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/ '9,, UNITED STATES
! NUCLEAR REGULATORY COMMISSIONg
7. p WASHINGTON, D, C. 20656

%,.....,/ January 30, 1985

Docket Nos. 50-424
and 50-425

Mr. Donald O. Foster
Vice President and General Manager
Georgia Power Company
Route 2, Box 299A
Waynesboro, GA 30830

Dear Mr. Foster:

Subject: Transmittal of Draft Standards ANSI /ASME ONPE-1 through QNPE-4

The Yogtle DSER transmitted to you by letter dated November 6,1984 requested
you to coment on your usage of draft standards ANSI /ASME ONPE-1 through QNPE-4
Recause you have been unable to locate copies of these standards, we are trans-
mitting them to you as enclosures to this letter. .

If there are any questions, contact the project manager, Melante Miller, at
(301)492-4259,

3

Sincerely,

W?,

Elinor G. Adensam, Chief
Licensing Branch No. 4
Division of Licensing

Enclosures:
As stated

cc: See next page
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I This Standard is being prepared
| or revised and has not been'

f
approved by ANSI /ASME. It is (.

subject to revision or withdrawal j
; |before issue.
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1.0 SCOPE
TKITStandard addrases the general
qualification requirments for pap
msemblies consisting of the pump, its

|
' appurtenances, the pep sealing systen, and

tne pump driver. The designation of pump ,f.

- M Art # 4 rf M b
% ISassablies En s af ety related>is the Y

| reponsibl17ty of the owner?
N'" ^

2.0 PURPOSE
The purpose of this standard is to define
the general requirments for qualification
of pump assemblies intended to be installed
in various safety systes of a nuclear power
p1 ant. .

3.0 DEFINITIONS
Thee definitions stablish the meanings of
words in the context of their use in the
pump qualification (QP)Tsena og standards.

,

P
i . The effects of operational,

eny ronmental and system conditions on
equipment during a period of time up to but
not includinti design basis events, or the
process of s< mulating these events.

Analysis - A course of reasoning showing .

that a certain result is a consequence of
! assumed praises.

Auditable Data - Infomation which is-

'
- documented and organized in a readily

understsidable and traceable manner that
pemits independent auditing of the
inferonees or conclusionsAme on the
infomation. \Wg),

IN0TE: Example of technica
; infomation include: product'

catalog infomation, dimensional
drawings, bills of materials,

3 engineering specifications,
perfomance specifications,
installation and calibration
instructions and manuals,

.

maintenance manuals, test-

reports and analysis.!

1

CWe Class - Levels of structural
integrity and quality comensurate with the
relative importance of the individual
mechanical caponents of the nuclear power,

.

generating station.
4
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NOTE: For the recoanized code classes, '

refer to the"following documents:

MnAN .

fafety Criteria for the Design of StationaryPresurized Water Reactor Plants N AMU [M fj,f1.

2 ASME Boiler and Pressure Vessel Code,
Section III

i

3 Nuclear Safety Criteria for the Daign of
Stationary BWR Plats - AN51/ANS N52.1

Components - Items from which equipment is
assabled (for exaple: attachsents,.

bearings, bolts, capacitors, connectors,
governors, inspection access ports,
instrument sensors, locking devices,
position indicators, resistors, seals, sight
glass, springs, switchs, transistors,
tubes, wires, etc. )

.

Containment. That portion of the engineered
safety features designed to act as the
principle barrier, after the reactor system
pressure boundary, to prevent the rolese,
even under conditions of a reactor accident,-

of unacceptable quantities of radioactive
material beyond a controlled zone.

Dmonstration. The provision of evidence to
support the conclusion derived from usumed
praises.

| Desion life. The time during which
! satisfactory performance can be expected for
| a specific set of service conditions

Doceentation - A systaatic usably of
evidence 'ncluding quality asurance
procedures, as applicable.

Eeuipment. An asambly of components:

de1@ed and manufactured to perform:
'

spec < fic functions.

Geeric Environment - A set of environmental
conettions intenaea to envelopg the range of
expected environments. *

.

3
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IGeneric Equipment - A f aily of pep
asseD11es naving similar design a
characteristics in respect to manufacturing a
process, limiting stresses, and operating

l principle which may be represented forqualification purposes by a selected
< individual unit. v,

Installed Life. The interval from
installation to reoval, during which the
equipment or component thereof may be

,

subject to deign service conditions and
system demands.

4

Interf ace - A junction between components of
a pep assembly is an internal interface.
Similarly a junction at the pump assably -

boundary with outside elments of the system
or the building structure is e external
interface.

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

Operating Experience - An accoulation of
verittele service data for conditions
considered to be equivalent to or exceeding

'|
those defined for the equipment to be

_
qualified.

i Pmp. The basic component of the pump
assably that affects the transfer of fluids.

|
Pump Assembly. The grouping 'of items needed
to insure the operation of the pop that
includes, but is not limited to the pump,

,

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

|
,

(ualification. The generation,
oocumentation, and maintenance of evidence
adequate to deonstrate that the pump
assably can perform within the equipment
specification requirments during all
specified service conditions.

Qualified Life. The period of time prior to
the start of a design buis event, for which
the equipment was dmonstrated to meet the
design requirments for the specified
service conditions.

.

.

4
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, .

Service Conditions. Environmental, loading,
power ma signal conditions expected a a,

!
result of nomal op(erating requirments,expected extrees abnomal) in operating:
requirments, and postulated conditions
appropriate for the design bais events of

'

the station.
t

4.0 GEERAL SlALIFICATION REQUIREMENTS

} A pop assably installed in a nuclearlolant #: A
systa required to perfom a safety function I;

'

may be subject to postulated operating
j conditions defined by the station safety
i analysis as daign bats events (DBE).

;'

During the occurence of, or hunediately
-

folleving a D8E, the pop assably may be ',

required to function while subject to harsh
'

environmental conditions and while subject
! to external loads imposed by interfaces with

the syste or the building structure. This
; standard addreses the criteria needed to
' provide assurance of qualification under

thee conditions.j -

I The qualification requirments shall be -

{ defined in the pump assably specification. -

j (Refer to Section 5.0). The qualification
l progra to satisfy these requirments is
! outlined in section 6.0. The final
! requirment is the orderly documentation of

specified requirments, the scope and the,

j results of the qualification progra, and
' the definition of quality assurance

procedures to verify the qualification
package.;

5.0 PUMP ASSEMBLY SPECIFICATION
!

5.1 GENERAL
j

! To be qualified by the QP series of '

I stadards a pap assably requires
! specificstions which oneeed those nomally
! considered for a'# aaearetv aw-upaph

pl at. The re
~

w non,%'8hPg *g o7
| assably insta11ei in annue' ear power
i

| safsty systems'quirment's re'ated to tfunction (s) : ::L the
1 service conditions postulateil during,the

time free of the safety function, and the'

jnterface conditionsa natn inwns me
i yerrernai, ums|Daust be accountea For in the

qualifTcaston process. The15 W 35E30'

i -

!
!

!
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specification shall define these )
- requirments in addition to the conventional V
specification data. Appendix A provides a
check list of items for guidance in
specification preparation. W

("For a pump assembly designated for ah
I specific application which is to be J
L analified to this standard,9 is the ,

responsibility of sne owner br his daignee l

to prepare the qualification specification
aid approve the qualification progra which g*hI j.

{ ( a. gSM o hytreAFf4
demonstrates that the acceptance criteria-

have been satisfied.

For argenerIh' pump assembly y"**"+'ar~

the manuf actu *er develops noth the
specification ad the qualification progran

,%goduct. The qualificatio3, -y-po\ include
for th .

and shou 14be selecrec!

potential applications for the generic [ setservice conditions postulatec tor the-

.

pap assably.

5.2 SPECIFICATION REQUIREMENTS
.

As a minism, the following shall be,

included:

5.2.1 Acceptance Criteria for Pump Assenbly
Qualification.

. The acceptsice criteria shall include the
permeters for acceptable perfomance of the
p' Jap assably during specified service
conditions. Exmples of operational4

parmeters include, but are not limited to:
flow, discharge pressure, net positive

_ gyy.Yarp dt.Ad d[j *
,

suction head required (NPSML), required
(operation or startum uime, recirculatinn
rate, or flow regulat1on capability, as
applicable. In addition, environmental
parmeters pertaining to functional
operation during noma 1, abnomal, design

! basis event md post design basis event
! service conditions shall be defined for each,

operating event where the function of the
pisap assably is vital for safety systm
operation. The criteria must also define

;
external le actina en the equipment via
interf aces,3rith the system externai to sn

(st[uipment coundaryf Sane exmpiez era
puntuisteu zeizmic 104ds, external loads
imposed through piping connections, and-

vibration transmitted by the interf ace.
i

6
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For clarity, the acceptance criteria for
each service condition asential to
qualification should be grouped and related
to each particular operational serice
requirment. In addition, consideration

enousebe given to mechanisms such as wear. _g
aging, errosion ano corrosion snat arrect
the pump assembly or its components.

i 5.2.2 Definition of the pop asambly equipment
boundary.

The pump _ assembly, in general, inkudes the
pop, its appurtenances, its sealing system
the pep driver, a coupling if applicable,
ad mounting provisions. Auxiliary
equipment such a cooling water systems,
lubrication systas, control valves, and
instrimentation may be included in the
assembly or may be external equipment.' The
equipment boundary shall indicate which
components are part of the pap usenbly and

! where interf aces exist with the external
I systen. The limits of the pap pressure

boundary are defined in ASME Boiler and
Pressure Vessel Code , Section III, NC-1130

.

and ND-1130. The boundary of the pump
-| assenbly will encompass additional

components, appurtenance and other items.
,

5.2.3 Description of Interface Attachments, Loads,
Power Source ad Control Signals.

Location of loads and structural
characteristics for interface attachments e,
shall be specifiedfby the Asnt: Boiler and j

i rPresure vasel Loue. Section III. u

LSubsectinn NCA lwhen they provide constraint
to the code component. Other interf ace

i attachments, including the driver motor
| electrical raceway interf ace, shall be
i specified. The specified limits of the

supplied power shall be sufficient to
operate the pep assembly at its required
perfonnance.

5.2.4 Daign Codes and Standards.

For the pump msambly, the following Codes
and Stadards apply:

.

7 -

_.___ . _____.
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| a. ASME Boiler and Pressure Vessel Code,
| Section III and Section XI.-

b. ASME/ ANSI QP (applicable sections of
the QP standards) I

f c. IEEE Standards, IEEE 334-1974, IEEE
323-1974 IEEE 344-1975, IEEE 627-1980
(a applicable)

**ANSI /ASE NQA-1-1983 Quality Assuranced.
Program Requirments for Nuclear ";gF </ef'55

,

|i

!
- .'"ct (as applicable)
e. Hydraulic Institute Standards.

.

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

!5.2.5 Specification of. Conditions,

Specification of service conditions
including conditions resulting from daign,

! bats events (e.g., seismic, loss of coolant
accident, high energy line break accident,
reactivity insertion, loss of reactor '

coolant peps, etc.) for the pap assably
and the nature of the safety function (s) to .

.
be performed is required. The time the pap
useably must resin operableishall also be liu b8&fW 84b -

specified. The service conditions for these ) h 8' ( f k,yfu/,at;[sd CV M
.

~

events shall be expresed a an stimated L
time history for each parmeter that may
effect the pump msebly function during the
event.

Some parmeters to be considered are:
( a) Pressure. .

(b) Temperature.
(c) Relative huidity.

rate ad/or
Radiation - hourly (Specify gana, beta,(d)
integrated dose.
and/or neutron, as applicable.)

(e) Choical effects (air, water quality
etc.)

(f) Seismic and #namic excitation.

Some operational parmeters to be considered
are:
( a) Duty cycle tring the postulated event.
(b) Power supply (deviation from nomal

conditions. )
(c) Vibration.

|
|

8
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5. 2. 6 Margin.

Margin shall be considered in the
qualification progran to account for
resonable uncertaties in demonstrating
satisfactory perfomance, errors in -

experimental measurenents and to address
nomal variations in connert:ial production,

', thereby providing greater assurance that the
equipment can perfom 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, it is not practical to
specify generally applicable margins.
S fic equipment qualification standards'

margins. In identifying margin, ' t is
_ p/[2) provide snacific aufdelinis on

pemi:isible to take into consideration known
margins already applied.>

5.2.7 Special Materials.
~

Materials having superior wear3

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 choical
environment may be pre-qualified
individually and a conservative qualified
life assigned to provide assurance of
functional capability. Thee materials
should be specified, as required, for the,

intended service conditions,.

5. 2.8 Maintenance Requirenents.

i A procedure for programned replacanent of
subcamponents of the pap assembly shall be
provided when environmental or service
conditions or both pr adicted for the
specific application indicate that the aging |

of parts may impair the functional i
capabtlity of the pump. The specification !shall state who will specify the replacaent l
procedure. Also, a listing of allowable i
tolerances or clearances or both for )

t

'

interf acing parts shall be provided by the
manufacturer when maintenance of these' *

limits is necessary to usure operability of '
,

' the pump assably.

_

9
.- _

.
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5.2.9 Quality Assurance Requirments.
,

Quality usurance requirements for
caponents not constructed to the rules of
Section III as defined in the ANSI /ASME
HQA-1 shall be specified whole or in part,
as required. ,

5.2.10 Doc eentation Requir ments.

Reports and supporting data that are
necessary to substantiate the qualification
of the pump assably shall be listed. The,

'

qualification report shall be certified to
verify that all acceptance criteria have
been met.

'
6.0 Program

A progran to verify the pap assably
capability to meet the specified :

qualification requirments shall be
i developed. The scope of the progran will

depend on the couplexity of the requirments
g s pecified for the pump assenbly application -

M@lificatton BEAettablished by the pump
on the generic pap assably

Wa
assably manufacturer.9f the available
generic data envelop the specified

- requirments and meet the acceptance
criteria, the qualification progra may be

similartty of the pump assembly beingg/t/I
g'oriented to an analysis deonstrating

qualified to ; ; rte r' 'l..
If onY:. ape
...

usably previously4aualifie' .d
more of the acceptance criteria nave not ((f AF8yi-

been verified by generic qualification, an
M $extension of the generic program via

analysis or supplementary testing or both
will be required as a part of the
qualification progra.

The development of the qualification progra
shall be bsed on the appropriate QP
ttandard_s.felatTve to sne canponenu wnicnl%
r eluce Ine type of pump, the pump sealingn

,

| syste, typelouplina, and the specified -
.Dumo driver.) Each of thee standards
'provides further detail on the requirements
for qualification.

'

.

10
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The qualification progra for the pap |'

assembly shall be documented ad arranged in>

i

an orderly manner to deonstrate that each
of the acceptan'ce criteria have been
verified.;

6.1 Qualification Alternatives
N

Due to the traditional design of pep
usemblies, the majority of saft/ related'

peps are qualified in configurations such
! that the qualification of assembly

interfaces and camponents is encapassed in I
the pump qualification progra. Nomally,
it is necessary to include the shaft seal
usably ad a driver and interf ace

structure in the oualification activitime a(
the pump.r Major components of a pump g

*Q'' assaolyanay be aualified seoaratelv mad +ha
_

b g Dhfollowing alternative approaches to pump
assably qualification are acceptable. p

,

6.1.1 (a) Qualification of a shaft seal assembly a
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 ed the
qualified driver in accordance with
QP-2 or

6.1. 2 (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

6.1. 3 (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

6.1. 4 (a) Qualification of a driver in accordance
with QP-4 or 5 and

b. Qualification of pop and shaft seal
usabled with alternative driver per
QP-2 and 3 .

6.2 Qualificatton By Analysis

6.2.1 Component Parts and Interface Itas

After completing one of the above progres
an analytical evaluation of the pep
asembly shall be performed to justify that:

__ _ .11 . -- _ _ _ _. _
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( a) all component parts have been qualified.

(b) all interf ace itms have been
considered.

6.2.2 Items That Have Not Been Qualified to QP-1

Canponents or interfaces not begg 14&ar f 4
.eene+deced in the qualification es rogran
shall be subject to qualification n
accordance with QP-2 . This requires that,
as a minimun, analysis be perfomed to
justify the capability of the interf ace or
component to perfom its function.

6.2.3 Generic Pump Assemblies

If a generic punp assably has been
previously qualified by the QP series of
standards, the qualification progran will be
designated to provide analysis,
suppleentary tests, or evidence of
operating experience to establish the
similarity of the specific punp assenbly
being qualified to that previously .

gualified. If no previous qualification data
1s available to verify capability, the
qualification progran must be fomulated to
comply with the QP series of standards.

7.0 DOCIMENTATION

7.1 General

The qualification documentation shall yerify
that the safety system equipment is
qualified for its application and meets ~its
specification criteria. The buis for
claiming qualification shall be explained in
a clear logical f ahion. Evidence shall be
presented to show that:

( a) the fundamental qualification
requirment is satisfied, and

(b) the qualified life is justified.

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

,

12
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7. 2 Doceentation Files

The end user shall maintain a qualification
file (s), not necessarily at the nuclear
power generating station site. The file /
shall contain the equipment specification

.es&tada and shakbdee4ede:

(a) evidence of conpliance with
specified design codes and
standards and

(b) evidence of compliance with
functional qualification
standards and

(c) description and records of
periodic inspection, maintenance
and conponent replacanent
requirements during the life
time duty cycle and

,

(d) determination of qualification
and

.

(e) summary and conclusions and

(f) approval signature and date.

.

|
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APPEN A - SPECIFICATION ITEM CHECKLIST

This non-mandatory appendix is provided to aid the'

specification writer. It lists itms which may
require consideration when developing specification'

for a specific pap assably 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
qu Atir IcAi lun

f A. Spe-ification Content
1. Construction code Class,

applicable edition date.
.

2. Definition of in-service
inspection requirments
including references to specific
ISI Codes, as applicable.

3. Functional, operating,
environmental and design
conditions under which the pap ~

,

must operate. See data sheet'

it es.
4 Operational modes including time

limit for recirculating flow
testing.

5. Pep type.
6 Miminum operating flow

limitations.
7. Design life. .

8 Requirements for dynanic
analysis or testing .

9. Designation of loads, load
combinations and related ASME
Code service conditions.

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

1

I
|

.
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11.- Se c loading OBE and b
12. Stress limits.
13 Seismic design criteria.
14 Quantified acceptable limits for

wear of bearings to establish
' minimum service life..

