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For Infcmdon On.(.SECTroN 3
TECHNICAL SPECIFICATION

3.0 INTRODUCTION

This section covers the technical and particular requirements for
i

the Nuclear Saf ety 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 f orms part of the total
specifiestion which includes' Sections 1, 2, 3 and its

Appendices 1 thru 10.
, ,

.

3.1 SCOPk OF WO?K
*

Tb.is specification covers the design, manufacture, inspection,
testing, certification, cleaning, packaging and delivery of

Nuclear Safety Class and Non-Nuclear Safety Class Power Operated
Diaphragm Type Valves and Accessories for shutoff and /or-

.

modulating se rvice as described herein. The valves are limited'

to diaphragm designs cperated by electric motor or air actuators.

3.1.1 WORK INCLUDED

a. Diaphragm type valves 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 va.lve operators.

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

Electro-pneumatic and/or pneumatic positioners for modulatingc.
service when specified.

d. Pipe reducers or nipples welded to the valve ends where
specified on the valve data sheets.

e. Air sets, solenoid operated pilot valves, limit switches,
torque switches, and any other accessories indicated on the

,

valve data sheets.
'

f. Miscellaneous accessory equipment not shown on the valve data
sheets, but required for proper operation, or by the intent i

of the drawings shall be furnished. Fach accessory shall be

.

i
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Identification System
-

SF Spent Fuel Pool Cooling and Cleanup
,

SI safety Injection

For Information On!*'
SW Service Water

TF Boron Thermal Pegeneration

Solid Waste DisposaiWD
.,

RP Waste Processing - Liquid . Portion'

3.5 PERFOPMANCE GUAFA:CEIS

Th'e Seller shall guarantee the perferr.cnce $f each valve ~as
follows :

; .:.
-

for the fluid data shown on the.d- a. valve flow coefficient (Cv)
valve ' data sheets , as proposed by Seller13, .

AbiTity of the valve to open and/or close against the
b.

pressure diff erentials shown on -the valve data sheets, within
the specified full stroke time
The ability of valves and actuators 'to perf orm tneir intendedc. functions without undue vibration, noise or excessive wear

when operated under the specified ncrral and abnor=al fluid
'

'

and ambient conditions

d. The ability of " active" valves to perf orm their intended
functions during and after the prescribed events

Leahage values as specified.c.

.

e

<y%;
-
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3.7.13 STRESS AND SEISMIC REQUIFEMENTS

3.7.13.1 GENERAL

or Class 3 valves covered by this specificationAll Class 2 and sh&llO. shall be in accordance with Begulatory Guide 1.48
be' designed to Category I Seismic conditions, unless -

otherwise designated on the Valve Data Sheets.
3 valves shall be designed for plant

All class 2 or Classb. conditions and load combinations specified in this section.
*

or Class 3 valves shall be considered " active"All Class 2
resulting in th.e stress limits defined in Table 3.7-13.c.

3.7.13.2 OPERATING CONDITIONS AND LOAD COMBINATION 0

-7 3.7,13.2.1 OPERATING CONDITIONS
L

Component operating conditions are defined by the ASME BCPV Code,
-

..

in accordance with
Subsection NB, Paragraph NE-3113 and NS-311u,
their. anticipated frequency of occurrence and risk to the public.

The component operating conditions are as follows:
Normal conditions -- Normal operating conditions are the same
as the valve design conditions given on the Valve Data Sheet.c.

consists cf opening and closing gev 1
conditions -- The test

1.5 times theTestb. the valve fully and pressurizing the valve to
design pressure in both directions and checking for leaks.

.

*

p3.7.13.2.2 LOAD COMBINATIONS

The required load combinations for the compcnent c;erating

3.7.13.2.1 of this specificatics
'

conditions specified in section Condition" in . compliance withbeen categorized under " PlanthaveFegulatory Guide 1.c8 and are listed as follows:
C -._. - - . . _ . _ _

O
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O. Component Normal Conditions (same as design) .

A A# # _-

Plant condition Loading Combination

Formal Internal pressure + dead weight +
sustained loads + thermal expansion +

.

occasional load
.

Internal pressure + dead weight +Upset sustained loeds + 1/2 SSE + thermal.
expansien + occasional load +
transients

-

.

Internal pressure + weight + sustainedEmergency ,

loads + SSE + thermal expar.sion +
-occasional load

Internal pressure + weight + sustained
" .

Faulted ' oad + SSE + pipe rupture and/cr.

imoinsement eff ects where applicable + Rev.1' - -
therrdi expansion + occasional loads

Not applicableTest
-

b. Component Test conditions

Plant Condition Leadine__gombination

The valves will be subjected to loadsNormal which are as follows:
Internal pressure + dead weight +
sustained loads + thermal expansion +
occasiO..'.1 load

Not applicableUpset

Not a pplicableEmergency

Faulted Not upplicable

Not applicable*

*est
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Definitions: .

1. SSI - saf a sbutdown earthquake

2. Internel ' pressure - design pressure as specified on the
valve Data Sheet .

3. Deadweight - weight of valve ,

single 500 lb. force vertically
occasionai load -

4. downward through the centerline of the valve
between 40 F and valve design100 F/ hour5. Transients -

Sheettemperature detailed on the valve Data
'

,'6. Thermai expansion, sustained load, . pip 4 rupture,.

impingement effects, SSI loads _and 55E/2 load as

follows:~

(Mh
-

.:
Thermal -

Expansion SSI/2Thermal SSE
Moment Moment .

.#~''*'Valve Size Moment
(!nch Stire) (Inch- Kiggt (T nc6-Ei_ggL

_ inc5)(
1.0

.6 2. 0
1.83/a 3.51.C

1 10.0 5.0
3.0

) 1- 1/2 18.0 9.0
6.02 20.0 10.0'

7.02- 1/2 20.0 16.0
11.03 a 5. 0 23.0
15.03- 1/2 60.0 30.0'

19.0 *

I o 153.0 77.0'

a6.0 350.06 700.0 -

230.00 670.0j. 450.0 1,34 0. C
740.0 2,200.0 1,110.010'

12 2,870.0 1,435.0
960.014 4,280.0 2,1n0.0

1,430.0 2,,000.0,

16 2,000.0 6,000.0;

2,740.0 8,200.O c.,100.018

4,750.0 14,200.0 -7,,100.0 -- --

20

10,500.0 16,000.O L,000.02n

16,200.0 24,400.0 12,200.0
- -30

. g 36

:
. *
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-

7to?rs

All moments are resultant moments and must be applied at1.
the valve's weakest axis.

2. Sustained loads are equal to the weight of all valve
a stress of

handwheels, operators and appurtenances + valve due to unsupported pipe Rev.11500 psi acting on the
weight on each valve end.

Pipe rupture or imoingement effects are applied to
3. certain high energy concainment isolation valves and are

specified on the valve Data Sheet where applicable.
* '

.
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3.7.13.3 AIlowABLE STFE5h LIMITS -

ASME Code Section III, Class 2 and 3 components shall meet the
stress limits shown in Table 3.7-13.

'

.
.

.

.

.
. .
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TABLE 3.7-13 g
,

STRESS LIMITS FOR ASME CLASS 2 AND 3 ACTIVE VALVES
.

Formal or Upset per code
.

Normal + OBE or
Upset + OBE P

.r
For intormation O dy

Emergency P
r

Faultea P
.. .

*
\.: -

.

l

Notes %

1. P = brimary pressure rating corresponding to
r

the prec=ure-temperature classification
defined in ANSI B16.5

.

OSE = .5 SS'

2. Valves shall be - desi gned using only the

standard design rules of NC-3500 and FD-3500
of ASME Section III

3. In addition to complir.nce with the decign
-

4, limits specified, assurance of operability
under all design loading :=cmbinations shall be,

.

provided per paragraph 3.~7. 14.
*

s>
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3.7.13.4 SEISMIC PEQUIRIMINTs

3.7.13.a.1 SEISMIC CATEGoFY I

All equipment, furnished under this specification, shall be
applicable seismic

&csigned and analyzed in accordance with the Seismic Design
category of Gibbs & Hill specification 2323-ss-20, ,,, )

bCriteriaforEquipmentDesign.
the table below shall be used. (Rev.1

The seismic loadings shown in
i loads at

. These loadings are to be considered as equivalent stat c
the valve center of gravity acting simultaneouslyjpor inf.ormanon omy

Horizontal
Condition Acce'leration Ateel' era ti on

,.;guiement 2.03.0SsE 1.5Seismic 2 25OBE
5.,' Category I

All valves must have a natural frequency of 33 Hertz or more.
.

