum modal deflections. The varfous modal contritutions shall be combined
By taking the square root of the sum of the square: ¢f the individual ssadal
stressas and deflecticns. The closaly spaced sodes will be handled as
described in NRC Regulatory Guide 1.92, “Comdining Mecal Responses and Spatial
Components in Seisaic Rasponse Analysis,® Rev. 1, 2/76. '

* € Siep'ified Dynamic Analysis
Whan the pump assembly can bDe easfly sodeled, a simplified
dynanic analysis say be parformed. This sathod fs simflar to the static

analysis sethod modified by using the accaleration from the floor respense
specir: carrespoinding to the fundamental natural freguency of the pump and



sultiply 1t times 1.5. If the fundamental natural frequency is not known, a
static analysis using 1.5 times the saximum peak acceleration of the applicadle
floor response specira, as applied seismic loads, 1s accesptable.
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APPENDIX C

In the absenée of other orientation of axes for -

nozzle loadings those belcw are recommended.
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FOREWORD

(This Foraword is not a part of the prepared Standard
for Functional Qualification of Shaft Seal Assemblics

Active Safetu-Related Pump Assemblies §or Nuclear
ower Plants ANST/ASME NS57.3.)

This Standard is one of a series of standards written to define the design,
installation and functional qualification requirements of ASME Class 2 and 3
pump assemblies installed as components of safety systems in nuclear power
plants. Qualification of pump assemblies for this service requires demon-
stration of the adequacy of the equipment to perform its safety function in
the expected range of normal, design basis event, and post design basis event
service conditions. The designation of pump assemblies as “safety-related”

s outside the scope of this Standard; this is to be resclved by the station
owner as part of the station licensing procedure. Alsa, the ASME Beoiler and
Pressure Vessel Code establishes the rules for the pressure boundary integrity
of the puymp, and this standard addresses the requirements for qualification of
the p assembly for finctional adequacy.

The initial development of this Standard was assigned the ANSI N-45 Committee
with the project designation of N-$51. Subsequentially, the ANSI N-45 Committes
was dissolved and [EEZ has assumed the primary responsibility for nuclear equip-
ment qualificaticn standards. ODevelopment of the standard is being continued

by the N-S51 Steering Committee with ASME sponsorship. The present intent is

to develop a series of N-351 standards as follows:

N-551.1 Standard Qualification of Nuclear Power Plant Pump
Assemblies for Safety Systems Service - General Requirements

N-551.2 Functional Qualificaticon of Pumps for Active Safety Systems
Pump Eiiffgfi:f for Nuclear Power Plants

N-551.3 Functional Qualification of Shaft Seal Assemblies for

Active Safety Systems Pump Assemdlies for Nuclear Power
P“ﬂu \.&

N-551.4 Functional Qualification of Motor Orives for Safety Systems
Pump Assemblies for Nuclear Power Plants
e —— A
N-551.5 Functional Qualification of Turbine Drives for Safety Systems
Pump Assemt’ es for Nuclear Power Plants
R —
These standards are to be balloted independently and submitted for ANSI approval
via the ANSI N-41 Committee which has [EEE as the Secretariat.



The Task Force responsible for this Standard included the {ollowing
personnel during «Zs development:

Name of Representative Organization Represented

F. P. Bussick, Chairman Sealol, Inc.

R. E. Battilana Durametallic Corperation

W. A. Bush Qak Ridge National Laboratory

J. A. Fickling Westinghouse Electric Corporation
0. Giles Borg-warner Mechanical Seals

J. Hamaker : Crane Packing Company

J. C. Hobbs Florida Power Corporation

R. W. Howard General Electric Corporation

Y. C. Krecicki Combustion Engineering I[ncorporated
A. Taboada Nuclear Regulatory Cemmission



FUNCTIONAL QUALIFICATION OF SHAFT SEAL ASSEMBLIES
FOR ACTIVE SAFETY-RELATED PUMP ASSEMBLIES FOR
NUCLEAR POWER PLANTS

1.0 GENERAL
1.1 Introduction

Seal systems for the safety-related active nuclear pumps may be
required to operate under normal plant design conditions and may be required
to operate during or after abnormal conditions arising from a postulated
accident or event, For pumps designated for this service, complete specifi-
cations, special design considerations, and procedures for functional qualifi-
cation of the seals are required by this Standard to provide assurance that
the pump will function when required. This Standard is limited in application
to pumps constructed in accordance with the requirements of the ASME 30iler
and Pressure Vessel Code, Section I[II, Muclear Power Plant Components for
Class 2 and Class 3 components. This Standard supplements these requirements
to provide assurance of cperability for the time span required.