15. Use of mechanical seals and type
of seal cooler, as applicable.

16 Flow restrictor from seal
cavity, if applicable.

17 Vent and drain from pimp caing
and types of connections.

18. Operational. limits for ptmpi

recirculation or operation,

without cooling water.
19 Type of pump nozzle connections

and details.
20 Connection requirments to other

ancillary piping.,

21. Support and anchorage
requirements, and configuration.

22. Cooling water piping code
requirments.

23 Separation of running frequency
from shaft natural frequency.

24. Minimin acceptable force and *

moment carrying capability of
the pimp nozzles, the pimp-

casing, ed the pump support
attachments.

25 Requrment for manufacturer's
provision of values of maximin
allowable forces and moments.,

26 Water chmical content. (Pimp
and/or seal cooling water).

27 Materials of construction when
restrictions exist, such as
delta ferrite content.

28. Matertal testing details.

required to be specified by the<

'

Code.
29. Quality asurance requirments

j for code and non-code parts.
!

i-

|

.
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30. Shop perfomance test and
measurements to be taken
including: capacity, total
head, power input, efficiency,
NPSH, and vibration at the
bearing or on the shaft.

31. Prequalification transient test
requirements and acceptance
criteria.

32 Inspection requirements and
acceptance criteria.

33 Cleming requirements.
34. Painting requirements.
35 Preparation for shipping.
36 Identification.
37. Documentation and identification

of doc ments.
'

38. Document approval responsibility.

B. Data Sheet Itas
1. Plu1d pumped, specific gravity

at given taperatures.
2. Design pressure.
3. Design temperature.
4 Requirment for manufacturer's

provision of values for minimum .

flow capability.
5. Rated flow, maximum required

flow (runaut flow).
6 Head at rated flow, maximum

i required flow, and shutoff
| conditions.

. 7 Suction taperature; minism,
normal, maximum.

8. Suction pressure; maxima and
nomal . .

9. NPSH available at rated and
maximum required flows.

10. Ambient taperature, habidity
ad radiation.

11. Seismic acceleration; both
horizontal (two orthogonal
directions) and vertical.

12. Maximum horsepower for diesel
generator loading.

i

*

16

- .-- -- - .-_.. . - . ---

g- - - , -- -- - s,w-o---- ,- --m--w, ,- , w w ,



, -,

;
'

6 .t_ -. _. . _ - _ __

|
'

:
,

13. Cooling water; tenperature, ;

minimum ad maximum; pressure, i

and maxima pressure drop.
14 Entrained material for which the

pianp is designed; dirt, debris,
insu11ation, molten fuel, diesel
oil, fish, etc. under nonnal and
abnormal service conditions.

II. ITEMS TO BE SPECIFICED FOR PUMP SEALING
ST51 LPI

A. Specification Contents

1. Pep construction Code Class and

Edition. pplicable ASME Codedate of a

2. Type of seal or seal system to
be provided.<

3 Shaft direction or rotation as
viewed from the drive end.

4 Availability of component
coolant, including the quantity,
temperature, pressure, available
pressure drop, and chemistry.

5 Availability of seal injection,
! including the quantity. -

temperature, chenistry, and
solids particle size.

6 Possible inaccessability of pump
during operation that restricts
opportunities for visual

i inspection and preventive
maintenance to the seal system.

7 The need for assenbly and s.,

maintenance features to limit
personnel exposur'e time in
radiation fields,

i

|
i

!

.
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8. Data Sheet Itas

The following data is required for the-

design basis conditions in the operating
modes of noma 1, safetyo'FM functions. _ gM
in service test, hydrostat c tests, and
others. (See Table I, of QP-3),

1. Conditions At Seal Cavity:
1.1. Fluid pumped, specific
gravity at given temperature.

2.De gn pressures'

.

6- .3. Design Temperature
,

'

1.4.Themal transient (*F/ Min)
1.5.Themal transiet duration
(min)
1.6 Allowable leakage

;

.7. Radiation (rads)

.9 Maximum entrained material
size under nomal and abnomal

I service conditions.
Q1.8. Shaft speed (rpm)

2. Design Life:
! 2.1. Static (hrs.)

2.2. Dynamic (hrs.)
.

3. Component Coolant Conditions:

3.1. Pressure (PSI A)
3.2. Temperature (*F)
3.3. Flow Rate (GPM) -

4 Design Basis Event Condition
Infomation (Design Life):

4.1. Nisaber of cycles *
4.2 Duratton of cycles (hrs.)

|
|

18
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III. ITEMS TO BE SPECIFIED FOR PLMP MOTOR DRIVERS

The following infomation, as a minimum,heshall be included in specifications by t *

( organization responsible for the design of
the plant.

MOTOR DRIVERS

A. MOTOR APPLICATION
1. Driven equipmat.fmetioD.
2 Specific location at P14 Site. &
3. Inside or outside65) containment. _

4 Duty Cycle - continuous or -

intemittent. (If intemittent,
specify in detail.)

5. Type drive (direct, belt, gear
or Iqydraultc ccupling).

6. Applicabl or daign standard
- NEMA,

7 Function , operating,
evironmental ad design
conditions eder which the motor
must operate:
a) Design pressure ad -

taperatures (maxism, noma 1,
minium).
b) Operating pressures ad

. taperatures (maxism, noma 1,
' minime). C

RPM)perating conditions (BHhc) O
at corresponding

design / operating conditions.-
d) Ambient t aperAture,
pressure huidity radiation ad

I my limih on airlirculation to
motors, if applicable,
e) Maxime horsepower.
f) Seismic evironment.5

g) Cooling water - minism,
noma 1, maximum temperature,
pressure and chmistry.

(
|

I
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- 8. Required daign life of major
components (nonconsumables).

9. . Seismic qualification
requirments (specification must

( irg>de definition of seismic
mVironment).

10. Environmental qualification
: requirements.

11. Requirment that the unit
demonstrate operability through
all modes of operatton for
duration specified (i.e., shop
or field test, analysis, and/or
experience).

12. Interface requirments (control
systemf'htilities available.
flanged connections, etc.).-

13 Shaft vibration limits.
14 Special materials requirments

if different from manufacturers.'

standards.
15. . Design Qualification .

requirements (i.e., pressure
vessel analysis, low cycle
f atigue analysis, etc.).

-

16. Support or anchoroge
requirements and configuration.

17. Qualification acceptance
criteria.

( 18 Doceentation requirments.

19. O
u11ation cles.
P-

8. M0Tht ORMANCE SPECIFICATIONS
- 1. Normal voltage (include

tolerance) ,

2 Minimum starting voltage
3 Phae
4. Frequency (including tolerance)

| 5. Starting torque
6. Maxima time to accelerate load
7. Temperature rise and method of

measurement

|

C
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IV. ITEMS TO BE SPECIFIED FOR TURBINE DESIGN AND
WUALIPILAi10N

A. SPECIFICATION CONTENT'
1. Driven equipment function. 1,

- 2 Specific location at Plant Site.,

,

3 Location relative to entainment. '

4 Applicable turbine d n standard
- NEMA, API, etc..

5 Functional, operating,
evironmental ed daign
conditions under which the turbine
must operate -4

a) Design pressures and
temperatures (maximum
noma 1, minium) for Inlet
ad exhaust.

b) Operating pressures and
temperatures (maximum,

' noma 1, minima) for inlet
ad exhaust.

c) Operating conditions (BHP,
RPM) at corresponding'

design / operating conditions.
| d) Ambient taperature,
; pressure, huidity ad -

; radiation.
e) Maxime horsepower.,

f) Cooling water - minimum,'
* '

noma 1, maxima taperature
; ed pressure.

g) Process fluid analysis
(chlorides, etc.)

6 Operational modes including
operating and design process fluid,

'

conditions,f operation.ad durition and
frequency o,

| 7 Required design life of major
> components (nonconsumables).

8 Seismic qualification requirments
(specification must include
definition of seismic evironment).

9 Environmental qualification i

requirements.
10 Requiraent for demonstratton that,

' the unit will operate through all
modes of operstion for duratton
specified. (i.e., shop or field
test, analysis, ad/or experience).

|11. Interface requirments (control
system, utilities available,
finged conne:tions, etc.)

,

i l
!

'

21
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12. Shaft vibration limits.
13 Special materials requirments (if

differing from the manufacture's
,

f
\ stadards).

14. Daign qualification requirments
(i.e., presure vasel malysis,
low cycle fatigue analysis, etc.)

15 Qualification acceptace criteria.
16. Docuentation requirments.

APPE WIX B - MOTOR SPECIFICATION
,

This appendix is not part of this standard, but is
included for infomation only. The following
information, a a minism, should be reviewed in the

;

.

preparation of specifications generated by the
| organization responsible foj the plant daign.

f -

,

4
1 MOTOR APPLICATION Am SAFETY FUNCTION

1. Driven equipment function.
2. Specific location in the plat.

3. Mounting (vertical or horizontal).
4. Environmental conditions for each

service condition; noma 1, abnomal, ,

_
design bais event ad post design

,

bais event, a applicable.
*

t 5. Control system auxiliary equipment.

~ II. INTERFACES (motor supplier, user or others)

7

Shaft (material,) extension, and other1.
special features .

_

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

3. Motor lead temination (lugs,
insu11ation, and qualification).

4 Seismic qualification of cotor and
driven equipment.

5 Water for bearings and air to water
heat exchanger, if required.

6 Motor / driven equipment mounting.

I

f

22
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III PERFORMANCE AND MOTOR DESIGN REQUIREMENTS
rMUVIDED BT 5PECIFICATION TO MUIUR
|W NUP AL,1 UKt' K'

.
;

k 1. Horsepower at each operatin condition. i
2 Synchronus speed (neber of windings if |aultispeed). -

3. Nomal voltage including tolerance.
4 Minimum voltage for starting ed

running.
5. Phae and direction of rotation.
6 Frequency including tolerance.
7. Load inertia (WK2),
8. Driven equipment speed-toque curve

(minimum and nomal voltage).
9 Minime time pemitted to accelerate

load.
10 Temperature rise and method of

measurment. O11. Service f4 :o yr
12 Insuptiorlife and other insu tion

requ reents such a taperature class.
13. Thrust requirments (static and

running, upward and downward. -side
thrust, etc.).

l 14. Locked rotor current limit (mps or *

'

percent of rated current).
15 Type of motor.

!
. 16 Type of enclosure (see NEMA MG-1-1.26)

( 17 Description ad size of teminal and
auxiliary enciasures.

18 Paint finish requirments including
internal finish if motor is to be
exposed to high pressure stem or
similar event. -

19 Bearings
a. Type.
b. Detectors,

c. Var,t and drain plug.
d. Lubricant requirments.

20. Maximum reverse speed or fan reverse
speed torque curve.

:

i

I

!

(: ,

,
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f 21. Complete test (see IEEE 112)
a. Temperature rise.

I b. Speed tongue curve
c. Flow pressure drop curve (if

| ( pipe ventilated).N
i 22 Surge protection required.

23. Current transfomers.
24 Space heaters.
25 Winding taperature detectors.

; 26 Type of ventilation (air, air to water,
heat exchangers).

27. Duty cycle.

ENVIR00 MENTAL COWITION

1. Nomal. /

b. T aperature M y M8 Pg*(a. In or out of containment.
,

' c. Pressure range.
f d. Relative himidity range

e. Radiation.
I f. Chasical sprg.

g. Stem.
h. Operating Basis Earthquake (0BE).

,

1. Vibration.
2. Abnormal conditions if other than those
listed. -

3. Daign Basis Event (DBE) including rate
of change ad duration where appropriate.

( a. Temperature range.
b. Pressure range.

c. Relative humidity range.
d. Radiation range.

~ e. Chemical sprg,
f. Safe Shutdown Earthquake (SSE).
g. Vibration.

4. Post Design Basis Event including rate of
change and duration where appropriate.

a. Time.
b. Tamperature range,
c. Pressure range.
d. Relative huidity range.

e. Radiation.
f. Choical spray,
g. Vibration. * *

5. Centaineet test conditions.

! -

|
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V MOTOR DESIGN DATA |

f Data furnished or confimed by motor
\ deigner if required by user. i

1

1. Free number.
2. Horsepower (s) under all specified service
conditions ed speed or windings.
3. Speed torque curve (s).
4. Amperes. ,

;

Full, three q(s)arters, ed one half
a. u,

load current .

b. Locked rotor current (s).
5. Service factor (s).

- 6. Torque, speed torque curve at minimum-

and nomal voltages, or at lemt:
Minimum starting) torque (s).

a. -

Pull up tongue (s .b..
7. Efficiencies at full, three quarters, and
one half loads.

| 8. Power f actor (s).
I

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

i b. At minimun ad nomal voltage.
c. At locked rotor. -

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

( a. Locked bearing or maxima and ply
if not locked.

b. shielding or labyrinth,
c. Type, manufacturer, life under,

) specified loads, speeds, ed
j environmental conditions.
| d. Insulated bearing.
i e. Nomal bearing operating

taperature or rise.
11. Insulation syste description.

l a. Rise (s) by reistance and
l

installed detectors.
b. Sealed winding.
c. Estimated life at design

t aperature.

|

|

.

(
!

-

1
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12. Pemissable successive starts,
s. At abient ad maximum temperature. |

b. Time to recover from maxistm
'

,

starts, stading ud running.
( c. Plugging limitations. -

d. Time motor can withsted locked'

rotor,* -

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

13. Shaft mounted fan CFM vs. pressure drop
curve if required.
14, 32 of motor.*

VI NAPE PLATE MARKING PER NEMA MG1-10.39

i VII OUTLINE DRAWING

VIII L ST OF SOURE AW DEscafpTYnu nr mint'Hatrn
,

| Th
IX MAINTENANCE RE(UIREMENTS FOR ON-GOING'

QUALR lW 51 AI L 5
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FOREVORD
i

!

- (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 M551.2)
i

*

..

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 assemelies installed as components of safety systems in nuclear power*

plants. Qualificat' ion of pump assemblies for this service requires demonst.ra-
.

tion 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. Th's designation of pump assemelies as " safety-related"'

is outside the scope of this Standard; this is to be resolved iy the station

;
owner as part of the station licensing procedure. Also, the ASME Soiler and .

;

Pressure Vessel Code establishes the rules for the pressure boundary integrity
of the pump, and this standard addresses the requirements fan qualification of

'

j , the pump assembly for functional adequacy. It is the intent of this Standard
that the requirements shown shall be sandatory, unless otherwise specified

i

..in the text.' .
-

;

The initial ' development of this Standard was assigned to the ANSI N-45 C:mittee
j
j with the project designation of'N-551. Subscoventially, the ANSI N-45 Cemit-

tee was dissolved and IEII has assumed the primary responsibility for nuclear .

equipment qualification standards. Developeent of the standard is seing ,

;
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continued by the N-551 Steering Committee with ASME sponsorship. The present
'

intent is "to develop a series of N-551 standards' as follows:

N-551.1 Standard for Quahification of ASME Code Class 2 F. 3 Pump Assem-

blies for Safety Systems Service - General Requfrements:
,

:
*

.
,

N-551.2 Standard for qualification of ASME Code Class 2 & 3 Pumps for -
,

'

safety Systes Service
.

'

N-551.3 Standard for qualification of Shaft Seal Assentites for ASME
i Code Class 2 & 3 Pumps for Safety System Service .

!
'

-

N-551.'4 Standard for Qualification of Motor Orivers for ASME Code Class
2 & 3 Pumps for Safety Systems Service

N-551.5 Standard for qualification of Turbine Drivers for ASME Code '
-

,

! Class 2 & 3 Pumps for Safety Systes Service'

.

.

These standards are 'to be balloted independently and submitted for ANSI
'

'

,

; approval via the ANSI N-41 Committee with IEE as the Secretariat.
-
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STANDARD FOR OUALIFICATTON OF ASME CODE

CLASS 2 & 3 PUMPS FOR SAFETY SYSTEM SERVICE
.

,..

1. 0 pUR90$$ AND SCOPE -

.

L 1 ' Introduction

Safety-related nuclear pumps may be required to operata under normal plant.-

design conditions, and say be required to operata during or after abnormal
.

conditions arising from a postulated accident or event. For pumps designated
'for this service, completa specifications, special design considerations, and,

procedures for functional qualification of the pump are required by this
Standard to provide assurance that the pump will function when required. Design
requirements pertinent.to the integrity"of the pressure retaining boundary and

,

its supports are deline,ated b'y the ASME Code Section III. This standard
supplements these requirements to provide assurance of operability for the

,

service requirements.
_

,

1.2 ' Scone' *
.

<:
- =.

This standard establishes _the requirementsiler stesiertani! catsr'.-J/ ''

1. 2.1.

C.consicerationsmand the procedurerfror fun'etional qualification of nuclear
power plant pueps for safety-related applications. The standard covers all

[
phasas of the pump develepsent from initial design through production'

tasting. It is the responsibility of the owner or his authorized egent .to
designata those pumps which are safety-related active pumps that require

.

qualification under this Standard.
,..

1.2.2 Functional qualification consists o' tests and/or analysas
specified herein to 4::enstrats t.*mt a pu p will perfor: its requir::1 suf . .

related function. Require ents allow qualification of a prodiu: tion pc:s ty.

t.nalysas which da=onstrate d: sign simil rity to a pe p qualified by testi- .

-

.
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1. 2. 3 Qualification to this Standard is limited to requirements for tne
safety-related pumps and.their directly~ associated appurtenances. Require-
aants for drivers and seals are provided in ANSI Standards N55L3, N551.4,

N551.5. General requirements for pump , assemblies are provided in N551.1.

L 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 is documented by an App 1tcation Report.
;

.

2.0 REFERENCES
,

.

. The following references supplement those in ANSI M55L1 and form a
part of this Standard. -

.

2.1 Ame-iean National $tanda-ds Institute
..

'

2.1.1 N45.2.1 Cleaning of Fluid Systads and Associated #*

Components during Construction Phase of Nuclear *

,

| Power Plants-
,

.

2.1.2 M45.2.2 Packagtng, Shipping, Receiving, Sterage and Handling
,

of Itans for Nuclear Power Plants
. .

-

2.1.3 8 2.1 Pipe Threads

'

2.1.4 8 16.5 Steel Pipe Flanges, and Flanged Fittings.

2.2 Nuclear Reculatory Comissien
. ,

2.11 Ree'latorv Guides .~u

,

2.2.1.1 RG 1.90 Coatining Mod.11 Rospense.s anc Spattai.

Can.conents in Feismic Res;.%so Analysir.

-

1
*

(

* .
, .

.
.

| I '

. .

2
. .

.
~
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.
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2.3 ASME Pacers
. ,

,

|.

- ,
. .

2.3.1 ASME 1972 Flexible Rotor-Bearing System Oyaamics-1,
'

Dritical Speeds and* Responses of Flexible ;.

Rotor Systans- .

, 2.4 ASME Boiler and Pressure Vessel Code

2.a.1 ASME Section III, Division 1,' Subsection NCA, NC& NO
DL v- .. ..