%- .

VALVE OPERAE!LITY3.7.12

All Class 2 or Class 3 equipme nt furnished under this

considered " Active" er "Fassive" with

cpecification shall be
regard to the operability requirements of the references

as specified on the Valve

(particularly Fegulatory Guide 1.48)
Data Sheets.

VALVE OPERABILITY - ACTIVE VALVIS3.7.14.1
prototype valve of each type to be qualified will

of ope rability during a simulatedAn individual
be tested fer verificationdemonstrating Operational capatilities within
scienic event ey lirted on the Valve Data
the specified limits :or tne c nditi:n:
Sheets.

results to the actual
Tr.e basis for applying prototype t.est

by the manufacturer and
valves supplied shall be demonstratedJustification may include:
subject to owner's approval.

conditions for protetypes than for actual
_ _ a. More severe test

.,./ M,
valves supplied.

;O
Prototype seismic response more severe because of material or

b. other physical considerations.
.

.

.
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L

c. Actual valve size f alls between the size of two essentially ,

*

identical (except for size) prototypes tested.
,

.

3.7.14.2 VALVE OPER ABILITY - ACCESSORIES
m

| Solenoids, limit switches and other electrical appurtenances for
Class 2 of 3 valves shall be qualified under IEEE 323, 344 and _

i

382 as applicable.
- . . -

3.8 MATERIALS For Informatton Omy-
3.8.1 GENEP AL

-

1

Materials to be used in valve construction are specified. in the
-Valve Specification Sheets and for class 2 or Class 3 valves

,st a ll- mee t' the requirements 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 MATEFI ALS'

, ,

,,

I a. For consideration of alternate materials, the Eidder shall

demonstrate that suggested materials comply with the'

applicable codes and are compatible for attachment to the
Purchaser supplied cc=ponents. N on-c od e approved materials

for cpecific purpose or application shall not be used in
class 2 and 3 valves.

b. After award of contract, no substitute or alternate materials
,

will be allowed under any circumstancec.

3.8.3 UNACCEPTABLE MATEFIALS

a. All m:terials of construction shall be free of low melting

~

point materials as alleying constituents, that is lead, zinc,,

'

cadmium, tin, antimony, mer cury, bismuth : sulfur and

ris chmetals and their compounds. Also, proctssing and

cleaning materials, manufacturing process es , tshop tools,

marhing materials, paint coatings, thread lubriernts, and so
>

forth, shall be free of low melting point materials. If no
i

- - practical substitute e::ists for processing materials, an -. _

exception is permitted provided that the low: melting point
|

materials are completely r emoved from all surfaces (with

R*/@y3
particular emphasis on areas of restricted accessibility,.

I6
U such as holes, corners and crevices) especially prior to any

exposure to temperatures" above ambient during fabrication,
G

.

F
'

.
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1.0 secas s
,

1.3 The purpose of this document is to define the
seismic design criteria for equipment to be
installed in comanche' Peak Steam Electric Station *

,

Unit Nos.1 5 2.. The: equipment. supplier shall .

verify that said equipment can meet its perf ormance
requirements during and following a seismi=
disturbance.

s

*t

.

O

g."

k. . "1

.

,

|
'

'
i

i

I

e 8

'

;

I

'
,

'

;
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2.0 CIASSIFICATION OF' EQUIPMENT

:

2. 2 Equipment is classified into two categories,
Seismic Category I and Non-Category I for the
purpose of seismic design. . These categories are
defined aa fallows:

2.1.1 Seismic Category I - Equipment, components, and
parts therecf, failure of which conid lead to a
release of radioactivity in excess of the guideline'

vaines in published regulations pertaining to

accident considerations or. prevent a safe shutdown
of the reactor..

!

2.1. 2 - 'Non-Category I - Equipment, components, and parts
thereof, not included in Seismic Category I. .

t '2.3.3 The seismic classifications of particular pieces of
equipment are given in .the applicable equipment

,

specifications..
,

:

2.2 The; response of any Non-Category I equipment to the
earthquake loadi=gs sb-11 not adversely affect the

er ope tility of any item designated asintegrity -

Seismic Category I. .
.

4

I

.

$

'
'-

.

.. . . . . .
_

>

>
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3.0 EARTEQUAKE INTENSITIES AND REI.ATED DESIGN
OE7Es.Lvr5 - SEISMIC CATEGORY I EQUIPMENT

3.1 Earthquake intensities to be considered in tha
design of seismic category I equipment are as

.

follows:

3.3.1 The safe shutdown Earthquake . (ssE) . ,' During and
after this event, all seismic category I equipment
must continue to function in such a manner as to
permit a safe and orderly plant shutdown without
loss -of integrity. .

3.1.2 The 1/2 safe shutdown Earthquake (1/2 ssE)... Duri=g
and after this event, all Seismic Category I

equipment must continue to operate undsmaged with
no loss of normal function.. It shall respond as

. 7- required for normal operation..
t ::

+

!

- .

. ,

|

l

| -

.
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8.0 METHODS OF DETERMINATION OF SEISMIC ADEQu'ACY -
SEISMIC CATEGORY I EQUIPMENT

4.1 The equipment - supplier shall demonsurate the
capability of his equipment to withstand seismi=
loads in accordance with section 3.0, and the
seismic classification specified in the applicable
equipment specification, by either of the following

3

methods:: -

4.1.1 Analytical Methods.. (Predict the equipment
performance by mathematical analysis) . . These
methods without testing may be performed if it can
be conservatively demonstrated that structural
integrity alone can assure operability of seismic

' ~

Category I equipment..
*

4.1.2 Testing Methods.. (Test the equipment ender

y simulated seismic conditions) . .
__

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

4.2 The equipment supplier shall furnish in his bid a
detailed descripuien cf the procedure to be used

| for predi= ting the equipmenu performance under
'

seismic disturbances by analysis as:i/cr by testing. .

.

6

.

.

.
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6.O AII.,O'cTAILE S-'RISSIS AND OEFOPS.A* IONS SASED ON

ANAIISIS - SIISMIC CA*IGOF.Y I IOGIE'INI.

6.3 The. 'W--~ stresses in the equipment, 4--lnding
the **#a ts of the normal operating loads plus the
1/2 safe shutdown earthquake, shall be main-= ' ed
wi"' : the =cznal allowable material working stress
li-its accepted as good practice and as set fort
in the appropriate design s andards and ccdes (as
appli"=_ble) specified in the equipment -

specificatiens. .

6.2 -he. =a=in=n stresses in the equipment, including
the eff ects of the .no: nal operatg 1 cads plus a
ssfe .sh: dewn earthquake, shall~ be 18~4 ted 'to

.

prevent less cf function cf the equipment. . For the
pur.>cse cf calculation, the so-less-cf-functic:
c esses shall be 14H ted to 50 percent of the

, , ,

yield strength cf the caterial (inclnd ng shear
(- yield) c as cche: , rise set forth in the appropriate

f design s andards and codes specified in te

L . equipment specificaticas. .
d ' e'cence6.3 Defor=aticas resciting frc= the --- ' e

of ec nal cperating leads and the loads from the
safe shutdown earthquake shall be i.vestiga ud t:
verify "=t they will nc i=pa functicaal4-

;

| perfcr=ance..

6.O For the 1/2 SSE, the equirment function shall be
perfcrmed withoce pe::anent .def ===aticn.

!

j 6. 5 For the 552, per: .an ent defermatics is eclerahle if
,

! it does not impair the equipment function.. 7alid
plastic analysis shall de=c=s rate struct=ral
integrity.. Local, self-liniting, secendary

,

| stresses may exceed yield stress levels to the

| extent as set forth in the appropriate design

|
- standards and codes. .

.

,

l

-. 6.6 Fatigue analysis, where required by the codes,

(^. shall- be performed by the equipment supplier, using
.

a mininum of 600 load cycles for 1/2 SSI."

|
t ~

|
!
I

I
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-
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Revised to reflect current
change in bcdy design Pages A22-A25-A

Calculation Certification Page 5

Removed frequency calculations
(Refer to test report 3433) Pages A37-A51
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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 & Hill Specification No. 2323-MS-604 and meet
the seismic design requirements of the specification covered by this
report. These calculations apply to the below-listed valves.

