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Pennsylvania Power 8 Light Company
Two North Ninth Street ~ Allentown, PA 18101 ~ 215 l 770.5151

Norman W. Curtis
Vice President-Engineering 8 Construction-Nuclear
21 5/770-7501

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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2.0 E ui ment Fati ue Anal sis and Testin — Su lementa 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'he equipment previously identified in Reference 1.

2.1 ~anal sls:

Fatigue analyses were performed for the five components listed in
section 1 of Reference l. 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 l.

2.2 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)

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 O.llg 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.

2.2.2 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.

2.2.2.1 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 VDC Power Distribution Panel

Upon completion of the first combined load qualification test, SRV

fatigue tests were performed using multi-frequency biaxial motion
(XY and ZY). 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 Ran e Monitorin Cabinet

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 (HGV) for 15 minutes in each
plane. The input waveforms had a TRS designed to envelope the
following RRS.

gv

.25

.75

.75

.16

2
5
8

12'0 (ZPA)

.6
1.5
1.5

.16

2
6

10
20
50,ZPA

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

2.2.3 Valve Motor 0 erators

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 3g.
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The test excitation was in the form of a sine 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 operator. These load cycles are
significant regardless of frequency because the operator fundamental
frequency was previously found to be in excess of- 100 hertz. The test
unit was operated after this testing.

2.2.4 MSIV Actuator

The referenced letter describes that credit was taken for additional
testing to cover SRV fatigue cycling on the actuator.

Since the required vertical input motion to the inclined actuator is
approximately an order to magnitude greater than the horizontal
component, it, dominates the critical stress in the yoke rods. Repeating
this input after horizontal rotation of the test specimen for each

upset'nd

faulted condition test, therefore, results in twice as many yoke rod
stress cycles than will occur on the SSES MSIV actuator for the design
condition of five upset and one faulted-condition load events. The
horizontal and vertical upset and faulted RRS and TRS for the actuator
are shown in Attachment 5.

Therefore, credit for SRV aging is taken for 5 upset tests and 1

faulted test. Since an upset test is equivalent to 60 SRV events while
a faulted test is equivalent to 50 SRV events, this additional qualifi-
cation testing is equivalent to 350 SRV events.

Further testing run on the test specimen is equivalent to another 390
SRV events as shown below, giving a total of 740 equivalent SRV events
produced by the testing.

2 — 50% Upset Tests
2 — 40% Upset Tests
2 — 50% Faulted Tests
1 — 40% Faulted Tests

120 SRV events
120 SRV events
100,SRV events

50 SRV events
390 Total

In regard to test levels, the MSIV upper mass g-level calculated in
the piping analysis was approximately 9 g's using an SRSS combination.
With an actuator fundamental frequency of 10 hz, the full level
faulted testing subjected this mass to more than twice this value as
shown by the TRS in the attachment, and this was verified by the
accelerometer records.

Therefore, the above-reduced level tests are sufficient to cover SRV

excitation while the higher g-levels associated with the qualification
tests can be considered equivalent to additional SRV stress cycles on
a fatigue usage factor basis, concluding that the required number of
900 SRV events were met by the testing.
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2.2.5 CRD Vent and Drain Valves

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:

Horizontal Vertical

g'S

1
8
8
2.5
2.5

Freq. (Hz)

5
10
40
60
(zPA)

g s

1
6
6
2.5
2.5

Freq. (Hz)

5
10
40
60
(zPA)

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

Horizontal and Vertical

g s (Freq. (Hz)

0.3
2.4
2.4
0.75

5 hz
10
40
60 (zPA)

3.0 Conclusion

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,

N. W. Curt.is
Vice President, Engineering and Construction-Nuclear

cc: Mr. R. L. Perch — NRC

Mr. A. Lee — NRC
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Attachments:
Attachment

Part 1
Part 2
Part 3
Part 4
Part 5

Attachment
Attachment
Attachment

Attachment

l.
RHR Heat Exchanger Fatigue Life Evaluation due to SRV Actuations
RHR Pump/Motor Fatigue Life Evaluation due to SRV Actuations

Core Spray Pump/Motor Fatigue Life Evaluation due to SRV Actuations
HPCI Pump Fatigue Life Evaluation due to SRV Actuations
RCIC Pump Fatigue Life Evaluation due to SRV Actuations

2: SQRT Form for the MSIV LCS Blower
3: SQRT Form for the 4.16 kV Switchgear
4: SQRT Form and SRV Response Spectra for the 125 VDC

Distribution Panels
5: MSIV Required Response Spectra
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Table I-9.1 Contains Tabulated Values and a Forntula for Accurale
Interpolation of These Curves
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actual shape, to apply the proper
bending formtfla. However, b muse
of the diglculty in obttLining a

aningful value for thc tcnsQC
en~St in tests of smaQ specimens,

c load computed in this manner
usually be somewhat lower than

the tsctual load required to rap~
the ~, unless unfavorable redd-
ual stresses ae present in the fin-
ished ~

Ekongntion of f~ iron ct frac-
tart ht vcz7 smfLI1 (of the order of

20

60

g,so Close 60

so

rit 20

Io 20

0 I 2 5 4
stroih, oztot irL por in.

Ag. ZO. ~i stress-strtttrs caroos
)or t)tres eh+a of yrtty frcra tn tctt-
cfots. Efodtrftrs of ofdsti~ tr ttssssssrscf
to fsobtts k, B oad C, rcprascntfsty W

of t)tc tcasffc ctrcstyt)L.