,

.

2. 5 other Standards ,

2.5.1 Nydraulic Institute Standares for Centrifugal, Rotary & Reciprecal-
~

ing Pumps. -

.

} 2.5.2 Annular Bearing Engineers Committee.-

.

3.0 DEFINITIONS
. .

-
.

*

1 J .

The following definitions supplement those in ANSI. N551.1:
s

A Protstvoe nume is a first o.f a kind, first of a type or serius of pc=:s
to be qualified to this standard.

,

Production numes art those which 1 3 (quivalent to pumps previously quali-

.

fied.
. .

..

j Axis Orientation is illus,.ates Appendix Q.
s -

,
-

4.0 FlJNCTTONAL SPECIFICATION

~ The functional requirements for a safcty-relstd w ; d.s'i be previed
in a s;:ecificatien. This srs.cificati:n shall be pre > ec k e"Her the . :-

f acturer, 2.e cwr.ee or his authorizac Pge; in :::::ennde whn ANSI St:-43 -

e
- N551.1.

-
.

%
*

e

?.
-

.
. .

.

'~ ,~ - . . an.,

- . . - -



_ _

,

- -- - -- - .-_
s <

.. ,

.
. ,

'
*

-

. . . .
,, _

.

*
.

The qualification criteria shall be identified for each specified service
~

condition. The specification shall define the equipment boundary, interfaces
and external loads transmitted via tne interfaces, and environmental c=nditions
that effect functional operation. In additica, requirements for margin in
design parameters,- special satarials, maintenance and quality assurance shall

'

'be specified, as applicable. ,

'

G
,

5.0 MATTRIAI. REQUIREMENTS 3, ,

-

,
.

5.1 Material Desienation .

.

5.1.1. For itans not covered by ASME Code Section IIId Code Case N-119,

satarials shall confors to ASTM Standards. Oth'er satarial standards such asj

| AISI, SAE, or military or federal specifications say be used if suitable ASTM
I standards are not available. ,

!, -
.-

5.1. 2 I,f none of the above satarial standards apply, th~e material {
'

manufacturer's designation say be used accompanied by sufficient data to
I demonstrate adequacy for the intanded service. The saterial manufacturer
. shall certify that succes'sive shipments have the sama properties as those in

i i
! the sanufacturer's specification and agreed upon with the pump sanufacturer.

i. . . .

5.2 Material Selection and Evaluation - I
I

.

I
The satorial selection shall be evaluated as a.part of the verification j

required by Section 7.0. {
l

The following specific concerns shall be included in the saterial
eval'uation:

.

'

a. Corrosion resistance with re:;ect to specific flow conditions
- and, pumped liquic in ap;1tcable areas of the pump. All types of corresion

attack shall,be considered, such as crevien effects, fo.' ling, galvanic
- effects, stress corrosien, etc. .-

. /
*

, e' '-

4*\ .w<,
;

-
_ _
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b. Thermal expansion compared to adjacent. parts both for stress ,-

and o erability. .
.

\ : .-
-

Stress level, deflection and fatigue life.c.
.

d.\ Resistance to galling and' taaring in relation to adjacent ,

.,

materials where relative action is present.
-

Stability when subjected to,'all design conditions, includinge.
radiation, thermal cycles, mechanical and pressure load cycles, and

environmental conditions.
.

.

f. Suitanility for use with the manufacturing procssses intanded.

Suitability for weld repair during manufacture while retainingg.
~

the required corrosion resistant preperties.
.

j h. Stability during manufacturing for parts required to maintainI

I'
close tolerances on straightness and concantricity for operabilit'/.

i

'

5.3 Materia 1 Examination and Recair N

;

5.3.1 All wrought matarials and finish eachined castings shall be .

examined visually for defects. The acceptanca critoria for this ext.mination
I

is as follows: ,

'

Linear defects shall not be acceptabic if the icngth exceeds the values.

defined in HC/NO 2500 of the ASP.E Elov Cod.: Scction III, Division 1. f
'

f

!

I

5.'3. 2 For matarials not covered by tb ASME DiPV CoM 5ecticn III, .-

Division 1, or Code Case N-113 nonlinear cofact: shall be accept-91e previcoe ;

I
the fo11cwing requirennts are met:

|i

The lir.% :f thz 6 ec .c a . a n c- fe'..ic by excav: tion. /
I{ -

,/

' a.
/

o

:nte ena.,geabiuty wi : u- n-ts i. c. 4 aff: ta.a
| 3.;

IN
, f".- . - - - - - - .

,,,

* . ,

. .
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The basic integrity of the part is not affected.
. c.

*

d.
The section has the minimum required thickness afteri

I excavation.

close fit with a sating part.The defect does not adversely affect a ru'nning clearance or a
e.,

; -

5.3.3
When required, satarials shall be repaired in accordance with th

procedures in the material specification. ASME Code Section IIIe

Case N-113 as applicable. , or Code
1

; j-
,

i ! 5.4 Documentation
:

. .

| The manufacturer shall estabitsh procedures to provide docu
i

i evidence of the sateria1' properties in accordance with Se timentary

Assurance and Reporting. on 11.0, Qualityc
.. : '

-
. , .

8.0 DESIGN AND FAER! CATION REOUIREMfMTS
, t .
,

.
: i
t =

-

The operability of a pump is influenced by a number of desi
; .

that must be considered or included in order to obtai
gn features1"-

, dependability.
,

n the desired quality and

INonnandatory guidance is presented in Appendix A.The design and fabricatien requirements are presented bel
1 '

cw. -

,

.
.

6.1 Reseensibility
. k

.

The pump manufacturer shall assure that:
| .

are followed in the design of this equ.ipment.all requirements.o'f this Stanoard .and the design specificacion
a..

; .

! b.
' loading c:mbin4. ices.thc pu=p ceter ation 14.itt are not exceederi uncer allapolicable

.

.

-

c. .

tne sllowa51e stress v& M ::
.

. :n c:gt =starth ts to usM .in t.% ?.. Qn .ana **.mi:and enc-tal ;rceerties fer theN --.2 ._ ..rt pr: vi.et:. -. -

._-
-

.
..

. -

,.

.

. .

-.

.s .* s
>

.
.. - .. . . . ..

e e..
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G. 2 Structura1 Parts *'

-
.

-

.2.1 Casinc ; .

|

The pump case shall be designed to withstand the* combineda.
forces and moments imposed by the system piping, 'as well as all other loads

!;

I specified by the owner, without distortion that could cause malfunction of the
-pump. .

,
,

.

b. Unless essential for pump operation or maintenance, no tapped

(threaded) openings shall be located in the suction or discharge nozzles cr ,
.

other areas directly exposed to high fluid velocity. Pressure-gage
connections, if required, shall be described in the Oasign Specification.

'

Pumps shall be provided with drain and vent connections unlessc.
i

the pump is self-venting by the arrangement of the nozzles. .

,

'

6.2.2 No ::les
i .

,

Suction and discharge ac:les of all pumps covered by this Standard may }

be designed with either flanged or weldid ends. Threaded nozzle ends are iI

j prohibitad.
,

-
.

.

-

6.2.3 F1ances
i

!

?
*

| Pipe flanges shall conform to ANSI Standard 81G.5.
.

.'
.

.
.

6.2.4 Fasteners
'

} a. Threaded fasteners shall conform to Unified Scr w Thread
Standards, ANSI Standard 51.1.i

I

*
b. Threaded f asteners wetted by process fluid sh-11 be lecte. ic

,

suen a sanner tnat if :ne futiner is sher. red or tror.rn, all :::,r:4 wil* ~

#
'

. retained in placa. .

\.
-

.

- . _ ...
/|%.w

__

*

.- . ,

7*

I
-

-
.

|
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6.3 Rotatino Parts

6.3.1 Bearines
.

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

.

b. Antifriction bearings shall be selected to give three years
(25,000 hours) minimum L-10 rating life (ASEC-1) with continuous operation at
rated pump conditions, but not less than 16,000 hours at maximum axial and
radial loads and rai;ed speed. *

.

c. Where water cooling of bearing oil is required, neither
gaskated nor threaded connection joints shall be permitted between watar
passages and lubricating oil. .

'

d. Hydrodynamic radial bearings and'/or thrust be~arings sha17 be
' required under the following conditions:

'

(1) Where ON factors are 300,000 or greatar. (DH is
! Antifriction 8 earing Manufacturer's Association taminology, where 0,repre-

1 sents journal diameter and N represents shaft revolutions per minuta.]
;:

'

(2) When antii'rictian bearings are not available to meet the
minimum L-10 rating itfe.

Thrust bearings say be any standard type such as antifriction,e.

hydrodynamic, or pivoted shoe, and say be combined with the radial bearings.,

' Thrust bearings shall be designed to carry the full load if the nor=al direc-
tien of rotstfon is reversed. Thr'ust loads shall include the axial loac:

:

k- ic:osed by c:upling engagement at rated horsepower. The minimum c: efficient I
f

1, cf fliding friction used in the coupling design thrust shall be 0.15. I
\ l\-

[j f. Antifriction bearings snall.be rstained on tha shaft anc fit:cc
d at.- hcusi.:g: in ac::re: ce with the rec:= mended practices of the Anr.ct:--

-

,
"

, acing Esgtneers C:=-it:cs (ABEC-1).,.Hewever, locking of antifric.icn : r:s:
-

,

.. -
.

' ~,
- _..#.

.- - - :-

.
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arings to the shaft shall be restricted to the tongue-type lock wa anc

locknut. ,,

g. The bearing housing for oil lubricated bearings on horizontal
j

shaft pumps shall be arranged so that the bearings can be replaced without
disturbing pump drivers of the sounting of the pumps in the piping system.

.

.

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

,

1. Provision shall be made to drain oil completely from enca

bearing housing when in the normal operating position.

'

j. Nonpressure oil-lubricated bearings shall be equ,ipped with
constant-level oilers. The recommended oil levels shall be accurately locatac

: and clearly marked on the outside of the bearing housings by permanent metal i

tzgs', marks inscribed in the castings, or other durable means. ,

i k. Design of the lubricating systas shall include features to

|
limit bearing inlet or sump' oil tamperature. Th's oil tamperature shat 1 not j

iexceed the lower of the following for the specified normal conditions: -

.

(1) Antifriction bearings: 150*F, or 60*F abcvc a-::ient;
I

i

(2) Hydrodynamic bearings: * 140*F, or 60*F above a.93ient. |
i

6.3.2' Wearine Rinos !

6.3.2.1 Wearing ring material cost,inations shall =sa one er .: c -f ,

following critaria
.

: -

s ,400 ri . .11 nere:. ,3 . .;. . .:a. The harcness of :;ot.~. surfz:.: i

(BHN) or over;; .

!
-

|
. .

,<'

| .. -. . .
--. - -..

.

_ ,

, .

.

.

. . .. . -
. ,

* ' -
- -- .
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w < s

b. The hardness difference between running surfaces is a minimum'

of 50 BHN. -
.

*

o .

The materials 'have nongall'ing tendency;*

c.
.

d. At least one of the surfaces shal1 he grooved if _sataMais with
i

a tandency to gall are used.
-

Wearing rings shall be" held'in place by a positive lockinge.
method, such as threaded against rotation, flanged and threaded, or press fit

j

! and locked wi.th pins, set screws, or welded at three or more points.
,

. . .

I f. Only stationary wear rings shall be used on pumps over 3600 rpm.

) 6.3.2.2 Runnino Clearances for Weer Rines. Running * clearances between

stationary weaHng rings and other moving parts are influenced by manufac-
turing or tolerance build-up, pumping tamperatures, suction conditions,

'

J

'|
charactar of fluid handled, thermal transients, deformation of the casing and

i
~ c=mponents due to all internal .and external loadings, and the expansion and .

galling charactaHstics of the ring, material. Clearances shall be liberal to.

i obtain dependantlity of operation and freedom from excessive rubbing or'
.

'
|seizureduMngoperatingconditions,evenatsomesacrificeinhydraulic

f
'

'

i L efficiency. .
.

,

- .

.

Required clearancas are as follows:
.

L.

a. For bronze,11 to 13 per:ent chremium stainless steel (type 430), 1
'

-

1

and asterials of similar galling charactaristics', the following running ,,

clearances sha'11 be used for' wear H ngr.
I'

Diameter of Rott. ting Miniwm Diametrzl .
.

Meeer (inched closernes (iret .) /
*

Less than 3 0.015|
.

.

|
3 to 4.993 0.01G .

.

5 to G.9H G.018 -

L

7 to !. 55; 0.020 ,
*

.

9 to 10.'?"- 0. 0''.?. 8

/
.

| 11 to 12. 9 5 0.024 .
13 to 14.;59 0.026 /

'

15 t: 15 10*> 0.025*
,

l .- - '.-. . . _

_ es=8' - _ . . -
,

'
~ '

. ...
- - ,.

.
e

" " * ' - * * * ** =~..--....r. ,y. .__ , , ,,

- - -
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,

b. For saterials which have greater galling tendencies, such as'

the 300 series stainless steels, 0.005 inch minimum shall be added to the

diametral clearances shown above.
.

.

For satarials which have less galling tendencies, such as steelc.

with a sinimum hardness of 45 Rockwell "C" (430 Brinell), 0.004 inch may be j
,

subtracted from the diametral clearancas shown above.
.

.

.- .

'

! ,6.3.3 Shaft -

f

The shaft shall be sized to transmit the maximum torque at any~

i i a.
8

: given location. .

,

i
: The shaft shall be designed to limit reduction of fatigue; b.

strength due to stress concentration at corners in keyway slots, aorupt
,

'

.

! changes in shaft diameter or notches. ,

*
-

.

*

i 6.3.4 Shaft Sleeves .

.

' Shaft sleeves shall be used at the stuffing box where the shaft is.

~ . subject to wear,
;

'

i,
-

The sleeves shall be locked to the shsft in a posi,tive mannar, !,
a. i

and shall be designed to be remov.able and replaceable in the field,
-

.

. .

The shaft sleeve' for packing shall be of a wear, corrosieri,sb.

and erosion resistant satarial.
.'

*
r .

The outside surface finish or the wear surfac:: o f th e s h
,'t.

c.
packing sleeve shall not exened 63 R.P.T when packing is cred.

.

6.3.5 Imee11er'11ete tien

.. / -

im M -r. riis ...-
-

If a nut is used on the pu..o sh:ft I: ot:i: -
. .

'

c..ki n.; . ice.ib.' prevented f' rem loosenics by a posit
.i

.

.
.

i
..

-

.
-.

..-.

s

.
.

. e

ae---._
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6.4 Pioine Joints - Auxtliarv Systems

6.4.1 Threads for valves, fittings'and auxiliary connections shall be
taper pipe threads in conformance with the ' pecifications of ANSI $2.1.s

~

6.4.2 Tapped openings and bosses for pipe threads shall conform to-

i ANSI B16.5. *

|
- -

.

| 6. 4. 3 Only ground-Joint type unions'say be used.
,

.

6.4.4 Unions shall not be used as follows: .

.

,

In any piping that cannot be, isolated from the peccess fluid;
!

- a.
:

b. Where it is practicable to provide the required disassently| '-

;
.

capability by use of flanges. , ~
.

'
.

! 6.5 Fabrication,

*

| 6.5.1 Weldine - Nonoressure Soundarv Parts

{ Pump internals essential. for puso reliability and/or functionability
.

'
,

shall seet the following requ.irements: -

The welding procedures and the welders shall be qualified ina.
accordance with ASME Code, Section IX.

- - b. Welds that are visually inspected shall be designed with an

allowable joi,nt efficiency of 70 percent of the allowaale stress.

c. Non-destructive examination shall be applied as'soecifiec.
f*

I
6.5.2 Salancinc >

.

. - . ;
E

Major rotating parts suen as impellers, couplings and balancing c? r. |
-

-

*
~

all be dynamically balanced if the.pur.c is to ::: operated at any rf t's /- ,
. '

* /
i f Rowing cond,itiens:. ..

-.
.

. _p.*
.

*

2* *
.

" .t -
. s* .

- - - - - - - . ... . - . . .. . , _ _ . , ,, , ,, ,
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At speeds over 1,700 he, if rated capacity exceeds 250 spm anca.

rotating part diameter is more than 6 inches; ,

'

r .

b. At speeds over 1,700 rps for two or more stages;
.

c. At speeds over 3,500 rpm.-'

-

6.5.3 Vibestion
*

-
.,

The pump shall be designed, fabricate'd, and tested to prevent excessive
vibration. Vibration seasurements shall be taken on the bearing housing.
Measurements.shall .be taken at rata'd speed and within plus or minus tan percent
of rated capacity. Measurements shall not exceed the following limits:

soeed (rem) Ocuble Ae:11tude vibration. 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*

,

Ori' er Sizino6.6 v

.

The driver efficiency and inorsepower shall be such that nameplate ratir.:,
. (witneut service factor) is not exceeded anywnst e on the puma performance

!curvefromminimumtorunoutflow. , ,

i t
.

.

i j,

6.7 Occumentation -*'
.

*
.

The manufacturer shall estahlish procedures to pre ride the data packs;- /
,

,

in accordance with Section 11.0, Quality Assurance and Reportino. -

| .
-

| \

7.0 V!7!FICHTON OF *:~YCT'SE PU"o C:5fGN*
;

Verification of p-ct: */p* :ce shall N cerfor ec :y analysn, v.slif'
-

tion # test ce coeratin; ex:erima. For . r!*4c tion i* i -, necess.-e to it . . .

.

.

9

O , . .

**
* .

'
* .-* .- ..

9
*
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prototype pumps and previously qualified pumps to which changes have been made
that make functional requalification necessary. The requirements for verifica-
tion are presented below. For clarity the seismic qualification requirements
are explained separately from the functional pump requirements.

.

7.'1 General
|

The verification process is to assure functional qualification of -

.

the pump prototype and is performed by one'or more acceptable meth'ods as'

,

outlined below. Each verification method used, and the results of the
verification, shall be documented in a form that is readily retrievanie. The*

-

,

'

results of the verification shall. be auditable against the verification
requirements. The term " verification" as used throughout this Standard
implies not only that an analysis, gratification test and experience is valid

'

| and correct, but also that the analysis, test and field experience is
,

' *

applicable to the prototype pump under consideration.
.

'

Where changes are made to a previously qualified pump, verification '

methods shall be app 11ed to the changes in the same manner as for the original,

prototype, including evaluation of the effects of the changes on the overallr

pump.- - -

,

- -
r

'

Verification of the prototype pump any be performed by verification of
all its component parts. Justification of this approacn shc11 he provided by
evaluating the effects of interaction,of tha pcrts. Where this approach is-

| used the evaluation of interaction shall be included in the documentation.
l

.

