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PAC EPIC" GA S A ND ZLZZ TRIC C OMPANY
EF W~LE ~ 77 BEALE STREET ~ SAN FRANCISCO, CALIFORNIA94106 ~ (415) 781.4211 ~ TWX 910.372 6587

J. 0. SCHUYE.ER
VICE PRESIDENT

NUCLEAR POWER GENERATION

March 16, 1984

PGandE Letter No.: DCL-84-101

llr. George W. Knighton, Chief
Licensing Branch No. 3
Division of Licensing
Office of NucIear Reactor ReguIation
U. S. NucIear Regu'latory Commission
Washington, D.C. 20555

Re: Docket No. 50-275, OL-DPR-76
DiabIo Canyon Unit I
CIoseout of SSER 20, Open Item 2 - 20 Hertz Cutoff Frequency

Dear Hr. Knighton:

At a meeting with PGandE on December 6, 1983, the NRC Staff requested further
documented confirmation of concIusions presented in PGandE submittaIs dated
December 28, 1982, September 9, 1983 and October 12, 1983. These submittals
reIated to Safety EvaIuation Report SuppIement No. 20 (SSER 20) concerning the
appropriateness of the 20 Hertz criteria for the horizonta1 response of the
annuIus structure. Specifica11y, the NRC Staff requested that studies be
performed to investigate the effect of Hosgr i response spectra frequency
content between 20 Hertz and 33 Hertz on piping supported by the more
ampIified sections of the annuIus stee1 structure.

EncIosed is a report entitIed "Effect of Horizonta1 FIexibiIity of the AnnuIus
Structure on the Seismic guaIification of Attached Piping and Supports." This
study further demonstrates that the frequency content of the Hosgri response
spectra in the 20 to 33 Hertz range does not have a significant infIuence on
the piping systems supported from the annuIus structure. Therefore, PGandE
concIudes that the origina1 design basis for piping supported by the annu'lus
structure is reasonabIe and appropriate. PGandE beIieves that this
information resoIves SSER 20 Open Item 2.

KindIy acknowIedge receipt of this materia1 on the encIosed copy of this
Ietter and return it in the encIosed addr essed enveIope.

SincereIy,

';*'404030444 840316
PDR;ADDCK 05000275'.F PDR l i

cc: D. G. Eisenhut
H. E. Schier'ling
Service List
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8
PChndE Letter No.: DCL-84-1ol

EFHKT OF HORIZCDZAL FLEXIBILITYOF THE ANNULUS STRUCTURE
ON THE SEISMIC QUALIFICATIONOF ATTACHED PIPING AND SUPPORTS

1. 0 INTRCGUCZION

In full accordance with the FSAR, the nathodology for seismic qualification
of the piping supported from the containment annulus structure for the DE

and DDE used horizontal response spectra from the interior concrete and
vertical ground response spectra without additional amplification. In the
horizontal direction, this is equivalent to considering the nation of the
annulus structure and the interior concrete to be essentially the sana.
Similarly, in the vertical direction, this is equivalent to considering the
aation of the annulus structure and the ground to be the sana. These

assumptions were considered reasonable because the annulus structure is a
relatively narrow, diagonally-braced steel franc supported directly from
the concrete crane wall in the horizontal direction, and the requirements
for vertical amplification had not been developed in the industry at the
time the DE/DDE criteria were established.

During the Hosgri review, the NRC Staff requested that vertical
amplification of the annulus steel be considered explicitly. Other aspects
of the Hosgri criteria remained the same with respect to the structural
rmdels used for the original DE/DDE analysis. This includes the assumption
that the annulus steel horizontal nation is the sana as the internal
concrete structures. For the aation of the annulus structure to remain
essentially the sana as the interior concrete, additional bracing members

were added to the annulus structure by the Diablo Canyon Project (DCP) to
increase the frequency of the horizontal mx2es. The lowest frequency has
been increased above 20 Hz.

[MISC2000]
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Stiffening the structures to the 20 Hz level was consistent, with the DE/DDE

mxleling requirements. In SSER 18, the NRC Staff requested that further
studies be perforaed to investigate the effect of the Hosgri spectra
frequency content between 20 Hz and 33 Hz on piping systems supported by
the annulus steel.

The purpose of this study is to assess the significance of the annulus

structure rmdes between 20 and 33 Hz on piping and supports. This is
acccmplished by including these rmdes in calculating the horizontal
response of the annulus structure and then performing a mere detailed
analysis of sample piping runs and their associated supports.

The results of this study indicate that inclusion of the frequency content
between 20 and 33 Hz does not significantly affect the piping design, and

that adequate margins exist to maintain qualification of the piping systems

for design basis loading conditions as required by the FSAR and Hosgri
Report.

2. 0 DESCRIPTION OF STUDY

The study consisted of several steps which are sunnarized below:

1) A horizontal analysis of annulus structure at elevation 106, including
all rides of the interior concrete and annulus structure up to 33 Hz,

was performed using time-history methodology and 7% damping.

2) Two representative piping runs from the nest active zone around

elevation 106 were selected.

3) The piping systems and supports were analyzed for the loads predicted
by the following m thods,for defining the seismic nations. The

analyses were based on an "uncoupled" analytical technique between the
piping and the annulus structure.

[MISC2000]
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The envelope of in-structure response spectra for 2% damping was

obtained from the actual support points on the individual piping runs.
These envelopes were broadened using the Hosgri criteria.

This method is the sana as Nethod A except that variable damping was

used, as recxmnended by Pressure Vessel Research Gcxrmittee (PVRC,

Reference 1) . The PVRC reccenends use of 5%, dancing for modes with
frequencies of 10 Hz or less, 2% damping for andes with frequencies of
20 Hz or greater, and damping varying linearly between these limits
for modes with frequencies between 10 and 20 Hz.

