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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

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 J0f 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 BGC2? SQRT
packages by including either complete test reports or summaries
including anomalies and their resolutions by June 1983. This
commitment has been fulfilled. The BCP 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 ccntained 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 fatigue due to SRV cyclic
loading on the dynamic qualification of BOP plant equipment. In
the SWEC calculation, four components were chosen based on t(heir
location in areas of the plant where SRV loads are known to ke
most significant. The four components are the head tank, loop
level pump, booster heat exchanyger and the velan gate valve. For
all components analyzed in both the NSSS and BOP calculations, the
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cumulative fatigue msage factors are less than one. Additionally,
we enclose a summary entitled, "Fatigue Evaluation of Conponents
Qualified by Test" in order to clarify how fatigue testinyg was
conducted in assuring that the Test Response Spectra enveloped the
Reguired Response Spectra and that the input loads were su”ficient
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. 1t 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 frorm a typical test sequence far exceeds the fatigue usage
from anticipated SRV loads over the 40 year plant life. Thus, the
three generic 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 Laberatory.

Should you have any questions regarding the material enclosed, do
not hesitate to call this office.

Very truly yours,

.+ L. Smith

Manager, Special Projects
Shoreham Nuclear Power Station

GJG/law S3
Enclosures

cc: J. Higgins
Dr. Morris Reich, BNL (4)
All Parties Listed in Attachment 1
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proach is 1o use the tenslle strength
(or fatigue Umit) and, after deter-
mining the section modulus of the
actual shspe, o apply the proper
bending formula However because
of the difficity in- oblaining »
meaningful wa.ue for the tenslle
strength in tesis of small specimens,
the load computed in this manner
will usually be somewhat lower than
sctual load required i rupture
part, unless unfavorable resid-
uAl stresses are present in the fin-
part
Elongstion of y fron at frac-
L very mﬂn(ot the order of

g

3

CCM

w0}

't

3 .
Stran, OO0 i por
10

re mt stress-strain  cwroee

for three o/ gray ron m Lew-

sos Modulws of slasticity & mecrured

to pomts A, B and C, reprasenting N
0f the tensle strength.

6008 In. per in) and hence is sel-
dom reported The designer cannot
use the numerical value of perma-
nent elongation in any Quantitative

manner.

Torslonsl Shear Strength. As
shown in Table 12 most gray irons
have high torsional shear strength
Manjy grades have torsional strength
wur than some grades of steel

characteristic, along with low
notch sensitivity makes y iron a
suitable material for fing of
various types, particularly in the
es of higher tensile strength.

ost ahafts are subjected to dy-
namic torsiona! stresses and the de-
gigner ahould consider carefully the
ekact nature of the losas For the

LRAY IRON

higher-strength irons, siress con-
centration facters associated with
changes of ghape in the part are im-

rtant for torque loadi as well &
'or bending and tension loads

Moduwius of Elasticity Typlcal
stress-strain curves for gray iron
are shown in Fig 10 Gray lron does
not obey Hooke s law and the modu-
Jus in tension s usually determined
arbitrariy as the slope of the lLne
connecting the origin of the stress-
strain curve with the point corre-
sponding to % of the tensile
strength Some engineers use the
slope of the stress-strain curve near
the origia for determining the
modulus of

elasticity
As Indicated In Table 12, the mod-
ulus of gray iron varies considerably
more than for most metals Thus In
using observed straln to calculste
stress it is essential to measure the
modulus of the particular gray iron
specimen being considered The nu-
merical value of the modulus in
torsion 15 always less than in ten-
sion, just as it is for steel
Hardness of gray lron, as mess-
ured by Brinell o Rockwell tasters,
is an average result of the soft
graphite in the Lron and the metallic
matrix Variations in graphite size
and distribution will cause wide var-
fations in hardness (particularly
Rockwell hardness) even though
the hardness of the metallic matrix
is constant To lllustrate this effect,
the microhardness of the matrix of
five of bardened iron, as com-
with Rockwell C measure-
ments on the same iron, is shown in
Table 13
It is apparent that if any hardness
correlation s to be attempted, the
(r?mu must be constant as Lo type
and amount in the irons being com-
pared It is recommended that Brin-
ell hardness be used when poasible

Fatigue Limit in Reversed
Bending
Because fatigue Umits are expen-
sgive o determine the designer usu-

ally has incomplete information on
this property cal 8-N curves for

gray lron under completely reverged
cycles of bending stress are showp
in the graph on left in Pig 1l @
which each point represents the
data from one specimen The efecy
of temperature on fatigue lmit and
tensile strength are in e
right-hand graph in Fig 11
Axial loading or torsional )

cycles are frequently encountered iz
designing parts of cast iron, and in
many instances these are not com-
pletely reversed loads Types of reg-
ularly repeated stress variation usy-
ally can be expressed as a functon
of & mean stress and & stress range
Wherever possible the designer
should use actual data from the Um.
fted information avallable. Withoui
precisely applicable test data an es-
timate of the reversed bending
fatigue limit of machined parts may
be made by using about 35% of Lhe
minimum specified tensile strength
of the particular grade of gray lroo
being considered is probably s
safe value rather than &n average
of the few data avallable concerning
the fatigue lmit for gray iron

Table 13 Comparison of Reckwel Bard.
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by Graphite
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An approximation of the efect of
range of stress on the fatigue Umit
may be obdtained from am
such as Fig 12 The tensile streagth
is plotted on the horizontal axis W
represent the fracture strength up-
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4. LOADING CRITERIA é SHT. 2 o
4.1 Reismic Loads berF Clu-t|

The maximum seismic loads to which the RER and C5 MNotors are
subjected wvere determined from the results of analyses performed in
References 8 #nd 9, respectively. In these studies, detailed computer
mnodels o©of the entire Fu-p and motor assemblies were developed,
Response spectra analysis was then used to determine the induced
acceleration at each node location due to a SSE event. The nodal
acceleration wvalues output by these computer runs vere used to find
the maxizum seismic loadings by applying the following procedure:

1) In eack of the X,Y, and 3 directions, the maximum acceleration
occurring at any node in each of the two motor 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 BRSS was found for the maximum X and T accelerations

' occurring in each motor. The X and 3 accelerations corresponding

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

The above procedure is conservative, in that the paximum seismic
loads in the horizontzl and vertical directions bound accelerations ir
both the RER and C§S motors.

e

The seismic loads applied in this analysis are:
Vertical (Y) 2.70 ¢

Borizontal (X) J.44 g
Borizontal (32) 1.73 ¢

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

4.2 Magnetic and Centrifugal Loads

If the shaft 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 ragnetic 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
RER motor is less (770 1b.): therefore, the value corresponding to the
core spray motor was used in determining magnetic loads.
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1)

3)

ASSIMPTIONS
THE FOUR COMPONENTS HAVE BEEN SELECTED BASED ON THEIR POTENTIAL
FCR SRV FATIGUE EFFECTS. AN EFFORT HAS BEEN MADE NOT OMLY TO PICK
PEPRESENTATIVE CCMPONENTS BUT COMPONENTS WHICH REPRESENT “WORST
CASES™. THE REPRESENTATIVE AND “WORST CASE"
MATURE OF THE CCMPONENTS CHOSEN IS AN ASSUMPTION BACKED UP BY
SELECTION CRITERIA DISCUSSED IN THE “METHOD OF ANALYSIS“ SECTION.

