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LONG ISLAND LIGHTING COM PANY
SHOREHAM NUCLEAR POWER STATION

L- --- .. - .c . _ . w t P.O. BOX 610, NORTH COUNTRY ROAD e WADING RIVER, N.Y.11792
..

Direct Dial Number

June 28, 1983 SNRC-921

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dynamic Qualification
SER Outstanding Issue No. 8

Shoreham Nuclear Power Station - Unit 1
Docket No. 50-322

.

i
Reference: Supplement Number 3 of the Safety Evaluation

Report Related to the Operation of the Shoreham
Nuclear Power Station - Unit 1

Dear Mr. Denton:

The purpose of this letter is to transmit information necessary to
complete resolution of three generic items af concern contained in
outstanding issue number 8 of Supplement number 3 of the Shoreham ,

Safety Evaluation Report.

First, as stated in item (2) on page 3-5 of SSER 3, LILCO com-
mitted to improve the qualification documentation in BOP SQRT i

packages by including either complete test reports or summaries
including anomalies and their resolutions by June 1983. This
commitment has been fulfilled. The BOP SQRT packages were review-
ed and have been revised as needed to add complete test reports or
summaries of anomalies and resolutions.

Second, enclosed are three calculations intended to fulfill the
commitments and requirements contained in item (1) of "the appli-
cant's response..." on page 3-8 of SER Supplement number 3. The
G.E. calculations are sample calculations of usage factors for
both ASME Code and non-ASME Code components.. The SWEC calculation
evaluates the potential effects of f atigue "due _ to SRV cyclic
loading on the dynamic qualification of, BOP plant' equipment. In
the SWEC calculation, four components were chosen based on their
location in areas of the plant.where SRV loads are~known to be
most significant. The four components are the head tank, loop
level pump, booster heat exchanger and the velan gate valvo. For
all components analyzed in both the NSSS and BOP calculations, the
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cumulative fatiguc usage factors are less than one. Additionally,
We enclose a summary entitled, " Fatigue Evaluation of Components

,
Qualified by Test" in order to clarify how fatigue testing was
conducted in assuring that the Test Response Spectra enveloped the
Required Response Spectra and that the input loads were suSficient
to cover the duration and number of SRV cycles that have been
defined. This summary fulfills the requirement stated in item (2)
of "the applicant's response..." on page 3-8 of SSER 3. It is a
summary of an analysis of a typical shake table acceleration time
history and representative SRV floor time histories in which
fatigue damage from the test motion is compared to fatigue damage
from SRV loads. The calculation demonstrates that the fatigue
usage from a typical test sequence far exceeds the fatigue usage
from anticipated SRV loads over the 40 year plant life. Thus, the
three genpric items of concern are addressed.
Finally, we enclose two lists of Shoreham Category I Equipment
Change Records, one for BOP and one for NSSS equipment. These are
provided to fulfill the commitment beginning in the last paragraph
on page 3-8 and continuing on to page 3-9 of SSER 3. The lists
contain field modifications made to already qualified and instal-
led safety-related equipment since the September 2, 1982 site SQRT-

audit date.

In accordance with R. L. Tedesco's letter to LILCO, dated
January 21, 1981, four copies of this submittal including
enclosures are being forwarded directly to Dr. Morris Reich at
Brookhaven National Laboratory.

Should you have any questions regarding the material enclosed, do*

not hesitate to call this office.

Very truly yours,
.

t/. .

. L. Smith
Manager, Special Projects
. Shoreham Nuclear Power Station

GJG/ law S3s

Enclosures

cc: J. liiggins
Dr. Morris Reich, BNL (4)
All Parties Listed in Attachment 1
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Lawrence Brenner, Esq. Herbert H.' Brown, Esq. *

Administrative Judge Lawrence Coe Lanpher, Esq.
Atomic Safety and Licensing Karla J. Letsche, Esq.
Board Panel Kirkpatrick, Lockhart, Hill
U.S. Nuclear Regulatory Commission Christoper & Phillips
Washington, D.C. 20555 8th Floor

,

1900 M Street, N.W.
~

Washington, D.C. 20036
.

Dr.. Peter A. Morris
Administrative Judge .

Atomic Safety and Licensing Mr. Marc W. Goldsmith
Board Panel Energy Research Group-

U.S. Nuclear Regulatory Commission 4001 Totten Pond Road
Washington, D.C. 20555 Waltham, Massachusetts 02154.

'

.
,

Dr. James H. Carpenter MHB Technical Associates
Administrative Judge 1723 Hamilton Avenue
Atomic Safety and Licensing Suite K
Board Panel . San Jose, California 95125

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 " '

. Stephen B. Latham, Esq. -

Twomey, Latham & Shea
Daniel F. Brown, Esq. 33 West Second Street
Attorney P.O. Box 398
Atomic Safety and Licensing Riverhead, New York 11901
Board Panel -

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Ralph Shapiro, Esq.
Cammer and Shapiro, P.C.
9 East 40th Street

Bernard M. Bordenick, Esq. New York, New York 10016
David A. Repka, Esq.
U.S. Nuclear Regulatory Commission.

,

Washington, D.C. 20555 ~

* . ' Matthew J. Kelly, Esq.
, , State of New York

Department of Public Service.

James Dougherty Three Empire State Plaza
3045 Porter Street Albany, New York 12223
Washington, D.C. 20008
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preach is to use the tensue strength higher-strength irons. stress con- gray iron under completely reverard
for fatigue 11mith and. after deter- centration facters associated with cycles of bending stress are shown
antning the section modulus of the changes of thspe in the part are im- in the graph on left in Fig.11. In
actual shape, to apply the proper portant for torque loads as weu as which each point represents the
beiding formula. However. because for bending and tension loads. data from one specimen.The efecta
cf the ditBculty in obtaining a Medalas of Elasticity. Typleal of temperature on faurue limit and
meaningful vslue for the tenalle stress strain turves for gray iron tensue strength are shown in the
strength in tes;s c! sman specimens. are shown in Ftg.10. Gray iron does right hand graph in Fig.11.
the load computed in this manner not obey Booke's law and the modu. Axial loading or torsional loading
will usually be somewhat lower than las in tension is usuaUy determined cycles are frequently encountered in
the actual load required to rupture arbitrarily as the alope of the line designing parts of cast iron. and in
the part. unless unfavorable resid- connecting the cetgin of the stress- many lastances these are not com.
ual stresses are present in the fin- strain curve with the point corre- pletely reversed loads. Types of reg. !
Sahed part. . sponding to % of the tensile ularly repeated stress variation usu.,

>

Eleagallen of rray Iron at frac- strength. Some engineers use the ally can be expressed as a functaca
ture 16 very smaft (of the order of alope of the stress-strain curve near of a mean stress and a stress range

the origin for determining the Wherever possible the designer
rc modulus of elasticity, should use actual data from the lim.