0.(Od in, per in.) and hence is sel-
dom reported. The dctdgncr cannot
use the numerical value of perma-

] ncnt elongs,tion in any quantitative
cr.

Torsfonal Shear Strength. hs
own w Table 12, most gray irons

have high torsional shear strength.
Man grades have torsiontLl saength
greater ths,n some grades of steel.Ls characteristic, along with low
notch ttensitivfty, maRes gray iron a
suitable material for shafting of
various types, particularly in the

es of higher tensQC ~ngth.
ost shafts are sub/ected to dy-

namic torsional stresses and the de-
Idgner should consider carefully the
exa"t nature af the loads. Irar the

V)LAY IKON

higher~ength irons, stress con-
~tration factors associated Trlth
changes of shape in the past are im-

rtant for torque loads~ well as
or bending and tension loads.
Isodulus of ElasQcity. Typical

stress-szrain curves for gray iron
are shown in Fig. 10. Gray iron does
not obey HooRe's law and the znodu-
hls in Sentdon ls usually dctermizted
arbitrarQy as the slope of the line
connecting the regin of the s~-
strain curve with the point corre-
sponding to 4 of the tensQC
strength. Some engineers uac'-the
slope of the stress-strtLin curve near
the origin for determining the
modulus of elftsticity.

As indicated in Table 12, the mod-
ulus of gray iron varies considerably
more than for most metals. Thus, in
utdng observed strain to calculate
stress, it is esaen(ial to measure the
modulus of the particular gray iron
specimen being considered. The nu-
merical value of the modulus in
torsion is always less thrn in ten-
(don. lusl as it ls fo. SteeL

Hardness of gzay iron, as meas-
ured by BrincQ or RocRwcll tcsters,
is an aveztage result of the soft
graphite in the izon and the metallic
matrix. Vttriations in graphite ldse
and distribution wQ) cause wide var-
iations in hardnesa (particularly
BocRsoell hardness) even though
the hardness of the metallic matrix
is constant. To Qlustrnte this effect,
the miczohardncss of the matrix of
five types of hardened iron, as com-
pared with ItocRwcll C measure-
ments on the same iron, is shown in
Table 13.

It is apparent that ifany hardness
correlation is to be tsttempted, the
graphite must be constant as to type
and amount in the irons being com-
pared. It is recommended that Brin-
ell hardness be used when possible.

Fatigue Limit in Reversed
Ileftding

Because fatigue limits are expen-
sive to determine, the designer usu-
ally has incomplete information on
this property. Typical 8-N curves for

gray iron under completely reversed
cycles of bending stress are thotrn
in the graph on left in Fl . 11, tn
which each point represents the
data from one spcclznen. The cffc:ts
of temperature on fatigue liznlt and
tensQe strength are shown in thc
right-hand graph in Fig. 11.

, Axial loading or torsional ]~~
cycles are frequently encountered ia "

.

designiug pazts of cast iron, and ln
many instances these are not cout-
pletely reversed loads. Types of reg-
ularly repeated sees'ariatlon ustt-
ally can be expressed as a function
of a mean stress and a stress range.

'rlhereverpc+sible thc designer
should use actual data from thc 1Ln-
ited information avaQable. Wllhottt
precisely applicable test data, an es.
timate of the reversed bcndiag
fatigue limitof machined parts tnay
be made by utdng about SS% of thc
minimum specif)ed tensQc szrtnga
of the paMcular grade of gray izoa
being coruddered. This is probably s
as.fe value rather than an average
of the few data avaQable concerning
the fatigue limit for gray iron.

table IS. Cow~ of ~~)) ~
ncso of Gray Irons. as Inattontnr

by G~pMLe

~rtt C htsrns
'type of Total
tosphite osrtroo, % tLrrr (s) esrtrdfht

A ~ ~ ~ ~ ~ ~ ~ s os csee(c) slJ
A ~ ~ ~ ~ ~ ~ ~ 2JS CS I SIP
A ~ ~ ~ ~ ~ ~ ~ dz)O ss 0 (NLO
D ..i...i 200 $4.0 CSJ
D ~ ~ ~ ~ ~ ~ ~ Mo cs'v coJ

~
(a) Mcasttrod by convcazfoaai Rocttre2

I. Lest. (b) Hardncos of taatrls, roeasttrsd
tilth atttrc~fal harness toots. Snd cott.

lo Roc)~ C. (c) Although tbfs
'ra)uc sraa obndaod ln thc xpcddL tera
lated. ll Is not tyafcal of srtsy
II.OS% C. 04narily thc harness of M
iron Is Rococo)) C CS to SO.

An approxizuazfon of the effect of
range oi stress on thc fatigue ))znil
may be obtained from IQagrsmt
such as Fig. 12. The tensQc stwztgth
is plotted on thc horizontal acids to
represent the fracture strength a.
der static load (which correspond(
to aero stress range). The reversed.

o Notched
o Ltnnotched

Notch consists of tronstorso
hole ui specnheh diorheter

50

20

0 Notched specrmens,
sness hosed on (tress oroo

0 tthhotched specirhehs
4NOtshed SpeCimenS,

stress hosed on hei oreo
Eoch pomt represents one fothprs e'rhtt

Tonal to strontth

sos ~hi rririisrs „„,„,oe,ooo
rema Ml ~reset .... jdp04 orr
rerlyyl Isiirr~~"".rrpoO err w Srere hieo
rerleee ~~"".so.coo er s ser cree

o Notched spscrmehs
~ Unnotched specimens

Ecch point represntts ohs test
IO

0
e'''''umber

Of CTCt ~ S tO frdtrrre

0 l

o 2oo 4oo 600 aoo coo o 2oo 400 6oo eoo tooo
Tostiht) tomperotrrre, F Tostiht l~ fhperotMre, f