IT IS ASSUMED THAT “ASSEMELY™ BOLTS HAVE BEEN PRETENSIONED TO

AN EXTEMT CONSISTENT WITH GOOD MACHINE DESIGN. THESE ASSEMBLY
BOLTS ARE THOSE THREADED FASTENERS WHICH COMNECT COMPONENT
SUB-ASSEMBLIES. FOR THE PURPOSE UF THIS EVALUATION THE PRETENSION
ASSUMED IS 70Z OF THE ULTIMATE STRENGTH OF THE BOLTINS (REF &0
PAGE 6). PRETENSION IS MOT ASSUMED FOR COMPONINT EMBEDMENT BOLTS.
COMSEQUENTLY ASSEMELY BOLTS DO NOT HAVE STRESS CONCENTRATION
FACTORS APPLIED AS LONG AS THE CALCULATED STRESS DOES NOT EXCEED
THE PRETENSION STRESS. EMSEDMENT BOLT STRESSES DO HAVE STRESS
CONCENTRATION FACTOPS APPLIED EECAUSE PRETENSIONING AND MAINTENANCE
OF PRETENSION OF THESE BOLTS IS NOT EXPECTED.
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METHOD OF AMALYSIS

FOUR COMPONENTS HAVE BEEN CHOSEN FOR FATIGUE EVALUATION. THESE MAVE
BEEN CHOSEN BASED ON REVIEM JF STRESS MARGINS AND BASED ON BEING LOCATED
IN AREAS OF THE PLANT PHERE SRV LCADS ARE KNOWM TG BE MOST SIGNIFICANT.
THE HEAD TAMK KAS CHOSEN BECAUSE IT IS THE ONLY SIGNIFICANT TANK INSICE
THE REACTOR BUILDING, THE LOOP LEVEL FUMP AND THE BOOSTER MEAT EXCHANGER
BECAUSE THEY APE MOUNTED AT EL 8 OF THE SECONDARY CONTAINMENT. VHERE
SRV LOADS ARE LARGE. THE VELAN GATE VALVE WAS CHOSEN BECAUSE IT HAD BEEN
IDENTIFIED AS ONE OF THE MOST SEVERLY LOADED VALVES BASED ON AN EXTENSIVE
REVIEH OF VALVE GUALIFICATION LOADS.

FATIGUE EFFECTS HAD NOT BEEN CONSIDERED IN THE STRESS CALCULATIONS
FOR THESE CONMPOMENTS, HOWEVER THE FOUR COMPONENTS HAVE ALSO BEEN CHOSEM
BASED ON THEIR FOTENTIAL FOR OPERATING LOADS CONTRIBUTIMG TO FATIGUE.
A PUIP HAS BEEN CHOSEN BECAUSE OF THE POTENTIAL FOR ROTATING INERTIA LOADS,
A VALVE HAS BEEN CHOSEN BECAUSE OF THE POTENTIAL FOR OPEN/CLOSE LOAD
CYCLE FATICUE. THE HEAT EXCHANGER POTENTIALLY HAS SYSTEM AND FLOW TRANSIENTS
THAT MAY CONTRIBUTE TO FATIGUE.

THE FIRST STEP IN THE EVALUATION OF EACH COMPONENT IS TO IDENTIFY
MAJOR STRESSED APEAS. THIS INVOLVES SOME JUDGEMENT IN THAT THE ORIGINAL
CALCULATIONS MAY NOT HAVE CONSIDERED STRESS CONCENTRATIONS IN THE CHOICE
CF AREAS TO BE TREATED IN THE CALCILATION. THUS A PORTION OF THE COMPONENT
KITH LON STRESSES BUT WITH HIGH STRESS CONCENTRATION, MAY HAVE BEEN
NEGLECTED. THE COMPONENT DESIGN IS REVIEWED FOR SUCH AREAS AND
STRESS CALCULATIONS ACDED AS WEEDED.

THE NEXT STEP IN THE EVALUATION IS TO SORT OUT WHMAT PORTION OF EACH
STRESS IS CONTRIBUTED BY EACH LOAD CASE. STRESS CCMPONENTS DUE YO
OSCILATING LOADS £5E SPLIT QUT. NORMAL CPERATING LOADS WOULD TYPICALLY
HAVE THE POTENTIAL FOR THE LARGEST MUABER OF LOAD CYCLES - INERTIA AND
PRESSUNE LDOADS DUE TO ROTATING EQUIPMENT, FLUIO TRANSIENTS DUE TO
SYSTEM OPERATING CYCLES, VALVE OPEN/CLOSE CYCLES ETC. MARK IX SEAFETY
RELIEF VALVE LOADS ARE CONSIDERED NOTIIAL OPERATING LOADS IN THAT THE
REACTOR BUILDING WILL SEE LO2DS CUE TO SRV CPENINS A MRGER OF TIMES
THROUGHOUT THE LIFE OF THE PLANT. OPERATING EASIS EARTHOUAME LOADS ALSO
FALL INTO THIS CATEGORY. OTHER OSCILLATINSG LOADS INCLUDE FAULTED LOADS
SUCH AS THOSE DUE TO THE DESIGN BASIS EARTHQUAKE.

NEXT, A NMBIR OF CYCLES MUST BE ASSIGNTD FCR? EACH Al TERNATING
LOAD. THE COVFOHENT DESICN PEPCRY, DESIGN SPEC, PURCHASE SPEC, SYSTEM
DESTRLUPTION,U? SYSTEM LESIGH SPEC ARE BE CONSULTED TO IDENTIFY HORMAL
CPERATING CYCLES. THE EQUIVALENT MPTIER OF PLAK SRV ACTUATIONS HAS BEEN
DETERMINTD FOR THE SHOREHAHM PLANT TO EE 900 EVENTS. THIS NUMSER CONMES

as
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FROM A CALCULATION OF SRV STRESS CYCLES FOR SHOREHAM PIPING ANALYSIS
(REF CALC®11600.02 NP(B) 450 FGJ). IN THIS CALCULATION THE FULL RANGE OF
SRV ACTUATIONS (AMD CORRESPCMNDING SUBSEQUENT ACTUATIONS) ARE CONSIDERED.
MANY “LOW LOAD™ SRV ACTUATIONS, SUCH AS A SINGLE VALVE ACTUATION, OR
FCUR VALVE ACTUATION, OCCUR MANY MCRE TIMES THAN THE 900 CALCULATED
EQUIVALENT PEAK EVENTS. THE NUMBER OF EQUIVALENT PEAK CYCLES FOR EACH
SRV EVENT IS CALCULATED BASED ON A METHOD DERIVED FROM ASME III NB-3653
AND SUMMED TO THE 900 TOTAL. THIS METHOD "DERATES™ A TYPICAL LOW-LOAD
NMUMBER CYCLES TO A LOWER EQUIVALENT NUMBER OF CYCLES AT THE HIGHEST SRV
LOAD (SRV 11 VALVE ACTUATION). A SIMILAR TREATMENT OF THE LOCA EVENT
YIELDS A REQUIREMENT T2 DESIGN THE PLANT FOR A SINGLE PIPE BREAK (REF
11) WHICH PRODUCES UP TC 200 EQUIVALENT PEAK “CHUGS™

THE NUMBER OF DESIGN OBE EVENTS FOR THE
SHOREHAM PLANT IS 5. THE MUMBER OF DESIGN DBE EVENTS IS ONE.

EACH APPLICATION OF A DYNAMIC LOAD WILL EXCITE AN OSCILLATING RESPONMSE
WHICH WILL OCCUR DURING THE EVENT AND DAMP OUT AFTER THE EVENT. AN
EQUIVALENT NUMBER OF PEAK STRESS CYCLES MUST BE DETERMINED FOR EACH
DYNAMIC EVENT SUMMING OVER ALL THE COMPONENT OSCILLATIONS. THIS ANALYSIS
HAS BEEN PERFORIMED FOR PIPING (SEE THE ABOVE REFERENCED CALCULATION)

AND HAS BEEN FOUND TO BE DEPEMDENT UPON COMPONENT FREQUENCY AND STRESS
LEVEL. FOR TYPICAL STRESS LEVELS IM PIPES THE UPPER BOUND ON THE NUABER
OF EQUIVALENT MAX STRESS CYCLES HAS BEEN FOUND TO BE .3333#FN PER
DYNAMIC EVENY. FOR THE PURPOSE OF COUPONENT

EVALUATIONS, THIS RELATION WILL BE ASSUMED TO APPLY

FOR ALL DYNAMIC LOADING. THE EQUIVALENT NUMBER OF PEAK STRESS CYCLES FOR
EACH LOAD TYPE IS THE PRODUCT OF THE NUMBER OF EVENTS PER LOAD TYPE AND
THE NUMBER OF EQUIVALENT PEAK STRESS CYCLES PER EVENT.

