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, . (GG¥L) Pennsylvania Power & Light Company

Two North Ninth Street » Allentown, PA 18101 ¢ 215/ 770-5151

¥

Norman W. Curtis
Vice President-Engineering & Construction-Nuclear
215/770-7501 . ’

JUN 09 1983

Director of Nuclear Reactor Regulation
Attention: Mr. A. Schwencer, Chief
Licensing Branch No. 2

Division of Licensing

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

SUSQUEHANNA STEAM ELECTRIC STATION

NSSS EQUIPMENT FATIGUE EVALUATION-SUPPLEMENTARY DATA
LICENSE CONDITION (23) (a) AND SER ITEM 3.10.1(3)

ER 100450 FILE 148-01
PLA-1698

Reference: 1) PLA-1222, dated 7/29/82 from N. W. Curtis to A. Schwencer
Dear Mr. Schwencer:

This letter and its attachments contain the data requested by the NRC to
supplement our response (Reference l) to your concerns regarding the fatigue
cycling effects on NSSS equipment due to SRV loads (License Condition 23(a)
and SER Item 3.10.1(3)).

1.0 Number of SRV Events for BWR-4 Reactors

Derivation of the HPCI turbine fatigue test requirements indicated
that 900 SRV actuations were appropriate for equipment fatigue design
in BWR-4 plants. This value is based on empirical data from the
operation of Browns Ferry and Peach Bottom.

Based on observed response time histories of components due to SRV
loads, two (2) significant peak load cycles on equipment outside
containment and four (4) significant peak load cycles on equipment
inside containment can be expected for one (1) SRV actuation.
Consequently, the number of peak load cycles due to SRV actuations
postulated for the 40 years of plant operation is 3600 for equipment
inside containment and 1800 for equipment outside containment.
Observing that the significant load cycles from an SRV discharge
occur within the first half second of the event, the fatigue aging
required time in a response spectrum test is approximately 450 seconds
(7.5 minutes).
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Equipment Fatigue Analysis and Testing - Supplementary Information

The following information is provided as a quantitative backup to
demonstrate that the SRV fatigue aging requirement of Paragraph 1.0 is
met for the equipment previously identified in Reference 1.

2.1 BAnalysis:

2.2

Fatigue analyses were performed for the five components listed in

section 1 of Reference 1. Based on an environment with 1800 significant

stress cycles (as explained above for equipment outside containment),
the maximum usage factor (or cumulative damage factor) was 0.33 which
occurred on the RCIC pump holddown bolts (5500 cycles allowed for the
calculated fatigue stress). The calculations are contained within
Attachment 1.

Test:

Supportive data is given below for equipment whose fatigue life
adequacy was demonstrated using methods of extended duration testing.

2.2.1 MSIV-LCS Blower (E32-C001/C002)

2.2.2

2.2.2.

Extended duration testing was performed on the blower. The total test
time was 40 minutes and was achieved as follows:

a) 4 Upset Condition Tests (OBE + SRV) for 5 minutes each at 2g's
input.

b) 4 Faulted Condition Tests (SSE + SRV + LOCA) for 5 minutes each
at 3g's input.

These g-levels are far in excess of the 0.1lg ZPA of the required SRV
spectra. See the SQRT form in Attachment 2. For the sine sweep test
method which was performed in the range of 3.8 to 33 hertz, several

thousand cycles minimum per each 5 minute test was imposed on the test

specimen such that the cumulative number of cycles greatly exceeded
the required 3,600 cycles from Section 1.0. Neither structural nor
operability failure occurred during this testing.

Electrical Cabinets

Additional extended duration testing of the cabinets with mounted
devices was performed to demonstrate fatigue life adequacy of this
equipment. Test programs and results are described below.

1 4.16KV Switchgear

The extended duration test is verified on- pages 2 and 3 of the SQRT

form in Attachment 3. A biaxial sine sweep test covering the ampli-

fied portions of the SRV spectrum (4 to 70 Hz) was performed in
both the side~to-side/vertical and front-to-back/vertical orienta-
tions in the single cell configuration and in the front-to-back/
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vertical orientation only for the multiple cell configuration. The
SRV fatigue tests were performed by sweeping up and down at a sweep
rate of one octave per minute for 30 minutes. The input acceleration
level was approximately 0.08 g. This sinusoidal input level would
produce a spectral acceleration level of approximately 2 g at 2%
damping, which is well above the SRV + LOCA levels of approximately
0.9 g.

2.2.2.2 125 VvDC Power Distribution Panel

Upon completion of the first combined load gqualification test, SRV.
fatigue tests were performed using multi-frequency biaxial motion
(XY and 2Y). Each test was run for 60 minutes by repeating the test
table input motion which had a TRS enveloping the required SRV RRS.
Enveloping was checked at the beginning, middle, and end of each
test. Refer to the SQRT form and spectra in Attachment 4.

2.2.2.3 Power Range ﬁonitoring Cabinet

2.2.3

Y

Qualification .testing of this NSSS cabinet was completed in the week
of March 27, 1983. Successful fatigue cycling tests were performed
using two biaxial time history motions (H&V) for 15 minutes in each
plane. The input waveforms had a TRS designed to envelope the
following RRS. )

9%, £ 9, £
0 2 0 2

.25 5 .6 6

.75 8 1.5 10

.75 12 1.5 20

.16 ' 50 (ZPA) .16 50 .ZPA

The test plan and panel RRS were determined to be adequate for
Susquehanna prioxr to the test.

Valve Motor Operatoxs

Extended duration testing was conducted during dynamic qualification
of Limitorque motor operators as follows. .
Fatigue was not considered a concern for the metal parts of the
actuator due to the low stresses involved. The critical parts are the
plastic parts, limit switch rotors, limit switch finger base and
torque switch. For the unit selected, an SMB-2-60, the orientation
most severe for fatigue is the vertical direction. Therefore the test
was done only in the vertical direction. The g loading of 3g was a
conservative load based on the fact that the actual SRV-only loads are
less than 3gq. '
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The test excitation was in the form of a si
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ne sweep from 10 to 70 to

10 hertz at a sweep rate of one octave per minute which imposed

approximately 30,000 cycles on the operatoxr
significant regardless of frequency because
frequency was previously found to be in exc
unit was operated after this testing.