7.1. 2 Procedures . -

'

| The a;ethods of prototype pump verifier.kn re: -

.

a. analyses;.

i .

| b. qualification test;
'

.

c. axperienca; -

,

.
..

*
o

h' -

. .

. . . ., ,
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'
. ..

d. a combination.of any of the above.

The method to be used is dependent on many variables such as size, |

safety-related function, mechanical cospicxity, configuration and Icading '

" requirements. It is expected that most safety-related prototype pumps will
'

require a combination of methods including analyses and tests to satisfy'
-

verification of the prototype..

. .
,

.
.

7.1. 3 Verification by Analyses ,

i

Verification by analyses may be used where accurate analytical techniques
;

are available. Analysis may be used when: -

'

s. The response of the system is linser or is approximately
,

i * -
'

linear;

~ b. * The dynamic forcing function of concern does not increase the
- response of the rotating portion of the pump or tend to produca instability;' ~

c. The configuration and size of the pump sake testing'

impractical; - .

.

~

; d. The effect of attached ce=por.ents is too ecslex for ac= urate
i

-| duplication; -

.

i .

I e. The load conditions are too cocnier. to be simulated by testing.

| -

4
~ 7.1. 4 verificttien bv Test;

*
.

Verification by tas: is,recerr.cnd:d vncre l'. czn be ace:- odated. Tlie mosc
adverse ' conditions shall bc applied, adt only to .wify the pecs but also to
shcw that a sati:factorf Ettin is pm N d. ir.Y u s Alid and 4:cu.:.i.r. tad
test: r.ay be used as c :.:P. of th varidi:*. tion pe;;cadter2 wh rt applicatie.

. .

*

*
.

,

k
* .,

# .

ri
-

.

I 34 .* g* *
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7.1.5 Verification bv heerience
.

'

Where sufficient experience exists to qualify a pump, the method as given

: in Section 7.4 any be used.
.

'

7.2 Analyses
.

! The pump sanufacturer shall determine the' deformation 1 faits, dich shall
'

'

1 not be exceeded to maintain the operability of the pump.' -

'

'

|
The pump annufacturer shall provide the necessary allowable stress values

I and natarial properties for the noncode matarials used and analyzed for parts
:

!
dich affect operability. .

.
4 .

- .,

In addition, the pump manufacturer shall assure the operability of the
| : .

pump during normal and abnormal conditions by complying sith.the requirementsj y.
stated below. '.' .

e
.

7.2.1 (cadinesand'LoadinoCombinations
.

-

| ..

i =

The design specification shall identify all steady-stata and. cyclic| , . 3
-

|
..} loadings, mechanical, thermal'or hydraulic transients that may occur during

the life of the plant and the number of the anticipated transienti.s in each
case, the external loads dich say act on the pus:p and the combinations of
these loads which any occur simultaneously. The p op sanufacturer shall
consider in the analysis all specified conditions under which tha pump is .

expected to operata.
.

7.2.2 totor Ovnamics and Natural Frecuencies .

.

. .

Satisfactory performance of the assembled pu::p/ driver utif t shr.11 h th-
dresponsibility of the pump annufacturer. Any accitional .:sta requ ra . ror

this purpose shall be furnished by the criver ard/or gsu:ox sanuW....r r.' .

0 .
-

__

~ _.. ...., ~,-

- Viorat. ion liatts ef the pu::rp shaft, or tr..rttQe. :.f,.iv f :.:. : u. . iti
. -

not accessible, are s;iecified in, par:.grach 6.5.3.j. V!b..:t % of.:.- .e . of*

.
-

-

-

,
__

. ___

'

! *4". . ,

- g. . .
.

- - - - - ~ - - -- - . . - . . - . . . . . . . -. .. . . . . . . . .
,

.. . . . .. .

'
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.

. .
,

the unit shall be limitad to prevent internal damage, piping fatigue and

failure.
. .

7.2.2.1 Rotatino Element t.ateral Critical sooeds
,

Pump rotors shall be analyzed for latera1' critical speeds. Anya.
,

well recognized analytical method say be used.' -

'

b. For single speed pumps, no lateral natural frequency shall be
i

within 20 percent of the normal operating spee';d

c. For pumps which operata at varying speeds, first critical

|
speed should preferably be above the highest operating speed or turtine trip

I speed and with the 20 percent margin specified in b. above. If this is net
possible with the offered design,. then the pump sanufacturer and owner or his
agent shall agree that op'eration will be possible with adequate margin (a
sinisus of plus or minus 10 percant) saintained on either side of the
calculated critical speeds. Satisfactory operation shall be proved by tast;

! d. On single speed, multistage horizontal or vertical pumps with
closely fitted internal parts, which may provide significant damping or bearing

,

! effects, the use of Matrix Iterztion, Prahl-Myk1estad Method, Modal Analysis

! using finita element methods, Direct Integration or other equal analytical-

{ techniques are acceptable to calculate critical speeds. Such methods shall be

{ considered when a simplified analysis shows an operating speed to be

|
unacceptably close to a critical speed or operation at a speed above the first
. critical. Due to the reduced inherent margin of conservatism in these

i

sothods, an increased safety sargin of ;,25 percent shall be applied. The.

paper " Flexible Rotor-tearing System Dyncies-I, critical Speeds and Resper.a
of Flexible Rotor Systems, ASP.2,1972 " discu:ses these technic;ues.

,

7. 2. 2. 2 $t bilf tv of Rotor 8t rina Svstat. l.ichtly losdcd high set. '

fluid film bearings may becor.: unst:bic cnd be subs :t to vibration prebin ,
as a result of "hsif-speed whirl." Thir pucno=enoa snall be consioerto v. u:
design of all flui:' film becrings. --

,

.

.

! '

.
. .. .g-'

..

c -

.

i
, ,e .- st . .
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; 7.2.3 Natural Frecuencies of Assemoted Pumcino Unit or Parts
j -

.

For vertical pumps stallar to those shown in Figures 3 and 4. Appendix A,
the de'ign shall be suctrthat the priman natural frequency of the pump / -

s

driver / support unit above the baseplata of an assembled and mountad pump is ,

I at least 15 partent above or below any continuous operating speed. For other
configurations, pump parts, assemblies or appurtenances a similar margin shall
be asintained. Satisfactory operation shall be proved by test. .

- -
,

.

*

i 7.2. 4 Shaft
)

-
.

The analysis of the shaft shall show that the shaft deflection due to any'

.

of the postulated loading combinations does not:

; .
.

a. exceed the design clearances and causa excessive rubbing;| -

,

b. exceed the operability defleqtion limits, and-
. .,

c, provide. undesirable misalignments which may reduce the'

.

transmitted power below the minimum required.
.. .

*

d. exceed the stress limit that any produce high or low cycle
s

fatigue failure. .
,

,

.

7.2.5 8earines - .

4

*
Environmental conditions and configuration of the pump affect the bearing

perfo sanca. These conditions shall be described in detail and used in a -

bearing stability evaluation. An estimation of the loads acting on the bearing
shall be made for steady-state and transient conditions and a detailed evalu .- .

. tion depending on the type of bcaring shall be perfomed. The hearing evalut--

tion shall esasi~ der at least the following:

''

a. Static and Cyclic Loading; .

-

.

b. Rotor dynamic it. balance at running fre g ency; .
.

*
. .

-
. .

, ,

| 1,',

*

IO - -
. ,

D
'

- . . ...,
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.

,
,

. .
.

-
.

c. Possible magnetic imbalance at twice the running frequency;
.

d. Shaft deflection;

e. Hydraulic loading in both radial and axial directions;
.

* '

f. Rotor weight;

~
. .

g. Bearing fits and clearances;
.

h. Angular aisalignment.
. .

7. 2. 6 Other par =.s
.

Any other part of the pump whose defomation could affect the reliability
of the pump shall be analyzed to demonstrate that the defomation would not
prevent the pump from perfoming its safety futiction.

, ,

.

' 7.3 Tests'

,

7.3.1 Soecial Reevirew nts
'

.
.

; Where the installation subjects the pump to unique condition: which. -

cannot be evaluated adecuataly by either analysis or experience, the purch:scr
shall require special tests in addition to the required tests of thi: secti c..)
and section 9.4. The requirements for special Tests shall be defint.d in th:
Specification. These tests shall taka into account specific instru=antatien
requirements and sandatory in-service test and inspection requirements of

,

ASME Code section XI.
.

Unless othenvise stated in tha Design $stcf fication or this Sundtre, tra
test liquid shall be clean, cold water (see Reference 2.5.1).

.

.

.

.

t .

.

: 19 *.

I|*
-

.
. .'

*
~s . s. . .. .
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7.3.2 Cualiffeation bv Testinc *

.

'

The pump as prepared fo'r qualification testing shall c:nsist of'*all items
either being supp1 fed in accordance with the Design Specification or equiva- ,

lent itans to those being supplied and shal.1 include but are not limited to trie
pump, seal, auxiliary equipment and instrumentation; Only a single set of
tests is requind by this standard. When tasting has been performed previously'
on equivalent items no further testing is nquind.

*
.

,

*

7.3.3 Recuired Tests .

N
The fol, lowing basic tests are requind for,' qualification of the pump

.

-
;

and are cefined in Se'etion 9.4.4

a. Hydrostatic Test .

. .

.

I

b. Hydraulic Performance Test ,'

- ,

,

.

i c. Mechanical Running Test .

\ ,,
9

d. Natural frequency of' pump assembly for vertical turnine type.

pumps.
; ,

* -

j .
,

e. Met Positive Suction Head Required Test
,

1

-

f. Endurance Test
i .

* '

7.3.3.1 Net positive Suetion Herd Recuired Test. .

.

I

a. The NPSH Test shall be conductad in accordancs with Hydraulic'
,

'
-

Instituta Standards.
.

.

b. Edropine.cadof3 percent (3percentoffirststageheadin .

|
multistage pum::s) at a ;;ve flow sh'all te use.* to est:blish HPSH" requirtd. ,

.

*
.

,

| --

,
,

., , , -
* # 4 ep

/
*

* *
- . , , ,

#
e

' , ,

- - - - - - - - . . . . .. . . ,

4
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c. A minimu:s of three NPSH breakdowns shall be performed to

establish suction requirements throughout the specified pump operating range.
-

.

.

d. The resulting test curve shall be included with the certifisc
1

performance curve. .

,

.7.3.3.2 Endurance Test
.

.

.-
A. An extended operational test shall be run to verify compliance

*
with system operational requirements.'

.

8. The Design Specification sna11 define the duration of .the test.; -

:
in any event not less than 4 hours.

C. The Design Specification sna11 define tne nummer frequency of*

start-it:p cycles.* .

i

O. The Design Specification sna11 define ac:eptance' criteria to'
;

be demonstrated by disassa.ebly and inspection at tne c:mpletten.
.

of testing.
. .

. .

.

E. The Design $cecification shall list required data to be ontained
during tne test. ,

F. The Design Specification shall identify if the pump will not
,

be ac:sssible in a post-accident situat.icn, and those pumps shall
have extended tasting. *

,

.

! 7.3.3.3 Desinn Transient Test
.

.

j E. A defir transient it**t (i.e. t f *rernt err. . nie%ul t .
. ,

1 O ett.) is required for each proto!};?- n n e r '.' t h ' ' Dump 'miss t be cbpn'ile
W'. ;; e Sul tis' l,e trafiSient CCnci tic | t

f
LThfi'i6nts.,08 nithstanding Such sa

. l i f i ; *. * ; . a. : C) 1*aj= tis tof it* #. n * t :)e: esta5!!$ ,sc ::,12stin;. *
.,.

;

I S .* * C :' t E t . (,

*
.

,

.

*
.
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b. The Design Specification shall describe the rate and magnitudej ,

| o f ea5 * - t ransiant change in the pumped f1'uid. When the lower temperature of the
! W | change cannot be conveniently duplicated by the , test fluid, the upper test

temperature shall be established by adding the total temoerature change to the-

' *

i lower test temperature. ,

I -
.

The test shall be run in accordance with a written procedure
f c.

defining minimum tamperature change and maximum time within which transient

|
sust occur, as well as the beginning and ending conditions of operation. The

~

,

tast shall be considered successful if the pump continues to operate for a

f minimum of 1. hour at the new temperature or until all temoeratures have
Acceotance criteria shou M'

' stabilized,. followed by a stop and restart.'

} be established and acreed to in the orecedure bv the owner and
i .

All pumps so testad shall be completely dismantled and'' #'11'?- d.| O | examined. All dimensions critical to operability of the pump assembly shall .

1

be checked and the results compared to the desion renedm**ah
>

e. Dimensional change acceotence criteria.shall be ide-t--

i t)L ified in the orocedure. Parts whose dimensions have changed as a -

* result of the test shall have their design reviewed. An explanation
.

shall be provided as to the cause and a recommendation for the need
| .of a retest on design change shall be made. If de. sign change is to
; ,

~

be made retesting shall be , required.
I*

i 7.3.3.a Flow Distribution Test. .

.

i
-

- .

'

7.3.4 Purchased ite's Ocalification
.

'

The manufacturers of purchased itans shall demonstnte the adequacy of*

~

the item in either or both of. the following ways. .

-

. .

~

By providing the p'urchasar with' documentation showing that t.'c
'

.

a. -

proposed ites as designed has been used successfu'lly for a stated length of
time in a similar installation. This method shall not be used if the pro:::e.c
ites or the envireneent in which it is to be used differs signifJeantly fr m *

'the one to which it is being c:mpared. . .

.

* .

.

. ,

.

*

.?.:.*
,

It ,' .
. ,

. . .

... ..
.
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t
!
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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 included full-scale tasting witich meets or exceeds the
specified design basis conditions. A detailed description of the tests, test
equipment, and actual test nsults shall be submittad.

7.3.5 Failure Ourino Pumo Qualification Test

Soecific criteria definino f ailure shall be identified in

h the test procedure. If any part of,the pump fails during a quali--

.fication test program, the pump supplier shall p'repare 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 Qualifiention Recort ,-

'
. .

! Description of the test program, test conditions and test results shall-

| be included'in the qualification report required by Section 11.-

! '
.

! 7.4 Exoerience
! .

! 7.4.1 Protatvoo
*

.

-

.

!
| A prototype is the first of ,a type to qualify under this standsrd. It

may be that it has been developed from a model or previous prototype snich is
similar in many ways, or actually identical to see.e features of the new
nachine. Where these are identical the previous field experience may be used -

.

as verification of the functional integrity of the prot: type. .

| 7.4.2 Prototvoe Characteristics *
, . ,

i

A prototype may cualify under this standant by experience rciat'.d te it.c
following characteristics. The experience must reflect an equst er r.nre

1

'
c:asarvative set of qustifying values than will be requirec by th. : .r -t -

sNei ficatien. -
)

-. .,

'

|
*

.,

! J'*

.
,

. .
,

1
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*

1
..

. .

.

a. Case Stiffness.
.

b. Shaft Stress, Material and Critical Speed.

c. 8aaring Material, Mounting and Clearances.
-

; .

'

7.4.3 Verification-

'

7.4.1.1 Acceotance Criteria. '

,

a. ft least one pump identical to the prototyp.e operating through-

conditions equivalent to specified criteria, of: -

: .

b. At least three identical pumps operating which do not vary by
: more than one itas from Table 9.1.2 g:

c.. At least five identical pumps operating which'do not vary by
; '
~ acre than three itans from Table 9.1.2 gg:

,

| d. If pumps are vertically suspended, the undamped length below-

floor is at least as great as qualifying prototype and any differenc,as in
support surface rigidity is shown to have no significant effect on vibration

' '

charactaristics.-

,.

7.4.3.2 Geometric similarity (scaling) is a prerequisite for utiliz-tion
of other sized pumps. In addition to meeting the requirements of 7.4.3.1, the
prototype pump being qualified shal' not be physically more than 15 percent1

larger or smaller than the previously qualified pump being used for cecpari-
.

son; the diameters of the pump's volutas or impellers shall be compared. Flew
at peak offic'iency of the prototype shall bo within plus or minus 20 per::n*
of that for the previously qualified pt. p. .

-

.

7.4.3.3 If the abeve experience requirements cannot be met as outlined,
a test and/or analysis of the prototype shall br. conductad.

'

..

*

.

-
-

.

'
1 .w-

I6.

.

..3 .... .
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! f,6 Quality Assuranet and Rooortinc
~

-

.

The quality assurance a.nd reporting requirements applicable to prototype
4

pump verification are given'in Section 11.0.
.

.

8.0 OYMAMIC OUAl!FICATTON REQUIREMENTS ,

|

!
: 8.1 Oualification Acoroach

,

.,

; . .

|
Oynamic qualification procedures say utilize testing, analysis or combina-

I tions of testing and analysis. The procedure selected shall demonstrata the
* operability of the pu=p, wnen subhected to the specified applicable loads,

|
; regardless of its size, configuration and sechanical complexity.
i

! Ideally, the pump should be qualified under conditions identical to those .

j expected during a dest'gn basis condition. Deviations from these conditions
*

! shall be justified..

; -

. .

| 4.2 Testine-
.

'
i

| Tests say be either supporting tests (only a part of the qualification I
.

j program) or qualification tests. Supporting tests are these tests conducted
j to determine dynamic properties and charsctaristics of the pump to providc-
! data needed for the final qualification either by testing or analysis. Qucli-
4

,

! fication tests are perfoneed to serve as evidenca that the ope.rability,of the
; pump is maintained under the loading cachinations associated with design bt. sis

| canditions. Cifferent supporting test sethods and typical data to be obtairied
'

j from them are given in Appendix 5. '.
1

8.2.1 'Oualffie-tien Tests - -

!

! T'e puso shall be tasted while operating. The following requirements s.rc
i cenitt.f or.s' for .. prer:orly conducted qualification tast and shall. be fulfilici:
i -

. .
,

*
.

. .
3

| ..

:
-

; .
.

'

! ,.y ,

*

0*.
. . .,

: -

!

_ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ . . _ - . _ _ , . _ _ _ _ . _ _ _ _ _ _ _ _ . , , - . _ _ _ _ _ _ _ . . _ . . - - --



_ _

'
. .

-
.

'.-
.

.. . ,

- - ,
.. .

,

- ....

a. Seismic Input

~

(1) Magnitude of Excitation*

The angnitude of the floor moti,on in three orthogonaJ axes
-

shall be provided in the specification. The method of simulating this motien
shall be documented in a test procedure. ,

,

.

(2) Single and Multiaxis Excitation--

,

.

Input motion shall be applied in a sanner that simulates
~

the response of the pump to the triaxial motion of the magnitude aantioned in

8.2.1.a.(1). The time phasing of the inputs shall be such that a purely
rectilinear resultant input,is avoided. Conditions for accepting single and-

biaxial or any other seismic input, are stated in Appendix 8..