AT THIS POINT STRESS LEVELS AND CORRESPONDING MUMBER OF CYCLES AT
THESE STRESS LEVELS ARE AVAILABLE. STRESS CONCENTRATION FACTORS ARE
APPLIED TO EACH STRESS COMPOMENT AND USAGE FACTORS ARE THEN CALCULATED,
USING ASME III NB-3653 AS A GUIDE. AT EACH STRESS POINT THE USAGE FACTORS
ARE SUMMED OVER ALL LOAD CASES AND THE SUM MUST BE LESS THAN 1.0
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1

3

8)

DESIGN INPUT

THE MMBER OF DBE EVENTS TO BE CONSIDERED IS ONE, THE NUMBER OF DBE
CYCLES IS 10 (REF 10)

THE NMUMBER OF OBE EVENTS TO BE CONSIDERED IS 5, THE NUMBER OF OBE
CYCLES IS S0 (TOTAL) (REF 10)

THE NUMBER OF SRV CYCLES TO BE CONSIDERED IS 90¢ MULTIPLIED BY
THE COMPONENT NATURAL FREQUENCY DIVIDED BY THREE (REF 8,9)

THE NUMBER OF LOCA CYCLES TO BE CONSIDERED IS 200 MULTIPLIED BY
THE COMPONENT NATURAL FREQUENCY DIVIDED 3Y THREE (REF 11)

EARTHQUANE AND HYDRODYNAMIC ACCELERATIONS ARE TAKEN FROM THE STRUCTURAL
DIVISION CALCULATION (REF 13) AND ENGINCERING MECHANICS DYVISION
CALCULATION (REF 12}

-«
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MATERIALS AND PHYSICAL CONSTANTS

THE MATERIAL PROPERTIES USED IN THIS CALCULATION ARE THE FATIGUE
PROFERTIES CF THE COIPONENT MATERIALS. THE FATIGUE CURVES IN ASME III
(REF 5,6) ARE USED FOR MATERIAL FATIGUE CHARACTERISTICS.

2 -0 Yooy Wrpap)
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—7,1741&
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(31)

(32)

(33)
(33)
(35)
(36)

37)

(38)
(3%)

(40)

(41)

SPECIFICATION FOR THE REACTOR BUILDING CLOSED LOOP COOLING WATER
AD SPENT FUEL POOL COOLING WATER HWEAT EXCHANGERS, NO. SH1-190
SHEC, 7-19-73

CALCULATIONS NO. 11600.02-AX-3AR-1 DATED 2-2-80 AND 11400.02 AX
=338-3

ASME III, DIV I APPENDIX I, 1980

CALCULATION NO. 11600.02-NS(B)-092 “CONFIRMATORY ARS"
CALCULATION NO. 11600.02-NS(B)-20-JA, ARS TAPE NO. 001816
CONFIRMATORY SPECTRA FOR EQUIPMENT, DOCKET NO. 50-322, OCT 1981

PIPE STRESS, PIPE SUPPORT, AND DUCT SUPPORT CRITERIA DOCUMENT
FOR THE SHORL4AM NUCLEAR POWER STATION, SKEC 1981

MANUAL OF STEEL CONSTRUCTION, AISC, SEVENTH EDITION, 1973

“MOCERN FLANGE DESIGN" BULLETIN 502, TAYLOR FORGE, FIFTH EDITION
1964

SPECIFICATION FOR STRUCTURAL JOINTS USING ASTM A-325 OR A 490 BOLTS
AISC,1978

CALCULATION £12866.19 NM(B) 84 IA "REFUELING MATER STORAGF TANK“

g1 T4
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DETERMINED THAT THIS PARTICULAR VALVE IS ONE OF THE MOST SEVERLY LOADED
IN THE PLANT. ITS RELATIVELY HIGH USAGE FACTOR IS EXFECTED TO BE ONE
OF THE LARGEST OF ALL VALVES IN THE PLANT

~= SUMMARY OF USAGE FACTORS --

COMPONENT MAX USAGE FACTOR
RBLCLCH HEAD TamK . 064
LOO® LEVEL PUIP 0.0 (BELOW ENDURANCE LIMIT)
KEAT EXCHANGER .063
10" GATE VALVE .35

IT IS EVIDENT FROM THIS STUDY THAT SRV FATIGUE IS NOT A PROBLEM FOR THE
FOUR COMPONENTS EVALUATED, ALSO BASED ON THIS REVIEW IT CAN BE SAID THAT

FOR

SRV FATIGUE TO BE A PROSLEM FOR OTHER EGQUIPHMENT IN THE PLANT, THERE

KOULD HAVE TO BE AN IMPLAUSIBLE COINCIDENCE OF:

LOW STRESS MARGINS FOR SRV TYPE LOADING

LOCATION KITHIN THE PLANT HHERE SRV LOADS ARE SIGNIFICANT
COMPONENT FREQUENCY RESPONSE THAT HOULD AMPLIFY SRV LOADS

LOW COMPONCNT DAMPING THAT WOULD SUPPORT THE ASSUMPTION OF FN/3
CYCLES PER EQUIVALENT PEAK SRV EVENT

FATIGUE DERIVED FAILURE MECHANISMS THAT WOULD LEAD TO
UMNACCEPTABLE CONSEQUENCES.

IMPROCABLE POOR MATERIAL BEHAVIOR ADHERING TO THE STATISTICALLY
CONSERVATIVE DESIGN FATIGUE S-N CURVES (REF 5,6)

+{
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SUMMARY OF RESULTS

THE FOUR COMPONENTS CHOSEN FOR REVIEW HAVE BEEN LOOKED AT
IN SUFFICIENT DETAIL TO DRAW CONCLUSIOMS AS TO THE EFFECTS OF FATIGUE
ON THESE PARTICULAR COMPONENTS. NONE OF THE FOUR HAVE BEEN FORD TO
FAIL THE CRITERIA ESTABLISHED FOR THIS REVIEW.

THE TANK THAT HAS EXAMINED IS AT EL 151 IN THE SECONDARY CONTAIMMENT
WHERE SRV LOADING IS RELATIVELY SMALL. OVERTURNING MOMENTS DUE TO SRV
BARELY OVERCOME THE TANK RIGHTING MOMENT.THUS ANCHOR BOLT AND CHAIR
STRESSES ARE LOW. EVEN WITH THE FAIRLY MIGH STRESS COMCENTRATIONS THAT
KERE APPLIED TO THREADS, WELDS, AND HOLES AT THE HOLD-DOWN DETAILS, NO
FATIGUE PROBLEM MAS IDENTIFIED. ACTUAL NOZZLE LOADS ARE SMALL. NOZZLE
STRESSES WERE CALCULATED BASED ON MEMDRANE+BENDING+DISCONTINUITY STRESSES
AND WERE WELL BELOW FATIGUE ALLOWABLES.

THE LOOP LEVEL PUIMPS ARE AT EL 6 IN THE SECONDARY CONTAINMENT WHERE
THE SRV ACCELERATIONS ARE SIGNIFICAMNT. THE GOULDS PUMPS AMNALYSIS WAS
BASED ON STATIC G5 WHICH ENVELOPED THE SRV PEAK (MULTIPLIED BY 1.3)
BUT REVIEW OF THE FREGQUENCY CALCULATIONS IMDICATED ZPA VALUES MWERE
AFPROPRIATE. WITH THE LOMER 6 VALUES APPLIED ALL THE STRESSES WERE
WITHIN FATIGUE ALIL.OWABLES. SRV LOADS WERE FOUND TO HAVE A NEGLIGIBLE
EFFECT ON ROTATING PARTS.

THE BOOSTER HEAT FXCHANGER WAS ALSO FOUND TO SATISFY FATIGUE CRITERIA.
THE VEMDORS REFORT WAS SUPPLEMENTED SUBSTANTIALLY. ACTUAL PIPE LCADS
FROM AX CALCULATIONS WERE USED TO QUALIFY LOHER NOZILE STRESSES. USAGE
FACTORS WERE FOUMND TO BE SMALL. ANCHOR BOLT STRESSES WERE SHOWN TO BE
BELOA THE ENDURANCE LIMIT OF THE BOLTING MATERIAL.