Iluclear
Dia-Fl o Dia. Valve Code Customer
Item !!o. Drawinc flo. Descriction Class Tao No.

1 SD-C-1D5925 4"-150! S.S. 2 1-HV-5157
1-HV-5158

.

2-HV-5157-- .

2-HV-515E
..

For the actual seismic calculations, see Appendix A of this report.
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METHODS OF ANALYSIS

The method of analysis is based on applying static forces resulting
from the quivalent earthquake accelerations acting at the centers
of gravity of the extended masses. Using free body diagrams and

strength of materials formulas, stress distributions in equilibrium
with the applied loads were determined.

Principal stresses were calculated for valve component parts which
& are essential to the pressure integrity or fur.:tional acequacy of

the valve. These stresses were then c:= pared to the applicable

J allowable stresses in the 1974 ASME Boiler and Pressure Vessel Code
I including the 1975 Winter Addenda. Where applicable, minimum wall

was detemined p'er -Table 3.7-13 of Gibbs and Hill Sp5cification No.*
'"

2323-MS-604
#

T
f; ' Testing was performed to detemine the natural frequency of the valveO

assembly. Refer to test report number 3433 for additional information.

*

'
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I For the analysis of these valves, the load ccmbinations con-]
sidered were those 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.,eithertheverticalorhorizontalseismicco-
''

c'ficient).
The vertical seismic coefficient of 3 g's was determined by

taking the 2 g coefficient required by the design specification
and adding i g to it to acccant for the valve weight. The ver-
tical seismic coefficient is denoted by g in the calculations.y ,

The horizontal seismic coefficient of 4.24 g's was deter-*

,-

mined by assuming that tv.v horizontal seismic accelerations occur .

bI simultanccusly. . By ccabining the two 3 g horizontal accelerations
$ required by the design specificatien by the square root of the sumU

,

of the squares method, an equivalent horizontai acceleration of
4.24 g's was calculated. The horizontal seismic coefficient is

denoted by g2 in the calculattens.
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RESULTS OF SEISMIC AfiALYSIS

%
The stresses in the valve components resulting from the applied loads
were found to be below 90% of the minimum yield stresses and as specified
in the 1974 ASM2 Boiler and Pressure Vessel Code including the 1975 Winter

'

Addenda. J

Further, the resultant' stresses in the valve structural components are
such that no yielding takes place and the operability 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 that this seismic calculation meets the requirements
of specification 2323-MS-604, Table 3.7-13 as modified by Appendix C of
this report. More specifically, the nozzle end stress is calculated
using the minimum wall per the design drawing as opposed to that speci-
fied in Table 3.7-13 of the above mentioned specification.

'
!

. Q to.>

$1/-- /U &/i.aIi /-2 9 '8/
.

@- S. Schmidt, Sen. Prod. Eng.
(~-

R G. pdx l-29-8 t~

R. Butler, Sen. Prod. Eng.
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SECTION 3

TECHNICAL SPECIFICATION

3.0 INTPODUCTION

This section covers the technical and particular requirements f or
the Station Service Water Screen Wash Booster pumps, the Chilled
Water Recirculation pumps and their drivers which are nuclear
safety related at the Comanche Peak Steam Electric station
(CPSES) , a two unit PWR nuclear power plant. It forms part of
the total specification, which includes Sections 1, 2, and 3 and
its Appendices 1 through 6.

3.1 SCOPE OF WORK

3.1.1 WORK INCLUDED

This specification covers the design, analysis, quality

(~.... assurance, manufacture, shop testing, inspection, certification,'

cleaning, finishing, packaging, operating and maintenance
instructions performance, and delivery in accordance trith ASME
BSPV Code, Section III, Class 3 pumping units as listed in
Table 3.5-1, each pumpina unit shall include, but is not limited
to, the following accessories and services:

a. Flexible coupling

b. Electric motor driver
*

c. All integral fitted piping and trim

d. Couplina quard

e. ' Common baseplate for pump and motor triver for horizontal
pumping units -

f. Primer and protective coating

a. One complete set of new special tools and fixtures necessary
for proper installation, adjustment and r.aintenance of each
pumping unit

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

The delivery of the ecuipment covered by this specification is
critical, and must arrive at iobsite complete with all
assemblies, subassemblies, parts, tools and accessories no later
than the followine:

_gnit No.__l_ Unit No. 2_

UE@SI Datt Uudar 2Att

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

"9m.
Chilled Water 2 09-01-78 2 11-16-79

|

; Pecirculation Pumps ),
,

3.2 QUALITY ASSUPANCE REQUIREMENTS

6 73 a. Quality assurance shall be in accordance with attached,
" Quality Assurance for Procurement of Materials and Equipment,

specification 2323-GS-903, Appendix 3.

b. The pumps purchased under this specification are
nuclear-safety related and require special consideration
during desian, ' purchasine , fabrication, handline, shipment,

: storage, cleaning, erection, installation, inspection and
testing. For required tests see Paragraph 3.8; for recuired
inspections see Paragraph 3.9; and for documentation and
records see Paragraph 3.10.'

.

3.3. CODES AND STANDARDS
.

! Each pump and its auxiliaries shall be in accordance with the
latest edition including all addenda of the following codes,
lecislation, regulations, and standards in effect on the date of

,

the curchase order:*

a. Code of Federal Regulations - 10CFR50

P. American Society of xechanical Engineers (ASMF)

1. ASME Boiler and Press ure Vessel Code, Section III,
Nuclear Power Plant Components, Class 3 Components*

;

_. _. _,.- _ _ _ __ _ ___.___. ,, - _ . _ _ - . . _ _ _ _ _ _ _ . _ _ . . _ _ _ _ _ _ _ . . _ . _ - . _ . .. __. . ___
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2. ASME Boiler and Pressure Vessel Code, Section II,
!!aterial Specifications, as referenced by Section III

3. ASME Boiler and Pressure Vessel Code, Section Ix,
Welding and Brazing Qualifications, as taferenced by
Section III

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

c. American National Standards Institute (ANSI)

1. ANSI Standard 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 B16.25 Buttweldina Ends, as specified
hereingg

. q
4. ANSI Standard N45.2.9 "Pequirements for Collection,

Storace and Maintenance of Quality Assurance Records for
Nuclear Power Plants"

5. ANSI Standard N45.2.11 " Quality Assurance Requirements
for the Desien of Nuclear Power Plants"

6. ANSI Standard Nu5.2.13 " Supplementary Quality Assurance
Requirements for Control of Procurement of Ecuipment,
Materials, and Services for Nuclear Power Plants"

7. ANSI Standard B2.1 Pipe Threads
u. .

8. ANSI Standard N45.2.2 " Packaging, Shipping, Peceivfno,
Storage and Handling of Items for Nuclear Power Plants."

9. ANSI Standard N.u5.2 " Quality Assurance Requirements for
Nuclear Power Plants"

d. truclear Peculatory Commission Fegulatory Guides as wrecified,
terein.

e. American Society for Testing and Materials (ASTM), as allowed
by the ASME ESPV Code, Section III, Class 3 components

@
J

r . . ,~. . . . . .___y- _y _ c _ . y -_,
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f. Occupational Safety and Health Act (OSHA)

c. Steel Structures Painting Council (SSPC), as specified herein

h. Standards of the Hydraulic Institute (HI)

1. Anti-Priction Bearing Manufacturers Association ( AFBMA)

i. American Gear Manufacturers Association (AGMA)
.

k. Institute of Electrical and Electronics Engineers (IEEE) a.4

1. National Electrical Manufacturers Association (NEMA)

m. National Electrical Code (NFC)

3.4 CONDITIONS OF SERVICE
, ,

*

3.4.1 ATMOSPHEFIC CONDITIONS

fe. The equipment installed indoors will be subjected to dust, 50 to
\;. 100 percent relative humidity, and temperature fluctuating as

indicated in Table 3.5- 1 for various pumps.

3. 4. 2 PUMPED LIQUIDS

The design construction, and materials of each pump shall be
suitable for the type of liquids specified on the individugl p'imo
specification sheets and described below:

.

e

e

e

"
_ e -

_ _ - . . . . --
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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 [Of }U UN "

3. Betz Laboratories' orocol-252

3.5 DESIGN, OPERATING AND TEST CONDITIONS

3.5.1 DESIGN CONDITION

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

,
,

'

3.5.2 OPERATING ' CONDITIONS-

? Component operating conditions are defined by the ASME BSPV Code,
g%I7 subsection NB, Paragraph NB-3113, in accordance with the

anticipated frequency of occurrence and risk to the public.