1.2 Scope

1.2.1 This Standard establishes the requirements for special design
and materfal considerations, and the procedures for functional qualificaticn
of seal systems for nuclear pumps for safety-related service applications.
The Standard covers all phases of the seal development frem initial design
through production testing. [t is the responsibility of the owner or his
Authorized a?ent to designate those pumps which are Class 2 and Class 3
safety-related active pumps that require qualification of the seal system
under this Standard.

1.2.2 Functional gualification consists of tests and/or analyses
specified herein to demonstrate that the seal will perform its required
safety-related function. Requirements allow qualification of a production
s2al by analyses which demonstrate design similarity to a seal qualified by
testing. : .

1.2.3 Qualification to this Standard is limited to r.quirements for
safety-related pump seal systems and their directly associated appurtenances.
ch&u.tmmeuu»ﬂ, EZENRSHAUTS FOE PUMPS, PUMP DEIVES AmD Pun ASSEMEUES
ARE PRoVITED m ANST STanda2dS NSSLI, N95SLI NSsL4 Aud NSSL S,

1.2.4 A Seal System Functional Qualification Report is required to
document compliance of a prototype test unit with this Standard. The applica-
dility of & seal system for a specific order for 4 nuclear power plant is
documented by a Seal System Application Report.



2.0 REFERENCES

The following references supplement those in ANSI N551.1 and form a part
of this Standard.

2.1 American Mational Standards Institute

2.1.1 N45.2.1 Cleaning of Fluid Systems and Assocfated Components
during Construction Phase of Nuclear Power Plants,

2.1.2 N45.2.2 Packaging, Shipping, Receiving, Storage and Handling
of Items for Nuclear Power Plants
3.0 DEFINITIONS
The following definitions supplement those in ANSI NSS1.1.

3.1 Component Coolant

A fluid used as a heat removal medium and separated from the process
fluid by a barrier.

3.2 Desian Basis Condition - Seal Cavity

The design conditions to be considered in the shaft seal system.
Conditions to be considered are contained in 6., Special Design Requirements.

3.3 Injection Fluid

..M

:»«.-"‘"“‘ Fluid is injected into the seal area at a pressuie higher than the

-~ process fluid to lubricate and cool the seal(s) and to prevent leakage of
process fluid.

3.4 Process Fluid

The fluid pumped.
3.5 Production Unit

Productic® units are those units that were fabricated to the same
manufacturing techniques, materials, production testing and quality assurance
requirements as were used for the prototypes selected for qualification. Any
changes must be documented and re-tested or analysis performed to demonstrate
that the performance and qualified life of the equipment has not been affected.



3.6 Prototype

The equipment fabricated for qualification testing. It may be a
first article or a unit randomly selected from a production gquantity. It is
not a developmental unit, but must be constructed using identical ==
materials, fabrication techniques, production testing and quality assurance
that is applied to units to be installed for power plant service. Any changes
made to a prototype unit as a result of qualification testing must be docu-
mented. Sufficient re-testing and/or analysis must be performed to demon-
strate the adequacy of the change.

3.7 Shaft Seal

A device designed to prevent or limit the leakage of fluid between
two surfaces of relative motion. This includes mechanical end face seals and
packing.

3.8 Shaft Seal System

A system of shaft seal(s) and auxiliary devices as required that
limit the process fluid leakage to the atmosphere or to low pressure systems
and coliects and directs the leakage.

3.9 Stress Index

The ratic of the design stress to the minimum ultimate strength of
the material.

4.0 FUNCTIONAL SPECIFICATIONS

The functional requirements for a shaft seal system for a safety-related
pumo shall be provided in a Seal Specification. This Specification shall be
prepared either by the manufacturer, the owner or his authorized agent in
accordance with ANSI Standard NS51.1. The desired methed of qualificaticn
shall be identified and included in the Specification.

5.0 SPECIAL MATERIALS REQUIREMENTS
§.1 General Reguirements

§5.1.1 Materials not covered by ASME Section IIl shall conform to
ASTM Standards. Other material standards such as AISI, AMS, SAE, or military
or &e‘%e‘nl specifications may be used if suitable ASTM standards are not
ava e.
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If none of the above material standards apply, the material
manufacturer's designation may be used accompanied by sufficient data to
demonstrate adequacy for the intended service. The material manufacturer
shall certify that successive shipments have the same properties as those in
the manufacturer's specification and agreed upon with the seal manufacturer.