THE 10" VELAN GATE VALVE HAS FOUND YO HAVE THE HIGHEST TOTAL USAGE
FACTOR (TOTAL U =.35) OF THE FOUR COMPONENTS PEVIEWED.
THE YOKE ASSEMILY KWAS THE LIMITING ELEMENY OF THE
VALVE AND MOST OF THE STRESSES IN THE YOKE WERE FROM SRV.
(THE SRV USEAGE FACTOR ALONE WAS .33). THE VALVE OPERATOR HAS
QUALIFIED BY TEST AND THUS HWAS NOT INCLUDED IN THIS REVIEW. THE
FREQUENCY USED TO GUANTIFY THE NUMBER OF REQUIRED SRV AND LOCA CYCLES
FAS THE COMBINED FUTDAMENTAL NATURAL FREQUENCY OF THE VALVE AND PIPE.
THIS MAS FOUND TO BE 34CPS, OMLY SLIGHTLY LCWER THAN THE VALVE ALONE
(5CCP5) BECAUSE OF RIGID SUPPORT COMNDITIONS OF THE PIPE IN GQUESTION.
NORMAL CPERATING STRESSES DUE TO CPEN/CLOSE CYCLES DID NOT CONTRIBUTE
TO FATICUE. THE VALVE VHICH HAS STUDIED IS IN A SYSTEM WHICH OMLY
CPERATCS AFTER A LOCA.

BASED CN A REVIEW OF PIPE MOUNTED EQUIPMENT ACCELERATIONS, IT HWAS

34 3‘5';0&
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conNCLUSIONS

THE FOUR COMPONENTS CHOSEN WERE JUDGSED TO HAVE A
HIGH POTENTIAL FOR SRV FATIGUE EFFECTS AND FCR ALL FOUR THAT WERE
STUDIED, SRV FATIGUE HAS NOT FOUNMD TO BE IMPORTANT. ALL FOUR
COMPONENTS WERE FOUND TO SATISFY THE SRV FATIGUE STRESS CRITERIA
ESTABLISHED FOR THIS STUDY WITH .MPLE MARGINS.
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L/~ DISCHARGE NOZZLE sTRESS (./i)
IMPELLER CONNECTOR STRESS/? 5_9'
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PUMP BEARING LOADS, (.35)

. N\
tm}cwo'u NOZILE STRESS [ 90)
y SHAET STRESS (6, 09)

\— S ANCHOR BoLT STRESS (2.52)
ADAPTER FLANGE BOLT srmess (. S8)
THRUST RETAINER BOLT STRESS(7 04)
PUMP FRAME BoLT sTRESS (. 3)
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FLEXIBLE CcOUPLING MISALIGNMENT (1 42 )
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MOTOR nowd DowAN aowr sTRews (. 27)
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6o oy NM(B) 282 CEC

"

FZ‘:. 0.707(385*/5/0)" o3 »REO *0.707(05'1‘/584/):
=5/86& «¢a.

FY;’; 0.707(333-/5/0}4» 299¢ -1849 *a7o7é/oaz */584)-
~25/M7=-24%6%.a

M: 8652222 -9345— 3897~ %’052’ '53‘)_
- 22 (2944 41849)228244 .00 )

M;:if__?:‘g 0,707(385—/_;/0 ~1082+ /5-84)] <+

4 CE /224_"5—5 254/—/8&3)-#

+°~707Z;337‘ 39/5+ ;2;4(70,9-3202/.-* &S5+ 2zza]+4345‘r3537=
= /5023 rr.ca.
F,2709 - 3202+ 2553 - 1372:=-/337/2 L&
My ~0707(18370 3915+ £2(23 - 3202 )+ 26 5 « 2 222 [+ 22726¢ 1355+
- -f—j(z;‘s& ~/372)= 9256 7. cm
Comarnves Leoaos

Fe=7/76 — I3/2 =~ 5396 .o

Fv=-25059 -2¢4964=-- 49523,
Fz:=F4//+5/86: 95397 e

Mx=-17558 28244 - 2244/ - £S5/ 86 = — 90732 r.cq
My=/44/8 v 3286 =2 € 6797 1.5

Mz212078+1S023~ &L 7/6 + 8L 13/12234347 .1 .

~J
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

. v -

/

& 500 68
! CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0.NO DIVISION & GROUP CALCULATION NO |OPTIONAL TASK CODE|  PAGE ”
I & 2D, O2 MNMIB) 382 c2cC

INERTIA LoaDs ©AN MHEAT BYcHAANGERS Dv=E 7o
FAULTED <aoanrDITroAs,

?’r' . ﬁ':f},’zw-gpzsx/rae?:é752¢8
o—=f,

/ v
i{:l fvtﬂ=w'j:=25//7'0.2837033Ls
_..f‘:

TovTac L ocaos
Fi=Fa+f *+ ['=5597+2 . £782-23/6/.s

' "
Fy = FY‘J)"A' :=49523+2. 72033 =~ 25457
Fe=- S96.4

x 7+ 8/
Mx =~ 30732 (2228

6782 =~ 15/ 770 ,7-c8

My® 26674 rr 1o
il
Mz=z 34 347 cr.i
Losns PER SurPORT
X:05F =05-59():-238 rr 1o
Y0 SF': +%/2:0.5(35457/# M/z:—/4 74/ L3

> 138
2Z=0 S'F;"’ %/2:0.5'23/‘/*‘31.%7_?/2;/5300 =
‘S

Mx=2. 8- M;-.O,S.'/‘ /.5/77‘9/: - 75885 ~rcs.
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 5017 88 - - =
CALCULATION IDENTIFICATION NUMBER
J 0. 0R W.0.NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE 22—
epl. 02 NM(8) 3IB2 c2e

L O ALDS ON MounN/TING & 0TS

1< T 1 ¥

t =

*'T_!
l}"bxq BocerT (8 PL)

VERTIcar ForRce
M! 36 /2 __I_Y
2(36*28%/2%+ 4%) &

Trrax =

- 715885 36 12 X /4 74/
2(3*+28 +/2¥+4%) =

= 5475—‘6/714):/@4))

TedsiLte STRESS
 Tway | S475
¥ A, . 8o

= 2882 RS,

wHERE A= /. 90 W, TEN SriE STRESS AREA.
(Rer. 38, ~ 4.,/25)
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STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET o -
A 5010 68 “':) -
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE _Zg
éoo.02| NMISB) I8 2 e RC

Sre AR FORcCE

COney ©OnRE SURPPORT TAKES SHEAL S/AJce
THE OTHMER HMHAS THE SLOTTED CLEARANCE /vOL&ES

FOR r~E€ BO04LTS.

SHEAR LOAD reR Boe 7T

i [(FT ;(FL);L”; (53¢ a+&23/¢r/3)7‘;‘2334

SHEAR STRESS '~ @0eT

S . 28&8¢
T—Aé /. 74 = /‘64/.‘/:

WHERE Ase/ 74,0, swEar STRESS ARE 4
(Rer 38 p 4-25)

Maox venNsIceE sSTRESS

Ty ® _?_V: + \/(.g)‘* T = 2882, Jjesaz )L/,

- 3642 ~S/
APDLYMJG. THE STRESS € ©ONCEATRA TIon T4 loR Kp=4
AS REcComMENDED ) Rers |7, NB=-3232.3 (5), vrme

E/)NAL STRESS (S

W)=4- 42~ /456N oSy
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

/
=

-2

CALCULATION IDENTIFICATION NUMBER

J.O.0OR W.0.NO.
/‘/ ‘Qo 02&

DIVISION & GROUP

NA1L8)

CALCULATION NO

382

OPTIONAL TASK CODE
C Z2C

PAGE &

AccoRpinad 7o Rar Z/, p € O7, TheE aNDuRANCE

eours/ /8
Se=20.9G = O 4 Scecer:. RE ©O »s,

G < S

YO xsi (sawa As coR SA-449 srecc wsed For Tas

/4568 < 3¢ oo O«
( )