.

(3) Single and Multiple Frequency .

, ,
-

g .

,8andom vibration input having a broad frequency contant' *

! shall be used as seismic input. This input shall excite all sedes to the, .

required magnitude, such that the test response spectrus shall envelop the*

.

|
corresponding design response spectrum in the region of all pump natural'

!
frequencies. $1ngle frequency input say be accapted if the dyna' sic charte-
teristics of the pump show that its anticipatad response is adequately

*

represented by one mode, or, the floor response at the pump location is
,

t reasonably ffitered to a single frequency type action. .'

'

f
.

.

b. Mounting
.

.
, .

' The pump shall be sounted to simulate the reco= ended servict
. .

mounting when prsetical. Where this is not pr:ctical," the e'ffect of ths
*

actual supporting structure shall be considered in determining the inpu'

{ motion. As a minimum, the mounting fixture d:sigt, shall have the see .

stiffness characteristics as the actu 51 countinn and shall c:uso no extr. :-:u
-

dynax.ic coupling ts the test itam. ,
,

.
. .

.

.

f ..

eg-

. . . , . . . . ..

** * * **' ~*- -
'

. . . ,
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.
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- .

. .

c. No ule Loads
-

. . .
. ..

The ne ule loads, as provided in the datign specifications
simulating the pipe effects on the pump for the corresponding loading camcin-
ation, shall be applied during the test. Appendix 8 providas guidelines for

|
no ule load considerations. If supporting taats show that neule loads are

| .' not significant for pump operability, they say be disregarded during the
,

qualification test.'
* *

, .

The most severe leading connination that is feasible shall bc

1 used for the qualification tast.
,

..

'

8.3 Analysis'

*

i
For dynamic qualification by analysis the following shall be determined:

,
,

!.

{ a. , Applicable loads to be used in the analysis. ,

J

|
b. Dynamic characteristics (frequency, mode shape and damping) of'

|
the pump (and accordingly the methods of analysis). The' damping values shculd

, ,

be consistant with those in Regulatory Guide 1.61.
. .

' '

| c. The allowable ' stresses and deflections (design Ifmits) wher.
,

.
. .

I subjected to all applicable loads.
.,

; -
.

! 4.3.1 Aco1feable loads ,

,

I *

! The applicable loads include but are not limitad to: '

*; .

!
a. * Seismic input excitation as.specified in the design

,

specification -

,

i
'

b.. No ule loads *
.

. . ,

c. Ocad weight ,

, ,

.

. .

! . .

* * ''
:. .,

.

| .
.

'

- .. g .. .y . .
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. . .

.

-
.
, .

'd. Pressure and thermal loads as provided in the design
*specification

,

' o .
' '

.

Vibratory 1,oads due to pump operation
.

e. ,

. .
,

The most severs loading combination that l's feasible shall be used in the.I
~

|
analysis for qualification purposes. The resultant stresses and deflections
at critical locations shall be lower than the stress and defomationi

i allowebtes. -

! 4.3.2 Methods of Anafvsis . .
.

-!
-

.

The analysis say be either static, detaf fed dynamic, or staplified

|
dynamic analysis. Appendix 8 provides the basis for the, analysis method

.

,.
.

selection. *
.

| . *

j _ 8.3.3 Stresses and Oeflections Criteria .

, .

! -
.

The pump shall be analyze'd for three directional seismic forces. The
*

1

stress components resulting from each force shall be contined by the square
root of the sum of the squares method ta obtain a single stress for the

j seismic loading. Seisaic defTections (deflections due to seismic loads) shall
be calculated in the same way. Other methods of combining the stre:ses and
deflections resulting from the three compenents: of earthquake may be used if

! it can be shown that the square root of the sus of squares method does. not

! apply to a particular case. These seismic stresses and deflections shall be
.

contined witit the resulting stresses and deflections due to all other' .

,
<

applicable loads and used tof obtain the final resultant stresses and deflec-
-

tions, These values will be compared with the design limits established by
| '

the design specification and the pump sanufseture:*. The locations'where the-

stresses and daflections shaf t be calculated include, but are not limited t.1,
thefollowingi , ,

,

i * -

|
.

. *
*

a. Pressure retaining /containing parts -
'

.
.

,

* .

k. Coupling*
,,

. .
.

* .e

p .. .

?.D' ' -- .

,

.

eam. ..***"*Gm - 4- s.e . ,, ,,,,

e
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~
. .

*
.

. .
,

c. Pump hold down fasteners and bolts

d. Shaft and rotor assescly .

.

e. Keys, pins, fastaners, welds and bearings ,

,
*

i

f. Pump support pads

| .
.

*

g. Pump foundation anchor bolts.
,,

.

8.4 Combination of Test and Analvsis-

j . .

l In some cases the successful operation of the pump when sutjected to the
most severe combination of applicable loads cannot be demonstrated by either

j testing alone or analysis alone. In these cases a qualification program which*

| consists of tasting fit part and analysis in part shall be developed to suit*

} the particular pump. This qualification program shall demonstrate that the
pump is capanle of operating when subjected to all applicable l'eads.'

,

.
. .

.
. .

8.5 Occumentation'

,

.

~

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

9.0 VERIFICATION OF PRCDUC7 TON PU4 5.

I .

~

|
Production pumps shall be verified for equivalence to a pmtatype pump

that has already been qualified. Demonstration of equivalency includes -

| cosiparison to a qualified prototype pump by analysic, tasting, and operating
experience or a cer.ninatiori of these nothods. .

-
!

9.1 Verification Mathed'

.

i
'

! a. deconstration of equivalen:y to a qualified pretstype;
.

|
-

| b. evaluatien and que.11fic:. .icn by co-lyu s, tc::, er.::crien- t a

! cent ent.:icn of mtseds of tar differentn" Detween :: e er:tety-d .r; pr.. .1
,

i pC20k. .

! #5' -
. .

'

7I
|

- . . . . . .
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|
. . .

.

1
- .

c. testing and other quality control measures to demonstrate that
|

the required safety-related performance features were not downgraded during

| construction of the production pumps. *

I

'9.2. procedures - touivalency With Prototyce
. .

,
,

'

9.2.1 The manufacturer shall certify that the production pumps are-
;

identical with the qualified prototype pump where this is,the case.. In this -

;

event only the production tests outlined in Section 9.1, Stap c and as
i required by Section 9.4, are necessary.

*
j ,

j 9.2.2 Where the prototype and production pumps are not identical the

! manufacturer shall compare the characteristics as given in Table 9.1.2. Where

) the production pump can be shown to meet ths' prototypo pump features, the

{
pumps are functionally equivalent. In this event only production tests as

|
outlined in Section 9.1, ' Step c above, and as required by Section 9.4, are

--necessary.- .

*;

I

i .
9.2.3 Where the production pump ~ equivalency to the prototype is not

|
! demonstrated, the manufacturer shall perfom additional analyses or tasts,

: provide additional experience er by a cambination of these to duenstrata the

| adequ'acy of the production pump.
.

; .

i
-

*
9.2.4 Analyses

;

Additional analyses required to qualify a production pump shall be,

| . performed in accordance with the applicable paragraphs of Section 8.2.;

I (Appendix 8) -

. .

*
.

9.2.5 Tests -

-
.

,

Additional tests required to qualify a productica pump shall be perfor:is
| in accordance with the applicable paragraphs of Section 5.3 (Appendix 8).
!

'

,. .. .

|

i ,"
*

.

*
; . -

. .
.

! .,
,_

;g. -
.

*W -*
...

,

.' .i . . . , . . -
. ... . . ,
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, ,

.
., ,

. .

*
.. .

,
,

9.2.6 Excerfence ;-

!

Additional experience p'rovided to qualify * production pump shall meet
the requirements of the applicable paragraphs of Section 7.4.,

9.2.7 Ovnamie cualification
.

|
Additional dyr.wie qualification needed for production pumps shall aset

' the applicable requirements of Section 8.2. (Appendix 8) .

9.3 Documentation-
,

_
,

f

The documentation package for the pumps shall include, as applicaale, the
manufacturer's certificata of Equivalency in accordance with paragraph 9.2.1

.

or the comparison of prototype and productiori pump features or, the additional
tests, analyses and experience that demonstrata the qualification of the.

production pumps. Each Functional qualification Report shall be certified to
,

be correct and complete and' be in complianca with this Standard, by a j,
,

i responsible . individual.
.

!

3.4 production Puma Tests

-
.

9.4.1 General -

,

.

The tasting requirusents of this section presume that the prototype
tasting has already been acco=plished and a Cartificatt,of Compliance-

,

furnished to the owner that the ipalification test is applicable to the pup -

design being production tasted. Pump production tests are those tests
designed to verify that the predtetion pucps conform to the prototype for ,

whien the certificata of co=pliance was issued.
.

9.4.2 Seccial Recuire ents
.

9.4.2.1 When the instal etion subjectr, the pump to unique c:nditient.
. .

.spccial crototyce tasts may be necessary. Refer to p.'.ragraph E.3.2
(Appendix B).

,

- -.

.
.

,
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TA8LE 9.1.2.

'

Ecuivalenev with Proedtvee.

Item
.

1. Chemical and Physical Prop, of.saterials.

2. ft.UID SYSTEM REQUIREMENTS
-

.
.

A. Head-Flow Characteristic Curve* .

8. * Power
~

C. Not Positive Suction Head Required*

*

D. Thermal and Pressure Transients
E. Specific Speed' "-

F. Impeller Diameter .

,

3. MECHANICAL REQUIREMENTS

A. Case Stress . Levels
8. Sh' aft
C. Coupilng.-

O. Bearing Mcunting & Type.
*

E. Running Clearances.
"

F. Support System Stiffness
G. Baseplata Stiffness
H. Speed - Pump*

.

I. Stages.

- J. Critical Speed
.

,
.

.

.

. 8

.

.

e

.

.

.

-
. .

. .

e

*.

,

'

c
*

..

.

G

.

3" ,

-

..
,
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9.4.2.2 It may be necessary to test some vertical pumps with partions
omitted because of factory height limitations. In this case, discharge head

as measured will be diff'erent from rated head. Corrections for this head
. discrepancy shall be made by the manufacturer during the test and the:.

! correction noted in the test report.
'

| .
,

,- 9.4.3 Test Fluid |
,

Unless otherwise stated in the Design, Specifications', the tast"Ifquid
shall be clean, cold water (see Hydraulic Instituta Standard).

*

9.4.4 Recuired Pumo Tests
.

'

9.4.4.1 - The following tests are required or optional. Optional tasts
shall be performed when required by the Design Specification.

'
. .

Raouired Optional
. .

A. Hydrostatic Test X

8. Hydraulic Performance Test X>

C. Mechanical. Running Test X

0. Met Positive Suction
Head Test * X

i E. Natural frequency test for '
- . .

vertical turnine type
ouses oniv * . X .

F. Natural frecuency test X*
i

D? fnr horizontal ounos
9.4.4.2 Hydrostatic Test - All pressure coundary parts whi.:n are under

the jurisdication of the ASME Code, Section III, shall be hydrostatically
,tastad in accordance with the applicable Code recuirements, unless the Design
Specificat'on imposes more stringent requirements.

.
'

!
-

.

I 9.4.4.2.1 Special Hydro' static Test for Vertical Pumps - For
.

. vertical pumps, when hydrostatic tests pro specified for component parts unien
are ,not part of the pressure boundary, the test pressure shall be 1.5 tic:sj

the maximum differential pressure to which the parts are subjected. Test may

*
A

'ucier to 5ccucn 7.3.3.1 for description of test.)
-*

i .

.

t -

,3?* -.
- /
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*

i ..

| .

. . .

I

be done as' an assembly or in segments. Suction bowls orlintet elements that
are not subjected to differential pressure need not 6e testad.*

-

I '

'

f 9.4.4.2.2 Hydrostatic Test.of Auxiliary Systams - Cooling passages
.

and jackets for bearings, stuffing boxes, pedestals, and oil coolers shall bo
hydrostatically testad to 1.5 times the cooling' system design pressure or to

; -
,

! 115 psig, whichever is greater. .

. .
*

.

9.4.4.3 Performance Test .

f 9.4.4.3.1 The performance test shall be run in accordance with
.

( applicable itydraulic Instituta' Standards for centrifugal pumps, except as

I modified below.

9.4.4.3.2 The manufacturer shall operate the pump in the shop fer a
-

. sufficient period to enable him to ootain completa test data, including speed,
.

head, capacity and power from shut-off to a flow beyond rated capacity or
given runout. The m'inisua number of test points shall be specified in the -

-

*
- .

' Oesign Specificatton. ,
,,

9.4.4.3.3 The manufacturer"shall maintain a completa detailed tog
of all such final tasts and shall prepare the required nuabar of copies.

.

including test curves and data cartified as to correctness.
.

.
9.4.4.3.4 Unless otherwise autually agreed upon, the speed to bc

used ist connection with tasts =f actor-driven pumps shall be the r.ted sc ct
.

shown on the ' certified outline drawings, applying to the specific driver bei.4-'

furnished. ,

9.'4.4.3.5 Test tolerances on head and capacity at decig.'poir.'.

shall be in accordance with Hydraulic Inctituta stand.ards. If tolerance.< r.-

required a,t flows other than design flow, t!.cy shall br. defined in th.t C..f ...,
-

Specification. ,

9.4.4.3.6 Auxilia-v Svsta-s. Vnc auxiliary syste - s.-h as -' '

exchangers, oil coolers, etc. are furnished intag .lly with t.e :en, c.-
*

,

.

. .

.b."

'
*

'
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.

shall be recorded for cooling water flow rata, pressure drop and temperature
rise if data is meaningful with respect to the system design and/or operating

-

conditions.

i

9.4.4.4 Mechanical Runnine Test. The mechanical running tast say be |.

conducted independently or simultaneously with the performance test. The
following parameters shall be sensured or observed after equilibrium
conditions have been achieved and shall seet the tolerances or Itaits as -..

,

,follows.

B5 -m
9.4.4.4.1 Bearino oil tammerature shall IpPg stabilized andJsha11[%*

fot exceed the limits given in Section 6.3.1.k/~6a equilibrium tc=perature
shall be recordec. ,-

'
'

9.4.4.4.2 Vibratic' measurements shall be taken on the shaft ton

; bearing housing. Measurements for v'ertical puc:ps shall be taken at the top
of the actor bearing housing. The pump shall be at rr.ted speed and at a cacccity

,

_g,-of 110 percent from_reted capacity o

[ Tibration amplituces snall not exceed the linits given in Section 6.S.3 d.

% -
_

The vibration seasuring instrument saml1 have a frequency measuring-

.

capability from one-half estationc1 speed to thne times rotational speed.
.

9.4.5 Failuri of Pe-e on Test .

. ,

If any part of the pump fails during production tasting, a report shall
'be prepared describing the details of the failure and shall be se:mitted to

; the purchasar as a part of the data package. The report shall describe the
corrective action taken to assure the acceptability of the part for usa in t."-

pump as shipped. Failure of critical' pup components shall require retarti: .

'

hurchaser approval aust be given to ship without retest when parts are
replaced as a result of test failure.

| 9.4.6 Post-Test Preced'.tres
_

.

| Following the c:=nlatica of all testing, the pun z.'.y be chi';- id as-

tuted wit.'.:'ut discsw.tly, pc: . iding :.a fer nee is. r.Sfac .ct . 2.,

2
-

p.
, , , .. . .

_ _
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Specification does not state otherwise. If desired by the manufacturer, sea'1
faces may be relapped and other sealing parts such as 0-rings and gaskets may
be replaced. All basic components shall be shipped as tested unless specific
authority is granted by the purchasar to substitute another part.

9.5 Quality Assurance and Reoortino
.

The quality assuranca and reporting requirements app 11 cable to
, ,

verification of production pumps are given in Section 11.0.
.

10.0 CLEANING, PACXAGING. SHIPPING, RECEIVING, STORAGE AND HANDLING

.

10.1 Cleanliness*

.

Pumps witnin the jurisdiction of this Standard shall be manufactured and
assanaled under conditions which allow them to be installed in fluid systems

having the appropriata cleanliness classificatfon as defined in ANSI MS.2.1.
Unless the Design Specification specifies a higher cleanliness classification,
the* following shall apply.

,

M Cleanliness Classificatien
,

Wettad surface of pump Class C -

,
*

.

Pump bearings, unless lubriented by
| pumped fluid Class B

Lubrication systass other than the
*

puinped fluid Class B
,

|

' '10.2 Packacino, Shineine, Receivine stnesee and Handlinc

ihe manufacturer shall falles, and shall invoke for his suppliers to
,

' follow, the requirements of ANSI M5.2.'I fo'r pack:cing, shipping, recciving,
storage and handling of the finished png and the finished p.=.9 parts.
Level C of N45.2.2 shall apply unless Lisvel t. or E is required by the Dai;:n
Specification. -

,

-

.

*
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11.0 QUALITY' ASSURANCE AND REPORTING
'

'

.

|-
.

, 11.1 Resconsibilitys

. .
.

'

It shall bs the responsibility of the pump aanufacturer..as prime
contractor, to implement the quality assurance requirements of this Standard

. as well as those of the design specification. -

.

.

11.2 Apolfeable Standards

The quality assurance program requirements and quality control
'

' requirements are established by the design 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. ,

,

11.3 Data Packaee' *

*
.

a. The Data Package is the total group of documents and records.

required by the design specification and this Standard. .

-.

,

b. That portion of.the Data Package related to this standare shall
include the Functional Qualification Report (7.3.6), Production Pump Verifi- ;

cation docucantation (9.5) and Production Pump Test results (9.4), and
,

Certificate of Compliance (9.4.1).
.

.

'. c. . The Data Package shall be forwarded to the owner or his agent
~

prior to or accompanying shipment of the pump assembly.

'

d. The Data Package shall .be revh.w:d by the owner or his egent
for completeness. Owr.er's acceptance of the Data Packags does not relieve thu

*

. sanufactur:r of his responsibility to es= ply with all the require =ent of tr.b
4 ~ *

Standard or the design specifiestion.'

:
-

*

.

i .

|
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APPENDIX A

RECOMMENDATIONS FOR THE DESIGN OF SAFETY RELATED PWiPS
. .

.

A.1 PIPING. VALVES AND FITTINGS
-

.

All removable auxiliar/ piping,' including supply and takeoff connections
. for the gland, seal leakoffs, vents, drains and oil systes may taminate.with

The minimum size for connections to the pump shoulda flange or pipe thread.
Smaller. be 3/4-inch Schedule 80 ' nominal pipe size,' except for seal connections.

sizes are subject to approval by the owner or his agent.
..n..

. . ,

A.5". PUMP ASSEWLY TYPES
-

.

