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BEAVER VALLEY POWER STATION, UNIT 1

If a seismic event which results in accelerations greater than acceleration
level of 0.0lg occurs during the period of interim operation, the plant will
be shut down for inspection of those piping systems anc supports which have
not been shown to be fully acceptable for the OBE case. As discussed in the
FSAR, Section 5.2.8.1, the accelerometers are initiated and recording started
at a setpoint of 0.0l g acceleration. All seismic monitoring instrumentation
is demonstrated operable in accordance with the test methods and testing
frequencies specified in Table 4.3-4 of the Technical Specifications. The

seismic instrumentation will be checked prior to startup.

This report addresses details of the analysis work, results of pipe and
support analyses to date, presents a discourse on conservatisms, and discusses
other topics within the scope of the reanalysis task. The report represents
all work to date and is in addition to other submittals previously forwarded

since the Order to Show Cause.

The seismic reanalysis is based on piping analysis programs, SHOCK3 and
NUPIPE, that use methodology currently acceptable to the NRC. The results to
Adate indicate trat the subject systems will be able to perform their intended
safety functions under the maximum seismic conditions specified in the Final
Safety Analysis Report. The reanalysis effort has istrated the
conservative nature of the original seismic analysis. The piping systems have

been found to be impacted only slightly after thorough., rigorous reanalysis.
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BEAVER VALLEY POWER STATION, UNIT 1

Results to date also show that no piping of any size will have to be replaced

or repaired.

Abbreviations used in this report are defined in Table l-l.
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TABLE 1-1

ABBREVIATIONS

Pressure Stress

Deadload Stress

Allowable Stress at Maximum (Hot) Temperature
Total Stress under OBE Condition

Tota.i Stress under DBE Condition

Inertial Effect of DBE

Allowable Stress

Yield Strec eth

Ultimate Strength

Thermal Stress

1 of 1
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BEAVER VALLEY POWER STATION, UNIT 1

SECTION 3

RESPONSES TO NRC LETTERS AND ADDITIONAL QUESTIONS

The following four questions were raised by NRC personnel during a visit to
the Beaver Valley Unit 1 project at S&W, June 5-7, 1979. Each NRC question is

followed by the responsa.

1. Indicate the frequency range over which the new SSI-ARS is not enveloped
by the previous spectra. Discuss *+he effect this has on components,

equipment, and piping analyzed to the old spectra.

The problems listed below with the system piping frequency and period use the
old ARS curve as the run of record. A review of the curves included in this
section which indicated a comparison between the peak spread SSI curve vs the
old ARS curve shows that none of these problems except as noted fall into the

period range where the SSI curve is not enveloped by the ald ARS curve.
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BEAVER VALLEY POWER STATION, UNIT 1

Problem Frequency Period
- fcyclessseconds) {seconds)
100 9.16 .11
179 10.87 .09
213 5.42 .18
101 4.98 +20
3063 9.51 11
204 13.17 .08
785 3.78 .26
157 13.42 07
158 23.95 04
212 10.47 .10
228 8.71 o1l
229 9.41 il
2112 331 «30
610 16.22 .06
612 16.66 .06
3011 3.87 23
l 3.73 .18

Problems 785, 3011, and 1 presently fall into the area where the SSI curve is

not enveloped by the old ARS.
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A review of Problem No. 785 (Feedwater System) indicates that 72.6 percent of
the allowable seismic OBE stress was attained using the original amplified
response spectrum. Therefore, a substantial increase, 1.38 times for the OBE,
would still be acceptable. The portion of the SSE curve for the horizontal
earthquakes that exceeds the acceleration values of ths original ARS is not
seen by the piping system. For the vertical earthquake, the increase in
dcceleration 4is 20 percent which would still result in acceptable stress

levels. For the DBE case, the horizontal accelerations increase 1.4 times and

Piping system and would result in stress levels below the allowable stress.

BEAVER VALLEY POWER STATION, UNIT 1

vertical accelerations increase 1.2 times. These values are seen by the

+ 8 = 48132

Problem No. 785: Sip DL : Sh = 15000
SLP + SDL + SOBET = 14397 ; 1.2 Sh = 18000
sLP + SDL + sDBET’ 20232 ; 1.8 Sh = 27000

A raviev of Problem No. 3011 (Residual Heat Ramoval System) indicates that
98 percent of the allowable seismic OBE stress was attained using the
original amplified response spectrum. For the DBE case, only 62 percent
of the allowable stress was exhausted. Therefore, an increase of
1.02 times for the OBE and 1.6l times for the DBE case would be
acceptable. A comparison of the original ARS with the SSI-ARS indicates

that the acceleration values of the SSI-ARS not bounded by the original

ARS were in a frequency range not experienced by the Piping system. The
' Q
541 048
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BEAVER VALLEY POWER STATION, UNIT 1

only exception to this is for the DBE case where the acceleration values
of the Y-direction earthquake increased. The acceleration values for the
first and second modes increased 1.l7 and 1.5 times, respectively. This
is within tie 1.6]1 allowable increase given above. The contribution of
the Y-direction earthquake is minor due %o the rigidity of the system to

the vertical response.

Problem No. 3011: S, ., + S, = 4l4s S, = 14950
. 1.2 S =
Sip * Spr * Soppr = 17656 n = 17940
= . 4 1-8 S s 2
Sip * Spr * Spppr = 18148 n = 26910

A review of Problem No. 1 (River Water System) indicates that only
$4.3 percent of the allowable seismic OBE stress was attained uting the
original amplified response spectrum. Similarly for ¢the DBE case,
46.5 percent of the allowable was used. Therefore, a substantial
increase, 1.84 times for OBE coundition and 2.15 for the DBE condition,
would be acceptable. For the OBE case, a comrnarison of the original ARS
and the SSI-ARS indicates a slight increase in acceleration values for the
$SI curve. This increase is only for the Y-direction earthquake, which

does not contribuce heavily to the overall response of *he system.