CAL.ULATION % 11600.02 N(B) 382 CZC
FATIGUE EVALUATION OF FOUR REPRESENTATIVE COMPONENTS

SECYION H
FATIGUE REVIEW OF:

10" FORGED BOLTED BONNET GATE VALVE
MARK NOS. 1E11sMOV 039 A,B, 1G41s/0V 034 A,B SPEC # SH1-88V

-

"009TT

PREPARED BY J. HOWE
L3
M. PALIE

OZDzZ8E (NN 30

jL— govd
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

=/
A 500865
CALCULATION iDENTIFICATION NUMBER
J.O.OR W.0. NO. DIVISION & GROUP CALCULATION NO OPTIONAL TASK CODE PAGE 7é
llgoD. oz N () 222 Ccec

/o

4,

é

VELAN SR-G082

/0" FORGED BOLTED BONNET GATE VALVE
ASME CLASS 3CO*

CARBON STEEL

NUCLEAR CLASS ¢

MARK Na.'s IENX MOVORTA B

1641 ¥ MONO2Y A, B

38 W SPECIFICATION: SHI-8AV

se€crion 2-2 Js THe Meost CRiTichAL S&cTrom
IN THE YOKE ARM  (REF: ELR1 RERRT SR-GL82 A /d)

VaLye /£ 11 % MovoadA /s Tue WoreT CAsE RY
INSRECTION) OF THE '6' LOADS FROM THE Ax S.
THE VEovoR.< TPEFORT CALCULATES STRESS BASED ON A
5 ' DESION (LAY PLus THRUST LOAY | THE STeEeSS
ForZ. EACH INERTIA LOADING CONDITION 1S CA LELUVLATED
BY SUBTRACTING THE THRUST (oAb STRESS FRoM THE
TOTAL STRESS AND MULTIPLYING THI S VAMLVE BRBY THE
ArPROFRIRTE TZATIO OF ACCELERAMIONS | MARKED JP
PAGES OF THE VEeNdoR. REPORT ARE Found on PAGES
<53 THOLVGH fo

b STREGRS LDMNCENTEATION FACTDR & 2 15
ConsenVATIVE. BECASE THE. CAST STeeL Yowe

HAS No SHAEP EDGES | NOTLHES 0% DISCONTINUITIES

CROSS ~sSECT/ION
CrF YOKE

ALL CORNERS ROUNDED

THE NAroRac [fhEQUGrrcT /S 36 HE 45 E€pecres
o RKX-BF, &Y
IN THE Yoké€

THE Sreess Due 16 THRusT LOAY (5 SMALL

MS BBLow THE ENBUIAUCE LINT  AUD THEZEFD CE
INC BEer NEGLECIRY IV THE FANGUE €UALURTION)




¢ @ N o b ¢ N -

A 5010 85

STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER

J.0. OR W.0. NO.

| oD 202,

DIVISION & GROUP

CALCULATION NO

2LL

OPTIONAL TASK CODE

CEC

PAG Eﬂ_

THE

NE W

STRESS

t\

M ()

From VELAN) SB- 082
FOR SEecTrieon 2-2

INTEN S/ TY Sle= 12208 ps)
CLD G VALUE = Sa's
CEMOY 1M LTRG4S DUE Te TRUST Loan é%&s 83—8@ &l2= 10625
VALUES

FAGE 3

OBE A (232 +(1+.(03F = /IS
SSE | (5200 +Gr.69F = |2e
SAV A (sess)t+(1+1.06)° = .25
LOCA A (.er9) e (1132\E " = 3,50
| NORMAC (0]-¥3 Ss& SRV LOCA
Ve-2.| /062S | /o6lS | fo625 | Joé2C| roces
CRATIO| 4% as| - S| 2o E LKy ISk
T=G0, 2125 | 2443 | 272 | r3281 | 7437
As 2 c 2 2 4
KAsO | 4250 | 4786 | S¢de | 26Se2 | /#5758
» S0 /0 | o | 200 £
Mg <o I S <o 3300° | s32433

He = STRESs ConcENTRATION FAcTOR

N = NumBer OF Cveles — 40 YR iFx

Np = Numper O CYCLES ActCwWED From

ASME SECTieN IT . DW |

A(norst case noriz)t + (I + VERT)® = New & VALUE

APPENDICES  TABLE [-9. |
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

& 50065 /.-; r 3
CALCULATION IDENTIFICATION NUMBER
J.O.OR W.0.NO DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGEZZ[
(|koo, o2 N () 2872 C 2C_
USEAGE FACTORS
N
2 o L] For AccerTrBiciTyY
MNoRmAc. + OBE + SSE£ + SRV + LOCA
¢ &
0 +O+o+%b@3'>+2°0‘§>-35—
33, 000 732€33 ~ °
0-35 <1 of_

ConCLusion
e 4

Twe NALVES /E|1w MONGRIA, B ANG 16y/¥ MONO2YA B
Wit NeT FAIL DUE Te FATISUE UNDER TRE
LOARDIN G LONDITIONS SPECIFIEL.
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

= | 11600.02 chs)a_agmp@t /D

LILCO -~ SHOREHAM - # | |600.08 fj}jj‘y!%; /{’Yl
G's = DINAMIC ACCELERATION AT VALVE OPERATOR C.Gn

PROBLEM & ; _Z0° = NODE #:. 77¢ BY: v DATE..
Ax[msK % : BF-2 RUN %:FR)c7:72 pATE: 7—/29/@3
SYSTEM # LE !/ MARK # . /EI ¥ Mol o=9R

G's FOR LOAD CASE

0BE | ss€E | SRV [ LocA | AP ; )
- GREATER

X 229.1:.5%v 4,7/7___-2'459 219 Giu™ Gx R Gy

Y /02 | K% 1,666 | /327 .062 & = Gy

Z| 250 | ¥v0 |ces<)2.6/9]. 270

4

UPSET: G = NoRMALE Y\ OBE* + SRV ® (Lewz)

Gy i’“'lgo‘-f-f.é‘_’f} - £.7
Gy= t"/oz.".{— /666 ™ = /.7
FAULTED: G= NoRMAL * [SSE* +sRV* + Locar (Le¥¢)
G“‘ i’\ '4_4_0“4— fé‘»'g:-é— 2.6/7; - 43
Gv= e A3 =2,
G= NoRMAL *+{ SSET + APZ (Lc4n)
&“2 { (/(/9 'f ,?/0" 8,{)’4
Gv= - AE

q /éy +,Oo3

NOE . Gm“ﬂp s LC‘b Oon &C *'7 (GRENTER}

REMARKS !
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CALCULATION .oHCET

11600.02 NM(B) 382 0Z0O

i

1 o LILCO Leatan SHQREZHAM PAGE éie)
9,..5:._”_ b Cs_ON MOV.
! — 1HebD,C2- N (gl-2T4-CRC
4. Paced on
5 MANUFACTVURE'S PRINT: POINT 3! 8 7
6 ¥ %rd . . . avae @ o N s B G e : a >
7 _ PROBLEM #43: 0074 _ RUN 2+ : Ke674690
8 . - . - — - — - - - - -
9 M S K #®: AX-T7E-3 paTa= /2 /8%
10 - - - e & - - —————  — - - ——— - » - R —
1 sysTemssr: /(@4 ... ! ... MOvuz! OI&[L
12 - - . - ———- —— - o — N — -— - . - ——
1 LINE DESIGNATION ==t ¢ e VALVE Z=F:
14
- . B & i S e b /

15 _ELEVATION. IR NPT S LS N\OVQ. :'Jun) -
16
1| E.&EEMLD..ACSL&EBA_@___Q&_EQR* LOAD CASE -
18

i l
19 /JBE_-IA’E&ZIA_SJL:.ME&ZLALSEZ_/— WERTIA LQCA=INERTIA.
20 ) | _ ,
WXl 29 | x| zmay | 820 |
22 - 7 /47 &4 ikt i .. l . N : ;
23 N . oG:fL '.?:‘7 \ ' L l
2% _ i o - | > b 1
s | B 264 457 Zié7) | cg8% |
26
7 ) 3 Y - A
28 — - R . - . ——— - -
» COMMENTS: - b
30 i HogilzonTAL é_{

s

i ST S SRR, | 4 e o [ = S < 9 R
41‘

' § = " . o

""A)i FAULTED‘ 0;—-¢|- T ¢ v w / ‘r‘ ' - —

.:4!’ _ i ; A

M

o Gueser= | 147 +.337 7
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39

o Wihn IL.NGl- s COIRYITG .o p il 8 Jf  — /9

LA.CUMTION ..Mczr

11600.02 NM(B) 382070

~ 7

am  LILCO Loatinn__ SHOCRTHAM FAGE _Y/
Subjeet . C5 _ON MOV.