MSIV Actuator

The referenced letter describes that credit
testing to cover SRV fatigue cycling on the

Since the required vertical input motion to
approximately an order to magnitude greatexr
component, it dominates the critical stress
this input after horizontal rotation of the
and faulted condition test, therefore, resu
stress cycles than will occur on the SSES M
condition of five upset and one faulted-con
horizontal and vertical upset and faulted R

are shown in Attachment 5.

Therxefore, credit for SRV aging is taken fo
faulted test. Since an upset test is equiv
a faulted test is equivalent to 50 SRV even
cation testing is equivalent to 350 SRV eve

Further testing run on the test specimen is
SRV events as shown below, giving a total o
produced by the testing.

50% Upset Tests
40% Upset Tests
50% Faulted Tests
40% Faulted Tests

HNDMDN
|

. These load cycles are
the operator fundamental
ess of 100 hertz. The test

was taken for additional
actuator.

the inclined actuator is
than the horizontal

in the yoke rods. Repeating
test specimen for each upset:
lts in twice as many yoke rod
S1IV actuator for the design
dition load events. The
RS and TRS for the actuator

xr 5 upset tests and 1

alent to 60 SRV events while
ts, this additional qualifi-
nts.

equivalent to another 390
£ 740 equivalent SRV events

120 SRV events
120 SRV events
100 SRV events
50 SRV events

In regard to test levels, the MSIV upper ma
the piping analysis was approximately 9 g's
With an actuator fundamental frequency of 1
faulted testing subjected this mass to more
shown by the TRS in the attachment, and thi
accelerometer recoxrds. :

Therefore, the above-reduced level tests ar
excitation while the higher g-levels associ
tests can be considered equivalent to addit
a fatigue usage factor basis, concluding th
900 SRV events were met by the testing.

390 Total

ss g-level calculated in
using an SRSS combination.
0 hz, the full level

than twice this value as
s was verified by the

e sufficient to cover SRV
ated with the qualification
ional SRV stress cycles on
at the required number of
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2.2.5 CRD Vent and Drain Valves
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SRV fatigue cycling will be part of the. upcoming dynamic qualification

test on the SSES CRD vent and drain valves.

The current test plan

calls for horizontal and vertical time history waveforms simultaneously
input to the test table for a cumulative time of 15 minutes. This
test will be repeated after a 90 degree rotation of the test specimen.

The TRS will envelope the following generic RRS during testing of
the later model valves in SSES Unit 2:

's

Horizontal

Freq. (Hz)

0 o+l

NN

.5
5

5
10
40
60
(zPn)

Vertical

Freq. (Hz)

.5
.5

NNV Q

5
10
40
60
(ZPA)

while the TRS will envelope the following conservative RRS during
testing of the earlier model valves in SSES Unit 1l: '

3.0 Conclusion

Horizontal and Vertical

g's (Freq. (Hz)
0.3 5 hz
2.4 10

S 2.4 40
0.75 60 (ZpPa)

The data contained-within and attached to this letter supports our
position (Reference 1) that all NSSS equipment will perform satisfactorily
under the fatigue cycling effects due to SRV loads. This letter fulfills
and completes our actions under License Condition 23(a) and SER Item

3.10.1(3).

Very truly yours,

W) Contis

N. W. Curtis

Vice President, Engineering and Construction-Nuclear

cc: Mr.‘R. L. Pexch

Mr. A. Lee

- NRC
- NRC
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Attachments:

Attachment l:
Part 1 RHR Heat Exchanger Fatigue Life Evaluation due to SRV Actuations
Part 2 RHR Pump/Motor Fatigue Life Evaluation due to SRV Actuations
Part 3 Core Spray Pump/Motor Fatigue Life Evaluation due to SRV Actuations
Part 4 HPCI Pump Fatigue Life Evaluation due to SRV Actuations
Part 5 RCIC Pump Fatigue Life Evaluation due to SRV Actuations

Attachment 2: SQRT Form for the MSIV LCS Blower

Attachment 3: SQRT Form for the 4.16 kV Switchgear

Attachment 4: SQRT Form and SRV Response Spectra for the 125 VDC

Distribution Panels
Attachment 5: MSIV Required Response Spectra
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sy proesh is to use the tensile strenpth
' for fzfigue Mmit) cnd, efter deter-
the saction modulus of the
opply the proper

bending formtule. However, becrues
of the dificulty in obtzining =»
sningful value for the tearlle
ength in tests of smell zpecimens,
e lood computed in thit menner
usually bs somewhsat lower than
the acturl load required to rupture
the p=ri, unliezs unfavorable rezid-
ual ctresses are prezent in the &in-

.

=  izhed purt.
Clopgation of fron &t frac-
: ture is very (of the order of
~ e
~ 70
€0
<< i} =
850 Ciots 60
Z20 fr s '
@77 3 et ]
10 //Q/ 20 {—
=N 1
() 1 2 3 4
Stroin, 000! in por in.
B, D! e
zs. Hc:dulu :‘f ‘ Wg‘i“ {3 mesexred
to points 4,

B gnd C, reprasenting Y%
of the tenslle strength.

0.008 in. per in.) and hence iz gal-
dom reported. The designer ctnnot
nee the numerjcsl velue of perma-
nent elongstion in any quantitative
er.