+ Y clcrocs trait off~ of ~rt~tro oa forfyoc )frrsft of yrtty tron of t)tc tens(fc
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have high torsional shear strength.
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Tri)1 usually be somewhat lower than
the actual load required to rupture
Che pert unlca, uzdavorable resid-
ual cresses are present in the f)n-

gart.
Houmtion of gray !ron at frac-

ture is very smaQ (0! the order of

VM,Y l'RO'.i

~ezwtrength irons, st~ con-
centraCion factors associaCed Tyith
changes of shape ln thc part are 1m-

t for torque loads as Trell as
or bending and tendon loads.

Hodulccs ef Elasticity. Typical
stress»strain curves for gray iron
are shown in kg. 10. Gray tron does
not obey Hooke's law and the'modu-
lus ln tencdon 1s usus~ determined
arbitrarily as the slope of the line
connecting the origin of the szzess-
strain curve with the point corre-
sponding to 4 of the tcnsi) e
atrength. 8ome engineers use the
slope of the stress-strain curve near
the origin for determining Che
lnodulus of elasticity.

As indicated in Ta.ble 12, the mod-
ulus o! gray iron vazim contdderably
more than for most meMs. Thus, ln
acing observed strain to calculate
stress, it is essenthQ to measure the
znodulus o! the particular gray iron
specimen being consMerecl. The nu-
merical value of the modulus in
torsion is always less than in ten-
sion, just as it is for steeL

Hardnccs of gray iron, as meas-
ured by Bzinrli or Roakwell Cesters,
is an averal,e result of the soft
graphite in tlte iron and the metallic
matrix. Vazilstions fn.graphite Idse
and distribution wK came wide var-
iaCions ln l sardness (parCicularly
Bockwell hz;Bless) even though
the hardnest of the metallic matrix
is constant. '].'o Qlustrate this effect,
the znicroha"dness of the matrix o!
five of Ilazdened iron, ss com-

vyith RockweQ C measure-
ments on tht: same iron, is shown in
Table 15.

Xt is appian,nt that lfany hardness
correlation is to be attempt&, the
graphite mu f.t be constant as to type
and amount in the irons being com-
pared. It is z I commended that Brin-
ell hardneaf, be used Tyhen pocsible.

Fatigut Uysit ifi Ilevoysstd
l4sdiftg

Because fl.tigue Omits are exp."n-
aive to dete:mine, Che designer usu-
ally has tnfiymplete info~Cion on
this proper'y. Typic'-N cuzves for

gray iron under completely reversef
cycles of bending stress are sbocTI
in the graph on lett in Fig, 11, in
which ec.ch point represents th,
data from one specimen. The effcctt
of temperature on fatigue limitanti
teztsi) e strength are shown in the
right-hand graph in Pig. 11'.

Axial leading or torsional loatling
cycles are frecfuently encountered ic
designing parts of cast izon, aud io
many instances these are not coat ~

pletely reversed loads. Types of reg-
ularly repeated stress vaziatlon asti.
ally can be caressed as a funtUctn
of a mean s~ and a stress range.
Wherever possible the designer
should use. actual data from the lim-
ited informaCion avaQable. Wltbotlt
precisely applicable test data, an es-
timate of the reversed bendittg
fatigue limitof lzlacbined parts may
be made by using about 55% of the
minimum spec)fled iensQe strehgQ1
of the particula grade of gray lzoa
being considered. This is probably s
safe value rather than an average
of the few data available conce~
the fatigue liznit for gray iron.

Ttsbie XS. Cottstarboct of Qockstcll Ear4-
ssctto of Gray Zrona. as Zstnttestee4

lrr Gtalthlio~IIC Stottts
Ter of Total retd ae.
Ctspbitt carbon. % suw (e) oorttdfbt

A ~ ~ ~ ~ ~ r ~ aj)IS 454(c) Clk
A ~ ~ ~ ~ s ~ ~ 254 4SL Slk
a o" ~ ~ ~ ~ ~ ~ 4'SJI CLO
D ~ ~ ~ ~ ~ ~ ~ 240 a $40 CSS
D ~ ~ ~ ~ ~ ~ ~ XAIO CS 7 COS

(a) Moacttrocf by cccsecotlcmal Rccttta7
C Coat. (b) Ha~ of uautx, soear ystf
wfth afric~ haloes ccssccr atsd coo.
Vorced SCI ROCktren C. (C) Alt~ Ihh
va)tte seas ob~ hs the specific Icu
CSIOCI, fs ta hOC tyPM Of Cray Itcct Of
S.(sft% C. Orensac1ly the ~csa of atch
treat Is F~cil C 4S lo $0.