As indicated in Table 12, the mod- ited information available. Without>g' ulus of gray iron varies considerably precisely applicable test data, an es.'O
more than for most metals.Thus.in timate of the reversed bending

1 So O'''' 'O using observed strain to calculate fatigue limit of machined parts may. '

f so
! stress, it la essential to measure the be made by using about 35% of the- '

7 modulus of the partleular gray iron minimum spec 10ed tensile attength
*, g 4 ,f

__

merical value of the modulus in being considertd. This is probably a
specimen being considered. The nu. of the parucular grade of gray iron 1

) sc [[" I a less than in ten- safe value rather than an average
torsion is alwafs for steel, of the few data available concerning

e 30
Y. MP""''' -Nso -

sion. Just as it
j Bardasse of gray Iron, as mens- the faugue limit for gray iron.'O

o 1 | ured by BrineB ce Rockwell testers. I

''
o e a a 4 1s an average result of the soft Tab 6e 13. cessartsee et seekwen aus.

sere... cooi .a see . graphite in the Arce and the metalue mass et crer trees, as sneesessa j
! - matrix. Variations in graphite sine br Graphite -

h g/,'., D ,f,8,$8 % , M and distribution w1H cause wide var. a k. n c me.'

anon. stadurma of stantietty se maneures lations in hardness (particularly Tm '' T***1 bard- ==-
* * * ' ' ' "'6" * *" (*) "'8 S

so persas a. s ans c. repreaeener % Rockwen hardness) even though -

of 8A8 8858Cd 8tF8"fth. the hardness of the metallic matria A . . . . . . 3 os es3(c) sta ,

is constant. To 111ustrate this effect. A . . . . . . 3 As 43.1 als .

0.006 in, per in.) and hence is sel- the microhardness of the matrix of A . . . . . . . e so ss.o as
dom reported. The designer cannot flee of hardened iron. as com- g . ". . ". . 3 Jo se o ass*

340 48.1 ses
use the numerical value of perma- with Rockwen C measure, .

'

/ Eent elongauon in any quantitative ments on the same tron. la shown in (a) hasured br consentaanal macerwen
'It ble 13. C 88't. N Bardams of anstria, samannes

manner'eaal Shear Strength. As Itis apparentthatif anyhardness N,ssue 'wa's'EQ*",y **8 ',"*obtained in the sN ism
P

Torsl ,a '

shown in Table 12. most gray irons correlation is to be attempted. the
have h!sh torsional shear strength. graphite must be constant as to type etted. It is not typical of reay aren at

Many grades have torsional strength and amount in the trons being com- os% c. oremaruy trw hardness et sua !
tron is mocaw.n c es to so.atester than some grades of steel. pared. It is recommended that Brin- ,

this characteristle. along with low en hardness be used when poss!ble. ,

range o[roximation of the ef*ect ofnotch sensitivity, makes pray iron a Anap
stress on the faugue unit (,

Fetigue L. it la Reversedsuitable material for anafting of im,

various types. parucularly in the Sending may be obtained from alagrams P'

grades of higher tensue strength, such as Fig.12. The tensile strength ,

Most shafts are subjected to dy- Because fatigue 11mits are expen- is plotted on the horizontal axis to -

'
namic torsional stresses and the de- site to determine. the designer usu- represent the fracture strength un-
signer should consider carefully the ally has incomplete information on der state load (which corresponds t

exact nature of the tomas. For the this property.fypica18-N curves for to sero stress range). The reversed
--'
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4. LOADING CRITERIA

U
4.1 seismic Loads*

,

The maximum seismic loads to which the RER and CS Notors are '

subjected were determined from the results of analyses performed in
References 8 end 9, respectively. In these studies, detailed computer

models of the entire pump and motor assemblies were developed.
Response sportra analys:,s was then used to determine the induced '

acceleration at each node location due to a SSE event. The nodal
-

acceleration values output by these computer runs were used to find*

-

the. maximum seismic loadings by applying the following procedure:'

1) In each of the X,Y, and I directions, the maximum acceleration'

occurring at any mode in each of .the two actor models was
,

| determined.

2) The highest vertical acceleration occurring in either the RER or
- CS motor was then taken as the maximum vertical seismic load.

3) The SRSS was found for the maximum I and I accelerations ,

occurring in each motor. The I and I accelerations corresponding '
'

to the highest SRSS value were then taken as the horizontal
seismic loads.

- The above procedure is conservative, in that the maximum seismic
' loads in the horizontal and vertical directions bound accelerations ir. '

both the RER and CS actors. _

f
+ '

__ _-
-

_ - _~
_

The seismic loads applied in this analysis are:-

Vertical (Y) 2.70 g
Borizontal (X) 3.44 g
Borizontal (3) 1.73 g c

~
% _ = _ _ p=

These loads are input to the computer model of the CS notor as
forces applied at the appropriate nodes.

1

A

i 4.2 Magnetic and Centrifugal Loads

! If the shaf t undergoes a deflection relative to the stator frame,
an unbalanced magnetic force will be induced between the rotor

|| and stator cores. From Ref. 2, the radial magnetic force for the
,

!! core spray motor is 783 lb. for each 10% of the 0.045 in. radial air
|: gap which the rotor is displaced. The magnetic coefficient for the
|t

RER motor is less (770 lb.): therefore, the value corresponding to the
core spray motor was used in determining magnetic loads.'

'. .(
1 . .

#
, _
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mening the asetten modulus et the changes of tape la the part are asi. gra en left an yng.11,in

shape, to afply the proper t ser leads as wall as wtuch point represents the,

,

forinata. zowever, because bending tension leads. data freen one specimen.he efetu
et the escalty en obtaining a Medales . Typleal et temperature en fa hatt and |,

.