Typical pissp assemblies covered by this Standard are shown in Figures 1
through 10. These figures s're for classification only and are not intended to
dictata details of construction or' cover every acceptable design or arrangement.

'

*

Vertical Coupled Pump. Figure 2.
.'

.
.

| a. .Thruit Bearing. .'
- .

-

The p:sp axici thrust load is taken by the driver ' thrust bearing.
.

Bearing loads imposed on' thm , driver by the pump shall be specified try the puup *

manufacturer. -

b. Pu:pRadialBeaN..g

The bearing shall be lubricated by the fluid being pumped.

'

c. Journal for Sleeve-Type Bearing.
-

. .

Tr.s shaft r:y have a sleeve, if daired. The journal and bearing

s--i: rn 3 en- ptlini ::..Sination. ..

.*

.e

..

.

O
-

.
.

4** . - , , , ,

..
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.

d. Coupling.

The coupling shall be of the rigid type. A spacer-type coupling
Theshall be provided for pumps when mechanical seals are specified and used.

,

spacer shall be of sufficient length to permit replacement of the seal assembly
without removing the driver. The pump half coupling shall be of such design.

' that it can be removed from the pump shaft without the use of heat.
. .

,

Vertical Turnine-Type Pump. Figure 5 .

.

a. Thrust Searing. -

.

'

The pump axial thrust load is takan by the driver thrust bearing.
Bearing loads imposed on the driver by the pump shall be specified by the pu=p

'

annufacturer. -

~
.

b. * Pump Radial Bearings.
.

. .

1. Sleeve or guide bearings in the puep say be lubricated by
the fluid being pu= ped.

s
. .

.

2. Bearing satarial shall be suitable for pu=page and servica
.

- -tamperature.

.
3. Bearings shall be of sufficier.t length to withstand cr.xie::s*

loads".
.

4. Bearings shal'1 he retained against rotation by an intet--- -
.

farence fit on a suitable nachcnical method..

5. Bearings shall be catained cc: inst axial cdvement by snao
ring:, sh::aldars in the bearin;; housing, or other suit 21e
meth:::.

*
.

%

.

.

!
- -

,-

:i'

.

.

/
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c. Couplings.

1. The pump to driver shaft coupling shall be rigid adjust-
.

able type. A spacer type coupling shall be provided for
pumps when mechanical seals are specified and used. The ,

spacer shall be of sufficient length to permit replacec:ent
of the seal assembly without removing the driver. The pux:p

. half coupling shall be of such design that it can be re=cved
. '

from the pump shaft without the use of heat. )
,

2. Line shaft couplings 'shall be used when pump length prohibits*
-

I the use of a. single shaft. -

Line shaft coupling's shall not depend on threads to do the
,

driving and shall not loosen with reverse rotation. Tha
,

use of keyways and kays or scmo similar method shall ha"

used. Threads, split rings, retaining rings, or pins r.sy,

1 -
~

f be used to card the axial thrust loads.
-

*
..

d. , Mounting Plata.

.

. .
.

The mounting plata is integral with the discharge head.

Vertical Turbice-Type Ph with Section Barral. Figure 4 (This ptcp is
the same as' Figure 3, but with suction barrel.) .

.

a. Mounting Plata.
.

The pump shall have a stael acunting plata cttached dir:ctly to
'

the suction barrel. The fohnd-tien talts shall r.e. bu v:cd t: sec::rc tra .

* * flanged joint undar pressure. .

.

Horizontal Frr.me Mcur.ta' Pump . Fi:;r e 6
.

+

.
a

-i
~

.

.

. ,

..,

1-e>+-

, _ . .
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a. Coupling: ,

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

.

.

' ~

b. Basaplata:.

'

.
The baseplata and pump supports shall be constructed so as to

minimize misalignment caused by external loads'from connecting piping.

.
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! ) figure 7: il0RIZONTAL ANilALLY SPLIT Mutil51 AGE PUMP .

i . . ..

! Axlally spilt applies to prassure casing jelats located parallel to the centerline of the
~

; pi:m shaft. Harlzontal shaft through pimp case. Bearings in pump bearing housings.' lhrust-
..

t rr.diz l bearings on ona en:1; radlal bearing en other end. gearings are all lubricated. 8j ani
-

-
.

Par,iwo or more stages. Single or double suctlen first stage.. . mis--or.a en arch emi.* - '

s, and drlwer r.ounted on a cocson baseglate. Axially splitfivEl : a ?:cr cceplir.g.-4 ,

!
- cau twps stiall not be ft:rnir. icd it. the pu . ping terperature is 400 F or higher. Centerline-.

of 3~.0 V pra casings shall be used for horizontal pumps with ptoping fluid temperatures
.sr.; porttef:

*

- MUb r.* -
.

j -
* ...

,,

'|
*

| * .
,

1 . ;
-

-



__. _ - _ _ _ . _ _ _. . _ - __

l. .

--w. .. .

. .
.

% ... ...... . . ,
. *

. .

.*

*.

-
.

. l

1
-

.
.

.

.

y-
. s

.

aC e.m ."'""
-,

e.e am.i ==--

lW.e
.

.

'8*i

F .b=&..=
'

.
-

. Si.=
. -

' -
e6 W C ee 6-
8eaedeh

' *** bW == 4

e b W e8 3 w 4e.S. S. S e b wt ==% *

=.' g g .$ b Se =.=g 3$*
g,.

. in -. . w b to
. " *. e e a= b we

= w 3 8 =e= g &e g. -.

so- .= c.~ y
K a= a..a we .o. c.

., . . . ,
L

WL.{we e a. . gme om.
6 (, == c. - .

*
du 2

.

>= ve.ag
. .

u -. .

>= e4 S we we 2*

, "" e == . e== es c* *
. f

@.g s. a.
g S W **

-
to ** euf .

e_, -. u. . ".. ..
. O.., hhi e s3

! * .O' . W9 8he e *Jta
eg b s= 5. es s.

* .

I M, tel S s== 9 e == &=.
. ' S --o

* gM|g .

het S=. O C.J ==.
.

= =d A 1|! 8.s= G 5.

amo e O we es 93i > -

*;I * MSSS wt &.
,

E E === .2 we we. *"*
= =* sn S3.

,=W . w.,

De n. S == == e> . * o .a
'! l. 8 a. . .

- -o ..

- .md g a
, , - +.; E n. e e .# ==

.! to g C C w = ==*

* . @3 waim.

_t * S s == 4 Ce.

e and - em> C 4 .Er{ >e
*

* %.
*

ne as == t e e es we.

e8 T e ==* .

9 p g
[ San.*.b."E..

=
-

,' , L,

I.
#. .m ame S w g == U we as. s.,

, .e
| |* - .

""' w ==* b.
,

O GWJ Wi w w 0 E * f*.4h=
: i' W es. esa O 3 4 we >. m *J f.

O C e# p= C. C. C. O
, 1e / O*

&j -

| . aus g we .g b T kk.|
, Ad

,

. s s w ,

. E ed W .

g s- su. en. g, er g, c
i g

ene S @ EJ # C= es.

SS . .d." 5. r2 *

O f"i

.S @s 3 Wh a =.:.
W S h.

1 .."memen,, S ese === me .me =c ed !|. o
, a

- =w :muss - -

G G Gu. - e we
h he we .g.,J|:

weens ==* ws e c*
. - W eC e.G..

L..

Y I.t em.g b e aus W =.. *g neel O&SE tee = w *..

; . b amt O la S 3. m2
- * .

b M es ame U == .o s.
e at3 - o e'.

* m.
. O ** G. 885 m f [.j .

h. & CJ * ..; S be di ===
wt .~. f. ) (*; . as % W* *

i p 7 e 14 a

y .ma .G W* are e-'

(i. ?"'ah G* .

?.W~ * O C en *G |||| tv * "" *

-
-

a om .. .: * *

* O 8' W ** ~ 7
G *We === $$ .adb.

. .
*

.
4 :. su .* '
C *** * we % *....%**

*
e ,

.

. .
-

.-
M

. .

. . 6

.

.

ww-*,w-g-- -+ y-.---n-- y, yy-wy -- --------w-- m wy=.w-+^- yer--m-y +-,--m-eww-- - - - -- - - -.-.---&ma---- -gy-*-----w-. + - - - - - - - - - - - - - - - - - - -



. . . _m . . . _ _ _ . . _ _ . _- . . ._

. - . . _ e_.. . .

!
,

.,.- .. .

......... . . . . . . - . . .
. . . . .

.
*

|, . *
,

.

*.

* .
.

'
.

6
- .

.I r: - = .

-

. .. n . .c. .
-

C. CB
l'

.J e ,.,. . e,, -g. *

F* 6 .e p* 4h.A. Ae.e be e .E
* *

-
-

.

*- w m se se *J cP W
e . === . ewe-aww8 Ud i d. w Ge

W Ce=

5 E I ih *

b .. cn.

s- p 4 la G. g.t*1i 8 * .
6. * = Wi L, *

g ae W w ==g , i , .
5 ..

) ', . w esse a e OE< s * t
* - C W.

l , -* * e 3.E G #b s= wCW
== &

w C. 5.sg am ed sa. 6
,f. *

.

.'m' : am
She *b3*.

( .g si g g s= e s
.

# $ =S e b%T . e .. ee-
= >gg c.

,=E. .. w' = = =

,
* * e.= In*I L eg

* > aus em- e'
usum W *88j G Q. b . - b4A

| ""| "
... W p

Eew se c *3a.s.* .E. .,

4C 4 "3"'C3- k as
( e- meO ===a'=.

4
*%" 'y *

4A s., CB e .2 Sm*

G
85 .a. 8

*

s ==* b CI

&. S. e. a. m an.4 O C
>.

W"* w. s - -

a a aa a.. n _
.. 8"-*e**eB.

