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SECTION 3
TECHNICAL SPECIFICATION

3.0 INTRODUCTION

This section covers the technical and particular requirements for
the Nuclear Safety Class 2 and 3 and non-nuclear safety class
Power Operated Diaphragm Type Valves and Accessories to be
irstalled at the Comanche Peak Steam Electric Station, a two-unit
PWR nuclear power plant. It forms part of the total
specification wnich includes Sections 1, 2, 3 and its
Appendices 1 thru 10.

3.1 SCOPE OF WOTK

»his specification covers the design, manufacture, inspection,
testing, certification, cleaning, packaging ani1 delivery of
Nuclear Safety Claess ind Non-Nuclear Safety Class Power Operated
Diaphragm Type Valves and Accessories for shutoff and /or
modulating service as described herein. The valves are limited
to diaphragm designs cperated by electric motor or air actuators.

3.1 WORK INCLUDED

a. Diaphragm type vilves with accessories as delineated by this
specification and in accordance with the attached valve data
sheets. All accessories shall be piped and/or wired and
mounted on the vélve operators.

b. Electric motor, air piston or air diaphragm actuator
assemblies as spaecified.

¢. Flectro-pneumatic and/or pneumatic positioners for modulating
service when specified.

4. Pipe reducers or nipples welded t> the valve ends where
specified on the valve data sheets.

e. Air sets, sol2noid operated pilot valves, limit switches,
torque switches, and any other accessories indicated on the
valve data sheets.

£. Miscellaneous 2ccessory equipment not shown on the valve data
sheets, but recuired for proper operation, or ty the intent
of the drawings shall be furnished. Fach accessory shall be
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lientification System
SF Spent Fuel Pool Cooling and Cleanup
s Ssafety Injection
e P For Information Onl;
TF Boron Thermal Fegeneration
WD Solid wWaste Disposz2l
WP Waste Processing - lLiguid Poreicm
3.5 PERFOPMANCE GUAFANTES

mhe Seller shall guarautee the perfcrmance 5f each v:l?e as
follows:

a. Valve flow coefficient (CV) €or *he fluid data shown on the
valve data sheets, as proposed by Seller

b. Abi‘ity of the valve <O <cpen anié/or close against the
pressure @iffevrentials shown on the valve data sheets, within
the specified full stroke ~ime

e. The ability of valves and actuators 0 perform their intended
funceione without undue wibraticn, noice or excessive wear
when operated under the specified ncermal and abnormal £luid
and ambient conditions

a. The ability of Tmactive" valves =0 perform their intended
€unctions during and after the prescribed events

e. Zleakace values as epecified.



Gibbs & Hill, Inc.
Specification 2323-M8-504
Pevision 1

November 30, 1976

Page 3-35

For Informats
3.7.13 STRESS AND SEISMIC REQUIFEMENTS

3.7.13.1 GENERAL

a. All Class 2 or Class 3 valves covered by this specification
shall be in accordance with Regulatory Guide 1.LE and suall
Conditions, unless

be designed to Category I Seismic
otherwise decignated on the vValve Data Sheets.

class 3 valves shall be designed for plant

b. All Class 2 oOr
d combinations specified in +his section.

conditions and loa
e. All Class 2 or Class 3 valves shall be crnsidered nactive®

resulting in the stress limits defined in Table 3.7=-13.
2:.7:%13.2 OPERATING CONDITIONS AND LOAD COMBINATIONS

-

3:7:.93:2: 1 OPERATING CCNDITIONS

ondi+ions are defined by the ASME BLPV Code,
39132 ané NE-3114, In accoriance with
risk to +he public.

Component operating ¢
csubsection N3, Paragraph NE-
their anticipated Ireguency of occurrence and

~re component operating condizions are as Iollows:

ondisione == Normal operating conditions are the same

a. Normal conc =2
as the valve desigr condizions given on the Valve Data Sheet.

. 2 3isione -- The <test ~onsists cf opening and closing

the valve fully and pressurizing the valve to 1.5 times the
design pressure in baeh éirectzions and checking €cr leaks.

3.7.12.2.2 TOLD COMBINATIONS
——————— - -a-ab: -~

*re reguired 1load ecombirazions Ior Tae ompenent Sgerating
conditions specified in section 2.7.13.2.1 of =his cpecificaticr
have been categorized under nplant Condition" in compliance with
Tegula+ory Guide 1.48 and are lisved as follows:

Ofl()nly
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a. ( component Normal Conditions (same as design) >
Blant Condition Loading Combination
rormal Internal pressure + dead weight +

sustained loads + thermal expansion *
: occasional load

Upset Internal pressure - deald weight +
sustained loads + 1/2 SST + thelmal
expansicn + occasional load +
transients

Fmergency Interral pressure + weight + sustained
loads + SST + thermal exparnsion ¢
occasional load :

Faulted Tmternal pressure + weight ¢ sustained
load + SST + pipe rupture ané/cr
impingement effects where applicable +
sherm=l expansion + occasional loads Rev.l

Test Not apprlicable

b. Component TestT Conditions

Blapt Condi=con loadinz _Combination
Normal mhne Talves will be subjected O loads

which are as follows:

Internal pressure + deuad welght ¢
sustzined loads + thermal expansion ¢

occasionzl loal
Upset No+t applicalble
fmergency Mot zppiicable
Faulted Not applicable
Test Not applicable
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Cefinitions:
1. ssT - safe shutdown earthgquake
2. Tnternsl pressure - design pressure as specified on the
valve Data Sheet
3. neadweight - weight of valve
8. Occasional load - single 500 1b. force vertically
downward through the centerline of the valve
S. sransients - 100 F/hour between 40 F and valve design
temperature detailed on the Valve Data Sheet
6. mhermal expansio.., sustained load, pipe rTupture,
impingement effects, SSE loads _and esE/2 load as
follows:
Thermal
Txpansion a
Thermal SSE SSE
valve Size Momen<t Moment Momenst i s
~dineh) Loghexips) {Znch-Eips) Lneh-Fipsy | °*
3/s 6 2.0 1.0
1 1.C . - 1.8
1’1” 3.0 10.0 5-0
2 6.C 18.0 9.0
2-1/2 7.0 20.0 10.0
3 1.0 20.0 16.0
-12 1s.0C us.0 23.0
u 19.¢C 60.0 30.0
€ 46.0 153.0 77.0
L 230.C 7¢2. 0 280.0
10 450.0C 1,383, € £€70.0C
12 780.0 2,200.0 1,110.0
14 960.0 2,870.0 1,435.0
1€ 1,6820.0 4,28C.0 2,180.0
18 2,000.C 6,000.0 3,.,000.0
20 2,780.0 g8,200.0 e,100.0
28 4,750.0 14,200.0 7.100.0
30 10,500.0 16,000.0 £.,000.0
36 16,200.0 24,800.0 12,200.0

N ———— —
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All moments are resultant moments and must be applied at
the valve's weakest axis.

sustained loads are equal to the weight of all valve
handwheels, operators and appurtenances ¢+ a sStress
1500 psi acting on <the valve due to unsupported pipe
weight on each valve end.

Pipe rupture OT impingement effects are applied ®o
certain high energy containment icolation valves and are
epecified on the valve Data Sheet where applicable.

For Information Only

Rev.l

. . S —
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3.7.13.2 ALLOWABLE STFESS LIMITS

ASME Code Section IXI, Class 2 and 3 components sh2ll meet the
stress limits shown in Table 3.7-13.
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TABLE 3.7-13
STRESS LIMITS FOR ASME CLASS 2 AND 3 ACTIVE VALVES ;
Formal or Upset per code

Nermal ¢ OBE or
Upset ¢ OBE P

For intormation Ch'y

Emergency ¥

Faulted P

Y ? = Primary gressure rating corresponding to

z
tlie pressure-temperature classification

defined in ANSI B16.5
CBE = 5 SST

- 8 Valves shall be designed using only the
esandaré design rules of NC-3500 and FD=-3500

of ASME Section III

o~ 3. In adéition to compliance witi the degign
; N imits specified, assurance cof operability
under all design loading mombinations shall be
provided per paragraph 2.7.14.
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3,7.13.4 SEISMIC PEQUIREMENTS
3.7.13.8.1 SEISMIC CATEGOFY I

All eguipment, furnished under <this specification, shall be
designed and analyzed in accordance wivh the applicable seismic
category of Sibbs & Bill Specification 2323-85-20, Seismic Design
Ccriteria for EFguipment Design.