§.1.2 The seal manufacturer shall include a certificate of com-
pliance for all materials not requiring certification by ASME Section III or
other parts of this Standard.

§.2 Permitted Material Specifications

§.2.1 Materials used for the gland plate and its bolting, defined
as pressure retaining material in ASME Section III, shall be in conformance
with Section III.

5.2.2 Materials used for seal mating faces shall meet the following
qualifications as a minimum:

§.2.2.1 Chemical. No detrimental physical property changes’
shall occur when subjected to the seal cavity fluids for the times specified
in Table 1.

§.2.2.2 Temperature. No detrimental physical property .
changes when subjected to the maximum seal cavity temperature specified in
Table I.

$.2.2.3 Mechanical. Have a wear rate suitable for the
service 1ife when runs against the mating face material under the conditions
specified in Table I.

§.2.2.4 Carbon Porosity. Hax‘im acceptable air leakage
shall be one standard ml/hr/in. of m when tested under water at a
minimum test pressure of goo'psi. DianeTae '

§.2.3 Materials used for retainers, bolts, pins, bushings, and
other parts which have a stress index less than 0.1 may be made from any
material suitable for the intended service.

§.2.4 Materials used for springs, bolts, pins, and other metallic
or brittle parts with a stress index greater than 0.1 shall meet an ASME,
ASTMog AMS, Ersm—tom———————o=——m=s) specification which controls the
quality of the material.

§.2.5 Proprietary materials which fall within the definition of
Paragraph 5.2.4 which do not have a suitaole national specification available
shall be qualification tested (see Section 7.3). Such proprietary materials
shall be designated by a specific indentification number by the material manu-
facturer and certified to meet all the Quality Assurance requirements of the
originally qualified material.

2



6.0 SPECIAL DESIGN REAUIREMENTS
6.1 General

The seal system shall be designed to satisfy all of the requirements
and operating conditions contained in the Seal Specification (6.2) unless
specifically agrees to in writing by the Owner or his agent.

For normal operating conditions, the seal system shall be designed
to operate without maintenance for the design life specified in Tabie I.

For upset, emergency, faulted, and other operating conditions, the
seal system shall be designed to operate without maintenance for the specified
duration and specified number of cycles. If only one cycle of ‘2 specific
operating condition is specified, then it is understood that seal replacement
or maintenance is allowed before resuming normal cperation.

Special seal systems such as double seals, tandem seals, or other
special configurations shall be specified by the purchaser or may be recom-
mended by the seal vendor if considered desirable for the service.

6.2 Seal Specification

In accordance with the Pump Design Specification, the pump manufac-
tx;rer shall supply the seal manufacturer, as a minimum, the following informa-
tion.

6.2.1 Tie ASME Boiler and Pressure Vesse! Code Section [II class
and the date of the applicable ASME Code Edition and applicable Addenda.

6.2.2 ine design basis conditions and asscciated duty cycles as
required by Table [.

6.2.3 The following arranqmn't and interface information.

6.2.3.1 The type of seal to be provided (i.e., mechanical,
packing, dual, etc.).

6.2.3.2 The shaft or sleeve diameter at seal, shaft or
s:eeve material, shaft orientatfon (vert. or horiz.), and direction of rota-
tion. A

6.2.3.3 The seal cavity maximum diameter at seal and length.

6.2.3.4 Significant shaft to seal cavity misalingment
condit fons, including: :

static eccentricity
static angularity
range of axial travel



6.2.3.5 Shaft motions (radial, axial, and angular), relative
to the seal cavity, during -eismic and design bases conditions as indicated in
Table I.

6.2.4 The foilowing seal external system information.

6.2.4.1 The system piping arrangement, if knuwn. (See
Piping Plans, Tables II, LI, TV, AND V.

6.2.4.2 The availability of component coolant, including the
quant ity, maximum temperature, pressure, available pressure drop, and chemis-
try.

6.2.4.3 The availability of seal injection, fincluding the
quantity, temperature, chemistry, and solids particle size.

. 6.2.5 Maintenance. Special provisions for seal maintenance shall
be specified. This includes:

6.2.5.1 Possible inmaccessibility of the pump during opera-
tion which restricts opportunities for visual inspection and preventive
maintenance.