Wstonsl Shezr Strength, As
own in Table 12, most gray irons
heve high torsionel ghear strength.
r Many grades have torsional strength
eater then some grades of steel.
cheracteristic, nlong with low
notch sensitivity, makes agizy frone
sujtable masaterial wcz;ﬂ ]ytu‘gg tgg

types, particular
gr.de.x of higher tensile girength.
ost ghefts are zubjected to dy-
namic torsional stresses and the da-
tigner ahould contdder carefully the

URAY JRON

higher-strength ironsz, stress con-
centration factors zssoclated with
changes of shepe in the past are Im-

rtznt for torque loads-zs well &8

or bending pnd tension loads,

fiodulus of Dlasticity, Typical
stress-strain curves for ‘gray iron
gre shown in Fig. 10. Grzy iron does
not obey Booke's law 2nd the modu-
huz in tension i3 usurlly determined
arbitrarily as the zlope of the line
connecting the origin of the gtirees-
gtrain curve with the point corre-
gponding to 3% of the tensile
strength, Bome engineers use“the
tlope of the stress-strain curve neer
the origin for determining the
modulus of elnsticity.

- As indicated in Table 12, the mod-
ulus of grey iron varies considerably
more than for most metals. Thus, in
uzing observed strzin to calculnte
stress, it it ezsentis) to messure the
modulus of the particulzr grey iron
specimen being conddered, The nu-
merical vzlpe of the modulus in
torzion iz always less than in ten-
glon, jurt o3 1t iz for xteel,

e=3 of gray iron, &z mess-
ured by Brinell or Rockwell tasters,
i3 an averngze result of the poft
grephite in the iron end the metellic
meatrix. Varistions in graphite size
and distribution will cause wide var-
iations in hardness (particularly
Rockwell bherdnesxs) even though
the hordness of the metallic metrix
{3 constant. To {Hustrate this effect,
the microherdness of the meatrix of
five of hardened iron, as com-
pared with Rockwell C measure-
ments on the zame {ron, is shown in

"Table 13,

Ity cé:pmnt that if any hardness
corTelntion is to be nttemptled, the
graphite must be constant 2s to type
and amount in the {rons belng com-
pared, It is recommended that Brin-
ell hardnezs be wsed when possible.

Fatigue Limit in Reversed
Bending
Because fotigue limits are expen-

give to determine, the detigner usu-
ally hes incomplete information on

crar iron under completely reversed
cycies of bending stress pre showy
in the greph on left in Fie. 11, tn
which ez point represents the
dzts {rom one gpecimen. The efests
of temperature on fatigue limit pnd
tenslle ztrength are thown in the
right-hend graph in ¥ig. 11.

. Axial loading or torsiona] Jeading

cycles are frequently encountersd in”" .

designing perts of cast iron, and in
meny instences these xre not com.
pletely reversed loads, Types of reg.
ularly repexted stress variation veu-
elly can be expressed 22 2 function
0f & mean stress end & stress range.
Yherever possible the designer
should use actunl data from the im-
itzd information availzble, Without
precisely applicable test dats, an es-
timate of the reversed bending
fe.tigue Umit of machined parts may
be made by using about 35% of the
minimum zpecified tensile strength
of the particulzr prade of gray iron
being considered. This is probebly s
aafe value rather then zn sverage
of the few data available concerning
the fatiue lUmit for gray iron.

‘‘able 13. Comparison of Deckwell Fard.
nees of Gray lrong, as Infipenes?

Graphite
Rockwell C  Matns
‘Type of Totsl hard- on -
(zephite strboc, % nmest (a)  wverned(b)
A cieeeee 308 $S3(c) £18
A cievess 283 431 (39 ]
ceseess 600 230 (~1.]
crvases 330 4.0 (+¥]
D teveers 380 3.7 (~§ ]

(8) Mesxured by conventional Rockwsl
12 test. (b) Hardnres of matrix, meanmed
\with superficial herdnest tester god cane
varted to Rockwell C, (c) Although this

‘ralue wza obiained fn the 182 ek
izited, 1t 13 pot .34 son of
1.06% C. Or e23 of 22h

the
iron is Reckwell C €8 to 80,

An spproximsation of the effect of
range of siress on the fatigue Umit
mey b2 obtained from
guch &2 Fig. 12. The tensile strength
iz plotted on the horizontel axis ®
reprezent the fracture strength e
der static load (which correspoadt

exsst nsture of the Joads, For the this property. cal B-K curves for to zero stress range). The reverssd.
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» "7 ‘proath is to use the tenrile strength
« (or fetigue Umit) and, after deter-
mining the section modulus of the
astuel chepe, o apply the proper
bending formuls. However, because

the dificuity in obtaining =2
sningful value for the tensile
engih in tests of smell zpecimens,

¢ lozd computed in this menner
will ususlly be somewhst lower than
the setusl load required to rupture
the pert, unless unfavorable resid-
uel giresses ore present in the An-
Elonesntion of gray iron &t frac-
ture s very cmell (of the order of

70
60
- &~
S 50 Cless 60
[=3 /
g < Nallp
£30 — —40
G20 Vo . i ==
- —
10 7@ 20 }——i
0 = 1
o t 2 3 4
) Stroin, QO0! in per in,
Fig. 10. Hrest-strabn cerves
for three of prey fron ix ten-
Hor, Modulut of elasticity {s mocrxred
to points A,

B gnd C, represcn %
oywz:wm‘gm.w

0.008 in, per in) and hence is sel-
dom reported. The dezigner cannot
uees the numericzl value of perma-
nent elongation in any quanttative

er.
Torzional Shexr Birength. As
ghowm {n Table 12, most gray irons
have high torsionsl shexr strength.
Mzeny grades have torzionsl strength
g‘c‘:ter then zome grades of steel,
characteristic, slong with low
notch sensitivity, mekes ‘my irona
:'xgén.ble mseterinl focx;u > utgg tgr
ous types, particular e
‘grades of higher tensile strength.
Mozt shatts cre subjected to dy-
nemis torsional stresses snd the de-
degner shonld congider carefully the
exzst nature of the Joads th

URAY SRON

hizher-strength fronx, strezs con-
centrat!oz} :g:torl; am.:todxtcd w!gh
chenges o pe part cre im-
{ for torque lozds sz well &3
or bending znd tension losds, |