00 .02 Bm (A )-259-C¥C_

Rased mn

|Queser = | L1324, 992"

MANUFRACTURLE S PRINT: S I POINT 3¢ |42

PROBLEM #:: 0© 74 _ . o RUNz: Ro674690
Msk #: AX-TE-3 " . pare= : 5/27/8>

sysTEms: 1Q4/ | Movz=!034A

LlNE DES!GNA‘I"ION #. b el s o __VALVE =!
O b g ey s e . / ’

- ST Tiv
_ELEVATION. PRI A N ST MOV(U:N:-T»-) Lam !

EXPERIENCED ACCELERATED G35 FOR LOAD CAsz:|
_..__aﬁf_-.avzezm_.ssqmm'ma_.szzz_-_/a:zzu:;,z.aca:mzeazm4|
12 2| e g7 | 1293 |
A7z | w99 L4 |

2 2.5 1 T390 T |2, DOy _74.8" l

Eommauﬁ—s':” UL DS I I DA IR N
ety . Homom&__é.&_,_,_;-.. X -
Gr:Au:rsn { 4—L +4— eT +//3‘?3 = T
Gupset = \j 25+ AR SRR . Y

qFAU‘-TED:q ,;f, { 4 i'f' o'C/ / f—-— "\’r'f’/ 2—

\
NN
o
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

11600.02 NM(B) 382 QZQ

=7

page £Z

LILCO « SHOREHAM =~ # [ |GO0CeQ 2 VMg -164- CEC

G's - OYNAMIC ACCELERATION AT VALVE OPERATCR C.ow

PROBLEM & . Q07 NODE #.

115

A/ Msk % 1 AX-BH 2 Aun #: K/647367 e 7| 24{a=

Grstem # 1 BV MARK# D Moy 0398
- loag @"E‘sg: E;A:v %'s-.eoux f AP E
X | 0,260 0.411 3,997 ,.932 0.199
Y | 0.218 | 0.456] 3.303 | LT | 0.1 | & = Gy
2[0.027 [0199 | Liel | 0.839 0.00b |
UPSET: G NommAL:\ cBe* + srv?  (Levz)
e f\l 0.260° + 3.991° = 4.0l
Gy= tJ 0.218% + 3,303 = 3.3
FAULTED: G= NOKMAL * [SSE* +SRV?® + Loca* (Lc %)
Gu® f\[ O.dn® 4 399774 19327 = |H. 406 ;
Grva | omsttt 3303t a i1t =] 315
G= NoRMAL £ { SSE* + APZ (Le49)
G tq 0.41" 4 0.198" = 0,40
Gy :\l 0. 45,> + 0. 165 = 0.4§
AOTZ: Grpocrsy * Li%6 ok LC *7 (3RZATER)

REMARKS !

Giu® Gix oR Gay (GREATER)

8Y: £ K tDATE ! 'zmgz;
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

e
& 5010 85
CALCULATION IDENTIFICATION NUMBER
J.0O.OR W.0.NO DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE f_é
slece. o2 AL (8 372 céc
R ChCoMOw oF ¥ BLVE QTRESS Wit THEST FORE PENoUED H-§
10" FORGE. BOLTED BONWET WUCLEAR VALVE
R A i W W R W R e e el o o el ko e e e vk e ek e ke e e g ok ke e e
THRUST
2
TR = 0.7854 *= DIAGL * DELTAP » SEATF + GF
2

= 0.7854 * 9,689 * 575.00 * 0.30 + 3181.00

= 45580 v—+B6 = O L4 SlorE - oL ESs JE//RAIDNOTIAN,E AND
S EA [ AN VOIE A B ALE SokivAllY
ClOSE ZUR/M/E "D rrmnanse B/CIITS
(e, SH, Loca, S5&E)

TORQUE
Gy[)-z;é HEO & COMPITED AZc Vv
TQ = 12 % STEM THREAD FACTOR % Jf <wovess THEoST Lods cn 7HE
= 12. * 0.0181 * 15900. (g Witvg E4TR 25 ACHVIETD TS
CVERCOIIGE SEd 7 £lrcrrons, fAecw g
= 3457. IN-LBS g TrOns R0 Lind fLESSIRE

MT = “"i Pl % B WNEAS S/STEsy (FERATIEAN &SV IREY
= 34577 + 2000. * 3.000 CFlErs v e O Closmi& Tuw< \[he €,
boe0 Srarc k& Tagm AVES AL /VJM/‘CJ
= H457 IN-LBS Ceosenv TIR/t/& Tyamrt'c LKE/TS]

’ AS S 1767 AOOVE |, Tifg STerq
TAk sy FOLCE LAS Ju7 (onsnete

INTERWAL COUPLE LOADS VO O S/EE/CRANT T Tas

AT g G LrmlE oF TH&E ALy

P2 = Pi * ( L+ LI/2) / EAVE Tozierone Tavs Laro CompfoNEAIT]

s SEelECTeL,
2000, * ( 7.375 + 10.750 7/ 2. ) &

= el i —

7.583

= 3363. LBS

P3 = MT / EAVE
= S457% / 7.583
6000

= _1247, LBS
79/
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

Lf-F
A 5010 65
CALCULATION IDENTIFICATION N/"MBER
J.0.0R W.0.NO DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PASE%
/700 .02 AFAL () 232 c2cC

o" FORGED BOLTED BONHKET KUCLEAR VALVE

BEWDING MOMENTS

MZP = Pl = L1 / 4
= 2000. * 10.750 7/ 4.
5375. IN=-LBS
(w¥x)
( 0.50 * LFM+PVERT) + P2 ) = DELTA
( 0.50 *(1550T, + 0.) + .3363. ) * 0.0417
.4/-3':. IN=-LBS

MZ] = M22 = MZP +.M2B- /40 (*%)
= 5375, + 41
= 5840 IN-LBS
£5/8

MZD

MXT = P3 = L1 /7 2 C¥r)
= 4247, * 10,750 / 2.= 79/ % /075 /2
= 54+0%. IN-LBS
425/
uX1lP= Pl » L /7 2
= 2000, » 7,375 /7 2.
= 7375. IH-LBS

MX1 = MXT + MXIP (vs)
= 670%. + IS = 4251 + 7378

-440-"‘27 IN=-LBS
/76 2 Crm

MX2P= P1 = ( L+ L1 ) /7 2
= 2000, *» ( 7.375 + 10.750 ) 7 2.
=18125. IN-LBS

MX2 = MXT + MX2P
= 630%, +18125,= J25/+ /8728

=248e6% IN-LBS
Z22876 (#»)
MX3 = P) » (L« L] +L2)
= 2000, * ( 7.375 + 10.750 + 2.750 )
= 41750. IN-LBS

MX4 = Pl = (L + L] + L2 +L3)
= 2000, * ( 7.375 + 10.750 + 2.750 + 1.900 )
= 45550. IN-LBS

MXS5 = Pl » ( L + LI # L2+ L3+ L4)
2000. = ( 7.375 + 10.750 + 2.750 + 1.900 +
= 56254. IN-LBS

e v et e T e s ok ek e e o B ok o o e o e o o e e o e el e i o o ol e e o o e o e ek o e e ek o e ok ek

5.352 )
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 5010 68
CALCULATION IDENTIFICATION NUMBER
J.O.OR W.0.NO DIVISION & GROUP CALCULATION NO. [OPTIONAL TASK CODE PAGE Z(
Jlevo. 02 Nt B ) 372 < S

1ow

Syz2

SY22z

SYXT

SY

SY?