6.2.5.2 The need for assembly and maintendnce features to
limit personne! exposure time in radiation fields.

6.3 Mechanical Face Seals

Except as permitted by Table &, all mechanical face seals shall be
of hydraulically balanced type.

Either a sliding gasket, such as O-ring, V-ring, U-ring, or a metal
or rubber bellows shall be used between the axially moving seal face and shaft
sleeve or housing.

For applications involving s-ul face velocities over 5,000 feet per
minute, it is preferred that the axially movable seal face shall be mounted on
the stationary housing rather than on the shaft.

6.4 Packings

Stuffing boxes en all pumps shall be packed with sufficient amount
of packings, as recommended by the packing manufacturer, plus the lantern
ring. The minimum packing size permitted shall be 1/4 inch square; however, a
packing size of not less than 3/8 inch is preferred.

The pump stuffing boxes shall be provided with lantern rings for the
fluid injection directly into the packing. [Inlet and outlet connections shall
be provided for the lantern ring.
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Ample space shall be provided for the packing replacement without
removing or dismantling any part other than the gland and the lantern ring ir%
split. .

when the stuffing box of a vertical pump {s subjected to discharge
pressure and a bleedoff to suction is used, this bleedoff shall be by means of
internal rather thar external piping.

On vertical pumps, an adequate drain shall be provided so that no
1iquid can collect in the driver support piece.

6.5 Shaft Sleeves

When shaft sleeves are used, they shall be sealed to prevent leakage
between the sleeve and shaft and machined for concentric rotation.

On pumps arranged for packing, the end of the shaft sleeve assembly
or nut shall extend beyond the outer face of th2 packing gland.

On pumos enpwyin? an auxiliary seal (other than a throttle bush-
ing), a shaft sleeve shall extend beyond the seal gland plate. Leakage
between the shaft and sleeve thus cannot be confused with leakage through the
stuff ing box packing or mechanical seal faces. :

5.6 Auxiliary Devices

The Seal and Pump Manufacturers shall jointly establish the seal
cavity recirculation rate, external cooling, filtration and fluid injection
‘system requirements. Where possible, these systems shall be in accordance
with recommended piping and piping plans as covered by Tables II, [II and IV.
For portions of these systems not supplied with the pump, the Owner or his
agent shall be advised of all necessary requirements. These include, but are
not limited to, cooling water and injection flow rates, temperatures and
pressures, filtration requirements, and monitoring instrumentation. In all
cases, the Owner shall be advised of the specific conditions necessary in the
seal cavity to ensure proper seal operation.

when specified, sight flow indicators (open or closed as specified)
shall be furnished in each cooling water outlet line.

Orains are recommended at all low points in cooling water piping to
allow complete drainage of pipe and jackets. Piping shall be designed to
eliminate air pockets. N
7.0 VERIFICATION OF PROTOTYPE SEAL SYSTEM

Verification of prototype seal system desfgn shall be per'ormed by
analyses, qualification test or experience. For verification, it is necessary



to evaluate prototype seals and previously verified seals to which changes
have been made that make functional requalification necessary. The require-
ments for verification are presenied below.

7.1 General

The Seal Manufacturer shall dmnstra!:( s:: adoc:acy o:.the sealw
To THE SEAL SYSTEM'S APPENAL. OR USE OWNER, UR WIS AuTHOE)
;“M:: mwca Ol.s.loﬂn OF THE FOLLOW NG WAYS]

7.1.1 By supplying documentation that the proposed seal system has
proved itself through a comprehensive testing program. The testing program
shall have included full-scale tests at design basis conditions, as defined in
Table I. A detailed description of the tests, test equipment and actual test
results shall be submitted.

7.1.2 By providing documentation showing that the proposed seal
design is similar and has been used successfully for a stated length of time
in similar service. This method shall not be used if the proposed seal
system, or the environment in which it is to be used, differs significantly
from the one to which it is being compared.

7.2 Analysis

Although a seal system may not be functionally qualified by analysis
alone, analysis may be utilized to extend previous testing and/or previous
experience to the design bases conditions. Types ¢f permitted analysis
include: heat generation and removal, mechanical stres;, thermal stress, wear
rate, interface temperature, interface pressure, intirface velocity, axial
movement, radial movement, angular movement, torsioral natural frequency.