Talee $st the tensile stress strain surves gray kan tensue strength are in the
la testa ofsmaD speclanens, are shown la Fig. St. Orsy iron does right. hand graph in . II,

the computed at this manner ober Boottels law and the modu. Antal leading or onalleneas
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the actual load required to rapture arbitrarily as the slope et the une designing parta et cast iron, and la
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part, be g of the e alarly repeated stress * uon asu.
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// 7- _

merleal enlue et the modulas an being considered. Tnla is probably a
Iorsion is alwa a less than in ten. safe value rather than an average/20
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9 8 3 3 4 is an average result of the Soft Thhte 13. C.mparisme of B.ekvis 3.wi.
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CALCULATION TITLE PAGE
*SEE INSTRUCTIONS ON REVERSE SIDE
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FATIGUE EVALUATICri CF FOLA REPRESEtITATIVE COPotIENTS

INTRODUCTIOrt/CSJECTIVE

IT IS NOT GENERAL PRACTICE TO AfttLYZE COtPCtfENTS FCR FATIGUE
EFFECTS LTLESS THE COMPCTIEffT IS AN ASME CLASS I CC!PONEtiT OR CLEARLY
REQUIRES SUCH AN A!t"1YSIS TO SATISFY tiORlW. GPERATItG CYCLIC STRESS
REQUIREf!ENTS. THE ADDITICri 0F HARK II OR HYDRCDYiW!IC LOADS. HAS RAISED
CCitCERif THAT SRV LOAOItG COULD CONSIDERACLY CHAtiGE THE ASSUIPTIO*4 THAT
FATIGUE IS tiOT IIFCRTAtIT FOR CotPOf4ENTS OF A i:UCLEAR Pol:ER PLAtif. SRV
iSAFETY RELIEF VALVE) LOADS OCCUR A FU CER OF tit!ES TERCUGH-OUT THE LIFE
CF THE PLAT {T Arc ItF03E SIGNIFICANT OSCILLATItG ACCELERATI0tG ON
CC!PCriENTS. THE t;RC HAS REQUESTED Att EVALUATICri 0F THE POTEffTIAL

EFFECTS OF FATIGUE DUE TO SRV CYCLIC LOADItG Cri THE DYNMtIC QUALIFICATI0tf
CF PLANT EQUIPl!ENT. TO SATISFY TilIS REQUEST. FOUR CCfFCliENTS HAVE DEEN
CHOSEN FCR EVALUATICN. SRV FATIGUE EFFECTS HILL ACD TO THOSE FR0!!
OTHER DYtlAffIC LOADS DUE To t:CRitAL OPERATION, EARTHQUAHE AtG

LOCA. THUS ALL DYNAftIC LOADS ARE CCtGIDERED IN THIS AtlALYSIS

IT IS THE PURPOSE OF THIS REVIEH TO CCttSIDER OrlLY THOSE CCtFotIENTS THAT
HAVE BEEN QUALIFIED BY AtlALYSIS. CCfFCHENTS QUALIFIED BY TEST HILL DE
TREATED IN A SEPARATE REVIEH.
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i

!

ASStRPTIONS
,

Il THE FOUR CO*PotiENTS HAVE BEEN SELECTED BASED ON THEIR POTEtRIAL;'
FOt SRV FATIGUE EFFECTS. Att EFFORT HAS BEEN HADE tCT OtLY TO PICH

,

'

f

. REPRESENTATIVE CCtFONENTS BUT COtPCitENTS HHICH REPRESENT * HORST
'

i CASES". THE REPRESENTATIVE Are * HORST CASE"
t!ATURE OF THE COFONENTS CHOSEN IS AN ASStRFTION BACHED UP BY
SELECTION CRITERIA DISCUSSED IN THE *HETHOD OF ANALYSIS" SECTION.

3) IT IS ASSUt|ED THAT *ASSE! SLY" BOLTS HAVE BEEN PRETEfGIONED TO
AN EXTENT CONSISTENT HITH GOOD HActINE DESIGN. THESE ASSE}CLY

,

BOLTS ARE THOSE THREADED FASTENERS HHICH C0t24ECT COtFO!IENT t

SUB-ASSE!SLIES. FOR THE PURPOSE OF THIS EVALUATI0tt THE PRETENSION !
ASS 12tED IS 70% OF THE tA.TIHATE STRE!GTH OF THE BOLYItG (REF 40 i4

PAGE 6 3. PRETEtGI0tt IS tCT ASSU!!ED FOR COFOMENT EISE0HENT BOLTS. >

IC0!iSEQUENTLY ASSE!'CLY BOLTS 00 tCT HAVE STRESS CCtCEtiTRATION
FACTORS APPLIED AS L0ts AS THE CALCULATED STRESS DOES PCT EXCEED;

'

THE PRETEfGION STRESS. EPSEDt!ENT BOLT STRESSES DO HAVE STRESS
C0ftCENTRATI0tt FACTonS APPLIED BECAUSE PRETEtGIONItG A!C HAINTENANCE
OF PRETEtGION OF THESE BOLTS IS NOT EXPECTED.3
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METHOD CF AttALYSIS

FOUR COMPONENTS HAVE BEEN CHOSEN FCR FATIGUE EVALUATION. THESE HAVE
BEEtt CHOSEN BASED off REVIEN OF STRESS ttARGItG APO BASED CN BEItG LOCATED
IN AREAS CF THE PLANT MIERE SRV LCADS ARE KtGl4N TO BE ltOST SIGiiIFICANT.
THE HEAD TAfH HAS DIOSEN BECAUSE IT IS THE OriLY SIGNIFICANT TANH I?GICE
THE REACTOR BUILDItG. THE LOOP LEVEL FUt1P AfD THE C00 STER HEAT EXQiAtGER
BECAUSE THEY ARE tt0UNTED AT EL 8 0F THE SECatcARY Cat (TAItttEt4T. 82iERE
SRV L'OADS ARE LARGE. THE VELAN GATE VALVE HAS CHOSEtt BECAUSE IT HAD BEEN
IDENTIFIED AS CtlE OF THE t!OST SEVERLY LOADED VALVES BASED ON AN EXTEtGIVE
REVIEll 0F VALVE QUALIFICATION LOADS.