'An approximation of the effect of
range of stress on the fatigue llznft
may be obtained from diagrams
such as Fig. 12. The tensQe strength
is plotted on the horizontal'xis to
repreoent the fracture strength un-
der static load (which corresponds
to pro stress range). The revezsetf

FottVw Htnlt Tensile atstttyth

~c

~t IO

e Hotched
0 IfntOIChed

Hotch conststa of tronsterse
hCCo ~t specimen dtorneter

Jef ~l» ttt~ls .......eo,ioo eN
notice Mr,~. ~ i ~ eopoo eot
~et~ I<est ~

~ettaoc. Itpoo est ea pete ~rtl~ ~
...COW et ee art cree

20

D HOlshed Spestrn>~
stress based tn press otoo

0 Unhatched spoc<twns
4, Holched apocimtns,

sltoss baaed on not woo
Koch poet teptrsonts otto foti(nto litnit

o Hotahod speciotons
~ tlnnotched specimens

Eoch potn'. represents one tost

loa IO IO to 200 400 600 800 Iooo 200 400 6oo noo iooo
HMmber OI cycles tO foihtre Test tnd tetnpolotUte, F Teatinc ternoerotttte, F

Pic. If. S-yKf~ a4f off&9 5/ tests pertctarc cta fcttfcrttc Ifrnft of ttnav Ircttt of thc tcrteffc Mcafyth shctcra. Cctnsccftfcra: ZA4 C
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FIG. I-9.4 DESIGN FATIGUE CURVE FOR HIGH STRENGTH STEEL BOLTING
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Table I-9.1 Contains Tabulated Values and a Formula for Accurate
Interpolation of These Curves
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1O4

103

102

10

10 102 103

Number of cycles, N

104 1O6

NOTE: E "30X10 ksi
UTS ( 80.0 ksi
UTS 116.0-130.0 ksi

Interpolase lor UTS 80.0-115.0 ksi

FIG. 1-9.1 DESIGN FATIGUE CURVES FOR CARBON, LOW ALLOY,AND HIGH TENSILE STEELS
FOR METAL TEMPERATURES NOT EXCEEDING 70PF

Table I-9.1 Contains Tabulated Values and a Forms.la lor Accurate
Interpolation ol These Curves

srRiFIEn l3Y



I kr

s~ ~

I

I
I
1 g

4
'



103

l02

0
~\
~I

Mart. nominal
stress ( 2.7 Sm

10

Max. nominal
stress ~ 3.0Sm

101

NOTE:
E ~ 30 X 106 psi

'lo
t

Number of cycles, ftf

104 106 106

FIG. I-9.4 DESIGN FATIGUE CURVE FOR HIGH STRENGTH STEEL BOLTING
FOR TEMPERATURES NOT EXCEEDING 700'F

Table I-9.1 Contains Tabulated Values and a Formula (or Atxurate
Interpolation ol These Curves
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Isa E32-C001
E32-C002

)/2

ualificatfon Surya of Eouf nt
f

I

Plant Name. Susquehanna 1 & 2

l. Utility: PP &L

2. NSSS: GE 3. A/E:.Bechtel 4 tlK II

Blower, HSIV Leakage Control SystemII. Component Name

1. Scope: [.".3 NSSS

2. Ysodel Number: 2 CH 6 041-1U

[ 3 BOP
E32-C001 1

quantity E32-C002 2

3 Vendor: GE Lompoc, Ca .

4. If the componen. is a cabinet or panel, name and m:idel No. of the
devices included: N A

4

5. Physical Description '. Appearance Blower Mith Votor

b. Dimensions 14.74" width, 13.76" len th & 14.&>" height

/eight 120 1bs.

6. Location: Building: Reactor Building, Outside of'ontainment

E 1 evat fon: 71 g ft & 733,ft.

7. Field hiounting Conditions L'xg Boit '(No. a ~ gite q )

fx3 Inlet & out~et Threaded to pipe

8. a. System fn which located: MSIV Leakage Control System

b F « l 0 *«pl
steam/air mixture leaking, through the MSIV to tice standby gas treatment

c. Is the equipment required for 5 3 Hot Standby 5 3 Cold Shutdown sys.

E 3 Both . E 3 Neither

S. Pertinent Reference Design Specifications: 21A3762

12I80
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III. Js Equipment Available for Inspection in the Plant: pQ Yes

IV. Equipment gualification method:

f ].No

M Test [ ] Analysis I ] C~inat<on of Test
and Analysis

gualification Report~: VPF 3830-14-1
Blower, MSIV-LCS. Seismic Loading'gualification

(Ho., Title and Date) Test geport on Blower~SIV Leak~e~Ctrol
Conpany that Prepared Report: Approved Engineering Test Lab

Corpany that Reviewed Report; 'eneral Electric

Y. Yibration Input:

1. Loads considered: a. f ] Seismic only

b. [ ] Hydrodynamic only

c. C:x] Conbination of (a) and fb)

2. Method of Combining RRS: f ] Absolute Sum fx] SRSS j.]
o er, spec>ty

3. Required Response Spectra (attach the graphs): See Ref. Doc 4 thru 6 5 Note 1

4. Da~r ing Corresponding to RRS: OBE N/A SSE N/A

S. Requir'ed Acceleration in Each Direction: fx] ZPA j ] Other

QBE S/S ~ F/B ~

6. ilere rattle effects or other rthretton 'loeL cons(deredt

[x] Yes $ ] Ho

If yes, describe loads consid red and how they were treated in overall
qualification program: The overall test time was 40

minutes.'his

is far in excess of the anticipated duration of Seismic Vibration
%&&&~0~&&~&M\&&~~~

and hydrodynamic vibrations

NOTE: If care than one report complete items IV thru VII for each report.
NOTE 1: As the equipment is rigid within the frequency range of ~pagointerest only ZPA is considered. Damping coefficient is not