The acceleration time-history components were used producing the
highest acceleration in the north-south (N-S), east-west (E-tl), and

1

vertical direction at any support point of the individual piping
lines. All modes of the piping systems were assum d to have 2S

dampxIlg o

This method is the sana as Mthod B except that the variable damping
was used as recmaended by the PVRC.

Uniform support action was assuned for all cases. Since this type of
nation description represents a worst case, the results are conservative.

3.0 SELECTION OF PIPING SB2KNTS

In making the selection of the piping segments for detailed analysis, the
intent was to select representative and possible worst case segments.
The variation of horizontal acceleration with height was considered which
increases approximately linearly from the base. The piping systems
supported from elevation 140 were not considered nest susceptible to the

[MISC2000]
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response of the steel framing in the 20 to 33 Hz range, since mast of the
supports at this elevation are attached directly to a very stiff concrete
slab. As shown in Figures 5 and 6, there is rmre piping supported at
elevation 106 than at, any other elevation. (The hexagonal symbols on these
figures represent support locations.) Elevation 106 was selected over
elevations 101 and 117 since elevation 106 has the largest number of
supports and because the percent amplification of the interior concrete
rmtion by the horizontal frame at elevations 101, 106, and 117 are
approximately the sane. Since the major interest was the influence of the
increased amplification resulting from the horizontal flexibilityof the
annulus structure (which can be conveniently measured by the percent
amplification), the conclusions drawn from the analysis at elevation 106

are applicable to the other elevations. This is discussed further in
Section 6.

The selection of the piping segnmts was also influenced by variation in
the horizontal response around the annulus structure. The variation of the
horizontal acceleration is shown in Figures 7 and 8. In these figures, a

datum of 0.6g has been used. By comparing the pipe segment locations in
Figures 9 and 10 with the zones of high amplification, it is obvious that
the segments selected are located in the zones of highest amplification.

Once the annulus area with the largest increase in acceleration (and

therefore largest spectra changes) was determined, this area was studied at
the plant site. This onsite review determined that there were only a few

Class I lines passing through this area. All lines were less than eight
inches in diaster and the general geom try of all lines was similar, as

they all run parallel to the tangential beams in the area. In order to
best determine the influence of the spectral content above 20 Hz, the two

lines chosen for this study were those limited primarily to the area of the
study. Based on these factors, the secants selected were a four-inch
safety injection system line and a three-inch corqmnent cooling water
system line.

[MISC2000]
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4.0 SEISMIC ANALYSIS OF ANNULUS STRUCZURE

lhe annulus structure was analyzed using the ground acceleration
tim -histories as input to determine the Hosgri seismic response at the
attachrent points of the piping syste~. The rmdel used to determine the
horizontal response consisted of the interior concrete stick model coupled
with the annulus structure at elevation 106. The masses of the central stick,
Figures 1 and 2, representing the interior concrete at elevation 140 and

below were offset 5% from their geom tric centers to represent torsional
input to the annulus structure. The effect of the concrete above elevation
140 on the torsional response at elevation 106 is negligble. In the
qualification analysis of the piping system previously performed by the
DCP, the translational and rotational components of the piping support
motion were determined separately from the analyses of the interior
concrete, and then combined prior to the piping analysis. The combination

of rotation and translation consisted of converting the rotation into
translation based on the distance of an individual support from the
geometric center of the containment and assuming the annulus structure to
be rigid. With the annulus structure and the interior concrete analyzed

using a coupled rmdel, the combination of translational and rotational
components of nation was performed within the structural analysis. In this
analysis, all the mxles of the interior concrete and the annulus structure
up to 33 Hz were considered.

The horizontal model of the annulus structure included all the primary
m mbers which are the radial and tangential beams and the diagonal bracing.
Most of the secondary framing members, which are provided primarily to
facilitate pipe supports, were not included because their contribution to
the horizontal stiffness is insignificant. Discrete masses representing
the annulus structure and supported items were located in the rmdel at the
intersection of framing rrembers, or joints.

The vertical response spectra were obtained from the analysis and aedeling
techniques reported in the Diablo Canyon Unit 1, Design Verification
Program, Phase I Final Report (Reference 2). The

[MISC2000]
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vertical analysis utilized independent mals to represent the various
radial fram s. ~ of the typical frames and reels are shown in Figures 3

and 4. The behavior of the tangential beams are represented by the single
mass oscillators.

5.0 DESCRIPTION OF PIPING SEGMENT ANALYSES

II

Two piping segnants were analyzed in the annulus area at elevation 106 with the
greatest increase in response spectra. The first segm nt, 6-101, is a
four-inch line in the safety injection system. This line runs frcm a
contairmant penetration around the containment annulus to a structural
anchor (see Figure ll) . This pipe segment has 25 rigid supports, one
snubber, and two anchors in the annulus area. It has 13 rmdes of vibration
below 33 Hz with a fundamental frequency of ll Hz (see Table 5.1 for
periods and participation factors) .

The second segment, 4A-ill, is a three-inch line in the corqmnent cooling
water system running from Reactor Coolant Pump 1-1 in the containment
interior through the crane wall to a structural anchor in the annulus (see
Figure 12) . This segment has eight rigid supports and three snubbers in
the annulus area and two rigid supports and four snubbers in the
containment interior. It has 17 modes of vibration below 33 Hz with a
fundanental frequency of 4Hz (see Table 5.2 for periods and participation
factors) .