For the DBE case, the comparison of the curves indicated an increase in

the X-, Y-, and 2-direction earthquake acceleration values. However, the

241 049
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BEAVER VALLEY POWER STATION, UNIT 1

stress margin [2.15] readily accommodates this increase. Problem No. 1

does not have any supports.

o B8 = 2244 3 = 15000
Problem No. 1 sLP - sDL 2 3 Sh 15
E i = 180
SLP + sDL - SOBET 10801 2 Sh 00
= 754 1.8 8 = 27000
sLP + SDL + SDBET 1375 3 h

The following ARS for the intake structure have not been peak s;read;
however, the problems (157, 158) using these curves have been reviewed and

the system fregquency is well beyond the spread peak.

A review of procedures used for the qualification of Seismic Category I
equipment and the potential effect of SSI-ARS indicates that the original
plant gualifications basis is conservative and that increased margins of
safety would generally result from the use of SSI-ARS. This conclusion is
co. firmed by comparison of the original plant ARS with SSI-ARS and by
review of procedures and seismic data used for the original equipment

qualification basis.

Procedures used for the qualification cf Seismic Category I equipment are
described in BVPS FSAR Section B.2.2. These procedures resulted in
qualification programs being implemented for balance-of-plant equipment.

Mechanical equipment was principally qualified by static analysis

21 08”0
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BEAVER VALLFY TUWER STATION, UNIT 1

techniques and instrumentation and electrical equipment by shake table

tests.

The original plant ARS was conservatively used for doth analytical and
test qualification programs. A review of the original plant ARS on a
building-by-building and elevaticn-by-elevation basis indicated that peak
resonant responses occurred below 10 Kz and that amplification of grecund
motion principally occurred below 20 Hz for structures housing Seismic
Category I equipment. For each building a "cutoff frequency'" was selected
(i.e.. 10 or 20 Hz) in order to identify seismic acceleration levels above
and below the cutoff frequency for calculational purpcses. The "g" level
identified below the cutoff frequency was a minimum of 1.3 times (Ref.
FSAR Quegsion 3.15) the peak ARS response. At the cutoff frequency the
rigid range g value was conservatively selected. Equipment having a
natural frequency below the cutoff £frequency was qualified ¢to an
equivalent static acceleration of 1.3 times the peak ARS response. When
equipment frequency characteristics were rigid (above the cutoff
frequency) the maximum 1rigid range g values were used. For tested
equipment, the maximum rigid range g levels were conservatively used for

qualification.

A comparison of the ARS used for the original plant design with the SSI-

ARS indicates that the original plant ARS are conservative based upon the

051
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BEAVER VALLEY POWER STATIOW&, UNIT 1

above seismic specification of static g values for qualification b; static
analysis and testing. Seismic Catego.’ I equipment was qualified on this

conservative basis.

Seismic qualification of Seismic Category I equipment may also be
established by the response spectrum modal analysis or seismic testing
(Test Response Spectra) techniques. For these cptions, the ARS used for
the original plant design provide the appropriate seismic definition for
qualification. In this regard it is noted that peaks of tha SSI-ARS are
significantly lower than the peaks of the original plant ARS. The SSI-ARS
peaks occur in the 2 to 5 Hz region for all structutes evaluated :nd there
is little amplification of maximum floor acceleration above 1O Hz. In
some isclated cases the SSI-ARS curves excreed the original plant ARS in
the low frequency region (below 5 Hz) distant from peak original ARS
responses., This *™reaching of ¢the original ARS would only potentially
affect equipment whose natural frequency is below 35 Hz. One <item, the
outside recirculating spray pumps, was found which exhibited natural
frequencies below 5 Hz. This component was qualified by dynamic analysis
using the original plant ARS. It was concluded to be seismically
qualified on the basis of a significant reductior of the primary modes
response. Seismic Category I equipment which exhibits natural frequencies

in excess 0of 5 Hz cannot be affected.
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BEAVER VALLEY PUWER STATION, UNIT 1

Based on this discussinn it is concluded ;hat the ARS used for original
plant design provide an acceptable basis for qualification of Seismic

Category I equipment.

Components loaded by piping systems are reviewed by analytical *echniques
described above. Each components nozzle is first reviewed to assure local
comporent integrity. Loads for all nozzles were combined with the
cumponent seismic rasponse to assure adequacy of component supports (near
term). All components required for near term have been qualified to their
revised loadings. Each component's seismic response was not revised ¢to
reflect . hanges due to SSI consideration. This is extremely conservative

.
and facilitated an expeditious review of nozzle load data.

Indicate which code or what criteria is used for the evaluation of local
stresses and whether anything different £from the asriginal analysis is

being done in this respect.

Local stresses are those induced at welded attachments to pipe, such as
lugs or trunnions. Criteria for local stress evaluation are established

through application of Velding Research Council Bulletin 107 (WRC-107).

3-8 Revision 1

~d



BEAVER VALLEY POWER STATION, UNIT 1

This method of a.alysis is consistent with the original analysis

performed.

Indicate whether eccentricities, e.g., valve centsr of gravities, are

accounted for in the piping analyses.

The eccentricity of the operators on «ll motor-operated and air-cperated

valres is included in the pipe stress analysis/review.

If interim operation is proposed, indicate how IZE Bulletin 79-02 will be
addressed pvior to startup for any support which contains base plates and
concrete expansion anchor bolts, which are not found to be completely

accaptable.