The seismic loadings shown in +he table below shall be used.
mhese loadings are t0O be considered as eguivalent e+atic loads at
«re valve center of gravity acting simulta

Borizontal
Eguipment gcondition Lccelezation Acgelezation

ceismic 13 4 3.0 2.0
Category I (o} 4 4 2.25 1.9

All valves must have a natural frezuency of 33 Fertz ©Or moOIe.
3.7.18 VALVE OPERABILITY

all Class p or Class 2 ecuipment £urmished under this
specificazion shall De considered npctive" ©OF weassive” with
regard €0 «he oOpersbilitsy reguirements nf +he refevences
fparticularly Regulatory Guide 1.48) as epecified ON «he Valve
pata Sheets.

3.7.168.1 VALVE OPERABILITY = ACTIVE VALVES

Ar  individual prototvpe valve of each type O be gualified will
pe testeld fcor cerification of opezabilicy during a simulated
ceiemic event DY Aemonstrating spezazional capabilicies within
she specified limits IOT the CSnastasShsS 1ic=ed on <he Valve Data

sSheets.

»re basis for applying prototype ‘est results to the ac-ual
valves supplied shall be demonstrated Dby =the manufacturer and
subject tO Owner's approval. Justification may include:

vMore severe test conditions for protctypes +han for actual
valves supplied.

Protosype seismic response more severe because of material or
other physical considerations.

[rev.l

neouslyg®
For Informavon U,
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c. Actual valve size falls between the size of two essentially
identical (except for size) prototypes tested.

3.7.14.2 VALVE OPERABILITY - ACCESSORIES

Solencids, 1limit switches and other electrical appurtenances for
Class 2 of 3 valves shail be gualified under IEEZE 323, 344 and
382 as applicable.

3.8 MATERIALS
For Information Omy

3.8.1 GENEFPAL

Materials +to be used in valve construction are specified in the
Valve Specification Sheets and for Class 2 or Class 3 wvalves
srall meet the reguirenents of the ASME Code Section III, along
with the published Addenda in effect at the time of the contract,
and the additional requirements specified herein.

3.8.2 ALTERNATE MATEFPIALS .

a. For consideration o©f alternate materials, the Bidder shall
demons-rate that succested materials comply with «he
applicatle codes anéd are compatible for attachment to the
Putchaser supplied components., Non-code approved materials
for specifi purpose or application shall not be used in
Class 2 and 3 valves.

b. After awaré of contract, no substitute COr dlternzte materials
will be allowed under any circumstancec.

3.8.3 ONACCEPTABLE MATEFIALS

. 111 mzcerizls of conescrction shall be free 0f low melting
point materials as glloving consticuents, <hat is lead, zinec,
cadmiunm, 2in, antimony, mercury, pismuth sulfur and
rischmetals and <their compounds. Also, processing and
cleaning materials, manufacturing processes, shop +tools,
marking mzterials, paint coatings, «hread lubricemts, and sO
forth, shall be free of low melting point materials. If no
practical substitute exists for processing materials, an
exception is permitted provided tha* +he low melting point
materials are completely removed £rom all surfaces (with

™ particular emphasis on areas Of restricted accessibility,
SN such as holes, corners and crevices) especially prior to any
exposure +tO temperatures above ambient éuring fabrircation,

B R R e o
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SCOPE

The parpose of this document is ¢to define the
seismic design criteria for eguipment to be
installed in Comanche Peak Steam Electric Station,
Onit Nos..1 § 2.. The eguipment supplier shall
verify that said equipment can meet its performance
reguirements during and following a seismiz
distuarbance. .
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2.0 CIASSIFICATION QF EQUIPMENT
2.1 Equipment is classified into two categories,

Seismic Category I and Noan-Category I for the
purpose of seismic design.. These categories are
defined as follows:

23,1 Seismic Category I - Eguipment, components, and
parts therscf, failure of whica could lead to a
release of radicactivity in excess of the guideline
valoes in published regulations pertaining 1=
accident considerations or prevent a safe shutdown
of the reactor..

3¢ 1:2° Non=-Category I - Eguipment, components, and parts
therecf, not included in Seismic Category I..

a 1.3 mhe seismic classifications of particular pieces of
equipment are givea in the applicable equipmant
specifications. .

ced The response of any Neoa=-Category I egquipment €5 the

easthguake loadings shall not adversely aflect <=2e
integrity or operatcility of any item designated as
Seismic Category I..
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EARTEQUAKE INTENSITIZS AND RELATED DESIGN
OETECTIVES = SEISMIC CATESORY I EQUIPMENT

Earthquake intensities to be considered in the
design of Seismic Category I egqulipment are as
follows:

The Safe Shutdown Earthquake (SSE).. During axnd
after this event, all Seismic Categery I equipment
must continge to fuaction in such a manner as €
permit a safe and corderly plant shutiown without

loss -of integrity..

The 1/2 Safe Shutdown Earthquake (1/2 SSE).. Duzizg
and after +¢his event, all Seismic Category I
equipment wmust continue to operate undamaged with
no loss of normal fanction.. It shall respend as
reguired for normal operaticm..
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8.0 METHEODS OF DETERMINATION OF SEISMIC ADEQUACY -
SEISMIC CATEGORY I EQUIPMENT

8.1 The equipment supplier shall demonstrate the
capability of his eguipment ¢o0 withstand seismic
loads in accordance with Section 3.0, and the
seismic classification specified in the applicable
equipment specification, by either of the following

. methods:
8.1.1 Analytical Metheds. . (Predict the egquipment
performance by mathematical analysis).. These

methods without testing may be performed if it can
be conservatively demcnstrated that  structural
integrity alone can assure operability of seismic

Category I eguipment..

8.1.2 Testing Methods. . (Test the egquipmen: nzic<s
- simulated seismic conditions)..

8,1.3 Combination of analytical and test methods may be
performed when a complete seismic testing is
impracticable. .

4.2 The eguipment supplier shall furnisk in kis bid

detailed description of the procedure to be used
for predicting the egquipment perfcrmance under
seisnic disturbances by analysis and/cr by tssting..
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ALLOWABLE STRESSES AND DEFORMATZICNS BASED ON
ANAIZS.S - SEISMIC CATEGORY EOIPMENT

The zaxiazzm stcesses iz the eguipment, incluliaz
the 2ffects of the normal operating loads plus <t3e
1/2 safe skutdown earthguake, shall be maintained
withina the zormal allowablie material working stIess
iinie acsepted as good practice and as set forTa
in ¢he agpropriate design standards and ccoles [as
applicable) specilied in the eguipmens
spec Sications..

mhe . r=xzmzm stoesses in the ecuipment, including
she esfects ¢f the normal operatiag lcads pluos =
safe .shu=fown eazthguake, shall be limited "€
pravext less of function ¢f the eguipment.. Far tle
purpose ¢f calculation, ¢the 2ao-less-cfi-fuxctmm
stresses shall He limited =5 S0 percent of <the

yield strength of <the cexial (izcludiang shear
vield) or as otherwise set forth in tlhe apgrogriate
design  stancaxd and ccles specified = t=2e
ecuizment specificaticas..

Deforzations resulting frozm the comtined influence
cf ncrmal cperating lcads and the 1lsoads <fSrom t2e
g2fe shutiown easthguake shall be Investiga<tel <
verify that <hey will not inpaiz fancticnal
perssr=ance.

For the 1/2 SSE, the eguipment fzaction skhall be
performed without permanent celg ti

For the SSE, perranent defsrmasics is tclerzile 2
iw does not impair the eguipment functico. Calis
glastic azalysis shall dexcnstszte structoal
incegrity. . Losal, self-limiting, secondary

——— - ’--

stresses may exceei yield stress levels To tae
extent as set forth in the approgriate desigm
scandards and codes..

Fatigue analysis, where recuired by the cces,
shall be performed by the egquipment supplier, using
a mininuwn of 600 lcad cycles for 1/2 SSE.

-
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I1TRODUCTION

The purpose of these calculations is to demonstrate that the valves
being supplied by ITT Grinnell Dia-Flo Division are designed in ac-
cordance with Gibbs & Hi11] Specification No, 2323-MS-§04 and meet
the seismic design requirements of the specification covered by this
report, These calculations apply to the below-listed valves.