Syz2Z

SYXT

SY

FORGED BOLTED BONNET NUCLEAR VALVE

b e e R 2 e R R R R R R Lt T ura—— e ek e e o ok ok e ek ek ek

YOKE PN 89182

SECTION 2 - 2 STRESSES
CASE | = LOAD P! IN X=DIRECTION

AXIAL STRESS AT POINT <y’ -

= ( 0.50 » (FR+PVERT) + P2 ) / AREA
= ( 0.50 »( 59000, + 0.) + 3363. ) / 5.625
= 2044+, PSI

= MZ2 « C2 /7 122
= 5840, * 1.458 /2.6855== S5/5k L g58/5 co55
= = PSI

29%
= MXT % 0.50 * H2 / IXX ;
= 6703, * 0.50 * 1,500 /3.164| = F2851/% O.Sw /.5 /o scaty
= &89, PSI

s007

= SY2 + SY2Z + SYXT
= 01T, + 3135, + 1BBY. =S98 429694 4 yoo?

Féoo (*w)

AXIAL STRESS AT POINT *v+ -
= ( 0.50 » (JA+PVERT) + P2 ) / AREA

= ( 0.50 (15200, + 0.) + 3363. ) /7 5.625
= 2041, PSI
498 ‘or)

= MZ2 = CI 7 122
= HB40. * 1,042 /2.6855= S5/Sw 4042/.455:
= 2268, PS]
2/40 r;')
= MXT * 0.50 * HI / IXX ~
4303. * 0.50 * 3.000 /3.1641 = 4ZS! k.5 * 3,0/, ,ca,
3438, PSI
2078 (uw)
SY2 + SY2Z + SYXT
m. 0—3”8. + m.= 5’8 vy 2/90 4 zco/S
436, PSI
4753 (*%)
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

A 501066

CALCULATION IDENTIFICATION NUMBER

. .0.NO DIVISION & GROUP CALCULATION NO OPTIONAL TASK CODE PAGEJ_Q
jJré600.c2 AT (/8 2y Cac

e i

1o FORGED BOLTED BONNET WUCLEAR VALVE
TR WA AR AR IR R SR A ok A A R R R R e e ok o e e ek

SECTION 2 - 2 ( CONT“D )
CASE 2 = LOAD P! IN Z-DIRECTION
= AXIAL STRESS AT POINT “Vvs =~

0.50 % (FPH+PVERT) / AREA
0.50 *( .+ 0.)/ 5.625
MI3. B3

SY2X = MX2 * 0.50 * HI / IXX
224828, * .50 * 3.000 /3.1641 = zzsu:.ru.%,‘,,
= P07 PSI

/o807 (%)

SY2 + SY2X

= T+ WP, = o v SOCo7

= J3+ee, PSI

/06c) (Fx)

MAXIMUM SY @ SECTION 2-2 = _l348%. PSI
S 0607
SHEAR STRESSES
ST2 ( 0.50 * P1 + P3 ) / AREA
( 0.50 # 2000, + L247. ) / 5.625
299 PSI 79
3/8

PRINCIPLE STRESS & STRESS INTENSITY

Sy2

SY

2 2
SIGMAI ,SIGMA2 = ( SY/2 ) £ SQRT [ ( SY/2 ) + ST2 )
70607 /0807 2 2
= (JHO8T./72. ) 2 SQRT IS8T, /2. ) + 397, )
SIGHAl = 43490, PSI = spg/4 348

SIGMA2 = —+2, PSI

S12 = SIGMAl - SIGMA2
=43, - ( -i2: ) = /06/6 - (-5.5)
= 13208, PSI

/0625 (™)

ALLOWABLE STRESS INTENSITY = 26250. PSI (REF3PAGE & )
43208, < 26250.
0528

CONDITION SATISFIED




STONE & WEBSTER ENGINEERING CORPORATION
CALCU_ATION SHEET

&
A 5010 8 A2
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NC. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE f€ A
//éoo. 22 wat (8) 322 C2C

:Oo.goubun-

Jfas T, E T STEis TAHLUST MET

JHE&E Foccoulrnrlc CRALOU e rronss ESTABL/SKH TAE
C o rTtr8urvew O~ THE s7EESS AsSec 4re&p W 7w
STEny TIEUST LORL To THE J72TAe YyoOAE

STE&Es S,

ZHELST
T = /5900 %

Z2eovs
T = /2 ¥ S7Ei THEEAD FAcTol ¥ TR
7qQ =12 xp,0/81 x 16900 =
= 3487 1~ Llés
MT = 7Q + PT %8 =3457mw-L8
INTERNAL COUPLE LOADS
Ps = MT /Eave = 30:7/ 7,543 = 456,15

BENDING MOMENT S

MZD 0,5 x TR x0,0417=0,6 ¥I_ Qo0 «0.04/7= 33/4..4
MZ2 = M2I =MZD =33
" MXT =P3xLIf7 = 45610752 = 24511116
M| =MxT =295 -8
Mx2 = MXT =248 1w -1
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STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET "3

A 5010 68

CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0.NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE PAGE Aaﬁ

SEcrion 2-2 $TRESSES

Cosel —Load P/ W X —DIRECTION
—AxIAL STRESS AT PoInT U’
Sye = 5« Té/r,(zf = /4 /3 L5/
§Y22% M22 xCa/T2z = 38/ x/.uS8/2.6¢55%179ps:
SYXT = MET x0.5xky [Txr = 2uSI % 0.5%1.5/3,l64 | = 5¢/ ps/
Sy =(413 +17§ »88) = 2173 pos1

~AxiaL STRESS aTPo/NT "y "

SY2>05TR/C625 =14/3 ps 1

SY22=M22 »C,JTe2%33/%).043/2.685C =122 p5
SYXT = MRT x0.5+H./IRX 22451 *0.5¢3/3.1441 = /) 2p5
Sy =5v2eSv2a tSYRT =//3 +128 41162 = 2703 ps/

—
A X

P
CoSE 2 —LodaD Pl C-0ioEcTION

~AXIAL STRESS A7 PowT "V’

Sy2 0.5« TR /Ares ‘-'—0.5’115900/5’.623"/#/3;;',
Svexr=Mxz2eo 5 «H, /Ixx =245/ '0:5’*3/3./; = /162ps
SV =SY245¥2x = MI3 FIEL = 2875 sy
SHEAR STRESSES
ST2s Pijares = 456 /5625 =8/ ps/
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STONE & WEBSTER ENGINEERING CORPORATION

CALCULATION SHEET Ak
A58
CALCULATION IDENTIFICATION NUMBER
J.0. OR W.0. NO. DIVISION & GROUP CALCULATION NO. |OPTIONAL TASK CODE| rPaceZ€ L

IR s Pl STRESS § STRESS furr&risiT7r

Srearhl, SISMAT =

U:‘L‘C‘HO
Y s z
() £ seer[(3)"+ 57+ ]
S/&MAl = 2203 - .7_.27{?-:3 = 2703 psy
SrestAT = 2—;7::0'3 - 7’—%9 = O

Si2 = S/é6rAR ! = SiGrehs 2
= 2703 PAs/

S/2 /3 WeEiL BECow THE LA OyrmRc

é/ﬂ/f“.




SHOREHAM NUCLEAR POWER STATION - UNIT #1
FATIGUF 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
in assuring that TRS's envelop RRS's and that the input loads cover
sufficient 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 Shorehzm equipment. It is & 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 test
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,
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.

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
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-
latcrs with 2% damping and the peak output displacements were then assumed
to correspond to a component stress of 30 ksi as a reference point.

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
strees to calculated SRV peak displacement to arrive at a relative peak
stress due to the test time history.