FATIGUE EFFECTS HAD NOT BEEN CCitSIDERED IN THE STRESS CALCULATIONS'

FOR THESE C0tFO*iENTS. H03(EVER THE FCUR CCHPONENTS HAVE ALSO BEEN CHOSEN
BASED ON THEIR FOTEtITIAL FCR OPERATItG LOADS CotiTRIBUTItG TO FATIGUE.
A PUtp HAS BEEff CHOSEN BECAUSE OF THE POTENTIAL FOR ROTATItG INERTIA LOADS.
A VALVE HAS CEEN CHOSEN BECAUSE OF THE POTErlTIAL FCR OPEtVCLOSE LOAD
CYCLE FATICUE. THE HEAT EXCHAtGER POTEffTIALLY HAS SYSTEH AND FLOH TRANSIENTS
THAT HAY C0tf7RIBUTE TO FATIGUE.

THE FIRST STEP IN TNE EVALUATION OF EADI COMPONENT IS TO IDENTIFY
HAJOR STRESSED APEAS. THIS IrlVOLVES 50!!E JUDGEttENT IN THAT THE ORIGINAL
CALCli.ATICt:S !!AY NOT HAVE CCriSIDERED STRESS CONCENTRATI0tG IN THE CHOICE
CF AREAS TO BE TREA1ED Iti THE CALCULATIOff. THUS A PORTICH CF THE CottPCtlENT
HITH LC11 STRESSES BUT HITH HICH STRESS CONCENTRATIOff,ifAY HAVE BEEN
NEGLECTED. THE CCitPCtIENT DESIGN IS REVIEHED FOR SUCH AREAS AtB
STRESS CALCULATIONS ACDED AS NEEDED.

i

THE NEXT STEP Irl THE EVALUATI0tl IS TO SORT OUT IDtAT PORTION OF EACH,

STRESS IS C0tiTRIBUTED BY EACH LOAD CASE. STRESS CCt!PONENTS OUE TO
OSCILATIts LOADS AGE SPLIT CUT. 20RtML CPERATIrlG LOADS HOULD TYPICALLY
HAVE THE POTEtiTIAL FCR THE LARGEST tlurEER OF LOAD CYCLES - INERTIA AND
PRESSURE LDADS OUE TO ROTATItG EQUIPttEtiT. FLUID TRAftSIENTS DUE TO
SYSTEll OPERATItG CYCLES. VALVE OPEtVCLOSE CYCLES ETC. ItARM II SAFETY
RELIEF VALVE LOADS tJtE C0!GIDERED NT!!AL OPERATItG LOADS IN THAT THE
REACTOR CUILDItG HILL SEE LOADS CUE TO SRV CPEt1ItG A t?Jt3ER OF tit!ES
THROUGtt0UT THE LIFE OF Tl!E PLANT. CPERATItG CASIS EARTHOU?HE LOADS ALSO

JFALL ItiTO THIS CATECCRY. OTHER OSCILLATItG LCADS INCLUDE FAULTED LOADS" ~

SUCH AS THOSE CUE TO THE DESIGil BASIS EARTHQUAME. !

NEXT, A FCf 3ER OF CYCLES 10ST BE ASSIGN!D FCR EACH ALTERNATItG
LOAD. THE C01:PCriEtiT DESION REPC'?T. DESIGtt SPEC. FURCHASE SPEC SYSTEtt
DESCRIPTION.tTt SYS1 Elf LESIGli SPEC ARE DE Co*tSULTED TO ICErlTIFY trutt!'.AL
CPERATItG CYCLES. THE ECUIVALENT t:UtCER OF PEAM SRV ACTUATIOtG HAS EEEN
DETERitIriED FCR THE SHCREHA:t PLAriT TD E,E 900 EVENTS. THIS trJOER CCt!ES

T<
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FRCit A CALCULATION OF SRV STRESS CYCLES FOR SHOREH44 PIPItG ANALYSIS
(REF CALCtlI600.02 PP(B) 450 FG). IN THIS CALCULATION THE FULL PAtCE OF
SRV ACTUATIOtG ( Arc CORRESPotCItG SUBSEOUEhT ACTUATIOfG) ARE CotGIDERED.
HAlfY "LCH LOAD" SRV ACTUATIortS. SUCH AS A SItGLE VALVE ACTUATIcti. OR
FOUR VALVE ACTUATI0tt. OCCUR HANY ttCRE TIHES THAtt THE 900 CALCULATED
EQUIVALENT PEAK EVENTS. THE PUSER OF EQUIVALEtiT PEAM CYCLES FOR EACH
SRV EVENT IS CALCULATED BASED ON A HETHOD OERIVED FRutt ASt:E III NB-3653
At:D SUtstED TO THE 900 TOTAL. THIS HETH00 "DERATES" A TYPICAL LCH-LOAD
FUSER CYCLES TO A LCHER EQUIVALEt4T IUSER CF CYCLES AT THE HIGHEST SRV
LOAD (SRV 11 VALVE ACTUATICit). A SIHILAR TREATHENT OF THE LOCA EVENT
YIELDS A REQUIREttENT TO DESIGN THE PLANT FOR A SItCLE PIPE BREAN (REF
11) HHICH PRODUCES UP TO 200 EQUIVALENT PEAM " CHUGS"

TI:E t& CER OF DESIGN CBE EVEffTS FOR THE
SHOREHAH PLANT IS S. THE flUtBER OF DESIGN DBE EVENTS IS ONE.