The specified component operating condition is:

Egraal Operatina Conditions - Normal operating condi* ions are
given in Table 3.5-1 and in Apoendix 6 of this specification.

3.5.3 TEST CONDITIONS

Component test condition is defined by the ASME BSPV Code.

The specified component test condition is:

Iggtino__C2Ds11120 - Hydrostatic test in accordance with the ASME
ESPV Code.

.

.___ - _ __. __
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Environmental desion 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,
load combinations and stress level restrictions as specified
herein.

c. Certified, detailed calculations shall be prepared by the
Seller to demonstrate that the equipment meets ehe seismie,
stress, and nozzle ciced requirements of the specification.
These calculations shall be prepared in a form which,

f]" facilitates checking. The form-shall substantially conform
to Appendix C of the ASME BSPV Code, Section III.C

d. The Seller shall as a minimum requirement, consider and
;

; design against the following potential failure modes that

| could occur.

'AILUPE MODI 2822%

(1) Motor Insulation Failure Excessive deflection
| between the rotor and

stabor allowing them
to rub.

(2) Motor Bearing Failure (a) Excessive load induced
by relative movement
between the pump and
rotor transmitted by
the couplings.

(b) Excessive load induced
oy rotor deflection.

b

L
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(3) Pump Bearing Failure (a) Excessive load induced
by rotor deflection.

(b) 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) Coupling Failure Excessive movement
between the pump and'

motor shafts.

fk (7) Impeller Failure Excessive deflection
of the shaft or pump' ' '

housing to cause
impeller and pump
housing to contact.

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

.

e

0

|

'

,

|
~

|

|
i

i

!
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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) .

m_ y

b. nent Normal Operating Condition

Plant Condit19D L2A ino combinatioDd

Normal Internal pressure + deadweight +
sustained loads + thermal expan '
sion +' occasional * load

Upset Internal pressure + deadweight +
(h' sustained loads + thermal expan-

sion + occasional load +
0.5 SSE + transients

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

Faulted Internal pressure + deadweight +
sustained loads + thermal expan-
sion + occasional load + 1.0 SSE +
transients + pipe whip + jet
impingement-

c. Component Test Condition

Pignt conditi2D LoadiDE_CggbinatioD

Normal Internal pressure + deadweicht +
any other sustained loads + nozzle
loads + occasional loads

| 5

1

i
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Definitions :

1- ID1SIDA1._Ertanutt - For the component design and normal
operating condition use che design
pressure given in Paragraph 3.5 of
the specification, iest Condition
Pressure per the ASME code.

2. ERRdMtight - Weight of the component and all its ,

appurtenances.

3. Egaggingj_ Loads and Thermal ];;3EAB1120 - 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 idadings, and -

pipe rupture loadings. The vendor is re-
,

quired to consider any additional loadings
that might exist.{f;

u. 92GagiQDal_ Lead - Single 500-lb force acting vertically
through the center of gravity of each
maior component.

5. EEE - Safe Shutdown Earthquake

6. IEAD111Dat - Not applic3ble to this equipment

7 gigg WDig Not applicable to thic equipment

8. 1st_ImgiDEREint - Not applicable to this equipment

3.7.6.3 SEISMIC REQUIREMENTS

fa. All seismic category I equipment covered by this

soecification shall be des ianed in accordar.ce with the

recuirements of the attached specification,, 2323-SS-20,
*

" seismic criteria for Equipment Design," Appendkx 4.

fb. All final analysis, design and testina for seismic
qualification shall be based on the final floor response

(, spectra specified in specification 2323-SS-20. ,

c. The function (ooerability and structural integrity) of the
equipment shall not be impaired by the SSE and 0.5 SSE.

({}
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d. 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.

e. The 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 III of the ASME Boiler and Pressure vessel Code.

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

a. All Seismic Category I pump-motor assemblies including their
suoports furnished under this specification shall have an
overall natural f requency equal to or greater than 33 , hertz.
The intent of this requirement is to est'ablish 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

CD' procedures in Paragraph 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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lFor informut~on On yTh.BI,E 3.7.6-1/ -< ,

, . ; - /

< STPFSS LIMITS FOP ASME CLASS 3 PUMPS
' /,

y ,

f a. Component Design and Normal Operating Conditions: 7
Elant C2nditigns , giress Limill.

* Normal ter''ASME BSPV Code', Section III
~

Upset *j ' P 5 S

m e
'

,

P + P $1.5S*

m b

Emeroency - P 5 S e

m
, ,.

P + P $1.5S
\r?. , ' ' m b

Taulted P 'i S P + P $ 1.5 S
Nii* *

" ~ 'g . Component Test Conditiont

P.lant_Condit19D RItaA_Limita /

Normal Per ASME ESPV Code, Section III
-

e

NOTES:

1. General Nomenclature
(a) P = Primary Membrane Stress

m ,

(b) P = Primary Bendina Stress
-,y

(c) S = Allowable Stress Value as specified in Appendix I
of Section III of the ASME BSPV Code.

<

I

..

/

r

$
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2. In addition to compliance with the stress limits specified
above, assurance of operability under all design loading
combinations should be provided by any appropriate
combination of the following suggested measures:

[Or in Ormation Only(a) Full-scale prototype testing

(b) Peduced-scale prototype testing

(c) Detailed stress and deformation analyses

In the performance of tests or analyses to demonstrate
operability, the structural interaction of the entire assembly
(e. a . , pumo-motor assembly) should be considered. If
suoerposition of test results for other than the combined loading
is proposed, tbc applicability of such a procedure should be
demonstrated. ,

.

.
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CCNTE. TIS

Title Pace No.

1.0 SCOPE 1-1

2.0 CLASSIFICATION OF EQUIPMENT 2-1
*

3.0 EARTHQUAKI INTINSITIIS AND RELATED
DESIGN OBJICTIVT.S SEISMIC CATIGCRY I '

,

IQUI? MENT 3-1
'

4.0 METHODS OF DETI?JiINA.rION OF SEISMIC ;
,

ADEQUACY -SEISMIC CATIGORY I
IQUIPMENT i 4-1

3

5.0 ANALTIICAL METHCDS SEISMIC . ,,

CATEGORY I EQUIPMIN* 5-1 -

.

.

6.O AI4CWAELE STRESSES AND DEFORMATIONS
e BASED ON ANALYSIS SIISMIC CATIGCRY I
'7 EQUIPMENT 6-1.

7.0 TESTING M_" HODS - SEISM.IC CATI 3 CRY I
EQUIPMINT 7-1

S.O NCN-CATI 7 CRY I EQUIP.C T - SEISMIC
DESIGN CRITIRIA 9-1

9.0 DCCUMIN*ATION 9-1

10.0 SEISMIC DESIGN ADQUAcr OF SUPPCROS 10-1
s

.

APPENDIX A - FT COE RESPCNSI SPEC" G.

LIST OF EQUI?M"T! FOR WE CH
SUPPCRTING S*RUO"URE MUST
SE INCLUDED IN DYNAMIC ANALYSIS

f
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o "

1.0 SCOPE

1. 3 The purpose of this document is to define the
seismic design criteria for equipment to be
installed in comanche Peak Steam Slectric station,
Unit Nos. 1 5 2.. The' equipment supplier shall
verify that said equipment can meet its performanca
requirements during and following a seismic
disturbance.

.
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5

2.0 CIAssIIICATION OF'IQUIPMENT

2.1 Equipment is classified into two categories,
seismic Category I and Non-Category I for the
purpose of seismic design.. These categories are
defined as follows:

2.1.1 Seismic Category I - Equipment, components, and
parts thereof, failure of which could lead to a

'

release of radioactivity in excess of the guidelineo

values in published regulations pertaining to
ac=ident ceruriderations or prevent a safe shutdown
of the reactor..

2.1.2 Non-Cat.egory I - Equip:nent, components, and parts
thereof, not included in seis=ic Category. I. .

2.3.3 The seismic classifications of particular pieces of
equipment are given in the applicable equipment

c specf.fications. .
S-

2.2 The. response of any Non-Category I equipment to the
earthquake loadings scall not adversely affe-- -"=

integrity er operacility of any item desi:naced as
seismic Category I. .