5.1 Descri tion of Re nse ctra

The response spectra at the individual support points of each piping
segm nt are shown in Figures 13 to 18. Envelope response spectra were
developed from these in additon to the response spectra from the "off
direction." For example, the N-S envelope response spectra were
obtained by combining the N-S response spectra from the N-S eartlxpake
component with the N-S response spectra from the E-W caqmnent by the
SRSS method. A caparison of 2% envelope Hosgri response spectra used

[MISC2000]
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to qualify these segnants and the response spectra developed for this
study are provided in Figures 19 through 22. This caparison shows

that the horizontal response spectra, Figures 19 and 21, used for
qualification of the piping segments are exceeded by the response
spectra which include the flexibilityof the annulus structure, the
curve labeled "Study." This is est pronounced in the period range
0.03 to 0.06 seconds or 16 to 30 Hz. Outside this range, the
horizontal study curves are only slightly larger than the design
response spectra. A comparison of the vertical response spectra,
Figures 20 and 22, shows that the main peak of the design curve is
higher than the study curve. This occurs because the design response
spectra includes the response of all beams in the general area;
whereas the study response spectra includes only the response of the
specific beams to which the piping system is attached. Except in the
vicinity of the main peak, the vertical curves are approximately the
SBHR,

5.2 Pi in Anal sis Perforated

Two response spectra and four acceleration time-history analyses were
performed for each piping segm nt. The response spectra analysis used
a broadened envelope response spectra. One response spectrum analysis
used 2% damping for all rmdes, and the other analysis used the PVRC-

recomrended variable damping. For all response spectra analyses, the
E-W and N-S spectra were enveloped. Two analyses were then made with
this envelope; one in the N-S direction simultaneously with the
vertical, and another in the E-W direction simultaneously with the
vertical, in accordance with DCP prooedures. In both cases, the
results from the horizontal and vertical components were combined on
an absolute sum basis. The larger result from either run was used to
calculate stresses for piping and supports.

The four tim -history analyses consisted of the following:

1) The support point for the given piping secpnent with the greatest

[MISC2000]



)

%)%

1

~C

g T



acceleration in the E-W direction was used to define the
acceleration ting-history in the E-W direction for every piping
support point. This resulted in the est severe response

spectra. The sana approach was used to select the N-S and the
vertical time-histories. In this analysis, the damping of all
piping andes was 2%.

2) The tiara-histories and damping in (1) were used, but the input
integration time step was reduced to shift the peaks of the
response spectra to higher frequencies, thus simulating
curve broadening provided in the response spectra.

3) The tine-histories in (1) where used, but the input integration
time step was increased to simulate the curve broadening on the
low frequency side as provided in response spectra.

4) . The tiaa-histories in (1) were used with the variable damping

recmaended by the PIC.

In all cases the N-S tine-history was used simultaneously with the
vertical, and the E-W time-history was used simultaneously with the
vertical. The larger results from these two analyses was then used to
calculate stresses in the piping and supports.

6.0 RESULTS FOR PIPING AND SUPPORTS

The following Hosgri load combinations were used for stress evaluation on

all calculations, which is consistent with the FSAR.

Pipe Stress = WZ + P + HE

Support Loads = DL + (HE~ + SAM~) + TH or THA+

[MISC2000]
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Where:

DL

TH

SAN

dead weight stress
pressure stress
Hosgri stress or load
dead weight load
normal thermal loads

accident thermal loads
seismic anchor aavement loads

*Higher of THA or TH (only used for concrete expansion loads.)

The pipe stresses have been evaluated for the above load combinations and

in all cases, the stresses are well below the allowable stresses for the
ANSI B31.1 code. The stresses were checked for all six seismic nation
descriptions given in Section 5.2. The largest ratio of actual stress to
allowable stress at any location is 0.55.

A cxmparison of Hosgri loads used in the seismic qualification of the
supports and the loads obtained frcm various analyses perforaed as part of
this study is provided in Tables 6.1.1 and 6.1.2. These tables also show

which load combination controls the support design. As indicated by the
last column in these tables, the Hosgri load combination does not control
all support designs. It should be noted that in scee cases, the load
predicted by one of the analyses performed in this study exceed the Hosgri
original load, but the DDE load combination still controls. The

qualification of the support would, therefore, be unaffected. This
indicates that inclusion of the horizontal flexibilityof the annulus

structure increases the support loads less than the conservatism inherent
in the DDE criteria and methodology.

The qualification of the supports is sunmarized in Tables 6.1.3 and 6.1.4.
In determining the stress ratios, the largest support load from any of the
six study cases was used. As indicated by the stress ratios, all the

[MISC2000]
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supports remain qualified. In fact, the majority of the supports are not
controlled by the load combinations containing the Hosgri loads. The load
combinations containing the DE and DDE loads are rmre demanding for two

reasons. First, the DE and DDE loads are calculated on a very conservative
bases since damping is assuaged to be 0.5%. Second, the allowable stresses
for the DE and DDE events are less than or equal to those for the Hosgri
load combinations. The piping supports on other piping segrn nts supported

by the annulus structure will show a similar trend; i.e., many pipe
supports are controlled by the DE and DDE load combinations.

The smallest stress ratio for supports sunrnarized in Tables 6.1.3 and 6.1.4
resulting fran the Hosgri load combination is 1.71. The supports can

accmaedate an additional substantial increase in the horizontal response.
This is particularly true in view of the apparent significant increase in
horizontal response spectra shown in Figures 19 and 21. As shown by the
canparison of design qualification loads with loads obtained from this
study, the only supports which a~ to experience a significant increase
in loads, greater than 35%, were the anchors (the supports in Tables 6.1.1
and 6.1.2 which have six force ccaqmnents). In fact, there were only four
nonanchor supports which experienced an increase abave 25%. Som

components of anchor forces experience substantial increases, but the
qualification of the anchors is not affected. The design of anchors is in
general quite

conservative.'he

trends that have been observed for these two piping segrA nts can be

extended to other elevations within the annulus structure. As indicated in
previous submittals, the load combinations involving Hosgri do not control
the design of all pipe supports. In fact, as shown by this study, the
majority are not controlled by these load combinations. The higher rides
of vibration (andes in the 20 to 33 Hz range) make a minor contribution to
the global response of the piping system. This is confirned by support
reactions experiencing only minor changes when the percent changes in the
response spectra in som frequency ranges might suggest a far greater
percent change in response.