-

Huclear
Dia=Flo Dia., Valve Coge Customer
I1tem ‘o, Drawing No., Descriotion Class Tag No.

1 SD-C-105825 4"-150# S.S. 2 1-HY=5157
1-HV=5138
c=HV=5157
Z=HV=-5158

For ske actuzl seismic czlculations, see Appendix A of this report,
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The method of analysis is based on applying static forces resulting
from the quivalent earthauake accelerations acting at the centers
of gravity of the extended masses, Using free body diagrams and
strength of materials formulas, stress distribtutions in equilibrium
with the applied loads were determined,

Principal stresses were calculated for valve component parts which

are essential to the pressure integrity or functional acequacy of

the valve. These s*resses were then :zmpared to the applicable ..‘\
allowable stresses in the 1974 ASME Boiler and Pressure Vessel Code '
including the 1975 Winter Addenda. Vhere applicable, minimum wall

was determined per Table 3.7-13 of Gibbs and Hill Specification No.
2323-M5-604,

Testing was performed to determine the natural frequency of the valve
assembly. Refer to test report number 3433 for additional information,
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For the analysis of thece valves, the lcad combinztions con-
sidered were thosc resulting from the Faulted Plant Condition as
defined in the design specification, since this represents the
most severe load case.

The equivalent static forces were calculated by multiplying
the applicable valve component part by the appropriate seismic

coefficient (i.e., either the vertical or horizontal seismic co-

e‘ficient).

The vertical seismic ccefficient ¢f 2 g's was determined by
taking the 2 g coefficient roquired by the design specification
and adding 1 g to it to acceunt for the valve weight. The ver-
tical seismic coefficient is denoted by 9 in the cajuuTa:ifn:.

The herizontal seismic ccefficient of 4.24 g's was deter-
mined by assuming that tw. horizontal seismic accelerations occu-
simultancously. - By combining the two 3 ¢ horizontal accelerations
required by the design specificaticn by the square root of the sum
of the squares method, an equivalent horizontal acceleraticn of
4.24 g's was calculated. The horizontal seismic coefficient is
denoted by °. in the calculaticns.
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RESULTS OF SEISMIC ANALYSIS

The stresses in the valve components resulting from the applied loads

were found to be below 90% of the minimum yield stres;si_and as specified
in the 1674 ASHC Boiler and Pressure Vessel Cocde including the 1275 Winter
Addenda. ’

Further, the resultant stresses in the valve structural components are
such that no yielding takes place and the cperability of the valve is
maintained,

For results of the natural frecuency testing refer to report no. 3433,
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CERTIFICATION

This is to certify tnat this seismic caicuiation meets the requirements
of specification 2323-MS-604, Table 3.7-13 as modified by Appendix C of
this report. More spacifically, the nozzle end stress is calculated
using the minimum wall per the design drawing as opposed tc that speci-
fied in Table 3.7-13 of the azbove mentioned specificatien.

!

' . “a \ ," ; - 2/
< "";M/LJL"- \,,,-,.,,,({ )27 -8/
rin " 8§, Schmidt, Sen. Prod. Eng.
RG.BxBa  1-29-81
R. Butler, Sen, Prod. Eng.
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APPEICIX C

Minimum Wall Calculation
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SECTION 3

TECHNICAL SPECIFICATION

3.0 INTRODUCTION

This section covers the technical and particular regquirements for
the Station Service Water Screen Wash Booeter pumps, the Chilled
water Recirculation pumps anA their drivers which are nurlear
safety related at the Comanche Peak Steam Electric station
(CPSES), a two unit "wF nuclear power plant. It forms part of
the total specifica+ion, which includes Sections 1, 2, and 3 and
its Appendices 1 through 6.

3 SCOPE OF WOPK
3.1.1 WORK INCLUDED

_ This specification covers the design, analysis, quality
{ assurance, manufacture, shop testing, inspection, certification,
‘ cleaning, finishing, packaaging, operating and maintenance
instructions performance, and delivery in accordance with ASME
BEPY Code, Section III, Class 3 pumping units as listed in
Table 3.%-1, each pumping unit shall include, but is not limited

to, the following accessories and services:

a. Flexible coupling
b. Flectric motor driver
c. All integral fitted piping and trim

d. Coupling guard

e. Common baseplate for pump and motor iviver for horizontal
pumping units »

£f. DPrimer and protective coating

a. One complete set of new special tools and fixtures necessary
for proper installation, adjustment and maintenance of each

pumping unit

h., Seismic anA nozzle load calculations for the pumps; motors
and baseplates inclusive as a complete unit
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4 DELIVERY DATES

delivery of the eguipment covered by this specification is

critical, and must arrive at <obsite complete with all
assemblies, subassemblies, parts, tools and accessories no later
than the following:

-Onit No, 1 -Opit _No. 2_
Number Date NYumber Date

Station Service Water 2 11-16-79
Screen Wash Booster
Pumps

Chilled wWater
Pecirculation Pumps

3.2

k.

3.3.

2 09-01-78 2 11-16-7{:)

QUALITY ASSUFANCE REQUIREMENTS

Quality assurance shall be ia 2ccordance with attached,
Quality Assurance for Procurement of “atovials and Equipment,
Specification 2323-GS-903, Appendix 3.

The pumps purchased under this specification are
nuclear-safety related and require special consideration
during desian, purchasina, fabrication, handling, shipment,
storage, cleaning, erecticn, installation, inspection and
testing. For reguired tests see Paragraph 3.8; for recuired
inspections see Paragraph 3.9; and for documentation and
records see Paragraph 3.10.

CODES AND STANDARDS

Each pump and 4its auxiliaries shall be in accordance with the
latest edition including all addenda of the following codes,
leagislation, requla*ione, and standarde in effect on the date of

the
a.

F.

curchase order:
Code of Federal Regulations - 10CFRS50
American Society of wechanical Fnecineers (ASMF)

1. ASMF BRBoiler and Pressure Vessel Code, Section III,
Nuclear Power Plant Components, Class 3 Components
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8 ASME Boiler and Pressure Vessel Code, Section II,
Material Specifications, as referenced by Section III

3. ASME Poiler and Pressure Vessel C(ode, Sectien IX,
Wwelding and Brazing Qualifications, as :&ferenced by
Section III

4. ASME Boiler and Pressure Vessel Code, Section XI, FRules
for Inservice Inspection of Nuclear Power Plant
Components as specified herein

American National Standards Institute (ANSI)

1. ANSTY sStandard B16.5 Steel Flanges and Flanged Fittings,
as specified herein

2. ANSI Standard B16.11 Steel S.W. Fittings, as specified
herein ’

3 ANSI Standard B16.2% Buttweldina Fnds, as specified
herein

4, ANSI Standard Nu45.2.9 "Peguirements for Collection,
Storage and Maintenance of Quality Assurance Records for
Nuclear Power Plants"

S ANST Standard Nu4S5.2.11 "Quality Assurance FReguirements
for the Desicn of Nuclear Power Plants"

€. ANSI Standard NuS,2.13 "Supplementary Quality Assurance
Reguirements for Control of Procurement of Ecuipment,
Materials, and Services for Nucleary Power Plants"

7. ANSI Standard Bi. ' Pipe Threads

8. ANSI Standard Nu5.2.2 "Packacing, Shipring, Peceivina,
Storage and Bandling of Iteme for Nuclear Power Plants."

Q. ANSI Standard N.u45.2 "Quality Assurance Reguirements for
Nuclear Power Plants"

vauclear Pegulatory Commission Fegulatory Guide: as specified
rerein.

American Society for Testing and Materials (AST™), as allowed
by the ASME BEPV Code, Section III, Class 3 components
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f. Occupational Safety and Health Act (OSHA)

@. Steel Structures Painting Council (SsSpPC), as specified herein
h. Standards of the Hydraulic Institute (HT)

i. Anti-PFriction Bearing Manufacturers Association (AFBMA)

j. American Gear Manufacturers Association (AGMA)

k. Institute of Electrical and Electronics Engineers (IEED)

1. National Electrical Manufacturers Association (N:MA)

m. National Electrical Code (NFC)

3.4 CONDITICNS OF SERVICE

3.6.1 ATMOSPEERIC CONDITIUNS

The eguirmest installed indoors will be subjected to dust, 50 t=2
100 percent relative humidity, and temperature fluctuating as
indicated in Table 3.5-1 for various pumps.