'

~~~~~1
'a* -

s.g .. . .a .c a.
- >. -

.
. _ -

.
- 4

.e
e to .O C e .*

. ,, m.
. . --. u.- 2^

=C ,C
==44 . =i. o

0a

// I
-

- w e.
E* . .* h_8

a. a.a / -
s. - .

:i 1. .* 5 K-
,' v-

- . w = a.s ==*.

w g . *u"3
w a.*l *

-a-

.f . * $ n 2 .
-. .n.

t.M |4
--

- -

eua
a. a .- u-

.. . .- a . - . c. c. e.-. -

:
.-

u .= .s.i.
.i

* . W
'

3!.,
. .

n. W O O 6.% b. .

O f > Q**

w e. w on s. .e hswI g.. . =
f . 3 4 C . s.= *J . ,*T"4 - 4 u,.. i a.e me r** .

um e .3 et *"'" .%.
*a*

suo su W C* = .*3
C.a= ** *J

. 7 sw.e .; es* e. ge, su o .m 3 c. o .a.
*

n7 I - M 'C >= 4 * 4*
,

. e.n sa e an ==.

.' I e ..

.
e s_ .C===== b.

L: ses. .

= D' 4
s= e4
L 4 "=3 *O

e . .c.
' , . . . r; . n i,a-

. .

N. - .
. *

===
. . w t:.!w

%g mC e.
* * = :"3

we .a .W* =*** .O:' .C
. *.

e.% m
-

|* $ .c f. = * . (.. -=
* . . .

-= 3. 6 .* .: .J vt
$ .

i gg,.-3;e.

.. . .. .
, .

|
*

.
i . .
.

f *
*

5 .

.
*~ ..

.. ~~
I. f4 . % ... .

* .
e.'*~ .

- - . . . - . - . . . . _. . . . _ . . . _ . . _ . , . . _ .

.

_ _ _ _ _ - _ _ _ _ _ . - - . . - _ _ _ --._...,.,..m, . - _ . , - , - - -- ,_,, , , , _ , . . , _ _ , . . , _ - , _ _ , . ,_____m _ , , _ _ . _ _ , , , . _ ,, ,7 _ , , _ _ _ _ . . , - - ._-



,!

_

_
_

. .

-'

,
..

,. !

,, , . : |
.

.

'
.

- - - ' I - _,
. .

- _

.

_

t _
-

.

-

'

--

e --

h s.

tdl .. -
! . - _- , na. .

' _ f aed .
. . o sn

* t a,
- , eso,

nuwer
irTro. R -,

. lh uf-
. f. T .Pd. rL n .

e d e.

.' m t . e . sU - nst gu
P eean.

4 - =. iilb
c n ci e~

-

. t 5 esrp' i -
hubul.i e . t ouolt" hl cas

"
o h

3 N'
1 P t gl rs

._

H nie.

U siocs
P er ag

mt - l aepna- ,-
E 0ersiE - w.

.

G nha s .
._ A a ear-

W - n T Psl ce

u. h H" o i p gS t gb h
I_ - E
,- t L cpl xsi-

. l G l ret h-P N raal p
-

.

*
,

:, -
I l eF r.,

- S t B do.

. as e
. ,T g .tf
- I dn .rr*

~
. L eidea0

- P t rnl. ,
. .. S aael p3

b. ce au

,

h .,E\ - Y oBrpsf,.. - i L l er- o
- yg_ ,,

L hic; ,,

E A s .t isi,
_ , | ,

I t eo | e'
j .. A ns nir. . f i anoru

9-
R ocoiet

j tt ag
#.

L pgcnr"
-

A gu neee8
8 . n* T nei sCp

{p
,

Y'
_

.

' 8 t ipr n. ?
. 0 s ae e

I ahel .t-
..

+ I c gh b o.

Y- . td:R u soai.
|

\k 0 eol
. !' rradl u. t -

I
ahi pl3

' std , cf- {- j8 - .
,

: s .aes- gy - 0 etrgag
- 1 rf ebn' . p a ;t i .

.

'(' N. e hdsnp
- ' r osn or.

- , - eeopuu t-

- g l t
._ --

- i sasgc '

- - i
.

/ * ' F et nrcl _

inoi l-

/ l o Sai

jk
'- pzn wgp/-

- , pl o- a
8

-
,, -

- i r ns.. ,

-
- . * {I bsl;i o d p- g at- . j l r. .

i rcei|
'- ' -

t(

l t t pT Rk
,

c. p,rhn.
. s t a e. u l- - ,

- _ . f : rca, S . yabertS.

f
i

. . lh n
gy. - m

l sl nl ot -
' s

6 a aeere ~A e g g- i pl vtp
-

.@ - d > d. . i r- zu.

at r i Jh-
Rpt:-.

.

- ,.-
-

*

-

-

,

.
'

- .

.

I 1 | |' i
|' |



.-. . _ _ . _ . - - _.

_ _ . . _ .

.
, .
' ~

. .,.

- *
. .

, ,
* *. . .

,

.

.
-

..
,

APPENDIX 8

..OYNAMIC 00At.IFICATION GUIDANCE
'

-

. .

.

**

8.1 SCOPE
*

.

This appendix establishes guidelines and altarnata methods which may be
used to provide accaptable qualification for safety related pumps. It.
discusses possible practical deviations from ideal qualification conditions.

'
.

.

''

8.2 CUAI.IFICATION APPROACH
. ..

The capability of the pump to operata during and after the saismic and other
dynamic events will be evaluated by tasting and/or analysis. The type of quali-

'

fication to be used is. highly dependent on the pump size, configuration and
. .

anchanical complexity., For some pues, the configuration and complexity may be.
such that tasting is the most feasible method of qualification. For these cases,.

tasting is recossended. However, for'other designs, analysii say be the most
reasonable approach due to the availasility of accurata analyti[:a1 techniques

.
or when it is impractical'to use only qualification tests. For these cases,
analysis or comb,ination of tasting and analysis is recommended.

. . . . .. . . ..
, ,

.

Conducting s$se supporting tests or analytical work, though it does not
. qualify the pump, say be'very. beneficial in simplifying the qualification ,

procedure. For examp'.e, if a supportirig tast shows that the fundamental
natural frequency of the insta1Ted pump is above 33 Hz, qualification by'

analysis could be simplifted. I.1 other cases, the supporting tests say be of
.

static type, to datermine either the stiffness or flexitiility of the pu:p.-

This information would se used ta 'dev'elco or' verify the eithematical sedul. -

,

.( .

-The following list of items met provide assistanca in determining the.'

! dynamic qualification method. This list is not intanded to be all inclusivo* *

but rather to provide guidelines concerning the choice of testing and
- u ,- .- - .: :-- -- -

g ,,gg,3
- .

,
--

. . . . . . . . . . . . ...
. ..

*
. .

.
, , . . , .

.
.

.

6
g

,

B-1
,

.;-. .

. . . . , . . . r, ,
_

.- . . . . . . . . -

|
~

l
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Testing is recsamended if:

a. The response of the pump to any dynamic forcing function is ,

expected to be highly non-linear and depends on many factors other than the
nature of the forcing function. Also, when the appiled loads produce direct

'

responses in different elements of ,the assembly.
.

b. The dynamic response of the rotating portion of the pump is
, ,

coupled with seismic excitation, and ,

*

,

4

c. Structural portions of the pump are highly complex and beyond
,

the capability of mechanical modeling techniques.

Analysis may be more practical if:

a. The response of the pump is linear or approximately linear,

b. The response of the rotating portion of the pump is not
affectad by seismic excitation, ;

c. *The ccnfiguration and size of the pump make testing
.

impractical,
- . .

,
.

d. The effect of attached components, such as piping, piping
supports, punp supports, etc., are too complex for accurate duplication under

, ,

test conditions, and
4

e. The superposition.of leading combinations is too complex to be-

,
'

| simulated in tasting.
.

, .
-

.

8.3 , TESTING

.,

Tests may be either supporting tests or qualification tasts. This'

section discusses methods of supporting tests and provides guidelines for
detaraining and applying some of the applicable loads fer qualificatic; tests.

.

E .

.

* .

'~ g.g

,1.-"'
-

.
-

. . . . .. ,

_ - . . . , _ _ . _ _ _ _ _ . _ _ _ . . . . _ _ - _ . __ _ _ _. _ _ _ - - . _ _ _ _ _ _ . _ - _ . _ , _ . . _ _ , _ ,- _
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| B.3 1 OYNAMIC TYPE SUPPORTING TESTS

- -

.

In these tasts the pump,sha11' he excitad by dynamic type forcing,

f
functions by using a shake table or single point excitar applied, at suf-
ficient number of points. The excitatien shall be ,of sufficient strength to
excita all significant modes. Typical data obtained from these tests are:

1
-

Dynamic characteristics of the pump (natural frequencies, modea.
shapes and damping factors) or the pump parts and assemblies,

b. . Cross-coupling effects (i.e., the nsponse in any direction due
'to the excitation in any other direction). In.the locations where isstalling"

i *

accelerometers is impractical, the cross-coupling say be estimated based on
the response of the available locations.

.
.. .

- .. r

i c. The sign'ificance of the response of the pump to vibratorf

| ( action to determine the necessity of combining the corresponding nozzle loads
i [ with seismic loads en the pump body and their effect on the stress pattern. .

<

-
.

'

S.3. 2 STATIC SUPPORTTNG TESTS
. . .

, ,

These tests are conducted by applying static forces on the pump. Typical
' '

*

data obtained from these tests are: -

.

. .

a. Static deflections and flexibility parssetars that are needcd
for' constructing a mathematical andal, and

.

^

3. Distortion in casing, due to nozzle loads and deformation '.
'

limits within which the pump would maintain its operability.
- .

.
.

B.3.3 00ALIFICATTON TESTS
. .

d~

In scae cases it is not possible to apply all c;plicable loads simult r.--'

ously as expected to occur during the seis:iic and othar . dynamic events te
,

satisfy the qualification critaria. 'In these casss some modificaticas t:: a

loads and procedur2:. may be nacassary without dis:rsditing t.% ets::lts ;' *. : n-

.

*
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qualification test. The following are accaptable cases for modifying the.

.

input loads.

.

'

a. Seismic Input

.

(1) The input action any be applied to one vertical and one
principal (or two orthogonal) horizontal axis sfaultaneously. The time phas-
ing of the inputs shall be such that a purely rectilinear resultant input is

,

'

avoided. An acceptante alternative is to .have vertical and horizontal inputs'
;

in phase, and then repeated with inputs 120' out-of phase. In addition the-

;

test shall be repeated with the equipment rotated 90* horizontally. .
.

. .

(2) Single axis excitation may be used if the cross-coupling
'

is considered as follows: -

-
;.

1dhen perfoming. the supporting tests, the fatto of ths
'

response in any direction due to the excitation in any other direction will be

gy e the' ratio of the response in the jdetermined. To explain this, let e b
,

direction (due to the excitation in the i direction) to the excitation in tae.
. .

i direction, and determine ry , r,,, rp,rp , r ,and.r The seismic.

coefficients to be .used in qualification tests (separate single axis tasts).

' will be based on the values obtained from the design response spectrue and the
* *cross-coupling factors, eg. ,

The equations' to datarmine thesa coefficients are.
.

'

expressed as follows: -

- .
;

i X aX +r Y+rg g , S ze. s *

Y = r,y X, + Y, + r I
"

; g zy s -

: . .
'

Z = r,g X, + r Y, + Z,j
-

g yg ,
,

where X,Y,Z = The sei mic coefM cients to be used in the *

g g g
' c;u&liMc r. tion tarts in the X, Y, I

ci r:*im.*

,

-
.

*
I .,

| : -- -.

|

|
'

, ,
f f. .

-

. .

..

<--.w.- --,-w -+ w- _,-,--_ _-.,-m-_,v --, w-w -, .,. ., _y _,__ r . . , _ _ , , , , . , , .,,. . _ , _ _ _ , _ _ ,_
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. .

; X,, Y,, Z, = The seisafe coefficients as determined from
,

* . the design response spectrum in the X, Y, I
* directions.

!
*

.
'

X, Y, .I = The three principal directions of the puso
er .
any other set of orthogonal axes which may

,

produce higher pump response. i

,

'

s

b. Noule Loads *

*
; .

.

The nouie loads as specified in' the design specification will
i be simulated by dynamic-type or equivalent static-type loads to act on tne

pump during the test. Due to the fact,that the qualification say be required
before these noule loads are finalized in the design specification, some .

~

guidelines are given here to estimate the value of these loads. These values
will be based on weight, thermal and seismic piping analysis,- as well as;

,

! transient dynamic and hydraulic loads, if any, and also the worst load
comhination during the LOCA in accordance with the appliable critarit. The .

j estimated loads will be provided by the user and agreed upon by the
*

! sanufacturer. * ~

t
,

. .

''

| .If the test is performed using a prepared envelope of nozzle .
| loads..it is suggested that th'ese inads would be based on a ratio of the

allowable stresses for different plant conditions as defined by the piping
| design critaria. This ratio would depend on the size of the noule, wef'ht ofg
| the pump *, operating tamperature, etc. The loads used in qualifications would,

I be campared with the results of the piping analysis when available. If the
i

piping analysis resulted in higher loads than those which are used in testing
and could not be reduced, rotesting should be done. .

.i

J 8.4 ANALYSIS.

! -

Analysis say also be used supporting qualification or as the only
qualification means. I* the analysis is used to provide data n,eeded for

!
-

,

8-5.
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qualification, it is supporting analysis. When analysis is used as con-'

firmation of operability'of the pump when subjected ,to all applicaele loads, i

it is qualification analysis.

i \.
,

. 8.4.1 METH005 0F ANALYSIS ,

.

-
.

a. Static Analysis'

'

, .

If it 'can be shown that that fundamental natural fnquency of
the pump is equal to, or higher than 33 Hz, static analysis any be performed
sc dataraine the stressas and deflections due to dynamic loads. In this case
the seismic forces will be dotarained by multiplying the mass of the, assanely
or part of the pump times the maximum floor seismic acceleration at the base
of the pump (zero period acceleration from the response spectra). These
forcas shall be applied through the cantar of gravity of the assembly or the

,

part of the pump. -

,

.

'
s

b. Detailed Dy.namic Analysis,

.

.
.

.

A detailed dynamic analysis shall be required unless a
.

conservative factor is used,' and justified, to count for the participation of.

higher modes. A mathematical model'aey be constructed to represent the
dynamic behavior of the pump. 'The model will be analyzevd. using the response

) spectrum andal deflections. The various modal , contributions shall he contined
'

! by taking the square root of the sua of the squar e of the individual andal
! stresses and deflections. The closely spaced modes will be handled as *
I described in NRC Aegulatory Guide'1.92, " Combining Medal, Responses and Spatia 1.

_

Components in Seismic Response Analysis," Rev. 1, 2/78.,

! ' c. Simp 11fied Dynamic Analysis
.

; When the pump assembly can be easily modeled, a simp 1tfied
dynamic analysis any be performed. This method.is similar to the static -

analysis method modified by using the acceleration from ,the floor responsa
spec.rz correspoinding to the fundamental natural frequency of the pump and

>
.

'
'
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aultiply it times 1.5. If the fundamental natural frequency is not known, a
.

static analysis using 1.5 times the maximus peak acceleration of the applicable
floor response spectra, as appifed seismic loads, i' acceptante.s
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D In the absence of other orientation of axes for
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nozzl.a loadings those belcw era reconsnended.
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'(TMs Fortsvord is not a. pstt of the prepsted Standstd
for Functional. Qualific1Cicn of Shaft Seat Assembt. Lea |

.

for Activt Safeta-Ret.1ced Pump Assemblies for Nuclear )

Pour Pt.anta ANST/ASME N551.3.)
i

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
plan ts. 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"
is outside the scope of this Standard; this is to be resolved by the station
owner as part of the station licensing procedure. Also, the ASME Boiler and
Pressure Vessel Code establishes the rules for the pressure boundary integrity
of the pty,p, and this standard addresses the requirements for qualificat'on ofFthe pumr assembly for factional adequacy.

The initial development of this Standard was assigned the ANSI N-45 Ccmmittee
with the project designation of N-551. Subsequentially, the ANSI N-45 Committee
was dissolved and IEEE has assumed the primary responsibility for nuclear equip-
ment qualification standards. Development of the standard is being continued
by the N-551 Steering Comittee with ASME sponsorship. The present intent is
to develop a series of N-551 standards as follows:

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

N-551.2 Functional Qualification of Pumps for Active Safety Systems
Pump Ageyltbs for Nuclear Power Plants

N-551.3 Functional Qualification of. haft Seal' Assembifes for
Active Safety Systems Pump As{sqmb(ies for Nuclear Power

'

Plants N -

N-551.4 Functional Qualification of Motor Drive's for Safety Systems
Pump Asse(lies for Nuclear Power Plants

,

N-551.5 Functional Qualification of Turbine Drives for Safety Systems.

Pump {eine'ies for Nuclear Power Plants.

These standards are to be balloted independently and submitted for ANSI approval-

via the ANSI N-41 Comittee which has IEEE as the Secretariat.
;
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The Task Foret. respensible for tMs Sc:nda.141. net.uded the fattowing
personnel during ita dt.vtlopet.nts

'

Name of Representative Organization Represented

F. P. Bussick, Chairman Sealol, Inc.
Durametallic Corporation

R. E. Batt11ana Dak Ridge National Laboratory
W. A. Bush Westinghouse Electric Corporation
J. A. Fickling Borg-Warner Mechanical Seals0. Giles Crane Packing Company
.J. Hamaker

-

Florida Power Corporation-
J. C. Hobbs General Electric Corporation
R. W. Howard combustion Engineering Incorporated
Y. C. Krecicki Nuclear Regulatory Comission
A. Taboada
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FUNCTIONAL QUALIFICATION OF SHAFT SEAL ASSEMBLIES l
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 Boiler -
and Pressure vessel Code, Section III, Nuclear Power Plant Components for
Class 2 and Class 3 ccmponents. This . Standard supplements the~se requirements
to provide assurance of operability for the time span required. ,

1.2 Scope .

1.2.1 This Standard estabitshes the recuirements for spec 3a1 design'

and material considerations, and the precedures for functional qualification
% of seal systems for nuclear pumps for safety-related service applications.

The Standard covers all phases of the seal 'deveicoment frcm initial design
through production testing. It,is ther responsibility of the owner or his .
.Aghorfied agent to designate those pumps which are Class 2 and Class'"I
safety-reTated active pumps that require qualification of the seal system

I :under this Standard.
,

,

1.2.2 Functional qualification consists of tests and/or analyses,

! specified herein to demonstrate that the seal will perform its required
i safety-related function. Requirements -allow qualification of a production

seal by analyses which demonstrate design similarity to a seal- qualified by-testing.
. -

1.2.3 Qualification to this Standard is ifmited to requirements for
safety-related pump seal systems and their directly associated appurtenances.
Gas.ermLtmeemm rs, saiaowmurs woe Pvws, rums * tmves 4 a posee Assapeuars
AAC PtavataED sne AntSI 9m8433S N C Gl.1 7J 551 1, M 5SI.4 Aan N 5st. S'.3

1.2.4 A Seal System Functional Qualification Report is required to'

document compliance of a prototype test unit with this Standard. The applica-
bility of 4 seal system for a specific order for a nuclear power plant is*

documented by a Seal System Application Repor.t.
.
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I 2.0 REFERENCES
i

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

N' |

2.1 American National Standards Institute

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

2.'1.2 Na5.2.2 Packaging, Shipping, Receiving, St.orage and Handling - .

of Items for Nuclear Power Plants

'

3.0 DEFINITIONS
'

The fol , lowing definitions supplement those in ANSI N551.1.

3.1 Comoonent Coolant,

i
-

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

-.
,

| 3.2 Desian Bas'is Condition - Seal Cavity
,,

.

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

t

3.3 Infection Fluid
s.Pw ' d"* Fluid is injected into the seal area at a pressui e higher than thee

;

process fluid to lubricate and cool the seal (s) and to prevent leakage of"'

] process fluid.
,

. . .

,

3.4 Process Fluid v
*

.

The fluid pumped.
'

3.5 Production Unit

Productica 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,
i

i

-
4
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3.6 Prototyoe -

I

The equipment' fabricated for qualification testing. It may be a

first article or a unit randomly selected from a production quantity. It.is |
:not a developmental unit, but must be constructed using identical - '

materials, f abrication 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 perfonned to demon-
strate the adequacy of the change.

3.7 Shaft Sea) ,-

A device designed to prevent or limit,'the leakage of fluid between'

two . surf aces of relative motion. This includes mechanical end face seats and ,
,

packing.
.

,

3.8 Shaft Seal System>

A system of shaft seal (s) and auxiliary devices as required that
4

timit the process fluid leakage to the atmosphere or to low pressure systems
4

and collects and directs the leakage.
~

.

3.9 Stress Index

The ratio of the design stress to the minimum ultimate strength of
i

the material.'

.

4.0 FUNCTIONAL SPECIFICATIONS
'

,

1 The functional requirements f.or a shaft seal system for a safety-related
pumo shall be provided in a Seal Specification. This Specification shall be ~
prepared either by the manuf acturer, the owner or his authorized agent in
acccrdance with ANSI Standard NS51.1. The desired method of qualification
shall be identified and included in the Specification.

,

|

5.0 SPECIAL MATERIALS REQUIREMENTS .

5.1 General Recuirements.

5.1.1 Materials not covered by ASME Section III shall conform to
ASTM Standards. Other material standards such as AISI, AMS, SAE, or military
or federal specifications may be used if suitable ASTM standards are riot
available. ,

*
.

*
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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 i

shall certify -that successive shipments have the same properties as those in,

the manufacturer's specification and agreed upon with the seat manufacturer.

5.1.2 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. ,

5.2 Permitted Material Soecifications

5.2.1 Materials used for the gland plate and its bolting, defined!
'

'

as pressure retaining material in ASME Section III, shall be in conformancei

with Section III.
5.2.2 Materials used for seal matino f aces shall meet the following

qualifications as a minimum:'

| 5.2.2.1 Chemical. No detrimental physical property changes'
-

-
shall occur when subjected to tne seal cavity fluids for the times specified

i in Table 1.
-

,

[ S.2.2.2 Temperature. No detrimental physical property .

changes when subjected to the maximum seal cavity temperature specified in'

Table I.;

I '

5.2.2.3 Mechanical. Have a wear rate suitable for the
!

service life when runs against tne mating face material under the conditions'

specified in Table I.-

'

5.2.2.4 Carbon Porosity. Maximum acceptable air leakage
shall be one standard al/hr/in. of '''":'. ..;; when tested under water at a .,

-

N ~.

minimumtestpressureofgpsi.. ,

5.2.3 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.

5.2.4 Materials used for springs, bolts, pins, and 'other metallic
or brittle parts with a stress index greater than 01 shall meet an ASME. ,

,-) specification which controls .theASTMogAMS, z , ,, _ _ ,

quality of the material. ,

5.2.5 Proprietary materials which fall within the definition of-

Paragraph 5.2.4 which do not have a suitable 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.

- <
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6.0 SPECIAL DESIGN REQUIREMENTS
.

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 agreed .to in. writing by the Owner or his agent.

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

For upset, emergency, faufted, and other operating conditions, the'

| seal system shall be designed to operate without maintenance for the specified
i duration and specified number of cycles. If only one cycle of a specific

operating condition is specified, then it is understood that seal replacement
or maintenance is allowed before resuming normal operation.-