-10-
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Although the effect of specific differences in response spectra at other
elevations were not investigated in this study, it is expected that any

increased acceleration at other elevations would be adequately covered by

the margin in existing stress ratios as docum nted by this study at
elevation 106.

7. 0 CONCLUSIONS

~ piping segnents have been analyzed for several descriptions of seismic

nation which includes certain additional horizontal amplification of the
annulus structure not included in the design qualification of the piping
and supports. Results from this study indicate that support loads are not
significantly affected by modes in the 20 to 33 Hz range. All supports in
the study remained qualified considering the additional horizontal
amplification fram the annulus structure. The change in the individual
support loads ranged frcm a decrease of 15% to an increase of 35% with only
4 supports out of 33 experiencing an increase over 25%. Som components of
anchor loads increased by a larger percentage but all remained qualified.

The study shows that the Hosgri load combination generally does not
control the design of the pipe supports. This minimizes the importance of
the frequency content of the Hosgri response spectra in the 20 to 33 Hz

range. These results show the original design basis to be reasonable and

appropriate for evaluating piping systems subjected to the postulated
Hosgri event.

The support loads predicted in this study still contain additional
conservatisms since a number of effects have not been quantified. One

effect which was not quantified was the dynamic coupling between the

annulus steel framing and the supported piping. If this effect were

included, the supports loads would be reduced from these obtained in the
tine-history analysis. Other consexvative effects which have not been

quantified in this study were discussed in PGandE's previous submittal of
December 28, 1982.

-11-
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TABLE 5.1 PERIOD AND PARTICIPATION FACIORS FOR LINE 6-101

PARTICIPATION FACTORS

X-DIRKTION Y-DIRKTION Z-DIRHCPION

9

10

11

12

13

.0908

.0578

.0431

.0428

.0407

.0389

.0388

.0374

.0361

.0358

.0324

.0306

.0305

.89080
—.10708
—.06327
—.07932
—.24038
—.20916
—.42455
—.00029
—.04032

.21598

.51898

.00151
—.46914

-.01086

.13329

.06173
—.20358

.10873

.22514
—.12517

.38522

.03530
—.11986
—.02346

.74912

.04342

.17442
—.26275
—.02030
—.40741

.04659

.11156

.16651
—.00460

.22138
—.31623

.06457

.08541

.61553

[MISC2000]





TABLE 5.2 PERIOD AND PARTICIPATION FACIQRS FOR LINE 4A-111

PARTICIPATION FACZOBS

X-DILUTION Y-DIRHCZION Z-DIRHCTION

5

6

7

8

9

10

ll
12

13

14

15

16

17

.2521

.2129

.1712

.0993

.0809

.0694

.0663

.0545

.0536

.0459

.0451

.0391

.0386

.0374

.0362

.0326

.0306

.89559

.60589

.44074

.47908
—.42519
—.01749

.26375

.32228
—.13116

.02649

.38408
—.02174
—.14137

.17661

.48256

.04934

.35814

.01203

.09215

.04331
—.00364

.04938
—.06080

.07494
—.05874

.21659
—.34890

-.06961

.64152
—.97639
—.25420

.07214
—.37509
—.34097

.60924
—.66374

-1.16827

.44075
—.08214

.09059
—.22628
—.30191
—.17589
—.00773

.21463
—.47570
—.65092

.12966

.57853

.05369

.48651

[MISC2000]
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TABIZ 6.1.1

6-101 SUPPORP USDS —HOSGRI1

QUALIFICATION
DIR LOAD

NEV
RS, 2%

NEW
RS,2-5%

TH,2% TH,2% GOV1 RNING
TH, 2S CONDENSED EXPANDED TH, 2-5't COMBINATION

40-22R

40-22R

40-21R

.40-21R

40-20R

10-44SL

40-19R

40-19R

56N-112R

56N-112R

56N-lllR
56N-lllR
56N-110R

56N-109R

56N-109R

56N-108R

56N-108R

56N-107R

56N-107R

56N-106R

56N-106R

56N-105R

56N-105R

Y 247~

H 255

Y 228

H 171

Y 149

H 932

Y 241

H 273

Y 250

H 273

Y. 187

H 225

Y 159

Y 211

182

Y 255

H 189

Y 200

H 293

Y 197

H 165

Y 277

H 3184

210

251

194

168

130

916

209

268

213

269

159

221

136

180

191

217

185

178

288

169

162

263

3251

210

251

194

168

130

916

209

268

213

269

159

221

136

180

191

217

185

172

288

168

162

237

2436

193

233

172

133

116

877

228

196

202

207

138

166

125

162

149.

200

197

171

314

167

160

265

1786

227

247

204

179

135

1007

257

264

239

238

150

175

157

188

198

252

211

244

352

226

169

372

3081

231 193

227 233

207 172

139 133

122 116

878 877

250 228

236 . 196

235 202

232 207

144 138

166 166

153 124

173 162

150 149

222 201

187 197

210 171

311 314

189 167

153 160

323 260

2922 1515

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE
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TABLE 6.1.1
6-101 SUPPORT LOADS — HOSGRI

(continued)
QUALIFICATION NEW NEW TH, 2% TH, 2t GMMlING

SUPPORT DIR LOAD RS 2% RS i2 5't = THi2 t DXH)ENSED EXPANDED THi 2 5'ti COMBINATION

56N-48R H 1300 1277 1277 944 1093 1087 944 DDE

56N-48R H 3561 3587 2648 2294 3559 3291 1988 DDE

56N-104R Y 701 696 506 399 745 685 335 DDE

FA 629 618 618 369 430 359 369 DDE

FB 117 100 100 87 96 92 87 DDE

40-23A FC 87 85 85 389 467 454 389 DDE

62~ 59 58 98 132 92 98 DDE

165 175 175 146 175 149 146 DDE

286 223 223 125 149 126 125 DDE

FA 663 660 473 535 716 733 496 DDE

569 568 411 418 621 563 369 DDE

Pent.77 FC 189 212 211 150 212 178 150 DDE

211 233 232 151 222 179 151 DDE

894

816

979 972 555 891

824 624 598 898

761 547 DDE

789 529 DDE

iExplanation of load column heading
a) Qualification load - the load obtained from previous Hosgri analysis based on original design criteria.