Elodunlos eof Elmsticity, Typicel
stress-strein curves for gray iron
are thown in Fig. 10. Gray iron does
not obey Hooke's law and the modu-
Jus {n tension iz ustally determined
arbitrerily a3 the slope of the line
connecting the origin of the stress-

strein curve with the point corre..

cponding to 3% of the tensile
gtrength, Some engineers use the
BT hiets for determintng “es

¢ O or dete e
modulus of elesticlty,

Az indicated in Teble 12, the mod-
nlus of gray iron varies considerably
more than for most metals, Thus, in
vszing observed sirain to caleuists
stress, it is essentlal to messure the
modulus of the particular gray tron
specimen being condddered, The au-
mericel value of the modulus in
torsion iz slways less than in ten-
glon, just as it is for steel,

Hzardnezs of gray iron, 83 mess-
ured by Brinell or Rockwell testers,
is an cverze result of the poft
graphite in thie Iron and the metallic
matrix, Verintions in.graphite cize
gnd distribution will cause wide var-
fationt in jrardness - (particularly
Rockwell hr.xiness) coven though
the hordnest of the metallic matrix

- is constant, ‘o fustrate this efect,

the microhevdness of the mnetriz of
Sve of hardened {ron, &8 com-

with Rockwell C mensure-
ments on the same fron, is ahown in
Toble 13,

Itis a&)pmnt thet i7 any hardness
correletion (i to be attemrpied, the
graphite muit be constant as to type
end amount in the irons belng eom-
pared. It iz ricommended that Brin-
oll herdnes: be used when pocgible,

Fatigue Limit in Reverssd
nding
Because {tigue Umils are expen-
dive to dete:mine, the designer usu-

ally hes incomplete informaticn on
this properiyz. Typicnl B-N curves for

AT 7RART T =

gray iron under completely reversed
tycies of bending stress ere showy
in the graph on left in Fig, i,
which each point represents the
dats from one zpecimen. The effecys
of temperature on-fatigue imis end
tensile strength &re showp in the
right-hand graph in Pig, 11,
Axizl losding or tortional )

cycles are frequently encounteredin

designing perts of cast iron, and in
many instances thezs are not com.
pletely reversed foads, Types of reg-
ulerly repested siress variation usy.
ally can be expressed os a function
of 2 mean siress and 2 stress range,
Wherever possible the designer
thould use actual deta from the Um.
{ted information avallsble, Without
precisely applicable test data, en es-
timate of the reversed bending
1atigue imit of machined parts may
be made by using about 35% of the
minimum specified tensile strength
of the particuler grade of gray roa
baing considered. This is probably a
zafe value rather then zn aversge
of the few data avallzble concerning
the fatigue Himif for gray iron.

Tadle 13, Compariscn of Nockwell Xard.
ness of Gray Irone, aa
by Graphite

T Rockwell C Mamx
Total barg-

Type of sme
srephite arboc, % beee (a verudd)
A ceinees 308 . 45.3(e) 613

XXX X XY M u.l ‘1’
seessse 600 3290 (1]
D oteeeeess 330 . WO Qs
sescses 260 €87 (1)

(a) by conventiona] Rockwl
C test. (L) Basdness of masrix, meanasd
Witk muperfzsial hardnees tester angd eon.
rerted to Rockwell C, (o) AL this
Zh P ¥R

. not L. Ton
3.08% C, Ofmuﬂuthghug‘gzdw
fron is Rockwell C 43 to 80

An approximetion of the effect of
range of stress on the fatigue Umit
mx& be obtained from
guch &s Fig. 12. The tensile strength
is plotted on the horizontal axis ©0
represent the fracture strength une
der static Joad (which corresponds
to sero stress range). The reversed

N ‘ =T T T
r . Fotigue Himlt Toaslis streagth
2% \ : 200 ;
N © Hotched specimrnt, '\ . &
\ . ctress bosed (h Qross w30 00 gl 4
. N, - © Unnoithed specitvem ° 2 4
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\ o skess bored na net wres <3 j
Eoch poent rapresants one (otipue hmit ;
§ 5‘: © Norched °© \\L\‘{“L" ’%:
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, 13, BN cwroci and eDécti'bf tem ox foligxe Umit of gray tron of the tirength shoiox, Compostition: 244 €,
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Table 1.9.1 Cont.ains Tabulated Values and a Formula for Accurate
Interpolation of These Curves
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Ty oW E32-C001

i d . . HPL : E32-C002 ‘f
Qualification Summary of Equipment
e . .
1. Plant Name: Susquehanna 1 & 2 Type:
1. Utility: PP&L PWR
2. NSSS:  GE 3. A/E:.Bechtel BWR 4 MK II
II. Component Name Blower, MSIV Leakage Control System
1. Scope: [X] NSSS BOP
P [xJ L] £32-C001 1
2. Model Number: 2 CH 6 041-1U Quantity: E32-C002 2
3. - Yendor: GE Lompoc, Ca.

4. If the component is a cibinet or panel, name and mudel No. of the
devices included: N/A

5. Physical DesEription "3. Appearance Blower With Mytor

b. Dimensions_ 14.74" width, 13.76" length & 14.82" height

<“ c. Wefght 120 1bs.
6. Location: Building: Reactor Building, Outside of Containment

Elevation: 719 ft. & 733 ft.