7.3 Qualification Testing

7.3.1 Test Plan. A Test Plan shall be prepared with appropriate
fnspection and test record forms to define test objectives, test fluids,
condi::ons of the test, permissible maintenance or adjustments, and acceptance
criteria. -

7.3.2 Installation for Tests. A testing installation shall be
utilized which provides rotation, appropriate means for pressurization, fluid
thermal control, and seal leakage measurement. -

7.3.3 Record Control Points. Prior to start of test sequence all
system corditions shall be recorded as applicable to the test seal assembly
and test installation according to the test plan. Record control points shall
fnclude surface finish, face surface, flatness, seal leakage, temperature,
pressure and seal power requirements.

7.3.4 Test Seauence. Testing sequence shall progress from normal
conditions with thermal transients, through abnormal conditions to safety-
related function,
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7.3.5 Environmental! and Agina. Environmental and aging effects on
the materials of construction are not required to be performed on actual seal
system components, but may be authoritative reference results of material
tests.

7.4 Experience

The application of a specific seal system may be justified by
providing documentation shewing that the history performance of a similar seal
system equals or exceeds the design service condition of the proposed seal
application., The following areas shall be evaluatad when determining applica-
bility of experience:

similarity of application
environment

performance data

maintenance and inspection records

7.5 Quality Assurance and Reoorting

The quality assurance and reporting requirements applicable to
prototype verification are given in Section 10.0. ’
8.0 VERIFICATION OF PRODUCTION SEAL SYSTEMS

8.1 General

8.1.1 Production seal systems shall be verified for esuivalence to
a prototype seal system that has already been qualified.

8.1.2 Verification of equivalency incluies comparison to a quali-
fied prototype seal system by analysis, testing and experience or 2 combina-
tion of these methods.

8.2 Procedures - faquivalency with Prototype

8.2.1 The manufacturer shall certify that the production seal
systems are identical with the qualified prototype seal systems where it
pplies by PRvIDIeE A QUALTY (FUTRI CeEPoRT. THE TEMET SWALL WILVUOE
VERIFICATION OF THE FouowiN( CRITCAL AQEAS S

8.2.1.1 Measure and record seal face flatness.

8.2.1.2 Measure and record mating face flatnes:c.
wees PEACTICABLE
.8.2.1.3 Leakage check secondary seal componentsAand record
results om. PRuviDE DocumMENTED PRODUCTION AUD
QUALITY CONTEOL PROCEDVEZS WHICH ASSORE
BQVIVALENT SECOMDARY SEAL INTEXRITY.
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8.2.2 Where the production seal system does not meet the equiva-
1c .cy of the prototype seal system, the manufacturer shal! perform additional
analyses and tests, provide additional experience or by a combinat ion of
thase demonstrate that the production seal system or those features not
:ncting the equivalency test, are qualified for the specified safety-related

unct fons.

9.0 CLEANING, PACKAGING, SHIPPING, RECEIVING, STORAGE
AND HANDLING

9.1 Cleanliness

Seals shall be manufactured and assembled under conditions which
allow them to be installed in fluid systems having the appropriate cleanliness
classification as defined in ANSI N45.2.1. As a minimum, the mechanical seals
shall be cleaned in accordance with Cleanness Classification C of N45.2.1.

9.2 Packaaina, Shipping, Receiving, Storage
and ﬁanaitng

Packaging, shipping, receiving, storage and handling of finished
seals shall, as a minimum, be in accordance with Level C of ANSI N45.2.2 as

licable.
app (.:—“} Poubodme feady b omar fuage frocad
(g ond et b
10.0 QUALITY ASSURANCE AND REPORTING
10.% Responsibility

It shall be the responsibility of the seal assembly manufacturer to
implement the quality assurance requirements of this Standard.

10.2 Applicable Standards

The quality assurance program requirements and quality control
requirements are established by the Desian Specification. This Standard
supplements those requirements. The requirements of the ANSI N45.2 series of
quality assurance standards are to be followed as applicable to the activities
covered by this Standard. ;

10.3 Data Package

‘ 10.3.1 The Data Package fs the total group of documents and records
required by the Design Specification and this Standard.