Carparison between controlling demand and allowable loads is given in Table 6.1.3 and 6.1.4 via stress ratios.
b) New RS, 2% —Response spectra including the horizontal flexibilityof the annulus structure was used to

determine the support loads. Damping of 2% was used for all nmdes.
c) New RS, 2-5% — sane as (b) except variable damping was used.
d) TH,2% — Tine-history analysis including the horizontal flexibilityof the annulus structure was used to

determine the support loads. Damping of 2% was used for all rmdes.
e) TH,2% Condensed —The input integration time step was reduced to simulate curve broadening on the high

frequency side of the corresponding response spectra.
f) TH,2%, Expanded —The input integration tine step was increased to simulate curve broading on the low frequency

side of the corresponding response spectra.
g) Sane as (d) except variable damping was used.

2Reaction forces are given in pounds.

3Reaction ncnents are given in inch-pounds.

[MISC2000]
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TABLE 6.1.2

4A ill SUPPORT LOADS HOSGRIi

SUPPORT DIR

10-55SL Y

QUALIFICATION

759~ 878 576 822 858 744 536 DE

TH, 28 TH, 2% GOVERNING
TH, 2S CONDENSED EXPANDED TH, 2-5% CQMBINATION

10-70SL Z

10-56SL H

10-57SL Y

51-5R Y

965

624

962

1054

1135 658

712 473

1149 836

1389 1284

1202

751

908

724

943

626

927

855 722 623

1100 782

581 525

920 587

DDE

DDE

HOSGRI

HOSGRI

51-5R H 470 567 334 438 550 522 334 HOSGRI

41-34R Y

41-35R Y

10-144SL H

41-37R Y

41-39A X

41-40R Y

10-92SL H

41-41R Y

10-58SL H

1436

641

998

390

173

92

1086

119

641

1697 988

757 452

1043 680

460 310

180 168

81 74

1161 804

95 95

807 743

1807

643

685

365

206

102

782

108

387

1490

607

1113

375

205

90

1184

84

451

1681 1181

664 436

810 512

361 316

151 171

89 103

939 673

94 107

327 343

HOSGRI

DDE

DDE

HOSGRI

HOSGRI

41-42R Y 129 102 102 126 107 108 126 HOSGRI

FA 409

170

495 279

197 122

337

160

416

143

426 240

171 ill
DE

DE

RCP Nl-l FC 180 213 140 272 253 312 193 DE

557~

1705

640 389

2099 1683

1157

1879

1182

2394

1442 798

1958 1338

DE

DE

1456 1700 1034 636 646 737 459 DE

[&KSC2000]
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TABLE 6.1.2

4A-111 SUPPORT LOADS —HOSGRI
(continued)

QUALIFICATION TH, 2% TH, 2% GOVERNING
SUPPORT DIR LOAD NB'7 RS NB% RS TH, 2% CONDENSED EXPANDED TH, 2-5% COMBINATION

FA 956 949 1003 1162 1257 1115 926

FB 81

57N-101A FC 320

hS, 3527

MB 11881

MC 2215

75 75 90 83 75 90

433 425 141

4435 4077 2201

117 141 126

2351 1836 1893

15921 15501 5593 6'497 4748 4725

2442 2442 2048 2079 1677 2055

DDE

~Explanation of load column heading

a) Qualification load —the load obtained from previous Hosgri analysis based on original design criteria.
Comparison be~ controlling demand and allowable loads is given in Table 6.1.3 and 6.1.4 via stress ratios.

b) Nav RS, 2% —Response spectra including the horizontal flexibilityof the annulus structure was used to
determine the support loads. Damping of 2% was used for all mxles.

c) New RS, 2-5% —sane as (b) except variable damping was used.

d) TH,2% — Time-history analysis including the horizontal flexibilityof the annulus structure was used to
determine the support loads. Damping of 2% was used for all ries.

'e)'H,2% Condensed —The input integration time step was reduced to simulate curve broadening on the high
frequency side of the corresponding response spectra.

f) TH,2%, Expanded —The input integration tiaa step was increased to simulate curve broading on the low frequency
side of the corresponding response spectra.

g) Sana as (d) except variable damping was used.

~Reaction forces are given in pounds.

~Reaction moments are given in inch-pounds.

(MISC2000]
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..ABLE 6.1.3

SE VARY OF SUPPORT QUALIFICATION

FOR PIPING SHGMEKZ 6-101

SUPPORT NO. CRITICAL ITEN STRESS RATIO~ GOVERNING IQADS & QCNMENTS

40-22R

40-21R

40-20R

10-44SL

40-19R

56N-112R

56N-111R

56N-110R

56N-109R

56N-108R

56N-107R

56N-106R

56N-105R

56N-48R

56N-104R

40-23A

57N-104V

Weld

Frame

N ld
FraIta

Weld

Weld

Weld

Weld

Weld

8.94

1. 18

26.0 (26+) ~

1. 35

1.5
1.01

1.03

2.5 (2.5)

1. 03

1.5
1.25

2.88

1.11

1.22

1.3
1.27

DDE

DDE

Hosgri
DDE

DDE

DDE

DDE

Hosgri
DDE

DDE

DDE

DDE

DDE

DDE

DDE

DDE

Spring

~Ratio of FSAR allowable stress to acutal demand.