7. Field Mounting Conditfons [x] Bolt (No._4 , Sfze % )
o [ Held (Length )
[x] Inlet & outTet threaded to pipe

8. a. System in which Tocated: MSIV Leakage Control System
' the blower, takes suction from the
b. Functional Description: main steam lines and discharge any
steam/air mixture leaking through the MSIV to the standb{ gas treatment
d

c. Is the equipment required for [ J Hot Standty K ] Cold Shutdownsys,
' [ 3 Both. . [ 1 Heither
9. Pertinent Reference Design Specifications: 21A3762
12/80







' APL: _b3Z-LOUI  2-2/5
s ** ~E32-C00Z:

111. Is Equ%pment Available for Inspection {n the Plant: [D<J Yes [ J.Ko
IV. Equipment Qualification Hethod:

< B<] Test [ ] Analysis [ J Combination of Test
. and Analysis
_ Qualification Report*: VPF 3830-14-]

Blower, MSIV-LCS. Seismic Loading Qualification
(No., Title and Date) Test Report on Blower MSIV Leakage Control

Company that Prepared Repor't. Approved Engineering Test Lab

Corpany that Reviewed Report: * General Electric

Ll L L L L Y - an or 5 @ e @ ae o Semaowaemeann

Y. Yibration Input:

A e e o G G T

1. Loads consfdered: a. [ ] Seismic only
b. [ ] Hydrodynamié only
c. [x] Combination of (a) and (b)
2. Hethod of Corbining RRS: [ ] Absolute Sum [x] SRSS ["J

tﬁ'é?:"sﬁé'é'ity‘)
3. Required Response Spectra (attach the graphs): See Ref. Doc 4 thru 6 & Note 1

4, Damping Corresponding to RRS: OBE N/A SSE  N/A _
0 8. Required Acceleration 4n Each Directfon: [xJ ZPA [ J Other
(specity)
08t §/S5 = - F/B = - V= -
S8E  S/S =~“%.4%a F/B a=""0.247q Y =""0.090
SSE & LOCA % SRY SRSS E-MW = b 65g 0.65 0.28¢g
6. Were fatigxe effects or cther vibratfon 10385 cons{dered?

[x]Yes [ ]HNo

If yes, describe loads considared and how they were treated in overall
qualification program: The overall test time was 40 minutes.’

This is far in excess of the anticipated duration of Seismic Vibration

and hydrodynamic vibrations

*NOTE: If more than one report complete {tems IV thru YII for each report.

NOTE 1: As the equipment is rigid within the frequency range of

interest only ZPA is considered. Damping coefficient is not
pertinent :

- = st

P e -u—".—-

A s AxPmpratn s







E32-C001 . 23/ &

' .3 HpL; E32-C002 .. .

\' ! .,' , . : !
. VI. If Qualification by Test, then Completee:

. _ ' - random

. 1. [x] Single Frequency [ ] Hult{-Frequency: E i sins beat

! Sine Sweep

“ 2. [ ] single Axis [x] Hult{-Axis

. : Each test run
3. Ko. of Qualification Tests: OBE 4 SSE 4 Other lasted 5 minutes

specity) —~
&. Frequency Range: 3 .8 - 33HZ Tspeciiy

5. Hatural Frequencies fn Each Direction (Side/Side, Front/Back, Yertical):Note 1

S/S = 1000 HZ F/B = ~1000 HZ YV = ~1000 HZ
6. HMethod of Determining Katural Frequencies
[x] Lab Test [ ] In-Situ Test [ ] An2lysis
7. TRS enveloping RRS using Hulti-Frequency Test [ ] Yes (Attach TRS & RRS graphs)
- [ 1Ko /s
B. Input g-ievel Test: OBE §/5 = 2.0 F/B = 2.09 ya= 2.09
" SSE s/s « 3.09 FB = 3.0g y= 3.09

S. Laborato:y Houmting:
. To [xJ %olt (No. 4 , Size 3% ) [ ] Held (Length Y []
P during the test
“ 10. Functionsl operability verified: [x] Yes E] Ho [ ] Mot Applicable
; 11. Test Res:Its including modifications made:  After the test was completed

there wa: no evidence of structural damage

12. Other te:it perforznd (such as aging or fragility test, including results):

An indépaandent test was run to determine the natural frequency using an

external shock excitation method, the natural frequency was determined

to be abusut 1000 HZ ¥ 10% (Ref. 2)

*Note: If qualification by a combination of test and amhysis also complete
Item VII.

K Note 1: No natural frequency observed during resonance search. Listed values
were determined from external shock excitation

12/80 .7




VL. If
1.
2.
3.

4.

5.
6.

7.
8.

B.

. . 2-
.d - MPL:  E32-C001

4/%;

£3¢-C002

Qda11f1cation'by Analzgigl-ghen complete:

LAY DL L L L UL L L A Tt -

Method of Analysis: N/A

[ ] static Analysis [ ] Equivalent Static Analysis

[ ] Oynamic Analysis:- [ J Time-History [ ] Response Spectrum
Ratural Frequencies {n Each Directfon (Side/Side, Front/Back, Vertical):
s/s = F/B = ‘ Ve '

Model Type: [ ] 3D | ) 1w
( ] Finite Elerent [ ] Beam
[ ] Computer Codes:_

[ J Closed Form Solution

Frequency Range and No. of modes considared:

~om o -

[ ) Kand Calculations -
Method of Combining Dynamic Responses: [ ] Absolute Sum [ ] SRSS :
[ ] Other: _ R
specity) - -
Damping: OBE__-- SSE __ Basis for the danping uﬁcd:‘_

Support Considerations in the sodel:

Critical Structural £lements:’

Governing Load
or Response Sufsmic Total Stress
Identification Location Combination St.ress Stress_ Allowable

Haximum A1lowable Deflection
Max. Critical to Assure Funct{onal Opera-
Deflection Location gility

12/80
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TABLE 1

. SUSQUEHANNA
MSIV LC SYSTEM BLOWER SQRT

The ZPA of all the spectra given by Dynamic Load Analysis on
Susquehanna are combined by the SRSS method to obtain the appropriate
acceleration for the evaluation.