10.3.2 That portion of the Data Package related to this Standard
shall include as a minimum the following:

PROPRIETACY MIATEURL TO WHICH PakAGEAPHS 5.2.4. AND
S5 ALE APPLICABLE SwAlL BE PRODUCED UNDER A DOCurtENTED
QUALITY ASSUNANCE SYSTEA MEETING THE GUIDELINES OF /0-CFE. AZRT 50,
APRPENDI X . THE PURCHASER, SHALl DocvirenT PERIODIC AvDITS oF
TNE Prof@/ETALY MATELIAL A FACTUREL'S QuAaLrTY ASSURANCE
AL TEM 7O VERIFY CONEOCAMANCE TO THIS REGUEEMENT. -
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10.3.2.1 A shaft seal system assembly drawing with appli-
cable bill of materials designating the applicable Code or Standard as per-
mitted by the Section 5 of this Standard shall be provided by the seal manu-
facturer. The design basis and service conditions shall be stated on the
drawing with precautions noted that would preclude maloperation. Requirements
for cooling waier injection fluid or other auxiliary or supporting equipment
should be clearly stated.

10.3.2.2 Qualification and Production Test Report.

10.3.2.3 Certificate of Compliance.
10.3.2.4 Material Certifications.

10.3.2.5 Installation, Operation and Maintenance Instruction
Manual.

10.3.3 The Data Package shall be forwarded to the Owner or his
agent prior to or accompanying shipment of the seal assembly.

10.3.4 The Data Package shall be reviewed by the Owner or his agent
for completeness. Owner's acceptance of the Data Package does rot relieve the
seal manufacturer of his responsibility to comply with all the requirements of
this Standard.
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Teble I. Shaft seal system specification.

Design Basis Condition
.
Safetyz In
Normal® | Function Tests Static™ | Other
"5
| Er335urg TFSIAI
ﬁggeraturq F)
erma ransient
Conditions Rate, Ran?zic?d )
at Seal Q!rfgtion *F/min.
Cavity ermal Transient
‘ Quration (min.)
Allowable §
k
im'mcml (Rads)
Speed (RPM)
Abnormal Numper of
Condition Cycles
Info (Design){Duration of
Life) Cycles (Hrs)
Component Pressure {P§IA§
Coolant ratyre )
Conditions ?‘ow 2ate (GPM)
i tatic (Hrs) : ! :
DY? " TS§£am1c (Hrs) |
NOTES

(1)

(2)

(3)

(4)

(8)
(6)

Normal conditions refer to seal conditions in pump which are required to function
during normal plant operation. .

Safety-related fun :fon conditions refer to seal conditions which occur in pumps
which must function during or after a plant upset, emergency or faulted conditions.

If fluid is water, specify quantity of chemicals present as additives or impurities
and solids particle size.

*Other" refers to conditions which may affect the seal cavity environment such as
loss of component coolant or injection and which are not covered in the other
categories. . .

Include this information if seal is to be used during bydrostatic tests.

Allowable leakage refers to that leakage -hich can be collectcd as liquid at the
seal operating conditions. _
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Table YT Limits for unbalanced seals

Seal Max imum Sealing
Diameter Shaft Speed Pressure
(Inches) (psig)

1/2 to 2 Up to 1,800 100
S0
Over 2 to 4 S0
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1 (pa2 K/L/
1.0 1NTRODUCTION asHE C
The motors fo Safety Class 2 and 3 safety-related pumps y
are relied upon to safely shut down the plant-or to mitigate the . ...-.°
i consequences of an abnormal event. These pump motors are classi- ~7. 0 7
fied 1E as defined in IEEE Standard 308-1974. "3

2.0 SCOPE e P

/

This document lists references and outlines procedures for mmify*lb
pump motors for Class 1E Service. —F
" '

e
3.0 REFERENCES . ol
3.1 American National Standards Institute (ANSI) Standards

1) NEMA MG.1 - 1978
2) ANSI M45.2 - 1977
3) ANSI N45.2.2 - 1972

3.2 Institute of Electrical & Electronic Engineers (1EEE) Standards

1) 1EEE-323-1974 - Qualifying Class 1E Equipment for
Nuclear Power Generating Stations. .

2) 1EEE-334-1974 - Standard for Type Tests of Continuous
Duty Class 1E Motors for Nuclear Power Generating Stations.

3) 1EEE-344-1975 - Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear
Power Generating Stations.

4) I1EEE-308-1974 - 1EEE Standard Criteria for Class 1E
Power Systéms for Nuclear Power Generating Stations.

§) 1EEE-112-1978 - Test Procedure for Polyphase Induction
Motors and Generators.