3.4,2 PUMPED LIQUIDS

~he design construction, and materials of each puwac <hall be
euitable for the tvpe of liguids specified on the indiviaual mo
epecification sheets and described below:
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Corrosion inhibitor: Suitable corrosion inhibitor will be used
according to manufacturer's recommendation. One of the following
corrosion inhibitors shall be used:
1. Drew Chemical's Drewgard - 100
2. Calgon Corporation's LS-16 For Information sy
3. Betz Laboratories' Orocol-252

3.5 DESIGN, OPERATING AND TEST CONDITIONS

3:5.1 DESIGN CONDITION

The followina Table 3.5-1 and Appendix 6 contain the required
desiagn conditions for each pump. Table 3.5-2, "Classification
Summary," is a synopsis of pertinent design detqils.

3e%5.2 OPERATING CONDITIONS

Component operating conditions are defined by the ASME EEPV Code,
Subsection NB, Paragraph NB-3113, in accordance with the
anticipated freguency of occurrence and risk to the public.

The specified component operating conditicr is:

Normal Operating Conditions - Normal operatina conli*ions are
given in Table 3.5-1 and in Apvendix 6 of this specification.

3:.5.3 TEST CONDITICNS
Component test condition is defined by the ASME EBEPV Code.
The specified component test condition is:

Testing Condition - Aydrostatic test in accordance with the ASME
BE6PV Code.
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Environmental desian conditions shall be per Table 3.5-1.
Documentation and Records to be submitted to the Purchaser shall
be per paragraph 3.10.2 herein.

3.7.6 STRESS, SEISMIC AND NOZZLE LOAD REQUIREMENTS
3.7.6.1 GENEPAL

a. All components covered by this Specification are classified
as Seismic Category I.

b. All components covered by this Specification taken separately
or as an assembly, shall be designed for plant conditions,
loadi combinations and stress level restrictions as specifled
herein.

c. Certified, detailed calculations shall be prepared by the
Seller to demonstrate that the egquipment meets the seismic,
stress, and nozzle load requirements of the specification.
These calculations shall be prepared in a form which
facilitates checking. The form shall substantially conform
to Appendix C of the ASME BEPV Code, Section III.

4 The Seller shall as a minimum requirement, consider and
design against the following potential failure modes that
could occur.

FAILURE MODE cAUSE
(1) Motor Insulation Failure Excessive deflection
between the rotor and
stator allowing them
to rub.
(2) Motor Bearing Failure (a) Excessive load induced

bv relative movement
betweer the pump and
rotor transmitted “y
the couplings.

(ty Excessive load induced
py rotor deflectiom.
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(3) Pump Rearing Failure (a) Excessive load induced
by rotor deflection.

(t) Excessive load induced
by relative movement
between the pump and
rotor and transmitted
by the coupling.

(4) Seal leakage and/or Excessive deflection

failure between the pump
shaft and housing.

(5) Support Failure excessive deformation
due to seismic loads

(6 Couplinag Failure Excessive movement
between the pump and
motor shafts.

™

(7) Impeller Failure Zxcessive deflection
of the shaft or pump
housing to cause
impeller and pump
housing tc ~ontact.

e. All required desian data is specified in Table 3.5-1.
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3.7.6.2 LOAD COMBINATIONS

The mechanical load combinations corresponding to the component
design and operating conditions specified in Section 3.5 of this
specification have been categorized under the "Plant Condition®
under which they occur and are given below:

a. Component Design Condition

(Same as for the component normal operating condition
shown in 3.7.6.2.b below).

. — ——
b. ( Component Normal Operating Condition

Plant Condjition Loading Combjpation

Normal Internal pressure + deadweight +
sustained loads ¢+ thermal expan-
sion ¢+ occasional load

Upset Internal pressure + deadweight +
sustained loads + thermal expan-
sion ¢ occasiona) 1cad «

0.5 SSE + transients

Emergency Internal pressure + deadweight +
sustained loads + thermal expan-
sion ¢ occasional lcad + 1.0 SSE
+ transients

Faulted Internal pressure + deadweight +
sustained loade ¢+ thermal expan-
sion ¢ occasional load + 1,0 SSE ¢+
transients + pipe whnip + et

impingement
c. Component Test Condition
Plapt _Condition Loading Combipation
Normal Internal pressure + deadweiaht +

any other sustained loads ¢+ nozzle
loads ¢ occasional loads
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Definitions:

1.

Se
6
7.

Internal Pressure - For the component design and normal
operating condition use the design

pressure given in Paragraoh 3.5 of
the specification, Test Condition
Pressure per the ASME Code.

Deadweight - Weight of the component and all its
appurtenances.

, = Includina Nozzle
loads as shown in para. 3.7.7.6 of this
specification., Nozzle loadings include,

as applicable, pipe weight, sustained loads
due to piping, thermal expansion loads due
to pipe expansion, seismic loadings, and
pipe rupture loadings. The vendor is re-
quired to consider any additional loadings
that might exist.

Sustaiped L

Occasiopal_Load - Single 500-1b force acting vertically
through the center of gravity of each
major component.

§SE - Safe Shutdown Earthquake

Trapsients - Not applicable to this equipment

Pipe Whip Not applicable to thic equipment

Jet_Impipgement - Not applicable to this equipmen<

3.7.6.3 SEISMIC REQUIREMENTS

b

Ce

All seismic Cateqory I equipment covered by this
specification shall be desicned in accordam~e with the
requirements of the attached specificationr, 2323-88-20,
"Seismic Criteria for Equipment Design," Appendix &.

ALl final analvsis, desian and testing for seismic
gualification shall be based on the final floor response
spectra specified in Specification 2323-88~-20.

~he function (operability and structural integrity) of the
equipment shall not be impaired by the SEE and 0.5 SSE.
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For the purposes of calculation, the no-loss-of function
stresses of the equipment for ¢the SSE condition shall be
limited to the applicable values in Table 3,7.6~1.

T™e primary steady state stresses when combined with the
stresses caused by 0.5 SSE, shall be maintained within the
allowable material working stress limits as established in
Section IIT of the ASME Boiler and Pressure Vessel Code.

The two horizontal and one vertical seismic accelerations
shall be assumed to act simultaneously, with the resulting
stresses, deflections, c¢tc, obtained by taking the square
root of the sum of the squares (SESS) of the components.

All Seismic Category I pump-motor assemblies including their
supports furnished under this specification shall have an
overall natural frequency equal to or greater than 33 hertz.
The intent of this requirement 4is to establish the pump
casinas as rigid bodies for the purpose of piping analysis.
The Seller shall provide certified calculations or test data
to substantiate ¢this requirement and in accordance with
procedures in Paragrach 3.7.6.1.c.

3,7.6.4 STRESS REQUIREMENTS

The components are classified ASME Code, Section III, Class 3 and
shall meet the stress limits shown in Table 3.7.6-1,
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SYPPSS LIMITS YOR ASME CLASS 3 PUMPS

a. Componen* Design and Normal Operating Conditions: .-7
Blant_Coudistions $5ress Limits
“ Normal fer ASME BLPV Code, Section III
Upset P § 8
m
P ¢« P $1.,58
m -1
Emeraency P 5§ §
m
P ¢ P £1.58
m b
Faulted P s 8 ;1 P +pP s 1.5¢8
m m b
{oeet. Component Test Condition:
Blans. Condition Stress Limits
Normal Per ASME RLPV Code, Section III
NOTES:

1. OGeneral Nomenclature

(a) P = Primarv Membrane Stress

(b)y P = Primary Bendina Stress

b

(¢ 8 = Allowable Stress Value as specified in Appendix I
of Section 1IT of the ASME BLP. Code,
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In addition to compliance with the stress limits specified
above, assurance of operability under all design 1loeading
combinations should be ©provided by any appropriate
combination of the following suggested measu-es:

For Information Only

(a) Full-scale prototype testing
(b) Peduced-scale prototype testing
(¢ Detailed stress and deformation analyses

In the performance of tests Or analyses to demonstrate
operability, the structural interaction of the entire assembly
(e.a., pump~motor assembly) should be considered. 1f
superposition of tes* results for other than the combined loading
is proposed, the applicability of such a procedure should be

demonstrates,
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SCOPE

The purpose of this document is to define the
seismic design criteria for eguipment to be
installed in Comanche Peak Steam Zlectric Statiocn,
Onit Nos..1 § 2.. The eguipment supplier shall
verify that said equizment can meet its performance
requirements 3uring aad following a seismic
distarbance.
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2.0 CIASSIFICATION QF EQUIPMENT
2.1 Equipaent is classified into twec categories,

Seismic Category I and Non-Category I ‘o: the
purpcse of seismic design.. These categories are
defined as follows:

2.1.1 Seismic Category I - Zgjuipment, components, and
parts ther=cf, tu.lu:e of which could lead to 2
' ‘ release of radioact.vz:v in excess 2f the guideline
values in published -e*nla ions pertaiaing -
accident considerations or prevent a safe shutdown

of the reactor..