SPECTRA ZPA (Ref. 4, 5, & 6)
Yert. (q) Hori. (q)
SSE 0.09 0.47
LOCA _ Eu
Steam Flow 0.05 0.03
N-S
0.02
Chugging 0.24 . E-W
, 0.42
N-S
0.13
SRY )
3 Adj. Valves 0.03 0.03
Symmetric (SRY ALL) 0.11 -0-
SRSS 0.28 SRSS 0.65
_Test Qualified
Acceleration d 3 3 (From Ref. 3)
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o . Sheet 1
Cae A e Form: E=-109-1
. Rev.2
%\ . t Qualification Summary of BEquirment
@ ‘
I. Plant Name: . SUSQUEHANNA T :
1, Utility: PPsL BAR
2. NSSS: GE 3. A/E: Baoniou CBEK A
II. Component Name: 4.16 KV Switchgear 22201, Cubicle 2A20110
1. Scooe: [ ) NSSS {X } BOP
2. Model NMumber: 50-DHEP-250 Quantity: . 12
3. Vendor: Westinghouse
4. If the comonent is a cabinet or panel, name and model No. of the devices
included: ‘
As noted at bottom of sheet*
5. Physical Description a. &ppearance Self stand cabinet
N
‘ b. Dimensions 2' W x 6.5' I' X 7.5" H per cubicle
, ' c. Weight = 2000 1lbs per cubicle
6. ILocation: Building: Reactor building
Elevation: 719'-=i" & 749t'-1"
7. Field Mounting Conditions [ ) Bolt (No. , Size )
[ x] Weld (Length ) Plug weld
[ )(See attachment #2 from DWG: C-804
. , Rev .20)
8. a. System in which located: 4.16 KV Power Distribution System
b. Functional Description: 4.16 KV Power Distribution
c. Is the equipment required for [ ] Bot Standby [ ] Cold Shutdown
, [x ] Both [ ) Neither
9. Pertinent Reference Design Specifications: Svec. E-403, E-109
G-22’
* 1A201, 1A202, 1A203, 1A204, 1A205, 1A206,
22201, 23202, 22203, 22204, 2A205, 2a206.
PF2/23-1 Devices covered: J
ItemS l' 2' 4-’ 6[ l4l l7' 18’ 37l 56, 57, 59' 60 -
63, 77, 78, 79, g6, 91, 95, 106, 110, 114, 115, 123, 125, 1
é Total - 33 Devices

il




%-2/4

Sheet 2
Form: EI109-1

Rev. 1
III.” Is BEquimment Available for Inspection in the Plant: [x] Yes [ 1 No

IV. Bguipment Qualification Methed:

[¥) Test { ] Analysis . [ ] Combination of Test & Analysis
Qualification Report*

(No., Title and Date) 57577-1, Seismic & Hydrodynamic Qualification of

4.16KV switchgear, dated 2/6/81 (Bechtel V.P.
Corparyy that-Prepared Report Wyle Laboratories £8656~E-403-8-3)

Capany that Reviewed Report Bechtel Power Corporation, San Francisco

Vibration Input:
1, Loads considered: a. [X] Seismic only
b. [ ] Hydrodynamic only 1

c. [x] Cambination of (2) and (b)

2. Method of combining RRS: [X]Absolute Sum [ JSRSS [ ) :

(Other,specify)
A ‘ 3. Required Response Spectra (attach the graphs): See attachmlgn; £1:- Phase II
@ attac t £ 6 - Phase III
4. Demping Corresponding to RRS: OBE __ 1/2% SSE 1% )

OBE + SRV + LOCA - 2% SSE + SRV + LOC2A - 23
5. Required Acceleration in Each Direction: [ ] ZPA [ ] Other

(See attachment $1) . (Specify)
CBE S/S = F/B = V= ._ ]
SSE S/S = F/B = V= —

. as per reguired response spectra .
6. Were fat'?gue effects or othgr vibrat?.on ocads considered?

[X‘] Yes {) No

If yes, describe loads considered and how they were treated in over:ll
qualification program:_A biaxial sine sweep test covering anplified

portion of SRV spectrum (4-70 Hz) was performed in SS/V 4% F/B,V

at a sweep rate of 1 octave/minute for 30 minntes

*NOTE: If more than one report ~~le*e jtems 1V thru V11 for each report.

%
[

PF2/23-2







S l SSE /S = F/B = | V=
@¢1f2 . (see attachment #3-Phase II

multicell S/S =45, 63, 75 F/B = 23J 37, 45 & S51HY = Greater than 80 Hz
ingl. 13, 16, 38 & .
single cell Mathod of Determmmg bfatural E‘cequ ' >0, 59
[ ] Lab Test [x] In-Situ Test [ ] Analysis
7. 'TRS enveloping RRS using hulu—Frequency Test ) Yes (Attach TRS & RkS gravis
:'_éﬁ ' (see attachment # 3-Phase II []1 N
attackment ‘-7-—Phase III) .
Input ¢g-level Test: ORF §/S = F/B = V=

VI. If Qualification by Test, then Complete*:

£ ] random
1. [ ) Single Frequency [x] Multi-Frequency [ ] sine beat
. (]
2. [ ] Single Axis [x] Multi-Axis
. 3. No. of Qualification Tests: OBE 5 SSE 2 Other
(Five upset conditions followed by two faulted (Specity)
condition)

4. Freguency Range: 1 to 100 Hz.

5. Natural Frequencies in Each Direction (Side/Side, Front/Back, Vertical): 3
From in-situ measurements. '

Laboratory Mounting: attachment #7-Phase III)

1. [X Bolt (No. 4 , Size 1/28) [ ) Weld (Length ) 1)
Grade 5 bolts .
10. Functional coperability verified: K] Yes [ ] No [ ] Not Applicable

il. Test Results including modific;tions made: See_ attachment £#4 & £5. :

12, Other test performed (such as aging or fragility test, including results):

(1) In~situ test for the simulation of _in service conditions

for the shaker table test (2) Extended duration test for

simulating SRV repetitions.

*NOIE: If ;qualification by a cambination of test and analysis also camplete
tem V11.