Duquesne Light Company has a program underway for inspecting base plate
and anchor bolts in the plant. Those supports which at this time are not
completely acceptable have heen included as priority items for this

inspection.
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BEAVER VALLEY POWER STATION, UNIT 1

The following are responses to questions raised in an NRC letter (Appendix ~=;

from Mr. N.G. Zisenhut te Mr. C.N, Dunn of Duquesna Light Company.

l. Indicate whether both OBE and DBE seismic stresses always include stresses
due to seismic anchor movemerts (if any) and show how they are combined;
e.8., sum of the absolv*2 values. Is anything being done differently now
than was done in the original SHOCK2 ana'ysis? Your answer should include

an explanation of the second paragraph of page B. 2-2 of the FSAR.

For the reanalysis efforc, the effects of the seismic anchor displacements
have been evaluated statically and zeparately from ¢the inertia effect.
Stat.c analysis is performed for each direction of relative displacement
and for each s arthquake, leading to a total of six evaluations. Internal
moments resulting from the three evaluations for each earthquake are
combined by SRSS on a component level and are then combined with the
inertia effects by absolute summation, also on a component level. 1I-~is
procedure differs from the SHOCK2 procedure in that the SHOCKZ program
utilized a single static analysis for each earthquake that incorporated

the anchor movements in each of three directions simultaneously with the

o041 055
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BEAVER VALLEY POWER STATION, UNIT 1

equivalent inertia ‘>recms resulting from the intramodal and then the

intermodal sumnatiow procedures of SHOCKZ.

Calculated stresses in Table 4-1 include the effact of ancho- displacement
combined with inertia effects with the resulting response then combined
and deadload and pressure stresses to form the total stress which is

compared to the allovable stress, as follows:

S., 8. +8 < 1.2 8
o a

- -
S0 % SpL * Spgpr < 1.8 5,
Problem No. 120 (River Water 3System) has been evaluated for the DBE case

as follows:

Sur * Sp * Spper = 148 8y
st the time the Beaver Valley 1 procedures were formulated, the B3l.l code
did nuc address seisaic design in the sense of providiny detailed rules
fir stress determination and load combinaticns. Further, the code did not
deal with Normal, Upset, Emergency, and Faulted ~~ ess limits. Since that
time, development of B33l.7 and ASME III have addressed these rules and
limits.

Y 5
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BEAVER VALLEY POWER STATION, UNIT 1

Current rules allow two significant departures from the original

techniques utilized on Beaver Valley Unit 1.

A, An option is provided for Upset Conditions whereby the anchor
displacement effect can be considered in equation 9 along with
deadweight, pressure, and seismic inertia effects or they may be
combined with thermal expansion ocffects and e-aluated under

equation 10.

B. For Emergency and Faulted Conditions, the codes require evaluation of
only the primary portion (inertia effect) of the seismic loadings and
do not require that the anchor displacement effect be considered,
since it is secondary in nature. Also allowed is a Faulted Stress
allowable of 2.4 Sh’ which was not stated in the Beaver Valley Unit 1

licensing documents; the equivalent value utilized was 1.8 Sh.
2. State how support stiffness is being accounted for in the current

reanalysis effort and whether anything different from the original

analysis is being done in this respect.

241
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BEAVER VALLEY POWER STATION, UNIT 1

Reanalysis efforts are utilizing twec programs, SHOCK3 and NUPIPE. If
SHOCK3 is utilized, supports and restraints are modeled in the manner of
SHOCK2 as rigid members, essentially allowing zero deflection in each
restrained direction. When NUPIPE is utilized, representative spring

stiffnesses are input in each restrained direction.

Consistent support stiffnesses are used for each problem.

Provide the acceptance criteria used in the design of the pipe supports,
including weld and bolt sizing criteria, and indicate any deviations from
criteria originally used (except criteria established in addressing I&E
Bulletin 79-02). Also, state ycur intenticn to comply, prior to facility
startup, with ISE Bulletin 79-02 for all cases where loading on a nipe
support increases as a result of the piping reanalysis and the support
reevaluation indicates <chat any part of the support is not within the

applicable acceptance critevia.

S |
1
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BEAVER VALLEY POWER STATION, UNIT 1

Acceptance criteria used in the design of pipe supports are shown in
Table 3-1. Allowable loads for drilled-in-concrete anchor bolts are shown
in Table 3-2. These criteria are being utilized for the reevaluaticn
effort except under the conditions of Section 2 which addresses interim

startup conditions.

Duquesne Light Company has a program underway that addresses the fo!llowing
items as a plan of action to comply with IE Bulletin 79-02 for those pipe
supports requiring modifications based upon pipe stress analysis described

in this report.

a. Where pipe support reanalysis results in new supports, the base
plates and anchor bolts shall be designed incorporating IE

Bulletin 79-02 criteria.

b. Where pipe support reanalysis results in modifications to existing
supports, the base plates and anchor bolts shall be eavaluated

incorporating IE Bulletin 79-02 criteria.

& Field inspections shall be performed on those existing base plates

being modified in order to ensure bolt integrity.

3-14 Revision 1




BEAVER VALLEY POWER STATION, UNIT 1

Discuss the impact the current piping stress reanalysis effort has on the
FSAR pipe break criteria. Indicate whether postulated pipe break
locations could or have change(d) as a result of the reanalyses and, if
so, what you propose to do in the event a break location previously not

designed for must be postulated.

The reanalysis performed to date to the licensed acceptance criteria
indicates that stress patterns have not changed significantly since
maximum stresses occur at points of stress intensification, such as elbows

and branch connections.

A detailed review of these problems indicates that the first five highest
stress points occur at points of stress intensification. They alsoc occur
in those areas where the lines are <fully restrained by pipe whip

restraints and therefore no additional restraints are required.