2.1.2 Non=Category I - Zzuipment, components, and parts
thereof, not included in Seismic Category I..
2+ 33 The seismic classifications of particular pieces of
equipment are given in the applicable equipment
£ specificatiocns. .
2.2 The response of any Noa-Categery I equirment to the

- - o
—

earthquake locadings snall not acdversely aZfecs
integrity or operabilicy 3f any itzem Zesignated as
Seismic Category I..
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SARTHEQUARE INTENSITIZS AND RELATED DESIGN
OBTECTIVES - SEISMIC CATEGORY I EQUIPMENT

Earthquake intensities ¢2 be considered in the
design of Seismic Category I equipment are as
follows:

The Safe shutdown Earthquaxe (SSE).. During and
after this event, all Seismic Category I equipment
must continue to fuaction in sucf a manner as td
permit a safe and crderly plant shutdown without
loss of integrity..

The 1/2 Safe sShutdown tarthquake (1/2 SSE).. luring
and after this event, all Seismic Category I
equipment gust continue to cperate undamaged with
Bo loss of normal function. It shall . respond as
regquired for normal Cperazion. . -

anJmy
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METHODS OF DETERMINATION OF SEISMIC ADECQUACY -
SEISMIC CATEGORY I EQUIPMENT

The equipment supplier shall dJemonstrate che
Capability of his eguipment <+¢o witastand seismic
loads in accordance with Section 3.0, and the
seismic classification specified in the applicable
oquigg:nt specification, by either of the following
met s

Analytical Metheds. . (Predice the egquipment
perfornance by mathematical aralysis).. These
methods without testiag may be performed if is can
e conservatively dJdemcnstrated that structural
integrity alone can assure operability of seismic

Category I eguipment. .

Testing Methods. . (Tesﬁ tze eqﬁi;men: ander
sizulated seismic conditions)..

Combination of analytical and test zethods may be
perforned wnen a complete seisnic testing is
izpracticable.

The eguipment supplier shall furnish in his bid
detailed description of the procedure <o be used
for predizting <he ecuirment perfornance under
seismic disturtances by analysis and/cr by testiag..

Only
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ANALYTICAL METECDS - SZISMIC CATEGORY I
EQUIPMENT

Response of Zguipment to Seismic Ground Mcticon

The response of the eguipment %o seismic ground
motion (SSE and 1/2 SSE) shall be determined by
using the appropriate £loor response spectra
referred to in Appendix A.

If <the equipment is structurally simple so that it
can be defined as a single-degree-cf-£freedca
system, the dJdynamic nodel nay consist of one mass
and one equivalent spriag.. Using the values of
mass and spring constant, t2e nataral fregquency of
the ecuipment shall be determined.. The response of
the  equipment is determined directly £rom .the
appropriate response spec=ra, when used ia
conjuncticn wich the nataral freguency and
equipment damping, .

I <he equipment is structurally complex such that
it cannot e modeled as a single-degree-ci-frmedca

system, tae ZIollowing method of analysis shall be

used:

Model <=ne eguipment using 2 multilecree cof freedenm
representation. .

Cetermine the iominant natural freguencies and mcde
shapes of tie accel. . .

Calculate the modal participation factors for each
direction ¢f suppor: exciszaticn ©0 be considered, .

For each gsisnilizsant aode ZJdeternin scectsal
response vz=lue from the flcocr response scect=xa ia
Appendix i.. Camping values given in Paragragh S.<
shall be used. .

Determine modal response such as aodal absolu=e
accelerations, =odal relative displacements, mecdal
inertia 1loads, e<«=.. by the use 9of spectzum modal
analysis.
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The maximum responses o©f the eguipment shall be
determined by combining the responses in each mode,
(as dgtcrnined in paragraph S.1.3.5), using a
recognized method such as square-root-of-che sum of
the sguares or absolute sum of modal responses and
combinaticns therecf, depending on relevant factors
such as spacing relationship between the freguency
of eaca mode, ets.. The methcod of combining modal
responses shall be selected to vield realistically
conservative results..

For relatively heavy equipment on relatively
flexible supporting stractures listed in
Apvendix A, the prcperties of the support stIuctuTe
including effective masses, damping factors aad
flexibility characteristics as given in Appendix A,
shall be utilized.,. The anz'ysis shall inclile <h

zathematical anodel of the supporting structute as
an integral part of zwae eguipment and its SUpPPOLTS..
The combined effects of the damping Zactors
associated with =he eguipment and <the SUPPCTrTing
stractures must be taken into account iz t3e
analysis. J

Iz adéitica to insztia fore considerations,
relative displacements Detween eJulrment SUDROIT
poiats scall be considered. I£ a piece cof
equipment is supported atc nore U one £lccr
elevaticon ¢the eguizment suspli skall proviie ©
388 drawings showing twhe decails and lccaticns of
supports.. 382 will then provide tC tle equipmenc
supplier tne relative displaceaents of chese
paints, in eack sigznificant mode Of the suppor+iss
strncture and/or combined effects. .

Zquipment wnose lLowes<t domizant tataral
is 33 52, or higher, can be consiincec =
shis case the accelerzticn ¢f the aJuizTest can e
assuned the same as the zero pericd :ccelers.ion of
the appropriate f£1cor response spesttIum.

i
q

Por equipment which responds essentlally as -
single-degree-cf-freedcm system, the equicment
supplier may elect act t©2 calculace tue natural
frequency of his equipment.. Ia suck a case, shs
maximun peak value of the floor resgonse spectIa,
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at the appropriate damping value, sball be used &
determine the equipment response..

Damping factors to be used in the anmalysis snall,
in general, be as follows:

Equipment Component Percent Of Critical Dampinc
172 _SSE SSE

Equipment and large-diametsr
piping system, (pipe dlameter
greater than 4") 2 3

Small-diamevter piping systenm,
(diameter egqual to or less

than 4v) 1 - 2
welded steel assemblies 2 4
Eolted steel assemdblies 3 7

Anv intermediate supports, conscles, racks, panels,
ees. between the structure and tne eguipment Deing
analvzed shall be considered as an integral part of
the equigment in the dynmamic analysis..

T™e effects of seismic moticn ©f the egquipment
support structure induced by ground excitaticons In
the three crthogenmal 3directicnms (twe horizconemal at
rizht angle to eaca other and ve¥rtical) shall B
assumed t2 occur sizultanecusly. The respcnses of
the egquipment shall be determined Dy <taking the
square rcoct of the sum of the squares of tle
responses at a particular point causec -y each of
the three components oI ezrtiguake zcticn.

-
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ALLOWABLE STREISSES AND DEFORMATICONS BASED ON
ANALYSIS = SEISMIC CATEGORY I EQUIPMENT

The maxinum stresses in the eguipment, including
the effects of the normal operating lcads plus <the
1/2 safe shutdown earthguake, shall be maintained
within the normal allowabie material working stress
linits accepted as good practice and as set forth
in the appropriate design stancdards and ccodes (as
applicable) specified in the equipment
specifications..

The. maximun stresses in tae equipmen:, including
the effects cf the normal opmra:ing locads piis a
safe shutdown earthguake, shall be limited &2
prevent loss =l function cf the egquipment. For the
purpose of calc tion, ¢the no-lcss-of-funceian
stresses shall be linited <3 90 7percent cf the
yield strength of <the material (including shear
yield) cr as otherwise set f£arth in the appropriacte
design standaxds and codes specified in tne
equipment specificaticns..