.

e

e me
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EARTHQUA.KE IN"INSITIES AND RELATED DESIGN
OE7ECiav S - SEISM.IC CATEGORY I EQUIPMENT

3.1 Earthquake intensities to be considered in the
design of Seismic Category I equipment are as.

follows:

3.2.1 The Safe Shutdown Earthquake (SSE) , , Duri=g and
after this event, all Seismic category I equipment
must continue to function in suen a manner as to
permit a safa and orderly plant shutdown without
loss -of integrity. .

3.1.2 The 1/2 Safa Shutdown Earthquake (1/2 SSE) . During
and afte* *M s event, all Seismic Category I

equipment must continue to operate undamaged with
no loss of normal function. It shall. respond as

- required for normal operation. -

-fc.-

.
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4.0 MITHODS OF DITERMINATION OF SIISMIC ADICUACY -
SEISMIC CATEGORY I IQUIPMENT

4.1 The equipment supplier shall demonstrate the
capability of his equipment to 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:

4.1.1 Analytical Methods.. (Predict the equipment
perfarmance by mathematical analysis) . . These
methods witnout testing may be performed if it can
be conservatively demonstrated that structural
integrity alone can assure operability of seismic
Category I equipment..

.
'

n.1.2 Testing' . Methods .. (Test the eqdpment ander
~

.

simulated seismic conditions) . .
/-

;Q~4.1.3 Cembination of analytical and test methods may be
performed wnen a complete seismic testing is
i=oracticable.

a.2 The equipment supplier shall furnish in his bid a
detailed description of the procedure to be used
for predicting tne equipment performance under'

seismic disturhances by analysis and/cr by testing. .

! -

|

|
|
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3.0 ANILLY"IC;LL ME*ECDS - SIISM C CATIGORY I
EQUIPMENT .

5.1 Response of Equipment to seismic Ground Motion

5.1.1 The response of the equipment to seismic ground
motion (SSE and 1/2 SSE) shall be determined by
using the appropriate floor response spectra
referred to is Appendix A.

5,1.2 If the : equipment is structurally simple so that it
can be defined as a single-degree-ci-f=nedem
system, tse dynamic model may consist of one mass
and one equivalent spring.. Using the values of
mass and spring constant, the natural frequency of
the equipment shall be dete==ined.. The response of
the- equipment is determined directly from .the
appropriate response ' spectra, when used in.

conjuncticn - with tse natural freq=ency and-

equipment damping..
C, ,

" 5.1.3 If the equipment is structurally complex such that
it cannot be modeled as a single-degree-ci-f=nedom
system, the f allowing method of analysis shall be.

used:
,

.

5 .1. 3.1 Model tne equipment using a =ultidegree of freedem
representation..

l 5.1.3. 2 Determine the dominant natural frequencies and mode
'

shapes of the scdel. *

5.1.3.3 Calculate the modal particioation f actors for k_ach
N ection of suppor: excita icn to be ecnsidered..

5.1.3.2 For each sip: fi: ant sode etermine sp ec._ral
response value ' rom the ficer response spectra in
Appendix A. Camping values given in Paragraph 5.2
shall be : sed. .

5.1.3.5 Determine =cdal response such as modal absciuta
accelerations, =odal relative displacements, modal
inertia loads, etc.. by the use of spectrum medal
analysis.

O
.
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5.3.3.6 The maximum responses 'of the equipcent shall be
determined by combining the responses in each mode,
(as determined in paragraph 5.1. 3. 5) , using a
recognized method such as square-root-of-the sum of
the squares or absolute sum of modal responsee and
combinations thereof, depending on relevant factors
such as spacing relationship between the frequency
of each mode, etc.. The. method of combining modal
responses shall be selected to yield realistically .

conservative rssuits..

5.1.3.7 For relatively heavy equipment cn relatively
flexible supporting structures listed in

Appendix A, the prcperties of the support structurn
including effective masses, damping factors and
flexibility characteristics' as given in Appendix A,
shall.be utilized.. The. analysis shall include the
mathematical model of the succortine s macture as
an intsgral part of the equipmient and'its supports. .'

The combined affacts of the da= ping iactors-

+Y associated with the equipment -and the supporting
structures must be taken into account in the

-

analysis.

5.1. 3. 8 In addition to inertia force considerations,
relative displacements between equipment support

points shall be considered. If a piece of

equipment is supported as more than one flocr
elevatien the equipment supplier shall provide to
GCE drawings snow:.ng tne details and 1ccaticns of

i supports.. 35E will then provi*de to the equipment
supplier tne. rela ive displacements of these
points, in each significant mode of the support.ing
structure and/or combined effects,.

| 5.2.4 Iquipment wnese lowest dominant natnral frequency
is 33 Ez, or higher, can be considered rig" -

|

*Ms case the acceleration of he e quip =ent can be'

|
' assumed the same as the zero perief acceleration of
i the appropriate ficer response spe= rum.

5.1.5 For equipment wnich responds essentially as s

single-degree-of-freedom system, the equipment

supplier may elect not to calculate the natural

p' frequency of his equipment.. In such a case, the

maximum peak value of the floor response spect:a,

;

-- ~ , .--.. -_-- _ . _ . . . _ _ _ - . _ _ _ - . . _ _ _ _ _ _ _ - -
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at the appropriate damping value, shall be used to
determine the equipment response..

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

Ecuipment Comconent Percent of Critical Damoine

1/2 SSE- SSE.

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

Small-diameter piping system,
(diameter equal to or less

2than 4 ") T -

Welded steel assemblies 2 4'

@ Bolted steel assemblies a 7
%

5.3 Any inter =ediate supports, consoles, racks, panels,
et=, between the structure and tse equipment being -

analy=ed shall be considered as an integral part of
the equipment in the dynamic analysis..

S. 3 The effects of seis=ic =otien of the equipment ,

support structure induced by ground excitations in
,

the three orthogenal directions (two hori= ental at
right angle to eacn other and vertical) shall be
assumed to occur si=ultanecusly. The respenses of
the equipment shall be determined by taking the
square root of the sum of the squares of the
responses at a particu!.ar point caused by each of

the three c==penents of earthquake =ction.

e

4

6

.
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6.O ALLCWABLE S"'RESSES AND DEFORMA"'ICNS BASED ON
ANALYSIS - SEISMIC CATEGORY I IQUIP.*d. INT

6.1 The. maximum stresses in the equipment, including;

the . effects of the normal operating loads plus the
1/2 safe shutdown earthquake, shall be maintained;

wiehin the normal allowable material working s~ mss
limits accepted as good practice and as set forth
in the appropriate design standards and codes (as
applicable) specified in the equipment .
specifications..

6.2 The. naximum stresses in the equignano, including
the affacts of the normal o=erating loads PJ.c.s a

safa shutdown earthquaice, ' shall be limited to
prevent loss of function of the equipment. For the
purpose of calculation, the no-lcss-of-function
stresses shall be limited to 90 7ercent of the-

yield strength of the material (including shear
yield) er as otherwise set forth in the appropriate

. [49 design standards and codes specified in tne
c.,

equipment specificaticns..

6.3 Ceformations resulting from the ce=hined influence
of ncrmal operating leads and the loads from the
safe shutdcwn earthquake shall be investigated to
verify that they will not impair functional
;erf=rmance..

6.4 Fcr the 1/2 SSE, the equipment function shall be
performed without per=anent defdr=ation.

6.5 For the SSE, permanent deformatien is tolerable if
it does not impair the equipmen function.. Valid
plastic a=alysis small demonstrate structural
integrity.. Local, self-limiting, t econdary

stresses say exceed yield stress levels to the
extent as set forth in the appropriats: design
standards and codes..

6.6 Fatigue analysis, where required by the codes, ,

shall be performed by the equipment supplier, using
a minimum of 600 load cycles for 1/2 SSE.

:

,

O
4
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INTP.0 DUCTION1.0
.

Com-Basic Technology Incorporated was engaged by Bingham-Willamette

pany as their agent to perform an ASME Section III C1 3 analysis for a
'

Chjlled Water Recirculation Pump 3x4x7 _ 1/2 - CAP per Gibbs and Hill,
Utili-Incorporated specif1'catio'n Number 2323-MS-15C pertaining to Texas

. ties Comanche Peak Power Station.

1.1 OBJECTIVE
.

.The objective of this. report is to show that th'e pump and~ motor.

assembly remains operable during and af ter a selsniic disturbance, and

$:"i":
G that all stresses arid deflections are within the i t:-i t of the governing7

s

Codes and Standards. .
t

*
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2,0 SUMMARY OF RESULTS For Informat. ion Onb.