FSAR Section 5.2.6.3 states tliat break locations have been postulated for
only the main steam and feedwater inside containment and Appendix D of the
FSAR states that breaks need only be postulated in the main steam and

feedwater systems ocutside containment.

541 060
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BEAVER VALLEY POWER STATION, UNIT 1

following are responces to questions raised in a second NRC letter, dated

May 25, 1979 (Appendix G) also from Mr. D.G. Eisenhut to Mr. C.N. Dunn of

Duquesne Light Company.

All pipe runs analyzed with SHOCK2 must be identified.

Appendixes A and B3 identify problems originally analyzed with SHOCK2,
Appendix A lists those problems addressed for interim startup and

Appendix B lists those problems to be analyzed in the long term.

Request the following full size drawings:

RM-218

RM-27A, B
RM-29A, B, C, D
RM=-37A

RM-39A, B

M
i
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BEAVER VALLEY POWER STATION, UNIT 1

Full size drawings were provided to the NRC by S&W during the meeting at

S&W on June 5, 1979.

Reanalysis of the primary component cooling water heat exchanger discharge

piping.

Lines: 18"-WR-14-151 Q3
18"-WR-15-151 Q3
18"-WR-16~-151 Q3

30"-WR-17-151 Q3

Failure of any of these lines would result in flooding of redundant safety

related equipment.

These lines have been added to the problems for interim startup. Problem

No. 121 includes:

18"-WR-14~151-QJ

18"-WR~15-151-Q3

041 0
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BEAVER VALLEY POWER STATION, UNIT 1

15 - M=16~151-Q3

30"-WR-17-151-Q3

Problem No. 122 includes:

30"-WR-17-151-Q3

4. Reanalysis of the following lines located in the intake structure.

30"-WR-171-151-Q3
30"-WR-172-151-Q3
30"=-WR-175-151-Q3
18"-WR-154-151-23
12"-WR~177-151-Q3
10"=-SWW-14~151-Q3

10"-SWW-1-121%

Failure of any of these lines coul- result in possible flooding of safety
related pumps. The asterisked line, unlike the other lines, was not
considered safety-related during the plant design and was never
seismically analyzed. This line runs above and adjacent to River Water

Pump 1B and can only be isolated from the seismically designed piping by a

. L Revision 1



BEAVER VALLEY POWER STATION, UNIT 1

manually operated butterfly valve which is normally open during plant

operation.

These lines have been added to the problems for interim startup. Problem

No. 152 includes:

30"-WR-

30"-uR-

30"-WR-

Problem No.

18"-WR-

Problem No.

12"-WR~

171=15193

172-151-Q3

175-151-Q3

160, which overlaps problem No. 159, includes:

154-151-Q3

161 includes:

177=131-Q3

(&5 o
o
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BEAVER VALLEY POWER STATION, UNIT 1

Problem No, 165 includes:

10"=-SWW-14-151-Q3

10"=-SWW-1-121

The cooling water discharge lines from the emergency diesel generator
cooling system heat exchangers downstream of the normal open isclation
valves are not seismically qualified. These lines are located in the
diesel generator compartments and their failure could impact on the
operation of the emergency diesels. A seismic analysis should be

performed on these lines.

The cooling water discharge lines, which are less than é inches, were not
analyzed or SHOCK2 but were hand calculated and seismically supported

based on standard spacing between supports.

The discharge lines of the quench spray pumps have not been proposed for

reanalysis.

10"-Qs-3-153-Q3

10"-QS-4~153-Q3 C A3 B AL
-)‘+0 NS ~
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BEAVER VALLEY POWER STATION, UNIT 1

8"-Q8-22-133-Q3

8" -Qs-23-153-Q3

Justify that reanalysis of the above lines is not necessary.

The discharge lines of the quench spray pumps were seismically analyzed on
NUPIPE for the DBE plus water hammer lcads previous to the present
reanalysis effort; consequently, these lines were not included in this
reanalysis effort. The OBE case for which the SHOCKZ :sun is the

calculation of record will be rerun in the long term reanalysis.

The recirculation spray piping both inside and outside containment with
the exception of the lines listed below is not being reanalyzed. Justify

that reanalysis of the recirculation spray system is not necessary.

12"-RS§~5-133-Q3
12"-R$~-7-133-Q3

12"-RS-8-153-Q3

od1 066
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BEAVEx VALLEY POWER STATION, UNIT 1

The recirculation spray lines were seismically analyzed on NUPIPE previous
to the present reanalysis; consequently, these lines were no. cluded 4in
this reanalysis effort. The OBE case for which the SHOCKZ run is the

calculation of record will be rerun on the long term reanalysis.

8. Verify that the discharge lines from the control Yoom air condition
condensers, the charging pum, coolers, and line 6"-WR-53-151-Q3 have been
seismically analyzed by an acceptable method. These lines are part of the

river water system.

The discharge lines were not analyzed on SHOCK2, bu* were hand calculated

and seismicallr supported based on standard spacing between supports.

The following questions were raised during a telephone conversation among

Duquesne Light Company, Stone & Webster, and NRC personnel on June 28, 1979.
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BEAVER VALLEY POWER STATION, UNIT 1

It appears that Table B-2 contains some problems which should be addressed

in the short term.

The problems previously included in Table B-2 have been rereviewed in
depth and, as a result, the short-term effort has been revised to include

the following:

Problem 213
Problem 2113
Problem 616
Problem 651
Problem 652
Problem 653

Problem 301 (Comprised of Problems 308, 3007, 3008, 30.3 and 3014)

The following problems have been found %o be checks of the hand

calculations of .ecord and have been transferrad to Table B-2:

3-23 Revision 1




BEAVER VALLEY POWER STATION, UNIT 1

310 3021 3131
312 3031
3418 3035
655C 3043
840 3100
9635 3127

Proclem 139 was voided because the line was not r juired to be seismically

supported.