EACH APPLICATION OF A DYNAHIC LOAD HILL EXCITE AN OSCILLATItG RESP 0ttSE
HHICH HILL OCCUR DURItG THE EVENT AfD DAttP OUT AFTER THE EVENT. AN
EQUIVtJ.ENT tutBER OF PEAM STRESS CYCLES ituST BE DETERNINED FOR EACH
DYNAltIC EVENT StAttIrG DVER ALL THE CQP0tiENT OSCILLATI0tG. THIS MIALYSIS
HAS BEEN PERFORt!ED FOR PI?ItG (SEE THE ABOVE REFEREttCED CALCULATION)
Atc HAS DEEN FOUtD TO BE DEPEtOEtiT UPON CCtPONEtiT FREQUEtiCY MO STRESS
LEVEL. FOR TYPICAL STRESS LEVELS IN PIPES THE UPPER BotAD Ott THE NUtBER
OF EQUIVALENT HAX STRESS CYCLES HAS DEEN F0ute TO EE .3333aFN PER
DYNMtIC EVENT. FOR THE PURPOSE OF CO tPCttENT
EVALUATIOttS. THIS RELATIOff HILL BE ASSUltED TO APPLY
FOR ALL DYNMtIC LOADItG. THE EQUIVALENT tutBER OF PEAK STRESS CYCLES FOR
EACH LOAD TYPE IS THE PRODUCT OF THE NUISER OF EVENTS PER LOAD TYPE Atc
THE NUICER OF EQUIVALEt{T PEAM STRESS CYCLES PER EVENT.

AT THIS POINT STRESS LEVELS Ato CORRESP0t0ING FUSER OF CYCLES AT
THESE STRESS LEVELS ARE AVAILABLE. STRESS COtlCENTRATICit FACTORS ARE
APPLIED TO EACH STRESS C0t:PattEtiT APO USAGE FACTORS ARE THEff CALCULATED.,

USItG AS!!E III te-36S3 AS A CUIDE. AT EACH STRESS POINT THE USAGE FACTORS
ARE SUt3tED OVER ALL LDAD CASES Atc THE SUM ttUST DE LESS THAff 1.0

-
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i

DESIGN It@UT

1) THE HUteER OF DBE EVENTS TO BE CONSIDERED IS ONE. THE PU BER OF DBE
CYCLES IS 10 (REF 10)

2) THE HLASER OF OBE EVENTS TO BE CONSIDERED IS 5. THE tueER OF OBE
CYCLES IS 50 (TOTALI (REF 103

3) THE tu eER OF SRV CYCLES TO BE CONSIDERED IS 900 ItLTIPLIED BY
- THE C0tPONENT NATURAL FREQUEtCY DIVIDED BY THREE (REF 8.9)

4) THE POWER OF LOCA CYCLES TO BE CONSIDERED IS 200 MJLTIPLIED BY
t

THE C0t@0NENT HATLTAL FREQUENCY DIVIDED BY THREE (REF Ill

5) EARTHQUAHE APO HYCRODYHANIC ACCELERATIONS ARE TAMEN FRON THE STRUCTURAL
DIVISI2( CALCULATION (REF 13) Ate EtiGINEERING HECHANICS DIVISION
CALCULATION (REF 123

1
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HATERIALS AFC PHTSICAL CONSTANTS

THE HATERIAL PROPERTIES USED IN THIS CALCULATION ARE THE FATIGUE
PROFERTIES CF THE CC:PONENT ffATERIALS. THE FATIGUE CURVES IN AS!!E III
(REF 5,6) ARE USED FOR MATERIAL FATICUE CHARACTERISTICS.
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(34) CALCULATION NO. 11600.02-NS(BI-092 "CONFIRHATORY ARS";

(3S) CALCULATION HO. 11600.02-NStB)-20-JA. ARS TAPE NO. 001816

(36) CONFIRHATORY SPECTRA FOR EQUIPHENT, DOCHET NO. 50-322, OCT 1981

(373 PIPE STRESS. PIPE SUPPORT. AtID DUCT SUPPORT CRITERIA DOCUMENT
FOR THE S110REdAH tCCLEAR PCHER STATION, SHEC 1981

(38) hat 0AL OF STEEL CottSTRUCTION. AISC, SEVENTH EDITION.1973

(39) "!!0CERN FLAttGE DESICit" BULLETIN 502. TAYLOR FORGE. FIFTH EDITION
1964

(40) SPECIFICATION FOR STRUCTURAL JOINTS USING ASTH A-32S OR A 490 BOLTS
AISC,1978
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CALCULATION 3 11600.02 ret (B) 382 CZC
FATIGUE EVALUATION OF FOUR REPRESEtiTATIVE C0tPONENTS

DETERMINED THAT THIS PARTICULAR VALVE IS ONE OF THE HOST SEVERLY LOADED
114 THE PLANT. ITS RELATIVELY HIGH USAGE FACTOR IS EXFECTED TO BE ONE
OF THE LARGEST OF ALL VALVES IN THE PLAtU

-- StAttARY OF USAGE FACTORS --

COFF0tiENT MAX USAGE FACTOR

R8LCLCH HEAD TAtH .064
LOOP LEVEL PU|P 0.0 (BELOH EtCURANCE LIMIT)
HEAT EXCHANSER .063
10" GATE VALVE .3S

IT IS EVIDENT FROH THIS STUDY THAT SRV FATIGUE IS NOT A PROBLEH FOR THE
FOUR C0ttPONENTS EVALUATED, ALSO BASED ON THIS REVIEH IT CAN BE SAID THAT
FOR SRV FATIGUE TO BE A PROBLEH FOR OTHER EQUIPHENT IN THE PLAT 4T, THERE
HOULD HAVE TO BE Art IIPLAUSIBLE COINCIDENCE OF*

A) LOH STRESS HARGINS FOR SRV TYPE LOADItG
B) LOCATIOtt MITHIN THE PLANT MiERE SRV LOADS ARE SIGNIFICANT
Cl C0f'PONENT FREQUEttCY RESPONSE THAT HOULD A!PLIFY SRV LOADS
DI LOH COIPONEtIT DA!!PII:G THAT HOULD SUPPORT THE ASSUtPTION OF FtV3

CYCLES PER EQUIVALEtIT PEAN SRV EVENT
El FATIGUE DERIVED FAILURE ItECHANISHS THAT HOULD LEAD TO

UttACCEPTA3LE CONSEQUEtCES.
F) IttPRODABLE POOR HATERIAL DEHAVIOR ADHERING TO THE STATISTICALLY

CONSERVATIVE DESIGil FATIGUE S-N CURVES (REF S,6)
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CALCULATI0tt 8 II600.02 tit (B) 382 CZC
FATIGUE EVt1UATI0tt OF FOUR REPRESErfTATIVE C0tPCNENTS

SIMMRY OF RESULTS
,

.THE FOUR COOFONENTS CHOSEN FOR REVIEH HAVE BEEN LOOKED AT
IN SUFFICIENT DETAIL TO DRAH CONCLUSIONS AS TO THE EFFECTS OF FATIGUE

- ON THESE PARTICULAR COlPONENTS. NONE OF THE F0lst HAVE BEEN Foute TO
FAIL THE CRITERIA ESTABLISHED FOR THIS REVIEH.