pertinent
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E32-CQ01 -'j L

APL. E32- COD

VI~ If

2m

3 ~

gualfffcatfon by Test, then Comp1ete~:
random

[x3 Single Frequency [ 3 Nultf-Frequency: sine teat
Sine Sweep

[ 3 Single Axfs [x] Hultf-Axis
Each test run

Ho. of Oualification Tests: OBE 4 SSE 4 Other lasted 5 minutes

Frequency Range: 3 .8 - 33HZ

5. Natural Frequencies fn Each Dfrectfon (Sfd /Sfd, Front/Back, Vertical):Note 1

S/S ~ ~1000 HZ F/B ~ <1000 HZ

6. Nethod oF Determining Natural Frequencies

[x] Lab Test [ g In-Situ Test

B. !nput g-!eve! Test: OBE 5/S ~ g F/B

SSE S/S ~ 'Og F/B

9. Laborato,y Hountfng:

7. TRS'nveloping RRS using Hultf-Frequency Test

V ~ ~1000 MZ

B v 2.0g

V ~ 3'Og3.0g

[ 3 Analysis

[ ] Yes (Attach TRS 4 RRS graphs)
[ 3 No t„/g,

2.0g

l. (xl 'Iolt (Ho. 4 ~ Size z; ) L g Held (Length ) [ 3

10, Functfon>l operability verified: [x] Yes [ 3 No [ 3 Not Applicable

est Res.its including modfffcatfons mde. After the test was completed

there wa!, no evidence of structural damage

12. Other te:;t performed (such as aging or fraoflfty test, fncludfng results):
An independent test was run to determine the natural frequency using an

external shock excitation method, the natural frequency was determined

to be ab)ut 1000 HZ+10~ (Ref. 2)

~Note: If qualification by a combination of test and analysfs also complete
Item VII.

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

12/80 .''
P
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MPL: E32-C001

I

~

YII. If gualkfkcatkon by Analysis, then complete:
~
~ % % % P www wI&ww\W % &IW % % &~ '% % &&&&&M&~~ &~~
1. Method of Analysis: N/A

f 3 Static Analysis f 3 Equivalent Static Analysis

f g Dynamic Analysis: f 3 Tkln.-History f 3 Response Spectrum

2. Natural Frequencies kn Each Direction (Side/Side, Front/Back, Yertkcal}:

S/S- F/B o Y ~

3. Model Type: f ] 3D f )2D f )ID
[ 3 Finite E lcm nt f ) Beam

C. f 3 Corputer Codes:

Frequency Range and No. of ides considered:

[ ] Hand Calculations

f ] Closed Form Solution

5. Method of Co&',ning Dynamic Responses: f ] Absolute Sum [ 3 SRSS

f g Other:

6. Darqkng: OBE SSE Basis for i,he danqkng us d:

7. Support Considerations kn the nudel:

8. Crit'ical Structural Elem nts

Governing load
or Response S<.ksmkc Total Stress

A. Id ntification Location Combination Stress Stress Allo~able

B. Max. Critical
Deflection location

Naxkaum Allowable Deflection
to Assure Functional Opera-

bilityy

12/80



TA8LE 1

SUSQUEHANNA

MSIV LC SYSTEM BLOWER S RT

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, 5 6)

SSE

~Vert. ( )

0.09

~Her i. ( )

0.47

LOCA

Steam Flow

Chugging

0'. 05

0.24

E-W
0.03

N-S
0.02

E-W
0.42

N-S
0.13

SRV

3 Adj. Yal ves

Sy)metric (SRV ALL)

0.03

0.11

SRSS 0.28

0.03

»0-

SRSS Qe65

Test qualified
Acceleration (From Ref. 3)
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Cual ification Sum@ of Eauirrrent

9-1/q
Meet l

Form: E-109-1
Rev.2

I. Plant Nme: SUSQUM%A

l. Utility: PP&L

2. NSSS: GE d. A/k:: B~zc,v Sew X

XI. Canoenent Nam: 4 ~ 16 KV Switchgear 2A201, Cubicle 2A20110

l. Sccoe: [ ) NSSS [g ) BOP

2. Handel Number: 50-DHP-250 (quantity: 12

3. Vendor: Westinghouse

4. Xf the ccaponent is a cabinet or panel, name and model 1W. of the devices
included:

0 ~ physical Description a. Aprtearance Sel f stand cabinet

b, Disransions 2' x 6.5' x 7.5' per cubicle
2000 lbs per cubicle

6. Location: Building: Reactor buildin
Elevation: 719 '> < 74 9 '1"

7 ~

8.

\

Field Mounting Conditions [ ] Bolt
[ xj Weld
[ ) (See

a. System in which located: 4.16

(No. , Size )
(Length ) Plug weld
attachm nt 2 rom DWG; C-804

Rev .20)
V/ Power Distribution S stem

'.

Functicnal Description: 4 ~ 16 KV Power Distribution

c. Xs the equipment required for [ ) Hot Standby [
[x ] Both [

9. Pertinent Reference Design Specifications: Spec ~

G-22,

] Cold Shutdcf 'i

j Neither

PF2/23-1

* lA201 r lA202 r 1A20 r lA204 r lA205 r 1A206 r
2A20 1 r 2A202 r 2A203 r 2A204 r 2A205 r 2A206 ~

Devices covered:
items 1, 2, 4., 6, 14, 17, 18, 37, 56 57 59 60

63r 77, 78, 79r 86, 91, 95, 106, 110, 114, 115 123, 125
141 r 142 r 143 r 146 r '148 r 154 r 158 6 160 ~ (S'ee yP E 403 8 3 Pg 32)
Total — 33 Devices



Meet 2
Form: E109-1

Rev. 1

a-c/4

I

III. Is uianent Available for Inspection in the Plant: f x ] Yes

IV. Equipment Qualification Method:

[ ]No

[x] Test

Qualification Et.port*

[ ] Analysis [ ] Canbination of Test a Analysis

V.