For those problems not include. in the interim scope, what is the

consequence of a failure?

The systems which are not included in the interim scope are (1) component
cooling water system outside containment, (2) fuel pool purification and

cooling system, and (3) quench and recirculation spray system.

The component c¢cooling water (CC) system outside containment has been

evaluated using the short-term criteria with the following results:

wN
P

o
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BEAVER VALLEY POWER STATION, UNIT 1

Problem 171, the supply to the CC heat exchangers has one support
(H-65) out of 15 which has a local overstress of & percent.
Problem 270, the discharge from the CC heat exchangers has one
support (H-56) out of 13 which has a local overstress in a lug of
78 percent. It is considered that, if a DBE were to occur, failure
of these two supports would not cause a system rupture or a resultant

loss of function.

The fuel pool cooling and purification system is presently isolated

since there is no srent fuel being stored.

The quench and recirculation spray systems have been completely
analyzed for DBE and water hammer loads using NUPIPE. The OBE case

will be run in the long term.

How have stress intensification factors been applied at branch connections

during the reanalysis?

Appropriate stress intensifications from B3l.l1 have been applied to the
run pipe at reduced outlet branch connections. Branches which are

uncoupled have been evaluated for the effects of the movements of the run

541 0/
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BEAVER VALLEY POWER STATION, UNIT 1

pipe using appropriate stress intensification., The thermal and seismic
displacements of the run pipe are applied at the branch with the stresses
being determined by the use of a flexibility nomograph. The stresses are

then compared to code allowables.

In the SSI Report, where do the building displacements come from? Which

data sets wera used and what are the bases for their selection?

The building acceleration and displacement profiles, illustrated in
Figures 4-11 and 4-12 of the Report on "Seil-Structure Interaction in the
Development of Amplified Response Spectra for Beaver Valley Power Station
Unit 1," are maxima from the time history responses at each mass point 1in
the structural dynamic model and are determined automatically by the
FRIDAY computer program. They are based on the FSAR earthquake, the
strain-compatible free-field soil properties from the final iteration of
the SHAKE computer program, and a structural damping ratio of 0.02. This
is consistent with the basis used for generation of Amplified Response
Spectra (ARS) and conservative with respect to soil properties associated
with broadened and 'bumped' ARS, referred to under Item 7, Section 9.5 of
the report. Displacements calculated on this basis are, therefore,

reasonable for use in the reevaluation of piping systems.

51y 971
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BEAVER VALLEY POWER STATION, UNIT 1

Provide a general statement relative to the sele.tion of an amplified
response spectrum at the highest support location versus the center of

gravity of the piping system.

Appendi: B2.l1 (page 32.2) of the FSAR states that Beaver Valley Unit 1
dynamic piping stress analysis is based on a response  spectra curve
closest to, but higher than, the center of gravity of the piping system.
However, the procedure that is being implemented on the reanaiysis effort,
that is; to use the amplified response spectra at the highest pipe support
elevation is always conservative, because the ARS at the highest support

location will always result in higher acceleration levels than at the

center of gravity.

For the reanalysis to date, only two problems have used ARS curves which
have been applied just above the center of gravity of the piping system.
These two problems are the pressurizer relief valve discharge lines (833)
and the pressurizer spray line (1200); both systems encompass a large
elevational change from termination to termination. In these two cases,
it has been deemed to be more reasonable to use an ARS curve close to the
center of gravity of the system, rather than at the highest support

location.

5&\ Q?zl
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 3-1 :

PIPE SUPPORT ACCEPTANCE CRITERIA

masd Tgns!’gn sngiv "g -7mn a”ﬁzxsag wglds
Maximum of.
DL + TH + OBET 0.8 Sy 0.513 Sy (web) Note (1) 0.3 Su
or 0.53 Sy

DL + TH + DBET

Note (1): Column buckling criteria are established by Euler equations and are

a function of (Kl) in accordance with Table 1-36, p 5-84 of AISC.
r
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 3-2
DRILLED-IN-CONCRETE ANCHOR BOLT ALLOWABLE LOADS
Red head self-drill type S, and type JS installed in 3,000 psi concrate;
see Attachment A, Tables I and II, respectively

For reductions in allowable loads due to closer spacing, see Attachment A,
Tables III and IV, respectively.

Star slugin compounded cinch anchor bolts and ring wedge cinch anchors;
see Attachment A, Tables V and VI, respectively.

Hilti or Phillips wedge type anchor bolts are as follows:

Allowable Loads

Bolt Tension Shear
/8" 950 1150
172V <185 2180
S,8" 2145 2845
3747 3525 3800
778" 4,00 4585
1y 5710 6780

The one-third increase does not apply to drilled-in-concrete anchor bolts.

Anchor bolt tension and shear interaction equation:

T \#, (s \#

—_

A < 1.
T, SA/‘O

Where T/T, and S/S, are the ratios of the actual over the allowable for
tension and shear, respectively.

>
—J
.’

apallh

"
_;‘)
~
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ATTACHMENT A
TABLES I & II

UNIT 1
TABLE 3-2 (Cont)
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 3-2 (Cont)

ATTACHMENT A
TABLES III & IV

PULLOUT CAPACITIES OF PHILLIPS RED HEAD CONCRETE ANCHORS AS
AFFECTED BY SPACING

In compliance with the request of the client, Doberne & Eigenson conducted a
series of tests to develop the information used in this report, The test
tacilities of the Smith-Emery Company, an Independent testing laboratory,
were used, .