PF2/23-3




w 3 | ‘ 3'4‘
R S Sheet 4 /1-}
' ‘ Form: Eleo-1

V11. If Qualification by Analysis, then complete: (Not Aoplicable)

{” 1. Method of Analysis:

[ ) Static Analysis [ ] Bguivalent Static Analysis

[ ] Dynamic Analysis [ ] Time-History [ ] Response Spectrum

2. Natural Frequencies in Each Direction (Side/Side, Front/B?/Vertical):

S/S = F/B = V=
s .
3. Model type: [ ] 3D [ ] 2D ] 1 !
. i 1
[ ] Finite Element [ ] Beam / [ ] Closed Form Solution t
4. [ ) Computer Codes: /
Frequency Range and No. of modes conside);et{
' /
[ ]} Hand Calculations ' d
5. Method of Combining Dyramic Responses: [ ) Absolute Sum [ ) SRSS
' // [ ] Other:
(Specify)
/7
@A 6. Damping: OBE /SSE Basis for the damping used:
7. Support Consideratio’r}ns" in the model:

8. Critical Stmcturgl/Elczments:

J/ Governing Load
/ or Response Seismic Total Stress
A. Identification Location Combination Stress Stress Allowable
// ' §
,/ Maximum Allowable Deflection :
B. “Max. Critical ) to Assure Functional
Deflection Location Operability

D

@

PF2/23~4
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SUSQUEHANNA STZAM FLECTRIC STATION

UNITS 1 AND 2

DYNAMIC QUALIFICATION OF EQUIRMENT

FOR UNIT 1 & CQMMON

COMPONENT NAME: 125 V dc Distribution Panels

, BECHTZL, PURCHASE ORDZR NO.: 8856-E-120

SQRT FORM NUMBER(S): E120-1

4w
e v PN v
~ ame [ t .

The Q.:al:.ncatlon Report(s) identified above have been evaluated by
Bethtel and the camonent identified above has been r&qua.ln.f&i, where
necessary, to show that the camponent is capable of meeting the
requirements of the Susqun‘hanna Equipment Qualification Program for
Dynanu.c Loads and the NRC Seismic Qualification Review Team (SQRT) Program.

PREPARED BY: KOG o—cf / /0 DATE:
revisen sy ZL Gl 1 /‘2(7@/%[ . DaTE:
APEROVED BY: L ZLL .//,“’7\ ‘\.,. O e DATE:

WP27/34~1

7-1-8/1 1/17/61

Z //”// 7//7/"/

7/21/21 /')/’:.: 7 ¢







Qualification Summary of BEguipment

I. Plant Name: SUSQUEHANNA ‘ Type:

1. Utility: PPsL BWR
2., NSSS: GE ] 3. A/E: BECHTEL BAR X
II. Canponent Name: 125 V dc Distribution Panels (E120)
1. Scope: [ ) Nsss [ X) BOP " > _
I'4 o, A ;“:: ‘ 9.4‘/ 4
2. Model Number: CDP~222{12SV o8 ?—C—'JOK Quantity: 8
3. Vendor: IT=-GOJULD
4, If the coxmoonent is a cabinet or panel, name and model No. of ‘the devices
includec: )
Se2 V.P. 8856-E-120-2 (Attachment £1)
5. Fhysical Description a. Appearance Panel
. WxDXxXH
b. Dimensions 20" x 10" x 9o"
c. Weigh= 550 lbs
6. Location: Building: Control Structure
Elevation: Elev. 771!
7. Field Mcunting Conditions [x ] Bolt (No. 6 , Size_3/8" ) Bolts
[ ) Weld (Length ) Wall
{1 . Mounted
8. a. System in which located: Electrical Power Distribution
b. Functional Description: 125 dc distribution panel
c. Is the equipment required for [ ] Hot Standby [ ] Cold Shutdown
[x) Both [ ] Neither ______
9. Pertinent Reference Design Specifications: ___8856-F120
*Tag Nos. .
1D614 2D614
PF2/23-1 1D624 2D624
' 1D634 2D634

1D644 2D644







T4y

_ ’ . Sheet 2
S Form: 2120-1

IXI. Is Bguipment Available for Inspection in.the Plant: [ x] Yes [ ]No

IV. EBEquipment Qualification Method:

[X] Test { ) Analysis [ ) Combination of Test & Analysi

Qualification Report* Bechtel Document £8856-E404-14-4

(No., Title and Date) Wyle £26340-5 (seismic & hvdrodynamic loading
test report of 125 V dc Dist. Panel) 4/13/81
Canpany that Prepared Report Wyle Laboratories

[

Carpany that Reviewed Report Bechtel Power Cortoration, San Francisco

V. Vibration Input:
1. ILoads considered: a. [x] "Seismic only
b. [ ] Bydrodynamic enly :
c. [x] Cambination of (a} and (b) '

.- 2. Method of combining RRS: [ §Absolute Sum [ )SRSS [ ] .
% . : (Other,specify)
3. Required Response Spectra (attach the graphs): See attachment %2
4, Damping Corresponding to RRS: OBE 33 SSE 1%
OBE + SRV + LOCA - 2% SSE + SRV + I0CA - 2%
5. Required Acceleration in Each Direction: | ] ZPA [ ] Other
| (Specify)
OBE S/S = F/B = V =
SSE S/5 = F/B = V=

see attachment #2 .
6. Were fatigue effects or other vibration loads considered?

[x] Yes [ ] No

If yes, describe loads considered and how they were treated in overall
qualification program: The specimen was subjected to a multifrequency
biaxial random motion for sixty minutes in the FB/V and SS/V confi-
guration. The TRS enveloped the SRV spectra. (see attachment #£4)

*NOTE: If more than one report complete items 1V thru V1l for each report.

) -
- .
A .
. .
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Sheet 3
Form: _E120-1

If Qualification by Test, then Complete*: -

1.
2.

3.

4.

6.

10.
ll.

12.