~The number in parenthesis is the previous stress ratio.

[MISC2000]
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TABLE 6.1.4

SUMMARY OF SUPPORT QUALIFICATION

FOR PIPING SHRED 4A-ill

SUPPORT NO. CRITICAL ITEM STRESS RATIO> GOVERNING ZDADS & CQ RENTS

10-55SL

10-70SL

10-56SL

10-57SL

51-5R

41-34R

41-35R

10-144SL

41-37R

41-39A

41-40R

10-92SL

41-41R

10-58SL

41-42R

51-3U

51-4U

57N-101A

Snubber

Snubber

Snubber

Snubber

Clamp

Frame

Weld

Weld

Weld

Plate
Weld

Weld

1.72

1. 40

2.47

1.71(2.02) ~

3.65

2.2

1.93(2.28)
3.4
1. 45

1.17

1.16

1. 33

1.2

2.68 (3.2)
4.58

1. 85

DE

DDE

DDE

Hosgri
DDE

DDE,Hosgri

Hosgri
DDE

DDE, multiple pipe support.
Controlled by other piping.

DDE, multiple pipe support.
Controlled by other piping.

DDE

DDE

DDE, multiple pipe support.
Controlled by other piping.

Hosgri
Hosgri

Spring
Spring
DDE

~Ratio of FSAR allawable stress to acutal demand.

~The number in parenthesis is the previous stress ratio.

[MISC2000]



~ $

I



STEAM GENERATOR SHIELD WALL

$5 ~

~n0

P RE SSUR IZE R WALL

STEAM GENERATOR SHIELD WALL

$
C'q%

~

CRANE WALL

QC'Q

C. I
'0 Q~

ly~1.g
r.

<c'op
~ 0g~

Og
~ 0g~

INTERIOR STRUCTURE HORIZONTALN.S MODEL

FIGURE 1



V
IJ



STEAM GENERATOR SHIELD WALL

PRESSURIZER WALL

STEAM GENERATOR SHIELD WALL

CRANE WALL

fC
gO

SHIELD WALL

INTERIOR STRUCTURE HORIZONTAL E-W IirIODEL

FIGURE 2



I
"8'



G la'kI ~

E~
Kl 101

~ ~ +4hP

TYPICAL INDIVIDUALFRAME ANALYSIS
FOR VERTICAL'ESPONSE

COLUMN LINE 8

FIGURE 3



4 ~ k



g„}Sf'Ir ~ ~

~ I
o ~ ~

I '

~ r
r ~

,II 0

J ~

~ ~
~ ~ ~

.r
Q„IOlr 0

Or

CL.IOI-

~ ~r
. ~ r
~ ~

~ ~

TYPICAL INDIVIDUALFRAME ANALYSIS
FOR VERTICALRESPONSE

COLUMN LINE 9

FIGURE 4



h

4'



9'OCATION

OF CLASS IPIPE SUPPORTS
AT ELEVATION101'AS" AND ELEVATION106'4"

FIGURE 5



II '



LOCATIONOF CLASS Z PIPE SUPPORTS
AT ELEVATION116'10%" AND ELEVATION

139'-1%V'IGURE

6



~ '''r441 w

t

I ~



DIABLOCANYON UNIT 1 ANNULUSSTRUCTURE
HORIZONTAL GLOBALDYNAMICRESPONSE

0.65

0.60

14

Y
Dax
I

W

0 ~ 63

.65

0.60
ELEVATION106 FT.

MAX.ACCELERATION (g's) IN N-S DIRECTION DUE TO N-S EARTHQUAKE
PLOTTED FROM DATUM LINE 0.6 g

FIGURE 7



~I'lrt ~ a

P

h

l



DIABLOCANYON UNIT 1 ANNULUSSTRUCTUR E
HORIZONTALGLOBAL DYNAMICRESPONSE

0.74

0.60

EARTHQUAKE

0. 75

0 '0
ELEVATION106 FT.

MAX.ACCELERATION (g's) IN E-W DIRECTION DUE TO E-W EARTHQUAKE
PLOTTED FROIVI DATUMLINE 0.6 g

FIGURE 8





DIABLOCANYON UNIT 1 ANNULUSSTRUCTURE

14

PIPING SEGMENT 4A-111

ELEVATION 106 FT.

LAYOUTOF PIPING SEGMENT 4A-111

FIGURE 9



C

4
4



DIABLOCANYON UNIT 1 ANNULUSSTRUCTURE

PIPING SEGMENT 6-101 @10

ELEVATION 106 FT.

LAYOUTOF PIPING SEGMENT 6-101

FIGURE 10





e
p

DIABLOCANYON UNIT 1

ORIGIN AT N.P. 1

0:»
ta

eMl
Mpy

IIZC Y.l

Y

/i
vH: I

LEGEND:

MODALPOINT

FIXED END—X ~

SPRING HANGER

SNUBBER

MODEL OF PIPING SEGMENT 6-101

FIGURE 11 .