The purpose of these tests was to determine the load holding characteristics
of Phillips anchors under various spacing arrangements.

Results

1. When the spacing between adjacent anchors reaches a distance equal to
severa! times the anchor diameter, there is no loss in capacity. The
following table shows the minimum center-to-center spacing that
could be used with each anchor without causing a loss in Individual

espasity. TARLETI
Anchor Bolt Size | 1/4" | s/16” | 378" | 1/2" | s/a” | 3/4" | 7/8"
Minimum Spneln‘ " - " | " " " " "
for 100% capacity : I’ 1/4 I ‘ I . | $ | . I ‘

2. When the center-to-center spacing, a& shown in the above table s
reduced, the capacity of the individual anchor decreases.

The following table shows center-to-center spacing corresponc'ng to
a 20% reduction in Individual anchor capacity,
"ﬂb\.&ﬁ
Anchor Bolt Slze | 1/4" | S/16" | 3/8" | 1/2" | s/8" | 3/4" | 7/8"

Minimum Spacing
for 80% Capacity

3-1/2" l 4"

2-1/2" '

1-1/2" |l-5ll" ! 2"

Dimensions of blocks used for tests were 8" x 8" x 16" with an average
compressive strength of 2650 psi.




BEAVER VALLEY POWER STATION, UNIT 1

ATTACHMENT A

TABLE 3-2 (Cont)

TABLES V & VI
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BEAVER VALLEY POWER STATION, UNIT 1

SECTION 4

PIPE STRESS RESULTS

A total of 120 pipe stress problems have been identified for reanalysis and
are being analyzed by Stone & Webster Engineering Corporation in Boston,

Massachusetts. .

The pipe stiess reanalysis consists of substituting the SHOCK3 or NUPIPE code
for the SHOCK2 cude. SHOCK3 is a current seismic code that calculates both
intramodal and intermodal seismic forces using a modified square root of the
sum of the squares (SRSS) technique and an SRSS technique, respectively,
rather than an algebraic summation. The NUPIPE Program utilizes modal

response combinations as follows:

Intermodal - SRSS for combination, grouping for modal combination

(where closely spaced modes are combined by absolute

sum).

Intramodal - SRSS for direction combination.

-
~J
o
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BEAVER VALLEY POWER STATION, UNIT 1

Field verified piping fabricator isometric drawings provide the basis for

program inputs for the pipe stress reanalysis.

Additionally, in some cases, piping is analyzed utilizing amplified response
spectra (ARS) that are developed using soil structure interaction techniques
(SSI-ARS). The resultant stresses and loads are used to evaluate piping,
supports, nozzles, and penetrations. These techniques are discussed in

Section 8.7.

Of the 120 SHOCK2 problems, 93 have been reanalyzed and are within allowable
stress values. Table 4-1 lists the problems including the peak stress values

for the SHOCK3 and NUPIPE pipe stress runs.

Stresses were computed by the SHOCK3 .r NUPIPE program using different mass
models and in some cases different ARS than the original calculations. More
importantly, the reanalyses were based on field-verified, as-built conditions
which in some cases differ significantly from the original design conditions.
For cthese reasons, the originally calculated stresses are not comparable to

the new stresses.

Table &4-2 summarizes the nozzles and penetrations evaluated under the
reanalysis program. Of a total of 87 nozzles on problems within the scope of

the interim etfort, 82 have been evaluated and found to be acceptable, and 35

- )

541 079
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BEAVER VALLEY POWER STATION, UNIT 1

are contained in problems for which the final pipe stress analysis is not

complete but are expected to be acceptable based on reanalysis.

The SHOCK2 stress problems contained in the interim effort include 50

penetrations, all of which have been evaluated and found to be acceptable.

During the period between the initial issue of this report and this revision,
30 additional problems have been rerun on NUPIPE using the SSI-ARS curve. All
of the above 30 problems have been reanalyzed and were found to be within

allowable stress limits.

541 080
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4~1

PIPE STRESS REEVALUATION SUMMARY

System Allowable Reanalysis
and Stress Maximum Reanalysis

Broblem No. SRl —Stress ~Jethod

Reactor

goolant

653A 12.547 2621 NUPIPE/SSI-ARS
18,820 8,189

6538 19,200 10,084 NUPIPE/SSI-ARS
28,800 10,575

653C 19,200 15,060 NUPIPE/SSI-ARS
28,800 17,244

833 ¢ 8 17.220719.200¢ > 12,420¢3) NUPIPE/SSI-ARS
25,830,28,200 17,300

1200 19,200 12,690 NUPIPE/SSI-ARS
28,800 16,424

1201 19,200 9,711 NUPIPE/SSI-ARS
28,800 10,442

Safety

injscsion

391A 19.080 15,428 SHOCK3/SSI-ARS
28,620 18,228

2112 22.500 20,754 SHOCK3
33,750 25,002

610 18,586 2,081 NUPIPE/SSI -ARS
27,878 2,38

6.3 21,180 9,802 NUPIPE/SSI-ARS ’
31,770 14,336

6l. 19.500-,20.28Q¢ ) 17,585 NUPIPE/SSI-ARS
29,25C730,400 16,065

15 17,340719,200¢ ") 7,214 SHOCK3/SSI-ARS
26,010,28,800 8,123

ey
H4 ]
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BEAVER VAILEY POWER STATION, UNIT 1

. TABLE 4-1 (Cont)

System Allowable Reanalysis
and Stress Maximum Reanalysis
Exoblem No, —i28d) —ShE8ss ~dethod
Residual
Heat
Removal
255A 17,940 5,075 NUPIPE/SSI-ARS
26,910 6,041
256 17,160 11,843 NUPIPE/SSI-ARS
25,740 15,063
14 17,940/19,200¢ 8,740 SHOCK3/SSI-ARS
26,910,28,800 12,376
3011 17,940 A1.636 NUPIPE
26,910 18,148
616 18,300 8,498 NUPIPE/SSI-ARS 1
27,450 11,500 l