4.0 SPECIFIC DEFINITIO e Copé SECTIe T3

The documents referenced in 3.0,contain swhéietent specific defini-

tions for "
~Te Tien o S5y, o¥

5.0 5P MATERIAL REQUIREMEN

If the motor shaft is extended to also act as the pump shaft, special
shaft material may be required (see Section 8.5.1). It shall be the
Joint responsibility of the pump manufacturer and the motor manufacturer
to assure that the shaft will meet its safety function with due consider-
ation given to the mequirmesnts of each piece of equipment

LeQuikEneTS




6.0 SPECIAL DESIGN REQUIREMENTS
LCOVIRSEmaTS

6.1 In addition to meeting the requirments of Nema MG.1-1978
where applicable, the motor shall be designed so that 1t
can be qualified per the following IEEE Standards.

K7\ U IEEE 323-1974 e
,w‘! 2) 1EEE 334-1974
.. N3) 1EEE 344-1975 o

6.2 Interfaces

°

Interface loadings via physical attachments zf the c‘q‘d”-p‘ut

st EqUipment—baundacy shall be specified for each operating

mode. These external loads be simula or, analyzed

during the qualification program to that the
perot equipmert can perform its required function. In the same

manner, metéve power or control signal inputs, including thnse

that deviate from normal, m be specified.

7.0 QUALIFICATION SPECIFICATION CRITERIA

General

The qualificatiqn program specifications for nuclear power generating

sutionm incorporated in a system required to perform a

safety f ion must describe all the criteria to be met to qualify
oﬂw-r for 1ts intended ation. These criteria form the

basis for development of ad qualification program. As a .

minumum, the following shall be included:

(1) Description of the safety functicn(s) of the mzp'-fem
@) CScaiprion af THE ae AasD Any BUXCIARY Cg iy pomantd,

ysical orientation eof
TNE moTom SNabkh PR———

(3) Description of interface attachments,. loads, power Sowrees
and control signals.

(4) Design codes and standards applicable to the manufacture
of the equipment serol

(5) Specific qualification standards that pertain to the-spectfic
typeofeauipMment s sTocy

(6) Definition of normal environment and normal operating loads

(7) Definition of the (normal and abnormal) service conditions for
the W and the 1imiting criteria for functional performance

(8) Inclusion of margin in the qualification criteria ;

(9) Acceptance criteria for qualification

(10) Ildentification of significant aging mechanisms, 1f applicable

(11) Requirement for documentation of the m qualification.

-‘-




7.0 Qualification Specification Criteria continued

L
Pre-operational or .'."-S‘.ﬁ’ﬂ:‘u testing performed after installation
and acceptance of the ‘qo#-un ts outside the scope of this standard.
MoToR

8.0 QUALIFICATION

8.1 %iocimw principal objective of qualification is to demonstrate
t and essential auxiliary apparatus can perform its .
designated safety function. Functional capability, as opposed to
reliability, is the intent of functional verification. -

o

- — o —
.

8.2 Lification Methods: A suftable combination of one or more of
() ng.n shall be used to assure proper qualification.
| 1EEE Std. 323-1974 shall be consulted for neral details in the
application of these methods. 1EEE Std. 334-1974 shall also be
considered.

8.2.1 Type testing is testing of a motor using simulated service
conditions. -

8.2.2 Operating experience utilizes auditable records of operating
experience in environments at least as severe as for the

motot equipment to be qualified, or in other environments 1f the
differences can be justified.

8.2.3 Qualification by analysis utilizes a documented process of
Ren S ome InG seasing or tests that lead to qualification from stated
premises based on prior information. It may include extra-
polations from tests and/or calculations based on similar
RiLe. A oTOES .

8.2.4 Onwwuation utilizes the observations of the operation

of which may eéeher have its aging processes accelerated
or its aging processes and tion started prior to the required
service of the installed ., Ongoing qualification may also
be viewed and documented as a test of unusually long duration.

8.2.5 Combined qualification utilizes a combination of two or more of
the methods outlined abeves ,m € 2.1, F. 2.2 oe ¥ 2.3 AZovE .

8.3 Qualification Procedures

8.3.1 In general, qualification procedures outlined in 1EEE 323-1974
shall be followed.

8.3.2 The appropriate analytical procedures of 1EEE 323-1974, I1EEE 334-1974
and 344-1975 shall be utilized if all, or a portion, of qualification
program utilizes qualification by analysis.

8.3.3 The appropriate procedures for qualification by testing of IEEE
334-1974 and 344-1975 shall be followed whenever testing
is utilized a qualification procedure.