L r ~ '



DIABLOCANYON UNIT 1

a teehe~'H~ II

%QOIIP lg,

gI TPHj
gg

Y gg5l

BY

Io"
975

Y

~ 0
P4I 1

lO

44-
O. ~S~y

gr
t
5. l.

g0 19 10 Qb
e io

LEGEND:

NODALPOINT

w Y
%h

Y

40Il
Kr9

gl ~l ITO

IP Hj.
i89

'3l. IBP

~ dI ~ IP
a t tPAPNP

FIXED END

PINNED END

SPRING HANGER

SNUBBER

ORIGIN AT N.P. 1

GLOBALCOORDINATE SYSTEM

|'t-fo-4t H
51II

COV1-.Oe

MODEL OF PIPING SEGMENT 4A-111
FIGURE 12



lt

/

r

l

P

>+* P,
f

't 4e,h>

~ J m+



Q'i
Z0
I
C

W

,10 IAO 10PO
PERIOD (SEC(

Z0
I

C
W

W00

All .10 IAO 10AN
PERIOD (SEC(

P
B
Z
0
I

C

IAO
C)

.10
tERIOD (SE

10AO

Z0
I
C

AXXO
A( 10

~ERIOO (SEC

Q
3 6

OS Qe QT Qs

W

a

0
I

C
W

W

10
PERIOD ISEC

0

5
C

8
1

AI'I ,I0 IAN
tERIOD (SECI

Qo

0

5
I

8

10 I
PERIOD (SEC(

Qil

Z0
I
C

b

IOAN A(I .10 IAO
PERIOD (SEC(

Q(2

10AO

8

9

10

Qla g

a
Z0
I
C
W

O

5

It

0
Z0
I

"J

Il

P0
Z0

C
~II

W0II

10 I IOAO
PERIOD (SEC)

All 10 I
tERIOO (SEC(

10Am 10 I
PERIOD ISEC(

ICAN 10 I
tERIOO (SECI

ICAN

Qls EL 109'ONTAINMENT

a
Z0
(=

W

IIII

0
Z0
I
C

8

0
Z0
I

C
W

b

?0

C

00

DIABLOCANYON UNIT 1
ANNULUSSTRUCTURE ELEVATION106'

S RESPONSE SPECTRA
6I 2ww DAMPING

FOR PIPING SEGMENT 6.101

0
~ERIOD ISECI

IOAN
PERCD (SEC(

'IOAO
PERIOD (SEC)

.10
tERIOD (SEC

FIGURE 13



4

p 4

Y'P



Pl Qe Qi

~0
0
Z0
I
C *

2

PI

?a
I
If
'II

P

?a
I

If

II

Is

P
'0

?0
I
EL'

lOQOA1,10 IAO IOAO
PERIOD (SEC) PEAIOO (SECl

10A0 10 IAO
PEAIOO (SEC)

10
PERIOD (SEC

I
' I/'

Qs

E'

0
I
CIf

8

Qe

0
Z0

If

8

Q2

Z0
I
If
Ql

II

Qe 6

e

10

11

Al
PERIOD ISEC)

QO

10 10 I
PERIOD (SEC)

Qo

10AO
PERIOD (SEC

QII

10AO Al 10
PERIOD (SEC)

p»

Z

C

0Wv

a
Z0
I
?

II
0
Z0
I
K

a
Z0
I
K

8

10 I
PERIOD DECI

IOPO 10 I
PERIOD (SEC)

Q(E

,10 I
PERIOD (SEC)

ps

10A0
PERIOD (SEC)

EL (0$'ONTA(NIEENT

a

0
I
?

~I

a
?0
I

?

.8

0
Z0
I
If.

8

Vl
0
Z0
I
K

II

DIABLOCANYONUNIT 1
ANNULUSSTRUCTURE ELEVATION106'

W RESPONSE SPECTRA
E) 2% DAMPING

FOR PIPING SEGMENT 6-101

10 I
PERIOD ISECI

Al ,10 lla
PERIOD (SEC)

10A0
PERIOD (SEC

10A0
PERIOD lSE

la 10AOI
CI

FIGURE 14



/

k



zgAO
33
V

Qi

lit
10 IAO

tERIOO )SEC)
10AO

)NOT APPLICABLE)

,fIJ j j l 'Jh
-"3
; .I)
3 'II

'I Z0
I

C

0
Z0
I

CE

PERIOD )SEC)

QB

I

IB

0
Z0
I
C

VV

ZJEAO

Q>

PERIOD )SEC)

QT

33

g
Z0

CC
~3

W
33V

IOI

4
333

0
Z0
I

Z

Qi

PERIOD )SEC

QB

v,

0

Q13

Q
PERIOD IMC) PERIOD (M

IAO
L

)

AO00
I AO

ItERIOD IMC

33

0
Z0
I
+ IPAO
>I
33VVi

Qo

'0

Z0
I
C
33

011

Z
0
I
K

8

QBQu

NOTE. POINT QB ISATCENTEROF RADIALBEAM

PERIOD )SEC)
A)I

PERIOD IMC)
,I

PERIOD (SEC)
0 IAO
tERIOD )SEC)

IDAO

Q)i EL )NVCO TAINM6NT

Z0

c PAO

33

Z0
I
CC

B
Z
0
I
C

V
33

3

AO ...

DIABLOCANYON UNIT 1
ANNULUSSTRUCTURE ELEVATION106

VERTICALRESPONSE SPECTRA
6) 2% DAMPING

FOR PIPING SEGMENT 6-101

.10 IAO
~ERIOO (MC)

10AO A)I 10
PERIOD (SEC

IAO
I PERIOD IMC) FIGURE 15



'>, J



QI Q3 Qi

Vl«
L2

?
O

2a0ll
al

ol
«2AXI
K
Ul

0000

,10 1a0
tERIOO (SECI

Qe

10 I
tERIOO (SECI

QO

10a0

P
Ll

O
1

8

P
LS

Z0
I

4

9

al

.10 I
tERIOO (SEC(

Qe

,I
tERIOO (SEC

Qo

10

~«

Z0

Ul

«I

Z
0
E'

8

2a0

AXNO
A(I 10 l.

tERIOO ISECI

Q2

I I
tERIOO (SECI

QII

10a0

««

Ll
?
O

II

P
'0

?
O

Z

SAO

2a0

10 I,
tERIOO (SECI

Qa

10 1a0
tERIOO ISECI

E( 10e'CRANEWALL

1
3 2

5
6

I a0
7

10
11

1050

k

~a0
Vl'