‘ Component
Cooling

Haser

30; 18,000 6,295 NUPIPE/SSI~ARS l
27,000 10,271

203 18,000 6,906 NUPIPE/SSI-ARS
27,000 10,377

304 18,000 7,836 NUPIPE/SSI-ARS
27,000 11,108 ‘

305 18,000 5,835 NUPIPE/SSI-ARS |
27,000 8,330

306 18,000 6,246 NUPIPE/SSI-ARS
27,007 5,077

307 18,000 6,133 SHOCK3/SSI-ARS
27,000 7,780

AR 18,000 ¥ 58 NUPIPE/SSI-ARS |
27,000 7,370 '

wh
S . 3
R
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~
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System
and

Problem No,

181E¢™

170C*»»

17132

172

173D¢®?

174Dt

175’(]’

176A(l)

177¢3»

178¢- %

1798

183"’

184t

186A¢3?

270A™

BEAVER VALLEY POWER STATION, UNIT 1

Allowable
Stress

27,000

18,000
27,000

1£.200
27,030

48,000
27,000

18,000
27,000

48,000
27,000

]g an
27,000

18,000
27,000

TABLE 4~1 (Cont)

Reanalysis
Maximum
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Reanalysis

—JMethod

NUPIPE/SSI-ARS
NUPIPE/SSI-ARS
NUPIPE/SSI-ARS
NUPIPF/SSI-ARS
NUPIPE/SSI-ARS
NUPI"Z/SSI-ARS
NUPIPE/SSI-ARS
SHOCK3/SSI-ARS
JHOCK3/SSI~-ARS
NUPIPE/SSI-ARS
NUPIPE/SSI-ARS
~NUPIPE/SSI-ARS
NUPIPE/SSI-ARS

NUPIPE/SSI-ARS

NUPIPE/SSI-ARS

51

o

L

naA
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System
and

Broblem No,
218

217

930

931

River

Watex

30

31

32

33

148

384

157

138

BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4-1 (Cont)

Allowable Reanalysis

Stress Maximum Reanalysis
—tpsi) —Shress —2isthod _
18,000 A6.311 SHOCK3

27,000 26,731
18,000 15,7512 NUPIPE/SSI-ARS
27,000 23,924
18,000 13,731 NUPIPE/SSI-ARS
27,000 23,924
18,000 15,751 NUPIPE/SSI-ARS
27,000 23,924
18,000 14,740 NUPIPE/SSI-ARS
27,000 25,774
18,000 10,801 SHOCX3

27,000 23,759
18,000 4,830 NUPIPE/SSI-ARS
27,000 7,576
18,000 4,830 NUPIPE/SS.-ARS
27,000 7,576

48,000 22363 NUPIPE/SSI-ARS
27,000 8,390
18,000 5,169 NUPIPE/SSI-ARS
27,000 8,241
18,000 13,758 SHOCK3/SSI-ARS
27,000 16,349
18,000 £,136 SHOCK3'%w
27,000 8,512
18,000 1,884 NUPIPE/SSI-ARS
27,000 2,011
18,000 1.976 NUPIPE/SSI-ARS |
27,000 2,090 £ nac

J& e Jd
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4-1 {(Cont)

System Allowable Reanalysis
and Stress Maximum Reanalysis

Broblem No. -isl) —sbhress ~tdethod

159¢» 18,000 10,443 NUPIPE/SSI~ARS
27,000 3,277

128 18,000 10,760 NUPIPE/SSI~-ARS
27,000 12,562

127 18,000 13,384 NUPIPE/SSI-ARS
27,000 15,970

125 18,000 10,760 NUPIPE/SSI-ARS
27,000 12,562 ’

124 18,009 13,384 NUPIPE/SSI-ARS
27,000 15,970

123 18,000 10.861 NUPIPE/SSI-ARS
27,000 17,797

-
120 18,000 8,820 NUPIPE/SSI-ARS
‘ 27,000 €7y

126 18,000 13,384 NUPIPE/SSI-ARS
27,000 15,970

216 18,000 6,047 NUPIPE/SSI-ARS
27,000 3,989

203 18,000 2.6444 NUPIPE/SSI-ARS
27,000 4,189

2031 18,000 8,260 NUPIPE/SSI-ARS
27,000 9,699

152 18,000 4,950 NUPIPF/SSI-ARS
27,000 6,032

121 18,000 6,068 NUPIPE/SSI-ARS
27,000 8,354

122 18,000 8,038 NUPIPE/SSI-ARS
27,000 14,096

165 18,000 4,950 NUPIPE/SSI-ARS
27,000 6,032

541 086
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System
and

632

633

638

6590

10l

659

660

3063

Feed

204

783

784

785

261

BEAVER VALLEY POWER STATION, UNIT 1

Allowable
Stress

27,000
13,000
27,000
27,000

18,000
27,000

18,000
27,000

TABLE 4~-1 (Cont)

Reanalysis
Maximum

7 of 8

Reanalysis
—dethod
NUPIPL/SSI-ARS

NUPIPE/SSI-ARS

SHOCK3/SSI-ARS
SHOCKAISSI-ARS
SKOCK3

SHOCK3/SSI-ARS
SHOCK3/SSI~ARS

SHOCK3

SHOCK3
SHOCK3/SSI-ARS
SHOCK3/SSI-ARS
SHOCK3

SHOCK?/SSI-ARS

A NR7
J4 | Qi
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BEAVER VALLEY POWER STATION, UNIT 1

‘ TABLE 4-1 (Cont) .