THE TAtM THAT HAS EXAMINED IS AT EL ISI IN THE SECormARY CONTAItttENT
l#4ERE SRV LOADIts IS RELATIVELY SitALL. OVERTURNING H0HENTS DUE TO SRV
BARELY OVERCONE THE TAtM RIGHTING H0HENT.THUS ANCHOR BOLT Ate CHAIR
STRESSES ARE LOH. EVEN HITH THE FAIRLY HIGH STRESS Cot'CENTRATIONS THAT
HERE APPLIED TO THREADS, HELDS. AND HOLES AT THE HOLD-006N DETAILS. NO
FATIGUE PROBLEM MAS IDENTIFIED. ACTUAL N0ZZLE LOADS ARE SttALL. N0ZZLE
STRESSES HERE CALCULATED BASED ON HElBRANE+BEteING+ DISCONTINUITY STRESSES
Are HERE HELL BELOH FATIGUE ALLOHABLES.

THE LOOP LEVEL PLAFS ARE AT EL 8 IN THE SEC0 TEARY CONTAItttENT M4ERE
THE SRV ACCELERATIONS ARE SIGNIFICAtlT. THE GOLEDS PUFFS ANALYSIS HAS
BASED ON STATIC GS MtICH ENVELOPED THE SRV PEAN (FRJLTIPLIED BY I.31
BUT REVIEH OF THE FREQUENCY CALCULATIONS ItDICATED ZPA VALUES HERE
AFPROPRIATE. MITH THE LOHER G Vt1UES APPLIED ALL THE STRESSES HERE
HITHIN FATIGUE ALLOHABLES. SRV LOADS HERE Foute TO HAVE A NEGLIGIBLE '

EFFECT Ott ROTATING PARTS.

THE BOOSTER HEAT EXCHANGER HAS ALSO FOUND TO SATISFY FATIGUE CRITERIA.
THE VEtDORS REPORT HAS SUPPLEHENTED SUBSTANTIALLY. ACTUAL PIPE LOADS

- FRON AX CALCULATIONS HERE USED TO QUALIFY LOHER N0ZZLE STRESSES. USAGE
FACTORS HERE FOUt0 TO BE SHALL. ANCHOR BOLT STRESSES HERE SHOWf TO BE '

BELOH THE EtDURANCE LIttIT OF THE BOLTING HATERIAL.

THE 10" VELAN GATE VALVE HAS Foute TO HAVE THE HIGHEST TOTAL USAGE'
FACTOR ITOTAL U =.353 0F THE FOUR COMPONEfffS REVIEHED.
THE YOHE ASSEtDLY HAS THE LIMITING ELEHEtiT OF THE
VtLVE At2 HOST OF THE STRESSES Iti THE YOHE HERE FROM SRV.
(THE SRV USEAGE FACTOR ALOME HAS .33). THE VALVE OPERATOR HAS
QUALIFIED BY TEST AfD THUS HAS NOT INCLUDED IN THIS REVIEH. THE I

FREQUENCY USED TO CUA!ITIFY THE ff)HDER OF REQUIRE 0 SRV Ato LOCA CYCLES~

HAS THE C0!BItED FUtOAlfENTAL HATURAL FREQUENCY OF THE VALVE Are PIPE.
' THIS HAS FOUtD TO BE 36 CPS, OtLY SLIGHTLY LCHIR THAtt THE VALVE ALONE
MCCPS) CECAUSE OF RIGID SUPPORT CotDITIO|tS OF THE PIPE IN QUESTION.
icRtfAL CPERATIllG STRESSES DUE TO CPEtVCLOSE CYCLES DID NOT CONTRIBUTE
TO FATICUE. THE VALVE 1:HICH HAS ST'JDIED IS IN A SYSTEli MiICH OtLY
CPERATdS AFTER A LOCA.

BASED Ctl A REVIEH OF. PIPE HOUtiTED EQUIPi!EtIT ACCELERATI0ftSe IT HAS
-
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CALCULATION 8 II600.02 tettB) 382 CZC
FATICUE EVALUATION OF FOUR REPRESENTATIVE COIPONENTS

.

'
CONCLUSI0ftS

THE FOUR COPPONENTS CHOSEN HERE JUDGED TO HAVE A
HIGH POTENTIAL FOR SRV FATIGUE EFFECTS AfD FCR ALL FOUR THAT HERE
STUDIED. SRV FATIGUE HAS tiOT FOUtB TO BE ItPORTANT. ALL FOUR
C0tFONENTS HERE FOUPD TO SATISFY THE SRV FATICUE STRESS CRITERIA
ESTABLISHED FOR THIS STUDY HITH NE HARGItG.
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SHOREHAM NUCLEAR POWER STATION - UNIT #1

FATIGUE EVALUATION OF COMPONENTS OUALIFIED BY TEST

Supplement No. 3 to the Shoreham Safety Evaluation Report (Ref. 1)
addresses the subject of seismic and dynamic qualification of safety-
related equipment. It was requested therein (Item 8.b) that clari-
fication be provided "of how the fatigue testing was actually conducted

4

in assuring that TRS's envelop RRS's and that the input loads cover
suf ficient duration and number of SRV cycles which have been defined."
That clarification is provided herein.

It is first noted that, with few exceptions, " fatigue testing" has not

been performed for Shoreham equipment. It is a requirement that tne>

- amplitude and frequency content of test acceleration inputs bound
Shoreham requirements for combined seismic and hydrodynamic loads. Also,
for tests performed since SRV loads have been defined, the required tests

duration has generally been increased from a minimum of 15 sec/ axis / test'

to typically 30 sec/ axis / test to account for additional SRV cycles.
]'

Here " test" refers to each of the five OBE (or upset events) and the one
SSE (or faulted event) to' give a total of 180 sec/ axis.