The test displacement (or stress) time histories were then searched for
peaks (first derivative zero, second derivative non-zerc) 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 I1-9.1
of ASME III. A discussion of the approach used to generate the fatigue
damage curves ma: 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:

Unet 5 :E: O'S/Nallowable

all pairs

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

NSRV cycles E, Unet . Nallowable at SRV stress

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 number
of 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.
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SHOREHAM NUC' EAR POMER STATION SHOREHAM CATEGORY I EQUIFMENT CHANGE RECORD
STONE AND MWEBSTER ENGINEERING CORPORATION

EFFECT ON
DATE OF ISSUE IP. NATURE OF CHANGE SEISMIC QUAL.

DOCUMENT 8

F-82213 09-08-82 IH21#PNL -060 ADDITI RELAYS TO BE ADDED TO CAT.I MASS OF ADDED
PANEL RELAYS NEGLIGIBLE-NONE

F-40Q26J 09-09-82 1D11=PNL-021 ATTACHMENTS TO SKID /RAD. MONITOR. SYS. MASS OF ATTACHMENTS
NEGL IGIGLE -NONE

09-27-82 1HZ1#RK-40,481 CLEARANCE PROG. FOR 02 BOTTLE RACKS MCODIFICATION INCORPORATED
INTO CALC 381-CZC-NONE

09-30-82 1Z97«PNLER]1 -6 ADDITIONAL SUPPORT FOR MODULE CASES TO APPROVED BY CALC. 292-
CONFORM WITH TEST MOUNTING CONDITIONS- CZC-00% - NONE
CAT.

10-05-82 1H21#RK-80,8) SUPPORT ARANITE I' FIRE BARRIER SHALL PLATES ADDED TO FRAME
-NO IMPACT TO QUAL I+ ICATION
(CALC 331-CZC)

F-186818 10-07-82 1R2G«MCC-1119 ATTACHMENT OF 1" DIAMETER CONDUIY MASS OF ADDED CONDUIY
NEGLIGIBLE- NONE(CALC 311-CZC)

F-43143 10-26-82 17T47=UC-174,B NOZZLE SUPPORT FOR UNIT COOLER APPROVED BY CALC. 8 356-HZ
~NONE

F-39452E 11-04-82 1D11«PNL-21,22 1* DIAMETER CONDUIT ATTACHMENT TO FLEX CONDUIT USED ON ALL
CAT. I PANELS CONNECTIONS-NONE(CALC 311-CZC)

F-43727 11-09-82 1T48#RC-002ALB ATTACH SM BORE SUPPT TO RECOMBINER MASS OF SUPPORT NEGLIGIBLE
FRAME (CALC. 8$292-CZC-008)-NONE

F-82897 11-12-82 1H11sMCB-01 BATTERY CHARGE/DISCHARGE AMMETERS ADDED MASS OF AMMETER NEGLIGIBLE
TO MAIN CONTROL BOARD NONE

F-29608A 12-15-82 1PS0xPS-113A INSTR. STD ATTACHED TO STRUCTURAL PLATFORM APPROVED BY CALC 363-CZC

#P5-1138
#P5-105A
#P5-1058

IPS50xPT-116A
wPT-1168
#*PT-111A
#PT-1118B

1C61xPT-106




SHOREHAM MUCLEAR POMER STATION

-

P-3930Q

F-448615

MR 5520

NLD 5554

F-Q3872A

F-85139

F-431420

¥-22727C

12-99-82

12-09-82

01-07-83

02-08-83

02-08-83

03-05-83

04-07-83

05-09-83

05-19-83

-

1Z97#PML-ER]
-ER2
-ER3

1H21eRK-80
-41
-82
-43

1633wFT7-012

1B21#MSR-21

1633%PRR-07

1Ta8#PML -7 68A
0694

1T.18xPNL-068A
-06€88
-069A
-0698

1T474UC-17A28

1IMG3=PNL-CO1A

-C08/11

SHORCHAM CATEGORY I EQUIPMENT CHANGE RECORD

ADD TERMINAL STRIPS TO FRAME OF PANEL

APPROVE GRINDING OF FRAME FOR INSTALL.
OF HYDRO. BOTTLES

INSTRUMENT STD.-BASE PLATE MODIFICATION

GAP REQUIREMENTS

BRACING MODIFICATION, WELD CLARIFICATION

TUBE SUPPORT ATTACHMENT TO CAT 1 PANEL

TUBE SUPPORT ATTACHMENT TO CAT 1 PANEL

UNIT COOLER NOZZLE SUPPTS

C02 STAND SUPPORT INTERFERENCE

PAGE 2
CURRENT DATE 06-21-83

EFFECT ON
SEISMIC QuAL.

-

MASS OF TERMINA STRIPS
NEGLIGIBLE(CALC.4 "92-CZC-009)
~NONE

APPROVED BY CALC 331-CZC
~NONE

LARGER PI & BOLT PATTERN
USED/APFROVED BY CalLC.
292-CZIC -NONE

APPROVED BY CALC.® 332-JE
052 -NONE

LARGER SECTION INSTALLED THAN
REQ'D -NONE

APPROVED BY CALC. 292-C2C-

001 -NONE

APPROVED BY CALC. 292-CZC
001 ~NONE

APPROVED 8Y CALC. 8356-HZ
~NONE

APPROVED BY CALC. 289-CZC
~NONE



PAGE 3
CURRENT DATE 06-21-83

SHORFHAM NUCLEAR POMER STATION SHOREHAM CATEGODRY I EQUIPMENT CHANGE RECORD

STONE AND WEBSTER ENGINEERING CORPORATION

- -

EFFECT ON
DOCUMENT 8 DATE OF ISSUE EQUIP. AFFECTED NATURE OF CHANGE SEISMIC QuaL.
F-84182 1w/28/82 {NSSS)STEAM DRYER/ ADDS REDUNDANCY AT THE NONE -APPROVED BY CALC 3OS -NWF
SEPARATOR - SLING/ POLAR CRANE INTERFACE
HEAD STRONGBACH
F-44890 01/26/83 (NSSS5) MSIV VALVES CHANGE ON MNAMCO NONE -ITEMS REPLACED WI™
LIMIT SHITCHES QUALIFIED ITFMS
F-84170A 12/728/82 (N5S55)PANELS REPLACE EXISTING LEVEL & NONE -ITEMS REPLACED WITH
1HZ21#PNL -04,05,09,10 PRESS. TRANSMITTER MODELS QUALTFL1ED ITEMS
WITH ROSEMOUNT 1153 SERIES
F-32306 12/770/80 (NS5S PANELS ADD PHR SUPPLY FOI ROSE- NONE -ADDET YTEMS ARE QUALIF =D
IHZ1#PNL-635,636 MOUNT TRIP UNITS MODEL
& 5100V
F-32232 12/02/80 (NSSS )PANELS ADD ROSEMOUNT TRIP UNIT MU'E-ADDED ITEMS ARS QUALIFIED
1H11=PNL-601 MOCEL #5100V
P-4429 05/18/83 1D11«RE-062 REPLACE 8440 ST. STIUL MY NONE - "EPLACEMENT IMPROVES THE

HITH A NYLON LIMED LUCHING NUT

HOUNTING COMDITION.



SHOREHAM CATEGORY 1 EQUIPMENT CHANGE RECORD
GENERAL ELECTRIC COMPANY

Document # DATE OF EQUIP. EFFECT ON
(FDI/FDDR) ISSUE AFFECTED NATURE OF CHANGE SEISMIC QUAL.
KS-01-1127 11/3/82 1B21*A0V81/82 Replace iimit switches New limit switches qualified by test
121-88524 9/23/82 IES51*TUOCS Modify hardware Modifications made to conform Shoreham
Rev. 1 RCIC turbine to tested turbine
KS-01-2144 11/11/82 1H11*PNLoO2 Add relays Relays identical to other qualified
relays
KS-01-2148 1/12/83 1H21*PNLO03/010/ Change pressure New transmitters dc not affect the
004/00% transmitters qualificaticn of the panel
TFHN 9/20/82 IE32*PDT038 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 1H11*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 aoes not affect quali-
Rosemount trip unit fication of the panel

model #510D0