.' The results of the seismic analysis presented in this report show'

the pump and motor assembly remains operable during and after athat

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 (0.00235-

in.) was shown to be less than the radial clearance (0.00?5 in.). The

l'
T angular misalignment (0.070*) and offset misalignment (0.020 in.) of the:

pump shaft was shown to be less than the capabilities of the coupling
(1/2* and 0.029 in., respectively).

.
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TAllLE 2-1 y

_flt OWARL E AND CAL.filLMED_.fiUIESSES_fKSI) ,h!b
STRUCTURE STEEL Hill. IIIH. FORHULA FOR . ALLOWABLES . CALCULATED !e -

'

YIELD IR.T . bb
NNSTREIETil IEllSILE 1EllSILE SIEAR TENSILE SIENI TENSILE SIEAR .

STRElCTil yp
,

1 DRIVER ll0LD DOM 4 00LT' SA-325 , 81.0 105.0 0.55u. 0.207S 52.5 21.735 2.00 0.76u

|h|h! 2 Pule ll0LD DOMI DOLT * SA-325 81.0 105.0 0.SSu 0.207Su 52.5 21.735 7.14

3 BASE Il0LD DOM 4 00LT' , SA-325 81.0 105.0 0.5Su 0.2075 52.5 21.735 27.95 8.70 ;u ,

4 SHAFT AISI416 40.0 75.0 0.6S 0.4S 24.0 16.0 1.88 0.05 |m' ,1 -.y y

eg Ity |5 BASE PLATE' SA-36 36.0 58.0 0.6S T 21.6 18.0 5.50y ,,

|"!*|5 $6 PEDESTAL' SA-36 36.0 58.0 0.6S 0.4S 21.6 14.4 20.11 1.29y y

8 TAIL DRACKET D3LT SA-449 01.0 105.0 0.55 0.207S 52.5 21.735 36.4) | h @O
!'7 PEDESTAL DELD'S' SA-36 36.0 58.0 T 18.0 70413/1,

I
u u

!i 5 I
9 TiflUST DEARIHC COVER SA-193B7 105.0 125.0' S 0.63 25.0 15.0 7.18 0.48

DOLT | , y, p
t

||,d O
10 VOLUTE CASE'00LTS SA-19387 105.0 125.0 S 0.6S 25.0 15.0 9.42 7.148

im -<
. ,

11 STUFFIlc DOX DOLTS SA- 193B7 105.0 125.0 0.5S 0.207S, 62.5 25875 32.80 23 00 jg|y 9u

'A-216 36.0 70.0 S 0.63 17.5 10.5 7.79/ !$ E o
12 SUCTION /DIScilARGE s -----

8.01 |M'" %INTERSEC.' Ell o

|k y'O.6S 25.0 15.0 7.52 0.3n13 IMPELLER 00LT SA-193B7 105.0 125.0 S8 -

2 AISI 41(. 40.0 75.0 0.5S 0.2075 37.5 15.525 1.31 !"| MM.
14 IMPELLER KEY u u 'i o w
15 TAPER PIH M-19307 105.0 125.0 0.5S 0.'207S 62.5 25.875 10.47, | | ::t1 u u ,

C
t6 PACKING CLAND',. SA-216K1! 36.0 70,0 $, 0.6S 17.5 10.5 3.14 0.36 _ 7p,

_

" I N
' Notes: .

| | S1. See ',lef erence 3.R6 ,

2. See Reference 3.0.9 ;o $*
.

!N r3i3. See Reference 3.0.10 ' |9Ii O1.

| ? '3
'
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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 3.0 have been followed.
It is hereby certified, to the best knowledge of the undersigned,

that the Chilled Water Circulation Pump (S.O. lA654/611 manufactured to

thq -drawing s , tabulated in Section 4.0, will not ex=eed the stress
~

Section III, Class 3, 1977 Edition, when sub-
.: (;m . limit s o f t h e A SH E C o d e ,,-

.- facted 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

assump'tions and boundary conditions set forth herein.

[ h A. 34nucePREPARED BY:
Thomas A. Dami wp Q

CHECKED BY: n sg4 d r o
- Thomas 3. (al~cott

'

,

2 S. IM~C |APPROVED BY:'

1. S. Tuba, Ph.D., P.E.

we Pennsylvania No. 9856-E
April 15, 1981
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3,0 RtrtRENCES Fr Infcrm2.ticii U--
-

3. 0 .'1
" Rules for Construction of
Subsection NC," ASRE Eoiler and ?reasureNuclear Power Plant Components,III, Division I, 2977 Edition through Winter.Veaset Code, Sabiion
American Society of Hechanical Engineers, ;977 Addenda,1977. New York, New York

y

3.0.2
" Station Service Water Screen Wash Boster Pum
2323 - NS - ISC - Reviedo.n 0, Water Recirculation Pump," Gibbs and EiL2 Specificp and Chilled

ation Number
Designers and Construct 6rs,Gibbs and Hill, Incorporated, En-gineers,

New York, New Yo&,May,1976.3.0.3
" Chilled Water Recirculation Pump 3x4x7
Willamette Contract 1/2 - CAP, Rinbham-

Specification Matarial List1A658/61-4
units," Bingham Willamette Company, for sales order,September, Portland, Oregon,1978.

3.0.4
"BWC Letter .- Additional

Information' Required for Seismic Analy-sis'," Susan Washburn, Seismic Engineer, Bing' ham - Willamette,
.

.2800 N.W. Front Avenue, P.O.
Box 10247, Portland, Oregon 97210',February 2, 1980.4

4'
T.' O . 5

" Seismic Criteria for Equipment Design," Appendi 4, Gibbs andEiII Specificction Rumber 2323-SS-20,
July 22, 1977. Designers and Constructors,Cibbs and Hill, Incorpora-

.ted, Engineers,
New York, New York,

,

3.0.6 " Rules !

for Construction of Nuclear Power Plant
,

section NF," RSME Boiler and Preasure Components, Sub-
Division I, Vessel Code, ,

Society of Hechanical Enginer:rs,i977 Edition through Winter 1977 Addenda,Section III,.
;

American
New York, New York,1977.

y3.0.7
" Nuclear Power Plant Components, Appendides,".15#2 Foi!er cnd

4

Pressure Vesac t Code, '
Section III,

American Society of Hechanical Engineers, Division I, 977 Edition, '

1977. New Y:rk, New York,
.

3.0.8

section NA," ASME Boiler and Pressure" Rules for Construction of Nuclear Power Plant Truponents,
. ?

Sub- '

1977-Edition Vessel Cade, Section III, %Division I, 2
. , .

Society of Mechanical Engineers,through Winter 19 77 A&btnda, American ,;New York, New York,1977. jp3.0.9 Baumeister T. and Marks, L., "Standcyd Ecndbook for Nechaniec!
~

Ingin eers, ", Seventh Edition, McGraw-Hill Publishing Company,New York, New York.,,
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3.0.10 " Nuclear Power Plant Componente, Apcendices ," ASME Boi!er and
*

Pressure Vessel Code, 1.y:ndi= I, Section III, Division I,
1977 Edition, American Society of Hechanical Engineers, New
York, New York, 1977.

3.0.11 Corman, D.3., " Free Vibration Analysis of Beams and Shafts,"
Wiley Publishing Company, New York, New York,1975. "

'

3.0.12 Screv Threads Standctda for Federal Service Ecndbook -- 228,
National Bureau of Standards, Washington, D.C., 1969.

3.0.13 Roark, R .' 3 . , and Young, W.C., " Formulas for Stress and Strain,"
,Fifth Edition, McGraw-Hill Book Company, New York, ile. York,, _ _ .

1975.

3.0.14 Ball Bearing General Catalog (Code BC-5), New Departure Hyatt.
Bearings, Division of General'Hotors, Sandu' sky, Ohio,'1974...

._.3.0.15 L e v i n s on , I . 3 . , "Hachine Design," Reston Publishing Company,
i. " Incorporated, Reston, Virginia 22090, 1978.,

3.0.16 Blodgett, 0.W., " Design of W'elded Structures," The James
F. Lincoln Arc Welding Foundation, Cleveland, Ohio, 1966.

3.0.17 " Rules for Construction of Nuclear Power Plant Components,
Subsection .ND," ASME Boiler and Pressure Vessei Code, Sec~
tion :::, Division :, 1577 Edition through Wir.ter 1977

; Addenic, American Society of Mechanical Engineers, New York,
i New York, 1977.-

!

| 3.0.18 Fast's Coupling A= plication Cuide (Sulletin 4000C), Kopper
'

Company, Incorporated, Power Transm.ission Department,
Baltimore, Maryla nd 1971.