. [x} random
[ ] Single Frequency [x] Multi-Frequency [ ] sine beat
: ’ []
[ ] Single 2xis [x) Multi-Axis
No. of Qualification Tests: OBE SSE 6 Other
(Six faulted conditions) (Specify)
Frequency Range: 1 to 100 Hz

Natural Frequencies in Each Direction (Side/Side, Front/Back, Vertical):
s/s =16,32,37,63 F/B = 19,23,30,36,58 v = 19,32,50,75,90

Method of Determining Natural Frequencies

(%] Lab Test [ ] In-Situ Test : [ ] Analysis

TRS enveloping RRS using Multi-Frequency Test [ ) Yes (Attach TRS & RRS graphs
" See attachment #3 [] M

Input g-level Test: O3E S/S = F/B = V=

SSE S/S = F/B = V=

See attachment #3

Laboratory Mounting:

1. [X) Bolt (No.__6_ Size%k " dia) [ ] Weld (Length Yy ]

m;uctional operability verifiéd:.-"i:d Yes [ ] No [ ] Not Applicable

Test Results including modifications made: The specimen was qualified
without compromise on structural and functional integrity.

Other test performed (such as aging or fragility test, including results):

Bxtended duration test for 60 minutes (see attachment #4)

*NOTE: If qualification by a combination of test and analysis also complete
It@n Vllo M

i




L4 ~ Fom: =

1.

2.

6.
7.

8.

PF2/23-4

If Qualification by Analysis, then complete: (Not applicable)

Method of Analysis:

[ ] Static Analysis [ ] Byuivalent Static Analysis
{ ] bynamic Analysis ’ [] Time—}ﬁstory 0 3e"sponse Spectrum
Natural Fréquencies in Each Direction (Side/Side, Fron /;Back, Vertical):
S/S = F/B = \

Model type: [ ] 3D (]2 /{11

[ ] Finite Element [ ]} Beam , ‘ [ ] Closed Form Solution

P
‘
0

[ ) Camputer Codes:

Frequency Range and No. of modes considered:

L4

[ * Hang Calculations 5

Mzrthed of Combining Dynamic R.espor}s'és: [ ] Absolute Sum [ ] SRSS

[ ] Other:

7 (Specity)
/

Demp‘ing: CRE SSE Basis for the damping used:

Scoport Considerationns in the model:

i

Critical Structural Ellerﬁents: '

/ Governing Load
/ or Response Seismic *© Total Stress
Icientification Location Cambination Stress Stress Allowable

Maximum Allowable Deflection
Mzx. Crifical to Assure Functional
Deflection Location Operability

Ammrewrs W e o
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WYLE LABORATORIES
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Report No.26340-5
Page No. .
Job No. 2 &3¢ 7
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FIGURE 39
MOTION DIRECTIONS

NOTE: SWITCH BRACKET 1S ROTATED
00 DEG COUNTERCLOCKWISE SQ (T 1S VISIBLE







Ko [KiZonTAL

RUN TPP524.6926|0BE 98X XA-YC | DATE 6/ 165181 9 CHANNEL 3|  .TAB HZ1 ;B
) DECI N RATIO 2 7412 POINTS ANALYZED DELTA T 1/ 6 OCTAVE 199.88 HZ LP FILTER 6 TOLES -
: . 4
4.89 X DAMPING START TIME  5.868 SEC  [END TIME 29.648 SEC] 4 RECORDS SKIPPED 218 RECORDS ANALYZED v °
i 188.8 X AND  §.8 X RRS PLOTTED
i MULTIPLY SCALE BY 18%* & .
| 8.9 1.8 2.8 3.8 4.8 5.8 6.9 7.8 8.9 9.9 19.5
| 1%t : : : : : : :

19%* H'..

12~ 2°
SEMI-CLOSED

METHOD APPROXIMATION : 7-22-89 REVISION

Sgo 30 Fj7 9bea 'SLOGANTS

*3IL

2861 °0aV ‘I SSVD ‘LLTCT 03N




-

-

s



VEETICAL

RUN €35 TPPE24.8926 [0BE_98X XA-VC| DATE 64R\r82 165143 8 CHANNEL 4 TAB V

e

¢ =
POLES ©
d

TION RATIO 2 7412 POINTS ANALYZED T DELTA B4 17 & QCTAVE 189.88 HZ LP FILTER

W7 X DAMPING START TIME §.488 SEC  |E#D TIME 29.648 SEC| g RECORDS SKIPPED 218 RECORDS AMALYZED

l"o‘ X AND g.3 X ﬂgs PLOTTED ‘:‘CCELERATION (G)

HULTIPLY SCALE BY 18+~ |

5.8 3 6 .9 1.2 1.5 1.8 2.1 2.4
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- . O ONTAL ¢ .
4 TPPE24.8926 [MSIV SSEX SXXA-108 DATE 82 9:58t & éﬂgﬂﬁkL'Tn 3 TAB H ¢ %
TION RATIO 2 7514 POINTS ANALYZED DELTA aga 1/ 6 QGCTAVE 189.89 HZ LP FILTER POLES (V; .
4.95 X DAMPING START TINE, 0.888 SEC | END TIME 38.866 SEC| & RECORDS SKIPPED 221 RECORDS AHALYZED X~
198.8 X AND  §.8 X RRS PLOTTED -
MULTIPLY SCALE BY 187* 1
8.8 .3 .6 .9 1.2 1.5 1.8 2.1 2.4 2.7 - 3.8
15021 3 : : : 2 )
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' SEH{-CLOSED METHOD APPROXIMATION : 7-22~80 REVISION
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TPP524.8926 [HSIV SSEX DXXA-190XY]

VERTIWCAL
CHANNEL

TION RATIO
4.88 X DAMPING

7514 POINTS ANALYZED
8.8088 SEC

1/ 6 OCTAVE

START TIME - [ewp TIME 39.856 SEc)

188.88 HZ LP FILTER
221 RECORDS ANALYZED

8 RECORDS SKIPPED

1895.8 X AND  §.0 X RRS PLOTfED

MULTIPLY SCALE BY lg*» |
2

SEMI-CLOSED METHOD APPRUXIMATION t 7-22-38 REVISION
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