(No., Title and Date) 57577-1 Seismic & H drod namic Qualification of
4.16KV switchgear, dated 2/6/81 (Bechtel V.P.

Ca;.="-.—,'hat Prepared R port W 'le Lab rat~ories f-:8856-E-403-8-3)

Qzpany that Reviewed Report Bechtel power Cor oratio San Francisco

Vibration Input:

Eaads considered: a. [x] Seismic only

b. [ ] Hydrodynamic cnly

c. [xl Ccmbination of (a) and (b)

2. method of canbining RRS: [x]Absolute Sum [ ]SRSS [ ]
(Other.,specifv)

See attachm '- Phase II
attac t = 6 - Phase III
SSE

SSE + SRV + LOCA — 2%
ZPA [ ] Other

. (Specify)

3. Reguired ihspccse Sp etre (attach the graphs):

Sy Darrping Corresponding to RRS: OBE 1/2 8
OBE + SRV + LOCA — 2%

quired Acceleration in Each Direction: [ ]
(See attachment 41)

CBE S/S = F/B =

SSE S/S = F/B =

as per required response spectra
Were fatigue effects or other vibration loaves

5.

V =
V =

6. cons idere(D

[x] Yes []No
If yes, describe loads considered and hm they were treated in over!3.1
qualification program: A biaxial sine sw ~~ified

ortion of SRV s ect

at a swee rate of 1 octave m

'~/Bg V

NOZE: If sere than one report ~~'! o"o it~ lV thru Vll for each reoort.

PF2/23-2
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Sheet 3
Form: El09-1

RgV2

VI. If
l. f ) Single Frequency fx] Multi-Frequency

[x] Multi-Axis2. f ) Single Axis

Qualification b Test, then Ccxnolete":
Q ] randem
f ] sine beat
f )

0 ~

4,

No. of ~alification Tests: CBE 5 SSE 2
(Five upset conditions followed by two faulted
condition)

Frequency 'Range: 1 to 100 Hz.

Other
(Specify)

multice 1 1

single eel/
0 ~

Natural Frequencies in Each Direction (Side/Side, Front/Back, Vertical):
From in-situ measurements.
S/S = 45 63 75 F/B = 23 37 45 6 51' Greater than 80 Hz

13'6I 26I, 32 48 26'1 g 38 Q 50~ 59.
M thcd o~ Determining natural Frequencies

f j Lab West fx] In-Situ 'Inst [ ] Analysis

TRS envelopin" RPS using Multi-Frequency Test g] Yes {Attach TRS a Bic5 graphs
|See attachment 5 3-Phase XI [ ) Nc
attachnmt 47-Phase XIX)

Inpu. c-level Test: P.F S/S = F/B = V =

SSE S/S = F/B =

{See attachment N3-Phase II
Laboratory Mounting: attachment I7-Phase XIX)

V-

10.

fx) Bolt (No. 4, Size 1/2g ) f ] Wld (Length ) f )
Grade 5 bolts

Functicnal cperability verified: g ) Yes f ) No f ) Not Applicable

Results including modifications made: See attachment 44 & ~5.

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

(1) Xn-situ test for the simulation of in service conditions

for s Extended duration test for
simulating SRV repetitions.

~: Xf qualification by a ccmbination of test and analysis also ccaplete
Iteri Vll.

PF2/23-3



3-+fQ
Sheet 4

Form: El+9- l

(Not Applicable)Vll . If Qualification b Anal is, then co lete:

1. Method of Analysis:

[ ] Static Analysis f ) Equivalent Static Analysis

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

[) 2D

[ ] Finite Element f ] Beam

6. Damping: OBE

Stress
Allowable

Total
Stress

2. Natural Frequencies in Each Direction (Side/Side, Front/Back rVertical):

S/S = F/B = V =

3. Model type: f ] 3D [r] 1Dr'
] Closed Form Solutionr4. [ ) Computer Codes:

Frequency Range and No. of mx3es consider

[ ] Hand Calculations

5. Method of Combining Dynamic Responses: f ) Absolute Sum [ ) SRSS

[ ] Other:
(Specify)

SSE Basis for the damping used:

7. Support Considerationns in the nndel:

8. Critical Structural Elements:

governing Load
or Response Seismic

A. Identification Location Combination Stress

rB. rMax. Critical
D flection L.xation

Maximum Allowable Deflection
to Assure Functional

rabilit

pF2/23-4
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SUSQrJZ&%% ST&v, 2 - TRIC STATION

K'ITS 1 A%0 2

DYMC QUALIFICATIONO."
K}'JIM')R

WAIT 1 & CQeDN

125 V dc Distribution Panels

B&.7L F0R~ME ORDER NO.: 8856-E-120

SQRT FOiM NLNBER(S ): E120-1

'Ihe Qualification Report(s) identified above have been evaluated by
Be&tel and the cmcnnent identified above has been repxalifed, Were
neo ssary, to shm that the cmmnent is capable of meeting the
recuirmoats of the Susquohanna Ecyipmt Qualification Program for
,Dynamic Eaads and the NRZ Seismic Qualification Review Team (S~) Program.