3

,~ .0.19 " Structural Steel Shapes," United State: Steel, July, 1979.3
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APPENDIX I ,g m OnW-

.

SUMMARY OF RESULTS 'AND ANALYS25

A.1 INTRODUCTIOk-

.

This section provides the actual analysis for Bingham Willamette

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 above 33 her,tz.

To obtain the reactions at the. support. locations, on the thrust bear.ing

ena supports, and the shaft deflection, a static a'nalysis was applied.~

,

L, 1

'''In all cases, the pump met'the go erning criteria.

A.2 A.NALYSIS SPFCIFJr.ATION

The list of items to be considered in the seismic analysis of SWC
~

CAP pump S.O. 1A658/61 is shown on the following page.'

A.2'.1 PRESSURE CONTAINING PARTS
-

.

From Reference 3.0.A, the maximum pressure is 153 psi.

A'. 2'. 2 PLANT CONDITIONS
.

.- ,

From Reference 3.0.2, the following plant conditions and allonables

care specified:
.f.._;1 Normal- ASME Section III, Subsection NC-3400=

[ Upset,U
Emergency, Faulted - P, 3 1.0S; P, + Pg $ 1.5 5.

-

. . . . _ . _ _ . . ._ ..
_. _ . _ _ . . .

- _.
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t ,, r c r , S i b ,i.-. q
-J

rcr2 _c m-r

A. 2.3. SEISMIC LOANS-SAFE SHuTnOw'N EARTHQUAKE (SSE)
.

According to Reference 3.0.5, for natural f requencies above 33 hertz
,

clovation 778.0 feet, equipment damping coefficient 0.03, acceleration
~

has to be taken as:
(0.2) g for horizontal direction
(0.5) g for vertical direction

SSE Seismic loads were conservatively applied for all plant condi-

tions.
.

'

A. 2.4. TEMPERATURE CONTAINI'NG PARTS
.

1(1, specified in the operating conditions,
/n"

The design temperature-

Reference 3.0.2, equals 100*F. The properties of' steel, shown in Table

A.3.1., conform to this temperature requirement.

A. 2.5. SUPPORTS AND MOUNTING 3OLTS
.

For the design of bolts, ?aragraph NF-3260 of ttef erence ? 0.6,
,

t

'
The allow--

the procedures of Appendix XVII are to be used..ctatss that
able design stress values shall be the yield strn,gth values of Table

factors of jthe apelleabix desionI-13.3 of Appendix I =ultiplied by
*

'Toble XVII-2461, 1-1.
For the present analysis, the mounting belt loads are obtained for

,
&

the faulted condition..
%

.
7-

|

- _ _ - -
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I

The shear stress, T,, in the tail bracket mounting b~olt is given ;

by,
.

R
'

v 511.4 lbs. 7,543 psiT = = =
3 A 0.06'78 in.'s

chich is less than the allowable,
.

.

i = 7,543 psi < 21,735 psi = 0.207 5
3

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

2_ _ 3..: 7.

t s, < t

(0.5 Su) (0.207 S *

u
.

. .

cr,4

(36,540 psi)2 ,.7,5s3 psi)2 -

< 1- +,

{,_ 52,500 psi '21,735 psi
,

i -

0.602 < 1 {-

Therefore, the tail bracket mounting bolt design is acceptable.,

A. 4.19 Suction AND DIscHAssa Nozzts/CASIns INTERSECTIONS
.

|

Stresses in the suction and discharge nozzle / casing intersections

are analyzed by treating the discharge to suction nozzle junction as a
reducing outlet branch connection (or tee) under the rules of HD_3650

(See Refercnce 3.0.17, Page 127).

The design of the su'etion to discharge nozzel junction using the
zhe effects of pressure, dead-

| piping tee model shall be analyzed f o:
.

poight, and sustained loads.

h *

|
. ....

- .-.
i

. . .. c . ... ...

|.. . . . . . . . . . . . . . . _ _ . . . .
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.



.-

For iniormat. ion Onr
.

-

.D-

'J S ASIC TECHNOLOGY INCORPORA9 -

4- A-15_or----.

' d _I AD____o Av r_2.L22 / SO BINCAHAL.XILLA.u.IM E.P1Lu,p ____ ______ . sa rrt sc--!i0o1e

e-o??____o 1 e_3_/_il!9
32_x_7__ ._1/_2_ _ c.A._P__( 1.A_g 5 ;i g 1_) _ _ _ _ __ _ ,, a __ _ . . . . ._ _ __ _ _ _ _

,

_
_

LP s' 1" th' *" *1 ^ "
**1* d"* *.

IThe circumferential stress, (S

Intsrnal design pressure P = .1.53 psi is given by,

2Pd
2

IOLP s " (D
-

d-

os s
.

chore,
diameter of suction nozzle= 4.00 in. = nominal insided

(See BWC Drawing H-5289)s

t = 15/32 in. = design metal thickness,

n
in.

4.00 in. ~ +2 (15./32 in.) = .t.736 .

.

- -(D )s. =d +2t.=-
o s n

,

suction nozzle ,

= nominal outside diameter of
t

o.-

las
| W"

Then,

I

(153 esi)(4.00 in.)* - = 292 psi
(4.00 in.)'g3

LP s te.936 in.)'_
- _

for the discharge nozzle,Similarly,

Pd*n
I3 * dLP D (D )D D

-

,

where, discharge'nczzle,

= nacinal inside diameter of
D = 3.00 in. (See BWC Drawing B-5289) |d ,

= design metal thicknesst, = 15/32 in.
3.00 in. + 2 (15/32 in.) = 3.938 in.

(D )D = dD + 2t
=

ao

= nominal outside diameter of discharge nozzle
( 1

i
i

. . .

- , - --e -- . , _ -- ,
- - - - - -
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|. .-

Then,

(1530si)(3.00in.)2 -

( LP D * (3.9381n..)" (3.00in..)' = 212 psi-

-

""* "9 * "9 " *Next, the resultant moments, (M ), and (M )D'g A

suction and discharge nozzles (legs), respectively, due to deadweight,

custained loads, an'd seismic loads are calculated in accordance with,

-

(M )s = r(M )s* + (M )s
22

(M )s+ zR x y
.-

*

2] 1/2
**

(M )D = (M )D . (g )D . (g )2 2'

-

R x y zD ,
.-

-

where the component moments are taken at the functien of tne legs as
.

'I - -
shown in the following figure,

d)
T

a.? * ri
I,

4 ' .
'

i r
LD-

Ys '
-

* ' e

M h $ d M ,..)
_ p , . .

|

%(''7p?.'~*')N*0~~:'Y
~

|/
, . . ' f .;.'.' '. V

.

f ;. ;. - 6
. .

-

, sj|@,s -Dunction of,
.

. .,i"
_< .},: ..;i:."4 .i: ' ~ ~ Legs

-
' . , , ;, u

' :T-
*

.

:.4 .M |
.-

.
:

.!'.
''b. . . , J'''

*
.

|'' M3 . ,

E v
L3-

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

"s given as 122 lbs. (SeeiThe weight of the entire volute case

the Table on Page 4.2). It is' conservatively assumed that each leg
and that theone-half of the entire volute case weight,ocighs 61 lbs.

Then, the suction n,ozzlecenters of gravity are at the ends of each leg.
load components due to deadweight, sustained loads, and seismic loads

are given by

.____..._..-W---__.--
8

I + 0.2g
(F ), = (F,)g + (F,)SSE * xN g

.

W W
5* +1.0g

y DW =(F )H+0.5g) g g
(F')s = (F )N + (F )SSE + (F y.-

y y, y

f. W, '

+ 0.2g
(F )s = (F )N + (F )SSE = (F )Nzz
-

(H ), = (H )g

(H )s = (H )N + (F )s Ly y z s

zN+ (F )s L)(H )s = (H y sz
.

the subscripts indicate, ,

phere,

S = suction ne::le .

N = sustained loads (See BWC Item Sumber MS-15-C)
SSE = seismic inertial loads (accelerations, 0.2g in horizonta

0.5g in vertical direction)directions,
lg in vertical direction) |,

DW = deadweight (acceleration,
t

and, jM3 = 61 lbs. = weight of suction nozzle ,

%9 W !s
.

e

** - " ' * * * - ** * * * * *e ... . . . ,, , ,

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

L =.5.125 in. = distance from end of sue' tion nozzle to functiong of legs.