:.
| In order to further quantify the number of equivalent SRV cycles achieved,
I a detailed analysis of an actual Shoreham test acceleration time history

has been performed. The objective of the analysis was to calculate the.

fatigue damage to a family of idealized components due to the test time
'

history and compare to the calculated fatigue damage to the same compo-

,

nents due to the expected number of SRV actuation events in Shoreham.
1 The equivalent number of SRV cycles inherent in the test can be inferred
! from this comparison.

The primary assumption made in the analysis is that for a comparison of.

test'and SRV event fatigue effects, equipment components can be idealized
'

as linear single degree of freedom oscillators. With this assumption,
fatigue damage is calculated as described below.

First a family of oscillators was selected. The oscillators were chosen.
to have frequencies in the ranges of Shoreham SRV response spectra peaks,
i.e. . 8 Hz,18H, and 30 Hz; and also at 50 Hz which is generally above
the range of SRV resonances.

Each of these oscillators was then subject to one or more calculated re-
actor building SRV acceleration time histories. The input building time-i

histories used were three representative time histories factored up such
that their resultant response spectra would bound all reactor building

~

spectra within the frequency range of the oscillator being analyzed.
| - Output displacement time histories were then calculated for the oscil-
' laters with 2% damping and the peak output displacements were then assumed

to correspond to a component stress of 30 ksi as a reference point.
i

The same oscillators were then subject to six typical one second segments
of an actual _Shoreham test acceleration time history (Ref. 2). The peak

. output displacements were then multiplied by the ratio of assumed SRV peak
stress to calculated'SRV peak displacement to arrive at a relative peak
stress due to the test time history.

j

.
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The test displacement (or stress) time histories were then searched for
peaks (first derivative zero, second derivative non-zero) and each pair
of peaks was taken as one half of a fatigue cycle. From the mean stress
and alternating stress range for each half cycle, an allowable number of
cycles is found using a set of fatigue damage curves based on figure I-9.1
of ASME III. A discussion of the approach used to generate the fatigue
damage curves may be found in reference 3, page 270, in which the concept
of constant fatigue damage curves is discussed.

The net usage factor is then calculated to be:

"
*

net allowable
all pairs

The equivalent number of cycles at the peak SRV stress level is then
calculated to be:

4

" allowable at SRV stressSRV cycles " net

This number, associated with 6 seconds of test input, is then multiplied
by 30 to account for a total of 180 seconds of testing (for each axis).
This number ranged from 1.2 x 106 to 11.4 x 106 for the idealized com-
ponents analyzed.

The equivalent number of SRV cycles in the test must then be compared to
the required number for Shoreham. The Shoreham plant is expected to ex-
perience 253 SRV all valve actuation events and a large number of single
valve subsequent actuation events. Analysis of these smaller amplitude
events has concluded that they are equivalent to approximately 650 all
valve events leading to a total number of 900 used for design. The num-,

ber of stress cycles per event has been found to be generally proportion-
al to the frequency of component response, i.e., f/3. The total numberof stress cycles, therefore is 900 (f/3). For the idealized components
analyzed this number ranged from 2,400 to 15,000.

For all cases analyzed, the ratio of test cycles to required cycles
ranged from 150 to over 2000 or a minimum factor of safety of 150.

On this basis it is concluded that typical Shoreham test time histories
have a more than sufficient number of equivalent SRV cycles to cover
Shoreham requirements.

I

:
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AS OF 09-01-82 PAGE 1

SHOREHAM ttJCf. EAR P0HER STATION SHOREHAH CATEGORY I EQUIPMENT CHANGE RECORD CURRENT D ATE 06-21-83
STONE AND HEBSTER ENGINEERING CORPORATION

_ -.__ _
- --- --

EFFECT CH

DOCUMENT S DATE OF ISSUE EQUIP. AFFECTED NATURE OF CHANGE SEISNIC QUAL.
_ _-- -- . _ __

_ ._

____

F-42213 09-08-82 IH21mPtt.-060 ADDITIONAL RELAYS TO BE ADDED TO CAT.I HASS OF ADDED
8'ANEL RELAYS NEGLIGIBLE-NONE

F-40424J 09-09-82 1011mPit.-021 ATTACHNENTS TO SHID / RAD. HONITOR. SYS. HASS OF ATTACHHENTS
NEGLIGISLE-NONE

P-3930H 09-27-82 IH21mRH-40,41 CLEARANCE PR00. FOR 02 BOTTLE RACMS HCOIFICATION INCORPORATED
INTO CALC 341-CZC-NOME

F-42825 09-30-82 IZ97mPte.ER1-4 ADDITIONAL SUPPORT FOR H00ULE CASES TO APPROVED BY CALC. 292-
CONFORH HITH TEST HOUNTING COtCITIONS- CZC-009 - NONE
CAT. 1 PANEL

P-3930L 10-05-82 1H21mRH-40,41 SUPPORT OF 'HARANITE I' FIRE BARRIER SHALL PLATES ADDED TO FRAME
-NO INJACT TO QUALIFICATION i

|

(CALC 341-CZC)

F-184818 10-07-82 1R24*HCC-1119 ATTACHHENT OF 1" DIAHETER CotGUIT HASS OF ADDED CONDUIT
HEGLIGIBLE- NONEtCALC 311-CZC)

F-43143 10-28-82 IT47eUC-17A.B N0ZZLE SUPPORT FOR (MIT COOLER APPROVED BY CALC. 8 356-HZ
-NONE

F-39452E 11-04-82 1D11mPtt.-21,22 1" DIAMETER COPSUIT ATTACHHENT TO FLEX CONDUIT USED ON ALL
CAT. I PANELS C0tMECTIONS-NONEtCALC 311-CZC)

F-43727 11-09-82 IT48eRC-002A&B ATTACH SH BORE SUPPT TO REC 0tBINER HASS OF SUPPORT NEGLIGIBLE-
FRAHE (CALC. 8292-CZC-0083-NONE

F-42897 11-12-82 1H11mHCB-01 BATTERY CHARGE / DISCHARGE APMETENS ADDED HASS OF fJMETER NEGLIGIBLE-
TO HAIN CONTROL BOARD HONE

F-29608A 12-15-82 IP50ePS-113A INSTR. STD ATTi.CHED TO STRUCTURAL PLATFORM APPROVED BY CALC 363-CZC
ePS-113B
ePS-105A
*PS-105B

f

IP50mPT-116A
mPT-1168
ePT-111A
mPT-111B

IC41mPT-106

. _ -

. .