TEEF

8.3.4 The appropriate procedures for qualification by experience
of 1EEE 323-1974 shall be utilized whenever experience is
utilized as a qualification procedure.

8.3.5 Verification and documentation of the Qualificaton Program
shall comply with the requisments of ANST MA5.2-1977 tmsofas

electric mtors. . <
AN APrLBaded IV rNe many FacTuR ¢ o f 48 § AR~
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8.0 QUALIFICATION (continued)

8.4 gtragglotion Procedures

g8.4.1 I1EEE 323-1974, 1EEE 334-1974 and 344-1975 shall be utilized
as appropriate, to develop procedures for establishing the
validity of the Qualification Program, normal rformed -~

on a prototype or on a selected production T relative —it—=
to production to be used in the nuclear power plant.
.—-J-»‘-- .-
8.4.2 Differences § !ting. rials, processes or design between
production and used in the Qualifiction Program

shall be documented and justified utﬂizing the principles
established in IEEE 323-1974, IEEE 334-1974 and 1EEE 344-1975

as appropriate.
8.5 Interfaces

8.5.1 Interfaces between components in & piece of equipment, betwean
equipments (such as motor and pump) and between equipments and
other plant components (such as and piping) shall be
considered by the organization(s responsible for the design
of components, equipment(s) or system(s). In some cases inter-
face responsibility for items such as shaft material or qualifi-
cation will be such that mutual agreement must be reached between
responsible design groups. Responsibility for assuring adequacy
of interface qualification shall be explicitly defined in the
Specifications for the equipment or system. In general, the
prime contractor for any system has the responsibility for
qualification of interfaces within the system.

B8y The oalan i var

Respomeibie Fon
rHE Quac:FléaTios
p‘.lﬁdml

8.5.2 When equipment, a device,or component is selected for qualification,
a bounda hall be csuSHsm which envelopes what is to be
) ¥ go through interfaces.

8.5.3 In estahlishing the boundary for specific equipment,
associated components required for installation in the field
shall be fdentified and qualified using the principles defined
in 1EEE 323-1974, I1EEE 334-1974.and 3443-1975. Such components
could include:

a. Seals for electrical cable connection boxes, cable
trays and cable conduits.

b Penee 5 flerd
k. Piping and pipe supports
Q. Couplings for motor shafts
4. Mounting hold-down bolts
$s85% The above components, located within the interface boundary,
shall be clearly defined and qualified by the organization having

dcs1?n responsibility for each component, to assure that the
qualification maintains its validity after final installation.

oln
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9.0 SPECIAL CLEANING, SHIPPING AND STORAGE REQUIREMENTS

8.1 Cleaning shall be accomplished in accordance with the
LEQuiseme paquirments of ANS] N45.2.2-1972 iasofar as W to
the manufacture of electric motors. Aprli

9.2 Packaging and shipment shall be accomplished in accordance B
with the Quality Assurance program established to comply T TTEAITR

with the requirments of ANSI N45.2.2-1972 insefer as

A v AT O \E LG TRIC AnOTILS .t PP

6.3 Storage of the motor at any intermediate destination for a
period not to exceed one (1) month shall be per the motor
manufacturers recommended commercial storage procedures.
Motors at intermediate destinations shall be kept in “as
shipped” condition or restored to "as shipped" condition
prior to reshipment.

9.4 Storage of the motor at any intermediate destination if
such storage exceeds one (1) month or at the plant site
shall be Level B per ANSI N45.2.2-1972 except that any
additional requirements specified by the motor manufacturer
shall be met. (This would normally include energi.ed
space heaters, addition of lubricant,and rotation of shafts
on a periodic basis)

10.0 QUALIFICATION DOCUMENTATION AND RECORD RETENTION
/006 b0 DED
10.1 A specific statement of qualification shall.be &3ated as
required by IEEE 323-1974, Section 8.1.

10.2 Qualification records shall be retained as required by
1EEE323-1974, Section 8.2.

11.0 QUALITY ASSURANCE

11.1 Quality Assurance for the manufacture of motors shall be
as specified in ANSI N45.2-1977, Quality Assurance Program

requirements for Nuclear Power Plants insefer as they—eppty arrlicat

to the manufacture of electric motors.

11.2 The Quality Assurance program to be followed shall be detailed
by the motor manufacturer in writing through the use of
published manuals, specifications and procedures.