'WP27/34-1



~ p g s

'



Sheet 1
Form:

Qualification Sana of i nt

I. Plant Name: SUSQU:-WANA

l. Utility: PP&L

2. NSSS: GE 3. A/E: BECHTEL

TKEe:

II. Canaonent Name: 125 V dc Distribution Panels E120

1, Sccpe: [ ] NSSS [ ~ ] BOP

CDP-222 jt=~~ >- ~ F-C-'-P0 4 Quantity:

3. &ndor- H"WJR
4. If the c<xaonent is a cabinet or panel, name and mcdel hb. of the devices

includec:

R. V.P. 8856-E-120-2 (Attachm nt ~l

5. physical Description a. Appearance Pan 1
N x D x H

b. Dim nsions 20" x 10" x 90"

c. Weigh- 550 Ms

6. Lccation;: Building: Control Structure

Elevation: Elev. 771'

] Weld (Length )
]

8. a. Systen in &~ich located: Electrical Power Distribution

b. Functional Description: 125 dc distribution panel

) Bolts
Wall
Mounted

c. Is the equipment required for [ ] Hot Standby [ ] Cold Shutdown
[x] Both [ ] Neither

9. Pertinent Reference Design Specifications: 8856-E120

PF2/23-1

*Tag Nos.
lD614
lD624
1D634
1D644

2D614
2D624
2D634
2D644
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Sheet 2
Form: =120 1

III. Is Ecruianent Available for Ins tion in the Plant: [ x] Yes [ ] No

IV. Equipnont CUalification Yathod:

[X] Test [ ] Analysis [ ] Ccebination of Test 6 Analysi

V.

alification Report* Bechtel Document 48856-E404-14-4

(No., Title and Date) le 426340-5 seismic 6 h drod amic loading
test report of 125 V dc Dist. Panel) 4/13/81

Ccrnpany that Prepared Report le Laboratories

Car@any that Reviewed Report Bechtel Pawer Cortxoration San Francisco

Vibration Input:

1. Loads considered: a. fx] Seismic only

b. [ ] Hydrodynamic cnly

c. fx] Canbination of (a,'nd (b)

2. H thod of ccmbining RRS: [/Absolute Sum [ ]SRSS [ ]
(Other, specify)

3. Required Response Spectra (attach the graphs): Se attachment "2

4,

5.

6.

Damping Correaron3ing to RSS: OSS SSE

OBE + SRV + LOCA — 2% sss + sRv + Mcn - 2a
Required Ao"eleration in Each Direction: I ] ZPA [ ] Other

(Specify)
CBE S/S = F/B = V =

SSE S/S = F/B = V =

see attac?mnt 42
Vhre fatigue effects or other vibration loads consia red?

[x] Yes []No
If yes, describe loads considered and hm they were treated in overall
qualification program: Tne specimen was subjected to a multi rectum
biaxial andan motion or sixty minutes in tM FB/V and SS/V confi-
guration. The TRS enveloped the SRV spectra. (see attache 14)

NOZE: If more than one report ccaplete items 1V thru Vll for each report.
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Sheet 3
Form: E120-1

VI. If Qualification b Test, then Canolete*:

l. [ ] Single Frequency fx] Multi-Frequency
[x) random
[ ) sine beat
[)

2. [ ] Single Axis fx) Multi-Axis

3. No. of Qualification Tests: CBE
(Six faulted conditions)

4. Frequency Range: 1 to 100 Hz

SSE 6 Other
(Spa.'if y)

5. Natural Frecyencies in Each Direction (Side/Side, Front/Back, Vertical):

S/S 16 32 37 63 F/B 19 t 23 g 30 36 58

6. M thod of Determining Natural Frequencies

[x] Lab Test [ ] In-Situ Test

V = 19 32 50 75 90

f ] Analysis

7. TRS enveloping RRS using Multi-Frequency Test f ] Yes (Attach TRS & RRS graphs
See attachment r,3 [] No

8. Input g-level Test: OBE S/S =

SSE S/S =

See attadment >3
9. Laboratory Mounting:

V =

l. [Q Bolt (No. 6, Size3," dia) [ ) R ld (Length ) f ]
1

10. Functional operability verified:.:[ x] Yes [ ) No [ ) Not Applicable

ll. Test Results including mx3ifications made: The sp cion was qua1ified
~ without ccznpromise on structural and fun~on integrity.

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

Waded duration test for 60 minutes (see attachnent 04)

"NOIr.: If qualification by a canbination of test and analysis also carplete
Item Vll.



~ I
*

~ + $ 1
~

Form:
Sheet 4

Vll . If Qualification b Anal is, then lete: (Not applicable)

l. Method of Analysis:

[ ) Static Analysis [ ] ~ivalent Static Analysis

[ ] adamic Analysis [ ] Time-History [ ) Response Spectrum
I

2. Natural Frequencies in Each Direction (Side/Side, Fron /Back, Vertical):

S/S =

3. Hcdel type: [ ) 3D [) 2D

V

[) lD

[ ) Finite Element [ ) Beam

4. [ 1 Ccaputer Ccdes:

Frequency Range and No. of mx3es consider'ed:

[:! Hano Calculations

[ ) Closed Form Solution

6. D-mping: GBE SSE

7. S 'gport Considerationns in the model.:

8. D itical Structural Elements:

'.

N=-'Sod of Ccmbining Dynamic Respons'es: [ ] Absolute Sum [ ] SRSS

[ ] Other:
/ (Specify)

Basis for the da~ing used:

Governing Load
or Response

A. Iclantification Location Ccrnbination
Seismic Total
Stress Stress

Stress
Allowable

B. Ya.x. Critical
Deflection Location

Maximum Alliable Deflection
to Assure Functional

rabilit

PF2/23-4
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WYLE LABORATORIES
I

, CUSTOMER Job No .

f -&/q
Reoort No.26340-5
Page No .