Deforzations resulting from the comtined influence
¢f normal operating lcads and the loads £rom <che
safe shutdicwn easthquake stall te Investigated <
verify that <hey s"l not iagaiz fancticnal
sexfcrxaance.

For the 1/2 SSE, the egui;
performed witlhout PerTanent

For the SSE, rermanent deformation is tolerable il
it does nct impair the equ.*me“- fanction.. Valiad
plastic analysis shall demcunstrate stzuctural
integrity. . Leocal, self-liniting, ¢ econdarcy
stresses =zay exceed yielld stress leve s to tle
extent as set forth in the appropriate desicn

standards and codes. .

Fatig analysis, where reguired oy <the codgs,
shall be performed z-v tze equigment supplier, usin
a minimum of €00 loal cycles £or 1/2 SsSE.
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1.0 INTRODUCTION

Basic Technology Incorporated wa; engaged by Bingham-¥illamette Com-
pany as their agent to perform an ASME Section III Cl. 3 analysis for a
Chilled ﬂat;; Recirculation Pump 3x4x7 - 1/2 - CAP per Cibbs and Hill,
Incorporated specification Number 2323-MS-15C pertaining to Texas Util:-

ties Comanche Peak Power Station.

1.1 OsuecTive

The objective of this report is to show that the pump and motor
Aassembly remains operable during and after a selsmic disturbance, and

‘that all stresses and deflections are within the 1imit of the governing

codes and Standards.

-
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The results of the seismic analysis presented in this report show
that the pump and motor assembly remalins operable during and after a
seismic disturbance, and that all stresses and deflections are within
the limit of the governing Codes and Standards. The results of the
stress analysis are summarized in Table 2-1, Page 2.2.

The pump bearings and suction and discharge nozzle flanges were
shown to be acceptable based on their specified ratings. ]

The deflection of the impeller relative to the pump casing (0.00225
in.)'-as shown to be less than tne radial clearance (0.00%5 tn.). The

v 1 8

pump shaft was shown to be less than the capabilities of the ccunpling

(1/2° and 0.029 in., respectively).

angular misalignment (0.070°) anc offset misalignment (0.020 in.) of the |




TABLE 2-)
- ALLOWABLE AND CALCULATEG SIRESSES (KSI)
STRUCTURE STEEL | MIN. MIN. FORMULA FOR | ALLOWABLES | CALCULATED
YIELD [T,
STRENGTH g:?'l‘léf"masnf SIEAR | TENSILE |SHEAR [TENSILE| SHEAR
1| DRIVER WOLD DOWM BOLT'| SA-325 | B1.0 105.0 0.55, | 0.2075,| 52.5 121.735| 2.00 | 0.76
2| PP HOLD DOWN BOLT' | SA-325 | 61.0 105.0 | 0.5%, | 0.2075,| 52.5 [21.735] 7.14 | —
3| BASE HOLD DOEM BOLT' | SA-325 | 61.0  1105.0 0.55, | 0.2075,,| 52.5 |21.735|27.95 | 8.78
4 SFT? AISI&L6 | 60.0 75.0 | 0.65,10.45, | 26.0 [16.0 | 1.88 | 0.05
s| BASE PLATE' SA-36 | 36.0 58.0 | 0.65,| 1t 21,6 [16.0 | 5.50 | 832 I/
6| PEDESTAL' SA-36 36.0 58.0 | 0.65, | 0.45, 21.6 1o [20.00 [ 1.p9
7| PEDESTAL WELDS' SA-36 36.0 58.0 — T — [18.0 | — l70an 0
8| TAIL BRACKET BT SA-449 | 01.0 105.0 | 0.55,|0.2075,! 52.5 [21.735|36.45 | —
9 xtﬁ! BEARING COVER | SA-193B7(105.0 125.0 | S 0.63 25.0 115.0 | 7.18 | 0.48
10{ VOLUTE CASE BOLTS® SA-19387[105.0 125.0 S 0.65 25.0 [15.0 | 9.82 | 7.1a
11| STUFFING BOX POLTS SA-19387{105.0 125.0 0.55, | 0.2075,| ©2.5 |25875]32.60 [23.00
12| SUCTION/DISCHARGE SA-216 | 36.0 70.0 5 0.65 17.5 0.5 | 7.79/] ——
INTERSEC.® ven §.01
13| IMPELLER BOLT' SA-193B7[105.0 125.0 S 0.65 25.0 {15.0 | 7,52 | 0,38
14| IMPELLER KEY? AISI 416| 0.0 75.0 0.55, | 0.2075,| 37.5 1s.szj — | 130
15{ TAPER PIN' S4-19387105.0 125.0 0.55, | 0.2075,| 62.5 |25.47% —— |10.87
16] PACKING GLAND® sa-216wtf 36.0 | 70.0 s Jo.es 17.5 16.5 | 3.6 | 0.36
*Notes: i
1. See teference 3.06
2. See Refercnce 3.09
3. See Reference 3.0.10
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- limits of the ASME Code, Section III, Class 3, 1977 Edition, when sub-

AT,

2.1 CERTIFICATION

Basic Technology Inccrporated, acting as agent for the manufacturer
Bingham-Willamette Company, has prepared this seismic analysis report,.
In preparation of this report, procedures from pertinent sections in the
References shown in Section 2.0 have been followed.

It is hereby certified, to the best knowledge of the undersigned,
that the Chilled ¥Yater Circulation Pump (S.0. 1A6SR /1) manufaccured to

the drawings, tabulated in Section 4.0, will not exczeed the stress

jected to the Seismic Loading Conditions set forth In the Specifications
(References 3.0.2, 3.0.4, and 3.0.5). The certification is based on the

assumptlions and boundary conditions set forth herein.

—

PREPARED BY: gnu7mmp,ﬂ 44 G PP Cc”

Thomas A. Demijp
CHECKED BY: Z?M ‘l/aééfz

ihomas J. Lalcott

APPROVED BY: S T e e
Y. 5. Tuba, Ph.D. F ks
Pennsylvania No. 9855 €

April 15, 1981
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3.0.1

3.0.2

3.0.“

3.0.5

13.0.6

3.0.7

3.0.8

1.0.9

- ri v f,)r Y 10 4.
3.0 REFERENCES For snform :

‘;nr' ’

"Rules for Construction of Nutlear Power Plant Components,
Subsection NC," AS7ZZ Z0iiem and Pregagure 7essel Code, Sedtion
III, Divigion I, 1977 Edition Shrough Winter 1977 Addenda,
;;;;lcan Society of Mechanical Engineers, New York, New York,

"Station Service ¥ater Screen Wash Boster Pump and Chilled

Water Recirculation Pump,”™ Cibbe and <11 Specification Number
2323 -« NS - 15C -~ Revigion 0, Gibbs and Hill, Incorporated, En-
gineers, Designers and Constructors, New York, New York, May, 197s.

"Chilled Water Becirculation Pump 3x&4x7 - 1/> . CAP, Ringham
Willamette Contract Specification Matarzal List for sales order,
1A658/61-4 units, " Bingham Willamette Company, Portland, Cregon,
September, 1978.

"BWC Letter - Additional Information Requirea for Selsmic Analy-
sis," Susan Washburn, Seismic Englneer, Bingham - Wlllamette,
2800 N.W. Front Avenue, P.0. Box 10247, Portland, Jdregon 27210,
February 2, 1980.

"Seismic Criterta for Eouipment Design,™ Append:is= 4, Gibbe and
Bill Specificction Fumier 2i23-85-20, Cibbs and Hill, Incorpora-
ted, Engineers, Designers and Constructors, New York, New York,
July 22, 1977.

"Rules for Construction of Nuclear Power Plant Components, Sub-
section NF," gswmr Boiler and Pressure Vessel Ccde, Section 7 & o
Divieion I, 1577 Edition EArcuch Wintew 1877 AZdendz, American

Soclety of Mechanical Engineers, New York, New York,1977.

"Nuclear Power Plant Components, Appendicdes," 5wz Poigeg end
Pressure Vegsel Ccde, Section III, Divieion I, T97? Editienm,
American Socliety of Hechanical Engineers, New Y: sk, New York,
31977,

"Rules for Construction of Nuclear Power Plant Temponents, Sub-
section NA," A5y Foiler and Pressure Vessel Code, Section v @ 5 P
Divieion I, 1877.8d<¢<0n through Winter 1577 Aaienda, American
Soclety of Mechanical Engineers, New York, New Yark, 1977.