.

Than,
61 lbs. 1012.2 lbs.(F )s = 1000 lbs. + 0.2g

-- = .

x g

51 IDS * 61 lbs.
' (F )3 = 800 lbs. + 0.5g + 1.0g = 891.5 lbs.

Y 9 9

61 lbs. 912.2 lbs.(F )s = 900 lbs. + 0.2g -=

I g

.

(Hx), = 23760 in.-lb.
.

'

(5.125 1b.') = 24595 in.-lb.-
., )s = 19920 in._1b. + 912.2 lbs.(H

(. ; , -

(H7)3 = 19920 in.-lb. + 891.5 lbs. (5.125 lb.) = 24489 in.-lb.
r-

and the resultant moment is given by,

1,

(237 60 in . _1b . ) 2 + ( 245 9 5 in. -lb . ) 2 + ( ZatS 91n .'-lb . ) '
l'.

i
*

(HR)s =
.

42061 in.-lb.=

'Similarly, for the discharge nozzle, .

61 lhe 6S2.2 lbs. j"~~

(F )D = 670 lb. + 0.2g =
ex i

;
(F,>,= TSO 1e. . J.5m ,18 .e1 41 18 . e.1.5 1bs.. 1.0g =

,
.

(F )D = 600 1b. + 0.2g 61 lbs - =- - - 612.2 lbs.
gz

3g,. , ;

Ti i
I

!

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

--
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____

CAP3x4x7 1Tow _ D AT E__/_4_ ___ ______________________________________ Pd..
_._-________-3

cwxo.__-

.
*

.

(H,)D * "x N * ( z}D D = 11760 in.-lb'.+612.21b.(9.1251n.)=173461n._1b.
.

(H )D = (H 1)N
' "*~ **

D = 10320 in.-lb.+682.21b.(9.1251n.)=165451n.-lb.(H )D * "z N*( xD7

chere,

distance'from end of discharge nozzle
L0 = 9.125 in. to junction of legs

=

and the resultant moment is given by, .
,

# ~~ *
* ' "*~ *"*~ *

(HRD* ,
.

,

.

fi 26341 in.-lb.C =

nozzles,
The section moduli, Z, and Z , for the suction and dischargeD

respectively, are given by,

22 = rr t
s n

ZD* #m s*

where, -|
.

suction no::le
r = 2.234 in. = mean cross-secti:nci radius of

= 0.469 in. = nominal wall thickness of suction no::let -

n
t

'

- h
i

| -
. L-

. .
_

| h .,

.

. . . . e

m T y- -m - - - -
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.

", = 1.734 in. = mean cross-sectional radius of discharge nozzle

t = 0.469 in. = effective branch wall thickness which in thiscase is,the nominal discharge nozzle whil*

thickness .

~
*

.

Then,

(2.234,in.)2 (0.4691n.) = 7.353 in.8Z = w
s

"** '"* "* * *ZD* *

The flexi-the stress intensification factor is calculated.Next

tillity characteristi'c, h,
flexibility facto'r, K, and stress intensifica-

nozzle " tee" may best be
(;' tion factor, 1, of the suction to discharge

relding tee (per
represented by assuming the average of the values for a
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,

4.4 t
h= n

|
y

|

K=1
2/3

i = 0.9/h .

while, for an unreinforced fabricated tee,
tn

I h= -

r .

K=1
2/3 - -

i = 0.9/h
,

,
-

,

- -- -- , - . _ . , , . - . - - . - , - - - . --- --. - ._.
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chsre, t and r were defined on Page A-80. Then, the average stress
n

intonsification factor is given by,

0.9 0.9 .

~

'4.4 tn 2/3 + tn 2/3
~

i,
. r.r

2
..

0.9
0.9 -- 2/3-2/3"cr, -

n.ago en4.k(0.469tn.) + 1.748=

7, ,
,

,

4.234 in.,4.4J+ in. ,

2 .
.

*

.

The maximum stress, (S I in the suction nozz'le/ volute case in-OL s,

torsection due to deadweight, pressure, sustained, loads, and seismic

leads is given by,

(H }*R -

OL s * ( LP s + 0.75 II 7(S
s

.

.

Or,

(SOL}s = 292 psi + 0.75(1.7CO) 7.3531n.$-ib
E2061 in * E*

,

I,

i .

Sicilarly, for the discharge nozzle / volute case intersection,I

(H,)0-

j "

0.75 1(SOL'D + ISLP}D,+ 7
D

:

' cc,
l 8007 psi

(-1. 74 8 ) "{ =I

f (SOL D = 212 psi + 0.75 o
,

| {peenservatively comparing (Sot), and not), to the allowable stress limith

1 |
l

,

"'' '
* * * * * * * * * ' '- * * - * * * *.***=*,-e+.**
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5 (for seismic loads 'exc16ded) (Se'e Ta61e'A_3.1, Page A_5),.
f

-

t

.

L(Sog), = 7791 psi < 17500 psi , s
(SOL D = 8007 psi < 17500' psi = S

'o find that the suction and discharge nozzle /voldte case intersection
.

iosign is acceptable .-
.
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TAllLE A-3.1 g
Al LOWABL E AllD CALCULAIID STRESSES _f gSI) ',|j j j

-

!I
I | STRUCIURE STEEL HIN. HIN. FORIRJLA FOR ALLOWAnt1S . CALCULATED

ba
YIELD ULT. NN
SIREICTil TENSILE 1011SILE SIEAR TENSILE SIEAR (ENSIt.E SilEAR 77i STilEtCTil |t!C

| 1 DRIVER HOLD Domi DOLT' SA-325 , 81.0 105.0 0.5Su. 0.207S 52.5 21.735 2.00 0.76 | -
o m

! 2
f 2 Pute 110LD DOWN BOLT SA-325 81.0 105.0 0.55u 0.2075u 52.5 21.735 7.14I;

;
,"

1 SA-325 81.0 105.0 0.5S 0.207S 52.5 21.735 27.95 8.78 .

u u
3 BASE Il0LD Domt 00LT

! 4 SilAFT" AISI416 40.0 75.0 0.6S 0.4S 24.0 16.0 1.88 0.0% w m
y y

ag31b/ |c [
5 BASE PLAlE' SA-36 36.0 58.0 0.6S T 21.6 18.0 5.50 ,

y

6 PEDESTAL' SA-36 36.0 58.0 0.6S 0.4S 21.6 14.4 20.11 1.r9 |y $
y y

18.0 706th/t. |'!* O
! 7 PEDESTAL WELDS SA-36 36.0 58.0 T 'S mI

; 8 TAIL DRACKET IX)L1 SA-449 81.0 105.0 0.55 0.207Su '52.5 21.735 36.45 jg p a
Tj 8 u i r- Z

; 9 TilluST DEARIt0 COVER SA-19307 105.0 125.0 S 0.6S 25.0 15.0 7.18 0.48 ei >

|n|5 8!

Os344| 00LT,8

10 VOLUTE CASr. DOLTS SA-19307 105.0 125.0 S 0.6S 25.0 15.0 9.42 7.14 i, m e g
S

11 STtFFIt0 f/)X 00LTS SA-19307 105.0 125.0 0.5 S, 0.207S,, 62.5 25.875 32.80 23.8n j g j .y E
o,>ec 0

St)CT10tl JISCllARGE SA-216 36.0 70.0 S 0.65 i7.5 10.5 7.79/ i os | 2
/

- 8.01 |Mi" >T) E
-

;) 12 es' o .

INTERfic.s WCII
.

|'2| C f/
13 IMPEL.'_ER 00LT SA-19307 105.0 125.0 S 0.6S 25.0 15.0 7.52 0.30

8

14 IMPELLER KEY AISI 416 40.0 75.0 0.SS 0.-2075 37.5 15.525 1.31 b| smga5
2 u u

1
-

SA-19387 105.0 125.0 0.SS 0.2075 62.5 25.875 10.47 | | %
u u s i o

j 15 TAPER PIH'

16 PACKItM CLAtlD, J -216K1 g l _ ,_70.0 5 0.45 17.5 10.5 3 . I '6 0.36 _ 7y Q
,

m p
_ ' r| Sc

fHotes: | C.*
2

1. See Reference 3.n6 o C
. m !> U!8

:

,
2. See Reference 3 . 0.9<

3. See Reference 3.0.10 |-L O
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