Pull Scale l c2 g Accel. No. Control ( Q Response ( )

erator

Date Z—
Specimen 2.

Deopfog ~X C r CJ /45') E

Axis of Test
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'/57PFsr st'o sttsrstsFF)
RES PONS E 5 PECTRU M
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, ViY~E LABORATORIES
(Qi ~ 4'gi I

" CUSTOMER Job No. 2. C~4 R

jl> C->/7
Report. No.36340-6
Page No.

/ nil Scale 1 c7 Accel. No. Control (c ) Response ( )

erator Specimen

Date Z.-S -F'I Damping ~ X

RESPONSE SPECTRUM
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NEDO: 22l77
CLASS: I
IRTE: AUG 1982
TIE: 82NED875
PM% Soy of ~~+

FIGURE 39
K7ZIQH DIRECTICHS

NOTE:!IWITCHBRACKET IS ROTATED
90 DEG COUNTERCLOCKWISE SO IT IS VISIBLE

I

r"

MOTION DIRECTIONS
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RUN TPPS24,8926 OBE 98X XA-YC DATE 6/ 16~18~ 8
yoga>R I-
CHANNEL 3 .TAB HZ I

4.88 X DAHPINC START TIHE 8.888 SEC END TIHE 29.64B SEC

188.8 X AND 8.8 X RRS PLOTTED

DECI N RATIO 2 7412 POINTS ANALYZED DELTA T I/ 6 OCTAVE 188.88 HZ LP FILTER 6 ES

8 RECORDS SKIPPED 21B RECORDS ANALYZED

I 8.8
18"~-I

1.8 2.8
HULTIPLY SCALE BY 18~i 8

3.8 4.8 6.8 6.8 7.8 8.8 9.8

~ ~ ~

18*~ 8 ' ~ I ~ ~ ~

0
~ I ~ ~ ' ~ 'I' ' ~ ~ ~ ~ I ~

IS~~ I
~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~

~ I

~ ~

~ ~ ~ ~ ~ ~ ~ ~

o
Ul

~0

18*~ 2

SEHI-CLOSED HETHOD APPROXIHATION t 7-22-08 REVISION
H



l
gA

4
h~

0

'

0



RUN 6 TPP624 8926 QBE 98Z XA"YC DATE 8 . ~82 Ibtl8> 8 !
y~T(CAL
CHA'NNEL TAB V

TION RATIO

Z OAMPIMt$

2 7412 POINTS ANALYZED OKLTA 84 I/ 6 PCThVK

STAllT TIHE $ .$$$ EC EHC TIHE 2$ .6 ~ 6 EEC 8 RECORDS SKIPPED

188.88 HZ LP FILTER POLES

218 RECORDS ANALYZED ~ — .

If~~"I
~ 3 .6

I88.8 Z AND 8.8 Z RRS PLOTTED ;~ccELEnaTroN (.G)
HULTIPLY SCALK BY 18""

.9 1.2 I.b 1.8 2.1 2.4 2.7 3.8

0 ~ ~

a

18'+ I

l 1801 8
l~

I Pl

>n
~ ~
I M ~

aN

~ ~ ~

0 ~

~ ~

~ ~

~ *

~ ~ a

I ~

a ~ a ~

~ (

'"(

~ ~ (

~ ~

'(

18*0 2

SEHI-CLOSED HETHOO APPROXIHATION ( 7-22"88 REVISION
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TPP624o8926 HSIV SSEX 8%X 188

TION RATIO 2 7514 POINTS ANALYZED

4.88 X DAMP INC START TIME, 8.888 SEC

188.8 X AND 8.8 X RRS PLOTTED

DATE
HORROR'TAL

BZ 9t58s 8 C ANNEL 3 TAB N

DELTA 884 I/ 6 OCTAVE 188.88 HZ LP FILTER

END TIHE 38.866'EC 8 RECORDS SKIPPED 221 RECORDS

I
POLES

ANALYZED

18~~-I
8.8 0 3 .6 .9

MVLTIPLY SCALE BY I8"~ I
1.2 1.5 1.8 2.1 2.4 2 7 3.8

I8~~ 8 I ~

IP~ I

~ ~

I8i* 2

SElil-CLOSED METHOD APPROXIHATION: 7-22"B8 REVISION

H Ã
W

~t

I~
o

p
M

0



fr ~-g,

0



TPP524.8926 HSIV SSEX BZXA-188ZY DATE
V 6'APICAL

2 9t585 S CHANNEL 4 TAB V

DE TION RATIO 2 7514 POINTS ANALYZED DELTA .SS4 I/ 6 OCTAVE 188 .88 ll2 LP FILTER

4.88 Z DAHP INC START TIHE S.S88 SEC END TIHE 38.8S6 SEC 8 RECORDS SKIPPED 221 RECORDS

188.8 X AND 8.8 X RRS PLOTTED

I

POLES

ANALYZED

18~"-I
1.8

HVLTIPLY SCALE BY 18~* I
1.5 2.8 2.5 3.S 3.S 4.8 4.5 S.B

1$"* 8 "I~ i ~

~ ~

~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~

IS** 2

~ ~

~ 0

hl bJ

p
pV

SEHI-CI.OSED HETHOD API'IIOXIHATION ! 7"22-88 IIEVIS ION
Q M
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