_ -
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PAGE 2
SHOREHAH MJCLEAR PONER STATION SHOREHAH CATEGORY I EQUIPHENT CHANGE RECORD CURRENT OATE 06-21-83

STot4E 210 HECSTER ENGIf4EERIriG CORPORATION
A

EFFECT ON
00CUNENT S DATE OF ISSUE EQUIP. AFFECTED NATURE 0? CHANGE SEISHIC QUAL.

------------ __- -- -_ -_ __--------- ------- 7

F-40154C 12-99-82 1297mPFL-ER1 ADD TERHINAL STRIPS TO FRAHE OF PANEL hASS OF TFR! LINA' STRIPS
-ER2 NEGLIGIBLEtCALC.4?92-CZC-009)
-ER3 -N0 tie

P-3930Q 12-09-82 1H21mRH-40 APPROVE GRItOING OF FAAHE FOR INSTALL. APPROVED BY CALC 341-CZC
-41 0F HTDRO. BOTTLES -NONE
-42,

" -43

F-44635 01-07-83 1633mFT-012 INSTRUNENT STD.-BASE PLATE HODIFICATION LARGER PL & BOLT PATTERN
USED/ APPROVED BY CALC.
292-CZC -NONE

H&D 5520 02-08-83 1821mHSR-21 GAP REQUIREHENTS APPROVED BY CALC.8 332-JE
052 -NotiE

N4D 5554 02-08-83 1633mPRR-07 BRACING HODIFICATION. HELD CLARIFICATION LARGER SECTION INSTALLED THAN ,

I ~ REQ'O -NONE '

, . ..

F-43822A 03-04-83 IT48mPPL-t68A TUBE SUPPORT ATTACHHEdT TO CAT 1 PfNEL APPROVED BY CALC. 292-CZC-
069A 001 -N0 tie

,

ei

F-45139 04-07-83 IT48mPit-068A TUBE SUPPORT ATTACHMENT TO CAT 1 PANEL APPROVED BY CALC 292-CZC
-0603 001 -NOME
-069A
-069B

F-431473 05-09-63 IT47mUC-17A&B UNIT COOLER N0ZZLE SUPPTS APPROVED BY CALC. 8356-HZ
-NONE

r

<p-22727C
' '

05-19-83 1N43mPPL-C01A CO2 STAtc SUPPORT INTERFERENCE APPROVED BY CALC. 289-CZC>

-C08/11 -NONE

s

_ __ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _
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PAGE 3
SHOREHAM NUCLEAR PONER STATION SHOREHAM CATEGORY Z EQUIPttENT CHANGE RECORD CtstREUT DATE 04-21-83

STONE Are HESSTER ENGINEERING CORPORATION
.. .- . ----

EFFECT ON
DOCUMENT 3 DATE OF ISSUE EQUIP. AFFECTED NATURE OF CHANGE SEISHIC QUAL.

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

.

i F-44182 11/24/82 (NSSSISTEAH DRYER / ADDS REDUteANCY AT THE NONE-APPROVED BY CALC 309-HF t

SEPARATOR - SLING / POLAR CRANE INTERFACE
'

HEAD STRONG 8ACM ,

F-44890 01/26/83 (NSSS) NSIV VALVES CHANGE ON NAHCO NONE-ITEMS REPLACED HITH
(.IMIT SHITCHES QUALIFIED ITFHS

,

-

F-44170A 12/28/82 (NSSS) PANELS REPLACE EXISTING LEVEL & NONE-ITEMS REPLACED HITH
IH21ePtL-04.05.09.10 PRESS. TRANSHITTER H3DELS QUALIFIED ITEltS

HITH ROSDIOLRiT 1153 SERIES

/

F-32304 12/30/80 (MSSS) PANELS ADD Ptst SLFPLY FOR ROSE- NONE-ADDED ITEMS ARE QUALIF fM
1H21mett-435.634 NOUNT TRIP LR4ITS HDDEL

8 5I000

i -

F-32232 12/02/80 (NSSS) PANELS ADO ROSEHOLR(T TRIP UNIT NG!IE-ADOED ITEMS ARE QUALIFIED. t

1H11mPtL-601 HODEL 85100U |
_

$

P-4429 05/14/83 1D11mRE-062 REPLACE 8440 ST.,STD'l t#ff NONE *EPLACEHENT ItS' ROVES THE !

HITH A NYLON LINED LCC(ING PAJT HOLMTING CotBITION. |

,
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SHOREHAM CATEGORY I EQUIPMENT CHANGE RECORD
GENERAL ELECTRIC COMPANY 9

1

Document # DATE OF EQUIP. EFFECT ON
(FDI/FDDR) ISSUE AFFECTED NATURE OF CHANGE SEISMIC QUAL.

KS-01-1127 11/3/82 1B21*AOV81/82 Replace limit switches New limit switches qualified by test

121-88524 9/23/82 IE51*TU005 Modify hardware Modifications made to conform Shoreham
Rev. 1 RCIC turbine to tested turbine

KS-01-2144 11/11/82 1H11*PNL602 Add relays Relays identical to other qualified
relays

KS-01-2148 1/12/83 1H21*PNLOO9/010/ Change pressure New transmitters do not affect the
004/005 transmitters qualificaticn of the panel

TFHN 9/20/82 IE32*PDTO38 Relocate device from Device qualified at new location
rack to ship loose
mounting

KS-01-2160 4/22/83 1H21*PNLOO4 Change pressure New transmitter does not affect the
Rev. 1 transmitter qualification of the panel.

KS-01-2196 4/20/83 1Hil*PNL654 Change relay New relay qualified by test

KS-01-782 11/14/80 1H11*PNL601 Add Rosemount trip New unit does not affect the qualifica-
unit model #510DU tion of the panel

KS-01-792 11/14/80 1H11*PNL635,636 Add power supply for New power supply does not affect quali-
Rosemount trip unit fication of the panel
model #510D0

L
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