Baumeister, T. and Marks, L., "Standard Bandbook for Mechanical
Engineere,” Seventh Edition, McCraw-Hill Publishing Company,
New York, New York. . .

-
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3.0.10 "Nuclear Power Plant Componente, ~ppendices," ASME Boiler and
Pressure Vessel Code, Arzcndiz I, Seecition III, Divieion I,
1977 Edition, American Soclety of Mechanical Engineers, New
York, New York, 1977.

3.0.11 Corman, D.J., "Free Vibration Analysis of Beams and Shafts"
Wiley Publishing Company, New York, New York,1975.

3.0.12 Serew Threade Standarde for FPederacl Service Eandbook -- H28,
National Bureau of Standards, Washington, D.C., 1969

3.0.1) Roark, R.J., and Young, ¥.C., "Formulss ror Stress and Strain,"”

L Fifth Edition, McCraw-Hill Book Company, New York, iles York,
1975.
3.0.14% Ball Bearing Ceneral Catalog (Code BC-5), New Departure Hyatt,
- Bearings, Division of Ceneral Motors, Sandusky, Ohio, 1974.
~ 3.0.15 Levinson, I.J., "Machine Design," Reston Publishing Company,
Incorporated, Reston, Virginia 22090, 1978.

3.0.16 Blodgett, 0.W., "Design of Welded Structures,"” The James
F. Lincocln Arc Welding Foundation, Cleveland, Ohilo, 1966.

3.0.17 "Rules for Construction of Nuclear Power Plant Components,
Subsection .ND," ASMET 3o0iler anld Pressure Vessel Ccce, Sec~-
tien III, Divieion I, 1377 FZdition through Winter 1877
Addernda, American Society of Mechanlical Engineers, New York,
New York, 1977.

3.0.18 Fast's Coupling Application Cuide (Bulletin 4000C), Kopper
Company, Incorporated, Power Transmission Department,
Baltimore, Maryland,1971.

3.0.19 "Structural Steel Shapes," United Stztes Steel, July, 1979,
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SUMMARY OF RESULTS AND ANALYSIS

A.1 INTRODUCTION

This section provides the actual analysis for Eingham Willamett?
pump 3x4x7 - 1/2 - CAP. The maximum stresses, support loads and founda-
tion loads are in tabular form.

From the mode frequency analysis, it is observed that the natural
frequency (fundamental) at the pump and motor assembly is atove 33 hertz.
To obtain the reactiors at the support locatlions, on the thrust bearing
ana sdppo:ts, and the shaft deflection, a static analysis was applied.

In all cases, the pump met the co-zrning criteria.

A.2 AMALYSIS SPFCIFICATION

The list of items to be considered in the seismic analysis of BWC

CAP pump S.0. 1AE58/61 is shown on the following page.

* A.2.1 Pressure CuNTAINING PARTS

From Reference 3.0.4, the maximum pressure is 153 psi.

~» A2.2 PranT CONDITIONS

From Reference 3.0.2, the following plant conditions and allowables

 were specified:

4 Normal = ASME Section III, Subsection NC-3500-
Upset, Emergency, faulted = P. < 1.09; Pn B PL < 1.9 S.

B e — - - . -
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A, 2.3, SeisMic Loans-SAFE SHUTDOWN EARTHQUAKE (S )
According to Reference 3.0.5, for natural ¢requencies 2bove 33 hertz,
elevation 778.0 feet, eguipment damping coefficient 0.03, acceleration

has to be taken as:

(0.2) g for horizontal direction
(0.5) g for vertical directiun

SSE Seismic loads were conservatively applied for all plant condi-

tions.

A. 2.4, TemperATURE CONTAINING PARTS

. The design temperature specified in the operating conditions,
Reference 3.0.2, equals 100°F. The properties of steel, shown in Table

A.3.1., confore to this temperature requirement.

A, 2.5. SupporTs AND MOUNTING RoLTS

For the design of bolts, maragraph NF-3280 of eference > 0.6,
statés that the procedures of Appendix XVII are to be used. The allow- f
able design stress vzalues shall be the yield stringth values of Table
1-13.3 of Appencix I gultiplied by the anplizable desian Tactors of
Table XVII-2461, 1-1.

For the present analyslis, the mounting bclt loads are obtained for

the faultea conditioq.
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The shear stress, T, in the tall bracket mounting bolt is given

by,

R, $11.5 1bs.

L) e A; ® “0.0678 In.: 7,543 psi

which is less than the allowable,

-~

Ty 7,543 psi < 21,735 psi = 0.207 Su

For combined shear and tension stress in the bolt (See Page A-4),

—-—sl T2
t & s PRRE
(0.5 su)z (0.207 8 )? -
u
or, '
L (36540088 | 7,583ps8,* .
{ 52,500ps4 21,735psi -
0.602 < 1

Therefore, the tail bracket mounting bolt design is acceptable.

- 4

A, 4,19 Suction anp Discuarse Nozz £/CASING INTERSECTIONS

'4

Stresses in the suction and discharge nozzie/casing intersections
are analyzed by treating the discharge to suction nozzle junction as a
reducing outlet branch connecticn (or tee) under the rules of ND-3650

{See Reierence 3.0.17, Page 127)

The design of the suctlion to discharge nozzel junction using the

piping tee model shall be analyzed fox the effects of pressure, dead-

weight, and sustained loads.
.’\'

Ry
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ay

internal design pressure

similarly, for the di

The circumferential stress, (SLP)s’

P = 153 psi 1s given by,

.

D ) : -4d_°
c 3 S

pd?
(SLP)s P o

where,

in the suction nozzle due tO

ds = 5.00 in. = nominal inside diameter of suction nozzle

t, = 15/32 in. = design metal thickness (See BWC Drawing

(0)_ =

0o S

238 In.

ds + 2t = .00 in. + 2 (15/32 in,) = 5.

= nominal outside diameter of suction nozzle

Then,

tn.)?

(153 nst)(4.00
4 (4.00

‘\"'.'.935 in.). -

(S, »)

Lp’s - = 292 psi

in.)*

scharge nozzle,

., 15/32 in. = design metal thickness (See B%C

= nominal outside diameter of discharge nozzle

H-5289)

Pd’
(S p)p ®_)p -
where, "
do = 3.00 in. = nocinagl ipsidc dlameter 07 discharge nozzle

Drawing B-5289)

P

- ————————
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Then,
(153ps1)(3.004n.)2 .
(S, 90 = —13F56Ln. 0T = (3.00Tn.7: = 212 sl

r 1 172
- 2 2 2
(Hﬂ)s = f"x)s - (My)s + ("z)s ‘
[ 1172 '
| 2 2 2
(HR)D = EHX)D + (Hy)D . (Hz)D
tﬁ
where the component mowents are taken at the junctlen of the .c3s as
-] .
shown in the following figure,“ E o
” )
“a‘)
i

Next, the resultant moments, (HA)s and (MA)D' acting acting on the

suction and discharge nczzles (legs), respectively, due to deadwelight,

sustained loads, and zeismic loads are calculated in accordance with,

Junction of
Legs
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The weight of the entire volute case 1s given as 122 ibs.

the Table on Page &4.2).

T+ 1s conservatively assumed that each

weighs 61 lbs. one-half of the entire volute case weight, and t

centers of gravity

load components due to deadweisht,

are given by

where, the subscripts indicate,

are at the ends of each leg.

(F.)
x

(F
y

(Fz)

(M)
x

(M)
Y

(Hz)N

+

sustained loads, and szeismic

2 e w= Y m— -
S
(FX)SSE = (F‘)N + 0.29 —E—'
'3
(Fy)SSE * (Fy)DW =(Fy)N+0.Sg——g-+1
ws
(F g = (Fly * 029 5
(Fz)s L
(Fy)s L,

S = suction nczxzle

N =
SSE =

aei{smic in

ertizal loads (accelerations,
0.5¢ in vertical direction)

directions,

DW =
and,

deadweight (acceleration,

sustained loads (See BaC Item hamber ¥8-15-C)

lg in vertical

61 lbs. = weight of suction nozzle

(See
leg

hat the

Then, the suction nozzle

loads

0.2¢g in horizonta

direction)

;
1
i
i
!