Z0
1< 2a0
C
W

al
tERIOO (SEC

EL 11('RAN WALL

4a0

O

Z0
1
E 7

8 «--

AO00
al 10

tERIOO ISEC
10a0

Vl

Z
O
1
C
C
W

CP

A600
01 .10 I

tERIOO (SEC
10

P
(2

Z0
I
CC

8

A600
01 10 Ia0

tERIOO LSECI

Z
O
«
4 2

EJll

DIABLOCANYONUNIT 1

ANNULUSSTRUCTURE ELEVATION
106'.S

RESPONSE SPECTRA
Es 2% DAMPING

FOR PIPING SEGMENT 4A-111

10
tERIOO (SECI FIGURE 16



0 J 4

1I

$ ~'

t



Q) Q2 Q3 Qi

CI

0
Z0

CC
III
~8
CP
IP

'0

Z0

CC

b

Z0
I

CC

8

~C

0
Z0

CP
Cl

1
3 2

10
PERIOD (SEC)

ANOO
'IOAN A)I 10

PERIOD (SEC)

QO

IAN
PERIOD (SEC)

Q2

PERIOD (SEC)

Qs

OAN

8
9

10
11

Qi—
0
Z0
I

CC

?0

CC

CP
CP

Z0
I
CC

CP
CP

I
PERIOD (SEC

IAN
I

10 I
PERIOD (SEC)

,10 CAN
PERIOD (SEC)

ANCN
OAN A)I ,10 IAN IOAN

PERIOD ISEC)

EL )06'CRANE WALL

Z0
I

CC 2
bl
ll

P0

C)

II
8

'0

Z0
I

Z

0
Cl

Z0

CC

10 IAN
PERIOD (SEC)

EL 111'RANE WALL,

10AN .10 'IAN
PERIOD (SEC)

10AN A'I
PE AID ISECI

a( AN I0AN,10 I
PERIOD (SEC)

L.OO

O.

0
I
CC

III
Cl

*
Cl ~-

DIABLOCANYONUNIT 1
ANNULUSSTRUCTURE ELEVATION106'

W RESPONSE SPECTRA
0 2% DAMPING

FOR PIPING SEGMENT 4A.111

A)1 10 CAN
PERIOD (SEC)

IDAN FIGURE 17



4



OIOB Q4 Qs

00

Z0
I
K

IJ

INOT APPLICABLE)

0
Z0

K

v\

g
Z0
I

Z

0

1
3 2

k

0

.01 '10 IAO
PERIOD ISECI

Qe

10.00

Oh

'0

?0
I
K
IU

~U

0

QT

Z0
I

CC
lal

III

.01 ,10 1 AN
PERIOD ISECI

QB

10AN .01 ,10 1
PERIOD ISEC

(NOT APPLICABLEI

T
8

8

10
11

l
Q~

.01 ,10 IAN
PEIIIOD ISECI

,10 IAXI
PERIOD ISECI

10 CO AII .10 00
PERIOD ISECI

. ~EL 112'CRANE WALL

~I

Z
0
I

CC

W00

Z0
I

Z

00
E

0
?0
P
?
IU NOTE: POINT QB ISCLOSE TOSTuBCOIUMN

.10 IAO
PERIOD ISECI

.01 .'IO IAO
PERIOD ISECI

0.00 AII . 0 1.00 OAN
PERIOD ISECI

DIABLOCANYONUNIT 1

ANNULUSSTRUCTURE ELEVATION
106'ERTICALRESPONSE SPECTRA

02'AMPING
FOR PIPING SEGMENT 4A.111

FIGURE 18





5.60

4.80

4.00

C)
I-
«C~ 320

~ 2.40
«CI-
CI

~ 1.60
C)

STUDY~a

~ y

~ 0 ~ 0 ~ ~

~ ~pi ~ y~ I

DESIGN

~ ,'

0 ~ ~ 0

0.80

DAMPING = 2%

0.00
~ 21P 3 4 5 6 7 8

91P'E

R I 0 D (SEC)

3 4 5 6 7 8 91P'o

ENVELOPE HORIZONTALHOSGRI RESPONSE SPECTRA
FOR PIPING SEGMENT 6-101

FIGURE 19



J ~

r4

k

I



5.60

430

jg 4.00

C)
I-~ 320

2.40

I-
1.60

DESIGN

~ ~ 0 ~

e

~ 0
~ i
~t STUDY

DAMPING ~ 2%

0

trooe sa
+ ~ 0 ~ ~

0.80

0,.00

3 4 5 6 7 8
810'ERIOD

(SEC)

4 5 6 7 8 910

ENVELOPE VERTICALHOSGRI RESPONSE SPECTRA
FOR PIPING SEGMENT 6-101

FIGURE 20





4.00

3.50
~ s)
~ ~

~ 0 ~ 0 ~ i~

a
C)
I-
~ 25

cC
~ 2.00

I-
C)
M
~ 1.50
C)

STUDY

~ ~

~ ~

DESIGN

DAMPING ~ 2%

~ ~ 0

1.00

0.50
10 3 4 6 7

PERIOD (SEC)

3 4 5 6 7 8 9)0

ENVELOPE HORIZONTALHOSGRI RESPONSE SPECTRA
FOR PIPING SEGMENT 4A-111

FIGURE 21



(



L
S

4.0

3.50

3.00

DESIGN

o
< 2.5

< 2.00

CD

I-
fg 1.50

ti
~I

~ ~
~ ~

~ 0 ~ Sg

0
~ 0

STUDY
~ aoase

1.0

DAMPING = 2%

0.5
10' 4 5 6 7 8 9

1Q'ERIOD

(SEC)

5 6 76010

ENVELOPE VERTICALHOSGRI RESPONSE SPECTRA
FOR PIPING SEGMENT 4A-111

FIGURE 22



t

~i