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 Soecification

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

7 ,

6.2.1 Tne ASME Boiler and Pressure Vessel Code Section III class
and the date of the applicable ASME Code Edition and applicable Addenda. s

6.2.2 rne design basis' conditions and associated duty cycles as
required by Table I.

6.2.3 The following arrangemedt 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 shaf t or sleeve ' diameter at . seal, shaf t or
sleeve material, shaft orientation (vert. or horiz.), and direction of rota-

| tion.
*

.

i

6.2.3.3 The seal cavity maximum diameter at seal and length.
;

:

! 6.2.3.4 Significant shaft to seal cavity misalingment
condittons, including: .

static eccentricity
.

static angularity .

range of axial travel'
-

.
.

1 .

. .

S
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6.2.3.5 Shaft motions (radial, axial, and angular), relativeI '

to the seal cavity, during eismic and design bases conditions as indicated in
r
: Table I.
.

6.2.4 The following seal external system information.

6.2.4.1 The system pi arrangement, if knuwn. (See
Piping Plans, Tables II, III, W. AuW.) ping

*

,

6.2.4.2 The availability of component coolant, including the
quantity, maximum temperature, pressure, available pressure drop, and chemis-

| try.

6.2.4.3 The availability of . seat injection, including the
quantity, temperature, chemistry, and solids particle size..

: 6.2.5 Maintenance. Special provisions for seal maintenance shall
.

: be specified. This incluoes:

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

,

|
6.2.5.2 The need for assembly and maintenance features to

limit personnel exposure time in radiation fields.-

.

6.3 . Mechanical Face Seals
-

.

Except as peruitted by Table % all mechanical face seals shall be
| of hydraulically balanced type.' *

i .

Either a sliding gasket, such as 0-ring, V-ring, U-ring, or a metal
.

! or rubber bellows shall be used between the axially moving seal f ace and shaft
,

! sleeve or housing.
;

..

For applications involving seal face velocities over 5,000 feet per
minute, it is preferred that the axially movable sea 1 face shall be mounted on,

| the stationary housing rather than on the shaf t.:

|

j 6.4 Packings .

f Stuffing boxes on 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 .k *N,

',

-split. .

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

on vertical pumps, an adequate drain shall be provided so that noi

liquid can collect in the driver support piece.

6.5 Shaft Sleeves;

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

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

On pumps employing an auxiliary seal (other than a throttle bush-
ing), a shaf t sleeve shall extend beyond the seal gland plate. Leakage-
between the shaft and sleeve thus cannot be conf asad with leakage through the

,

; stuffing box packing or mechanical seal faces. .

6.6. Auxiliary Devices
*

|

| The Seal and Punp 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, III and IV.

1 For portions of these systems not suppited with the pump, the Owner or his
agent shall be advised of all necessary requirements. These include, but are

i 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.

I

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

Orains are reconnended at all low points 'in cooling water. piping to
allow complete drainage of pipe and jackets. Piping shall be designed to

!eliminate air pockets. .

)
I

7.0 VERIFICATION OF PROTOTYPE SEAL SYSTEM l

Verification of prototype seal system design shall be performed by
analyses, qualification test or experience. For verification, it is necessary

*
-

.
.

.
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to evaluate prototype seals and previously verified seals to which changes!

have been made that make functinnal requalification necessary. The require-
ments for verification are presented below.

.
..

7.1 General
'

The Seal Manufacturer shall demonstrate the adecuacy of the seal'

! system 7most. To rME 5eAn systte(S ArrtNau es. oss *( Tur owwes. on win. Auswesszdp
Aeast in astuta, os, soTk as THE Fou owiu( ways:+

7.1.1 By supplying documentation that the proposed seal system has
i

: proved itself through a comprehensive testing program. The testing program -

| shall have included full-scale tests at design basis conditions, as defined in
Table !. A detailed description of the tests, test equipment and actual test

*

results shall be submitted. .

7.1.2 By prodding . documentation showing that ' the proposed seal
i. 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
i from the one to which it is being compared.

7.2 Analysis .

i ,

| Although a seal system may not be functionally qualif. fed by analysis
7

. alone, analysis may be. utilized to extend previous testing and/or previous -I

experience to the design bases conditions. Types cf permitted analysis
include: heat generation and removal, mechanical stres1, thermal stress, wear
rate, interf ace temperature, interface pressure, intitrf ace velocity, axial
movement, radial movement, . angular movement, , torsf or al natural frequency.

,

7.3 Qualification Testina -

7.3.1 Test Plan. A Test Plan shall be prepared with appropriate
inspection and test record forms to define test objectives, test fluids,
conditions of the test, permissible maintenance or adjustments, and acceptance

''criteria.

7.3.2 Installation for Tests. A testin'g installation shall be
utilized which provioes 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 ce recoroad as applicable to the test seal assembly
and test installation according to the test plan. Record control points shall
include surface finish, f ace surface, flatness, seat leakage, temperature,
pressure and seal power requirements.

1

7.3.4 Test Secuence. 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 Aoina. 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
providinq documentation showing 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 evaluated when detennining applica-
bility of experience:

,i '

.

similarity of application
environment

j perfomance data
j maintenance and inspection records

7.5 Quality Assurance and Recortino ,

! The quality assurance and reporting requirements appitcable to.

prototype verification are given in Section 10.0.i -

"

.

~

! 8.0 VERIFICATION OF PRODUCTION SEAL SYSTEMS -

i.
; 8.1 General -

,

. .

4

i
' 8.1.1 Production seal systems shall be verified for equivalence to

i a prototype seal system that has a,1 ready been qualif ted.

8.1.2 Verification of equivalency inclaies comparison to a quali-
fled prototype seal system by analysis, testing arid experience or a combina-
tion of these methods.

.

8.2 Procedures - Ecuivalency with Prototype
;

!
8.2.1 The manuf acturer sha11' certify that. the production seal

! systems are identical with the qualified prototype seal systems where it
applies h femaeW*=4e A HAuW cowww. tspostf. afue 1tteot? suh66 utt.buSE'

Vasmcamou - oc vus Fopuaes 'essTsc Au pian 5 %:

i
! 8.2.1.1 Measure and record seal face flatness.
;

8.2.1.2 Measure and record mating f ace flatnes:.'

.

wees m c m asse'

; - 8. 2.1. 3 Leakage check secondary seal componenteand record
! resultsow ps vsge secumeuven emonucmou Aus

-

quAuw coussow woocenotes www.M Assue.a'
,

neuwAcaut se<.euo%e.Y WAL tut 1tactsW. ;
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8.2.2 Where the production seal system does not meet the equiva-
; Ic.cy of the prototype seal system, the manufacturer shall perform additional

analyses and tests, provide additional experience or by a combination of'

th2se demonstrate that the production seal system or those features not
meeting the equivalency test, are qualified for the specified safety-relatedi

i functions. '

|
.

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

,

9.1 Cleanliness

Seals shall be manufactured and assembled und[tr conditions which
allow them to be installed in fluid systems having the appropriate cleanliness'

classification as defined in ANSI M45.2.1. As a minimum,- the mechanical seals
shall be cleaned in accordance with Cleanness Classification C of N45.2.1.

I
'

I 9.2 Packacino, Shiocine, Receiving, Storace
~

I and Hanoling , ,

Packaging, shipping, receiving, storage and handling of finished
7

|
seals shall, as a minimum, be in accordance with Level C of ANSI M45.2.2 as

*

applicable. gap %4 We 4Wh b me May Y4yi

.

%.as.m * *

10.0 QUALITY ASStJRANCE AND REPORTING

10.~,' Responsibility

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

10.2 Appitcable Standards
,,

The quality assurance program requirements and. quality control
requirements are established by the Desian Soecification. This Standard
supplements those requirements. The requirements of tne 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 is the total group of documents and records
requ' ired 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:.

PAF0PR/f7*4dy MA13Dt/4t. 7D M/CW PARAGEA/W$ f.2.4. AND
f.t.r. Aes sfouMotr .sxsts or promuesp sw orr.,A.ZioCU MaTNTdO* '

'

QU44/7Y A33udANC1' SV376tW MCE7/Aldr fMC G W/Od u M45 om'A:t-Cff $U7752,
sff9ai"N>m B. THE FVerMAffK 2Ae4LL DocWHeuy" /A*4/02WC 4 9.O s 7 T o p

.

TNd /J>94/f7NfY Md7A1.!Al M%Ve/FAC7Vdit'$ Qs/4L/7y' .4f3W404NCC
rN/3 MengsfMent.,_

_

d2rren to vent,5Y emmirat'HAArc4~ t'o
'

,

i
- .-.
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10.3.2.1 A shaft seal system assembly drawing with appli-
j 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 water injection fluid or other auxiliary or supporting equipment
should be clearly stated.

,

10.3.2.2 Qualification and Production Testi Report.
j

: 10.3.2.3 Certificate of Compliance. .

10.3.2.4 Material Certifications.
' '

10.3.2.5 Installation, Operation and Maintenance Instruction
Nanua1. '

10.3.3 The Data Package shall be forwarde'd 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 r.ot relieve the
seal manufacturer of his responsibility to comply with all the requirements of
this Standard. .

,

,

. ..

'
' *

,,
. ,.

.

|
*

i .

.

'*

I

t

*
.

.

4

= .

1

.

! .

.
.

'

! ,

;
*

.
.

'
*

.

~

i
* - ~ . . . . .

_ __ . . - _ - _ _ _ _ . . - . - -. . - . . _ - _- _-_. .. - -_ _ .



__ _ __ _ _

- _. + <
, ,

.

12
-

.

. Ttble I. Shaft seal system specification.
|

'

Design Basis Condition
,

2Safety g,
Related Service Hydro 5 41

Normal Function Tests Static ,Other

| | Fluid
| Pressure (PSIA)

Temeerature ('F) X
: .

Thermal Transient
Conditions Rate, Range and
at Seal Direction ('F/ min.)

; Cavity Thermal Transient
Duration (min.1

: Allowable 6
1.eakaoe

Radittien (Rads) X
|

Speed (RPM) || X
'

. Abnormal Numoer of .

Condition Cycles
info (Design) Duration of' .

*

1.ife) Cycles (Hrs) *

Component Pressure (PSTA) IXl.

Coolant Tem erature (*F) 'X
| Conditions Flow Rate (GPM) I, uX

.. LNeign
Static (Hrs) I Xi Xi XI| 0
Dynamic (Hrs) |X|X|X)

-

.

*
.

NOTES .

.

(1) Normal conditions refer to seal conditions in pimp which are required to function
during normal plant operation.-

,

(2) 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.

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

(4) "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. ,

,

(5) Include this information if seal is to be used during hydrostatic tests.
,

,

(6) Allowable leakage refers to that leakage which can be collected as liquid at the
seal operating conditions. .

.,

-. . . . . .. . , ,

- . _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ , . _ _ _ _ _ . - _ _ - - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ _ , _ _ _ . _ _ _ _ _ _ _ . _ , _ _ _ - .
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Table E Limits for unbalanced seats .

Seal Maximum Maximum Sealing

Diameter Shaft Speed Pressure .

(Inches) (RPM) (psig)
<

1/2 to 2 Up to 1,800 100
1,801 to 3,600 50

.

4

50Over 2 to 4 Up to.1,800 -

1,801 to 3,600 25

!
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... . . .
.

This docynent is a composite of the December,1976 draft of the
.-

.

* ~ - ' ~.

same document and an undated three-page version derived from the

concepts set forth in the December,1976 draft.
-

Input for May,1977 draf t and the September 1977 revision was

received from:

D. G. Cain Electric Power Research Institutel

R. H. DeLisle Westinghouse Electric Corporation
D. J. Meraner General Electric Company
1. U. Rodens Westinghouse Electric Corporation
M. W. Sheets General Electric Company

The January 1978 revision resulted from ballots received from theI

I

| following members of working group 2.2 of IEEE, NPEC, SC-2:
|

D. G. Cain EPRI

C. V. Fields Westinghouse Electric Corp.~

R. L. Nailen Louis Allis
E. E. Richards Siemens-Allis'

, I. U. Rodens Westinghouse Electric Corp.
i

M. W. Sheets General Electric Co.*

W. G. Stiffler Reliance Electric Co.
F. L. Unmack General Atomic Co. *

P. R. Weihsmann Reliance Electric Co.
R. F. Gilton Siemens-Allis, Chairman

Task Force to Review ASME-N-551.4

The September,1978 revision resulted from comments received at the

June,1978 N551 Steering Comittee Meeting, from Mr. W.H. Wepfer's

coments on January 1978 Draft of N551.4 and from coments received

from Reliance Electric Co. Revision incorporating above by R. F. Gilton,

Siemens-Allis, Inc.'

, -

The October,1978 Revision resulted from'coment received from ANSI /ASMEI

|
'

|
N45 N551 Steering Comittee at the Septenter 2,1978 Steering Comitte

| 3wuk /H 9 A'* v '15: As:r**td | %
&* * *"N f"k; Meeting.
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1.0 INTRODUCTION f
*

-

Safety Class 2 and 3 s,a'fety-related pumpsThe motors fo N
. . _f

are relied upon to safely shut down the plant-or to diitigate the'_ ,g'.Z,

, consequences of an abnormal event. These pump motors are classi ' o'- fr "'

; .M ' p&
7

fied 1E as defined in IEEE Standard 308-1974.
s
' % kj:

+
2.0 SCOPE _

This document _ lists references and outlines procedures for qualifying .
,'

pump motors for ass IE Sefvice.
.

'

' '# "'

3.0 REFERENCES .

...

3.1 American National Standards Institute (ANSI) Standards

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

!
3.2 Institute of Electrical & Electronic Engineers (IEEE) Standards

1) IEEE-323-1974 - Qualifying Class IE Equipment for
Nuclear Power Generating Stations.. .

IEEE-334-1974 - Standard for Type Tests of Continuous
! 2)

Duty Class 1E Motors for Nuclear Power Generating Stations.'

|
3) IEEE-344-1975 - Recomended Practices for Seismic

, .
Qualification of Class 1E Equipment for Nuclear

j Power Generating Stations.'

i 4) IEEE-308-1974 - IEEE Standard Criteria for Class IE
Power Systems for Nuclear Power Generating Stations.

: .

5) IEEE-112-1978 - Test Procedure for Polyphase InductionI
'

' Motors and Generators.
,

I
' 4.0 SPECIFIC DEFINITIONS gg e ggg7J, yyg

,

The documents referenced in 3.0 contain : ff'-kr. specific defini-4

tions for ',g.g;,,.g.gg: :=c.J.. .

5.0 SPECIAL MATERIAL REQUIREMENTS
i

.'5
:

. 3[N N [.4.b!.!5 b.5' $.. ?. U.u.9. .
'

k ... . . . . . .7 <__. . .
,

| ~..

shaft material may be required (see Section 8.5.1) pump shaft, special,
.

If the motor shaft is extended to also act as thei It shall' be the ..

j 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 --~h--*=- of each piece of equipment
-

e s puwd.sHJ

-3-
-. .

e

. - . . _ _ _ . . - _ .. -- . . ..



-, .

'..
*

* -
. .

,

.

6.0 SPECIAL DESIGN REQUIREMENTS
e e e.nade.nr.t'

6.1 In addition to meeting the ;;; i......s of Nema MG.1-1978
where applicable, the motor shall be designed so that it
can be qualified per the following.!EEE Standards.,' , ,

,.ps g ,,

.1) IEEE 323-1974
- %;4,!.p-'

,2) IEEE 334-1974 PT '.'i. '

3/ IEEE 344-1975 @y._:
m

6.2 Interfaces

Interface loadings via physical attachments the M N -t ~

et .... m ,, .at h=tg sh 11 be specified for each operating

during the qualification program to WMgrgnalyzedmode. These external loads be simulate
_ _ _ _. _--e that the

Wr e< ;;- !;n..; can perform its required function. In the same
manner, =th: power or control signal inputs, including those

.

i

that deviate from noma 1, ss s+ be specified.au'
a.

!
7.0 QUALIFICATION SPECIFICATION CRITERIA

General

The qualificgign program specifications for nuclear power generating
station ;5?,,..~..; incorporated in a system required to perfonn a
safety,fgion must describe all the criteria to he met to qualify
the _m _..t for its intended These criteria fonn the
basis for development of aA ;ygation., .-...... qualification program. As a a

minumum, the following shall be included:
t

|
(1) Description of the safety function (s) of the N8%;t

'
' k3"!M'*"!!?.4,!**'QMWL'.!'',* *b'?? W**"#*

(gy
ElfEE53U.55[aidWEh.$.AU.)ysical ori$tation e/

~'

*
'

rue .r= rwa.w seesihsa' ,

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

.

(.4) Design codes and standards applicable to the manufacture
,

of the quf; _:nteeret'

(5) Specific qualification standards that pertain to the 2,,;;iik
ti,.; ef :;;ien ntu ar*<r.

(6) Definition of nonnal environment and normal operating loads

(7) Definition of the (nonnal and abnonnal) service conditions for
the = u.f- Am f= at and the limiting criteria for functional perfonnance* -

(8) Inclusion of margin in the qualification criteria / )
>r .

(9) Acceptance criteria 'for qualification [. *

j

! (10) Identification of significant aging mechanisms, if applicable
f

(11) Requirement for documentation of the 8$nt qualification.'

-4-
'

.
- ..
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%
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7.0 Qualification Specification Criteria continued* -

Pre-operational or UMN testing performed after installation
and acceptance of the =*;mt is outside the scope of this standard.

. n .-
-; 8.0 QUALIFICATION

8.1 Ob.iective#: ive and essential auxiliary apparatus can perform itsg principal objective of qualification is to demonstrate- *

.that the
designated safety function. Functional capability, as opposed to
reliability, is the intent of functional verification. "-g,--

A suitable combination of one or more of8.2 Qual.ification Methods _:
the following methods shall be used to assure proper qualification.

-IEEE Std. 323-1974 shall be consulted for general details in the
application of these methods. IEEE Std. 334-1974 shall also be
considered.

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

A

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

m.m t; :r. to be qualified, or in other environments if the
differences can be justified.

8.2.3 Qualification by analysis utilizes a documented process of
-

4.. , 45 =:S; 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

,

I
GAL 45, As oTOC3.

i

Ongojngg;ification utilizes the observations of the operationwhich may d t.tr have its aging processes accelerated
' ' - 8.2.4

of,..,_.
or its aging processes angogegation started prior to the required

, , ,

service of the installed ,_.,u.:. Ongoing qualification may also-

be viewed and, documented as a test of unusually long duration.,

'

.

U 8.2.5 Combined qualification utilizes a combination of two or more of
the methods outlined ebeve,. A. f u s, f. A.t. e. P. 2.. s Azue.

.

8.3 Qualification Procedures

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

.

8.3.2 The appropriate analytical procedures of IEEE 323-1974. IEEE 334-1974i

and 344-1975 shall be utilized if all, or a portion, of qualification;

program utilizes qualification by analysis.

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

"I'd'46
8.3.4 The appropriate procedures for qualification by experience

*
.
'

of IEEE 323-1974 shall be utilized whenever experience is
L

utilized as a qualification procedure.
.

i.

| I 8.3.5 Verification and documentation of the Qualificaton Program

shall comply;with the muf r.Qf ANSI M45.2-1977 S::'s-i

2: M m. gelectric motors. %, , ,,,;,s
n s a rrLe s< ue re rwe m~" !a eru4* * /

5-' '
:

_ . .

* '
.

_ . . . -
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8.0 QUALIFICATION (continued)
,

~
-

8.4 Extrapolation Procedures* *

IEEE 323-1974, IEEE 334-1974 and 344-1975 shall be utilized
!

8.4.1 |

as appropriate, to develop procedures for establishing the
a selected production a %gerfonned -d

l 1validity of the Qualification Program, nogdh, relative'*2-~
i

on a prototype or o
to production to be used in the nuclear power plant. .

-. e. .
,

,

materials, processes or design between r

rgting, awl used in the Qualifiction Program8.4.2 Differences i
and Sproduction

shall be documented and justified utilizing the principles
-

|

"

established in IEEE 323-1974, IEEE 334-1974 and IEEE 344-1975 ,

as appropriate.

8.5 Interfaces

equipments (such as motor and pump) piece of equipment, betweenInterfaces 'between components in a8.5.1 and between equipments and
other plant components (such as pump and piping) shall be
considered by the organization (s) resp (onsible for the designof 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.

,
,

,

When equipment, a device or component is selected for qualification,' T * *'jStfu ** 8.5.2
a boundary shall be established which envelopes what is to be2 * 8 r *~" 8 ' * f*? % s

r w a e va a * /t da r""' quainted. This bouncary may go through interfaces.

8.5.3 In establishing the boundary for specific equipment,
associated components required for installation in the field,

shall be identified and qualified using the principles defined
'

!

in IEEE 323-1974, IEEE 334-1974.and 344-1975. Such components
could include:

.

Seals for electrical cable connection boxes, cablea.
i: trays and cable conduits.

-
I,

' 4. I. ;;;.;" #'"S

,i
(s. Piping and pipe supports

j .,

! 4. Couplings for motor shafts
.

>;
I, d. Pbunting hold-down bolts

!' 458e* The above components, located within the interface boundary.
.shall be clearly defined and qualified by the organization having
design responsibility for each component, to assure that the

i qualification maintains its validity after final installation.

,

-6-
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9.0 SPECIAL CLEANING. SHIPPING AND STORAGE REQUIREMENTS
.,' i

'
.. .,

* *
' - -

'

I: 9.1 Cleaning shall be accomplished in accordance with the
-..

#9usma** : ;d n-+t of ANSI N45.2.2-1972 insofer as to
the manufacture of electric motors. M'

*

Packaging and shipment shall be accomplished in accordance WOf.(D
I '

9.2 ?- M RE' |I with the Quality Assurance program established to comp 1
with the requirments of ANSI N45.2.2-1972 ineefer as i. u c h -l -

f
vidrI445jhG2Nde2W42 t bh1d'

,

Storage of the motor at any) intermediate destinatic$n for a
<

9.3 -

period not to exceed one (1 mnnth shall be per the motor
*

.

! manufacturers reconnended comercial storage procedures.i
-

Motors at intennediate 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 nonna11y include energiied
space heaters, addition of lubricant and rotation of shafts .

j

on a periodic basis);

:

!

10.0 QUALIFICATION DOCUMENTATION AND RECORD RETENTION'
-

mes. e|
f 10.1 A specific statement of qualification shall.be stated as'

I required by IEEE 323-1974 Section 8.1.
: t-
| ' 10.2 Qualification records shall be retained as required by

i IEE6323-1974 Section 8.2.

11.0- QUALITY ASSURANCEi
.' . ,

i 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 4eeefer as O. , .,,,1/an'4sc4,
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 of4

'

published manuals, specifications and procedures,;

i

*
% ..g
. .s * *\.* .
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