§




Lt]_ﬁ ~ BASIC TECHNOLOGY INCORPOR ED

TAD 2/29/80 BINGHAM WILLAMETTE PUMP

-——-— -----OAT'. ........

énxb??!----oATgilLﬁlég- _3x4x7 - 1/2 = CAP (1A658/€1)

- - W e - -

L‘ = 5.125 in. = distance from end of suction nozzle to'
of legs.

Then,

(F ), = 1000 1bs. + 0.29 1 1bs. | j012.2 1bs.

900 104, ¢ 0.25 —ainlio. ¢ 912.2 1bs,

s 9

(Fz)

(Hx) = 23760 in.-1b.

(Hy) = 19920 in.-1b. + 912.2 1lbs. (5.125 1b.)

(Hz)s = 19920 in.-1b. + 891.5 1bs. (5.125 1b.)

and the resultant moment is given by,

-

!
(M )s = U237so tn.o1b.) 2+ (26595 fn.-1b.)%+ (244821

R
= 42061 in.-1b.

+ §Similarly, for the discharge nozzle, .

- S
(F ). = 670 1b. + o.zg.i;?::;;. = 682.2 lbs,

x D S
61 1bs. 61 1lbs.
(Fg)D = 750 1lb. + O.SQ-—E————— + 1.0g ———E————
€1 1bs. . 12.2 lbs.

AN

S
) % 84

g
(Fy) = 800 lbs. + 0.5g _;Laigi; + 1.0g 619155- =

Junction

891.5 lbs.

24595 in.-1b.

2"“59 in.°1b.

841.5 lbs.

an OnY
YVr-lnforntngu»a\)‘-
Sk --Q
SWEET ~c.A.-f.'.o=----
ol e TERLE e s

———————— -

A "
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(u‘)D - (Hx‘)N + (Fz’o Ly # 11760 {n.-1b.+612.21b.(9.1254n.)=17346in.~1b.

x -

(M) = (Mz’)N e (F )o L. = 10320 in.-lb.¢682.21b.(9.1251n.)=165k51n.—1b.

z'D x'D D
where,
o JUNNE N 9.125 in. = distance from end of discharge nozzle
to junction of legs
and the resultant moment is given by, .

r 2 2 c 211/2
(HR)D = v173k6 tn.-1b.)%+(109204in.-1b.) +(1s,+,1n.-1b )

= 263“1 iﬂ.’lb.

The section modull, 2s and ZD' for the suction and discharge nozzles,

respectively, are given by,

. b4
l, = ﬂ\r.) ts

vhere,

f = 2.234 in, = mea2n cross-sectiznzl wadius of suction nozzle

tn = 0.469 in. = nominal wall thickness of suctlon nczzle




S BASIC TECHNOLOGY INCCRPOI M3z Yl ofilic-msv™

AD 2/29/80 BINGHAM WILLAMETTE PUMP A-81
e i DATE commmmmme =es ' = ;em——————————— - = = S EEEEE T SHEET NQenesw BF s
oo TN, oare3/AL80_ __3xbx7 = 1/2 = CAP (1A638/81)___._. b, 80019 _____.

s ® 1.73% in. = mean cross-sectional racdius of discharge nozzle

t = 0.469 in. = effective branch wall thickness which in this
case 1s the nominal discharge nozzle wall
thickness

-

Then,

Z, = © (2.234 in.)? (0.46%in.) = 7.353 n. "

zD = 7 (1.734 in.)? (0.469in.) = 4.430 tn.t

Next the stress intensification factor {s calculated. The flexi-
bility characteristic, h, flexibility faétat, K, and stress intensifiék-
tion factor, i, of the suction toc discharge nozzle "tee" may best be
represented by assuming the average of the values for = valding tee (per
ANSI B 16.9) and an unreinforced fabricated tee (See Figure ND-3673.2

(b)-1, Reference 3.0.1.7, Page 133), For welding tee,

5.5 ¢
n

h‘_—

r

K=1

while, for an unreinforced febricated tee,

tn

h-r

K =1

{ = 0.9/n 2/3

)

. ——————— v
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where, t and r were defined on Page A-80, Then, the average stress

intensification factor is given by,

0.2 SR : Y, A—
a.4 t,|2/3
: ! n 12/ + {tg]ZIB
A 2
0.9
or, s -y - TE
6.4 LED! ] * [.n L&D }

E & c.co% in. | 2.03% in.J = 1.748 .

The maximum stress, (SOL)S' in the suction nozzle/ volute case in-
tersection due to deadwelght, pressure, sustained loads, a2nd seismic

loads is given by,

- T (HR)S
or,
(. ) = 292 psi + 0.75(1.7420) L2061 in.-1B. _ 7791 psi

OL's 7.3534n.°

Similarly, for the discharge neczzle/volute case intersectlion,
P (H,)q
(SOL)D + (SLP)D_‘ 0.75 § -_T;-_

or,

26341 in.-1b
p Mi
(SOL,D = 212 psi + 0.75 (1.748) % %30 1n. = 8007 psi

S

_onservatively comparing (SOL)s and !iOL)D to the allowable stress 11§it




5 (for sefsmic loads excluded) (See Table A=3.1, Page A-5),

(SoL)g = 7791 pst < 17500 pst = 5
(So dp = 8007 pst < 17500 pst = §

e find that the suction and discharge nozzle/volute case intersection
esign 1s acceptable.

."*

PRSP



= ™ (E O T an B o B e B o TR B I I I

TABLE A-3.1
| ALLQ!A&..E__&J!LL&L&ULA.MDJIMSS[S_( KSI)
STRUCTURE STEEL | MIN. MIN. FORMULA FOR | ALLOWABLLS CALCULATED
YIELD  fULT.
Slﬂl"‘i"'H ;f‘::?'l‘lrl" INSILE | SHEAR | TENSILE | SHEAR [TENSTLE| SHEAR
1| oRiveR HoLp pown BOLT'| SA-325 | 51.0 105.0 0.55, | 0.2075,| 52.5 [21.73% 2.00 | 0.76
D 2| P 1OLD DOWN BOLT' SA-325 | 81.0 105.0 0.55, | 0.2075,| 52.5 [21.73% 7.14 | ——
3| sase woLp pown BoLT' | SA-325 | 81.0 105.0 0.55, | 0.2075,| 52.5 [21.735/27.95 | B.78
s swrT? A1S1416 | 40.0 75.0 0.65, | 0.45y 24.0 [16.0 | 1.88 | 0.0
5| BASE PLATH! SA-36 36.0 58.0 0.65,| T 21.6 180 | 5.50| 833D/
6| PLDESTAL' SA-36 36.0 58.0 0.6y | 0.45, 21.6 [14.4 |20.11 1{';9
7| PEDESTAL WELDS' 5A-36 36.0 568.0 —_— T — 8.0 | — |70ab /1
8| TATL BRACKET BOLY' SA-449 | B1.0 105.0 0.55, | 0.2075, | 52.5 [21.735 36.45 | —
9] TIRUST BEARING COVER | SA-193871105.0 125.0 S 0.65 . 25.0 [15.0 | 7.18 | 0.48
poLT?
101 VOLUTE CASF o0LTS* SA-19307(105.0 125.0 ) 0.65 25.0 J15.0 | 2.42 | 7.14
11| STUFFING 1OX DOLTS ca.19307010s.0  (125.0 | 055, 02075, 62.5 |25875]32.80 123.40
) 112] suCTION, O ISCHARGE SA-216 | 36.0 70.0 S 0.65 i7.5 ho.s | 7.79) —
INTERSEC.? weH | 8.01
13| IMPELER BOLT® SA-19387[105.0 125.0 5 0.65 25,0 |15.0 | 7.52 | 0.8
16| IMPELLER KEY? AlSI 416] 40,0 75.0 0.55, | 0.2075,| 37.5 [15.52% — 1.31
15| TAPER PIN' 5A-19307[105.0 125.0 0.55, | 0.2075,| 62.5 |25.87% — 10.47
1ol packmc claw® | sa-21ewd 6.0 | 70.0 s |o.cs 2.5 fro.s | aow |06
*Notes:
1. See Reference 3.06
2. See Reference 3.09
3. See Reference 3.0.10
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