System Allowable Reanalysis

and Stress Maximum Reanalysis
Broblem No,  _fosi) —Stress = _Method
Diesel
Generator
Exhaust
651 12,960 1.20] NUPIPE/SSI-ARS

19,440 1787

Notus: SSI-ARS = Amplified response spectra developed using soils
structure interaction techniques

Stresses shown are Qperational Basis Earthouake (OBE) Stresses
Design Basis Earthquake (DBE) Stresses

€1) TP304sTP316 allowables
t2) After modification

(3 yroblems are no longer within scope of short-term reanalysis effort. See

‘ Appendix B.

t%) problems 213 and 2113 include §__ + S

+ nd S + S + S
only. DL LF

Soser DL LP T DBEI

%) Being rerun with SSI-ARS.
ts») Problem 159 includes Problems 160 and 1l6l.

7> Evaluated for the DBE case only.

O
oo
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System/

BEAVER VALLEY POWER STATION, UNIT 1

NOZZLE AND PENETRATION SUMMARY

Total No.
of Nozzles/

TABLE

No.

-2

Acceptable
After Pipe
Stress Re-

No. Requiring
Further Re-

Bxoblem No, Penetrations —ADalysis =  __Apalvsis

Reactor
goolant

653A

6538

653C
633 ¢ 8
1200
1201

Safety
inisction

3914
2112
610
613
615
13

1011

670

8/0

870

4s0

170

0/0

070

0s0

1l of é

670

870

870

4s0

170

070

170

0/0

272

0s0

170

0s0

0s2

0s0Q

0s0

070

070

0s0

070

0s0

970

0s0

0s0

0s0

090

070

0s¢C

070

070

0s0

0/0

wn
T

Revision |

p—

—

X

{ -

~0



Total No. After Pipe No. Requiring
System/ of Nezzlos/ Stress Re- Furthor‘ko-
Quench Spray
211 0 170 0/s0
212 170 170 0s0
228 170 170 00
229 170 170 Gs0
Recirculation ’
L E—
612 272 272 0/0
Charging &
Volume
contxol
100 270 270 0/0
102 170 170 0s0
Residual Heat
Removal
253A 670 A70 0s0
256 0s0 0s0 0s0
14 170 170 0s0
3011 0s0 0s0 0/0
616 os1 o1 0s0
Component
Cooling
Hatexr
302 71 71 /0
303 /1 11 o0 H41

BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4-2 (Cont)

No. Acceptable

2 of 6
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4~2 (Cont)

No. Acceptable

Total No. After Pipe No. Requiring
System/ of Nozzles/ Stress Re- Further Re-
Broblem No. Pepnetrations —analysis —-Analysis
304 171 171 0s0
305 171 71 00
306 os1 or1 0s0
307 0s1 01 070
180E* " 270 270 0s0
181E* v 270 270 0s0
170Ct v 3/0 170 270
L70¢ 0 6/0 Sy R 0,0
73y 070 00 0s0
173D 0s0 0,0 0/0
174Dt 0s0 0s0 0s0
175841 0s0 0s0 070
176A¢ " 0/0 0s0 os0
177¢00 iz0 170 0s0
178C¢*? 170 170 0s0
§7esh 170 170 0s0
193¢ 1 370 3,0 0s0
1841 270 270 0s0
186A¢ " os0 0/0 070
270A¢ " 3/0 3/0 0/0
213 0z4 0z4 0s0
217 0z4 0s64 0s0

Sof 6 Revision 1




System/

BEAVER VALLEY POWER STATION, UNIT 1

Totzl No.
of Nozzles~/

TABLE 4-2 (Cont)

No. Acceptable
After Pipe
Stress Re-

No. Requiring
Further Re-

Problem No. Penetrations —apnalysis = _Apalysis

930
931
214

River
Hater

1l
30
31
32
33
140
384
157
138
159
128
127

125

ol
os1

os1

4s4

sl

izl

171

171

170

170

00

0s0

370

070

0s0

070

070

0/4

3/0

171

4 of 6

os1

Cs1

Qs1

474

1«1

171

izl

izl

170

/0

070

070

370

070

0/0

00

070

0z4

0s4

370

171

070
0/0

0s0

0/0
0s0
070
070
0/0
020
0/0
0/0
070
0/0
0/0
070
0/0
0/0
070
0/0
070 [ 4

-t
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4-2 (Cont)

No. Acceptable

Total No. After Pipe No. Requiring
System/ of Nozzless Stress Re- Further Re-~

Exoblem No. Penetrations —analysis —Analysis
203 370 3,0 0s0

203% 0s0 os0 0s0

152 00 0/0 070
121 3/9 00 00

122 00 0/0 0s0

165 070 0s0 0/0
632« 1s0 0s0 0s0
653t 170 070 0/0

Main

stean

658 171 171 0s0

6590 0.0 070 0s0

101 0s0 0s0 0s0

6359 171 71 0s0

660 ir1 171 0/0

3063 0/0 0s0 0s0
Feed-

watey

204 370 370 00

783 i1 171 0s0

784 171 171 0s0

785 171 171 0s0

261 0/s0 0s0 00

541 095
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 4-2 (Cont)

No. Acceptable

Total No. fter Pipe No. Requiring
System/ of Nozzles/ Stress Re- Further Re-

Exoblem No. Pepnetrations —danalysis ~ADalysis
Diesel
Generator
Exbauss
651 00 0/0 070
NOTES:

1) Not within the short term reanalysis effort.

t2) These problems recently added to the interim scope. Results
of the reanalysis are not available at this time.

6 of 6 Revision 1



BEAVER VALLEY POWER STATION, UNIT 1

SECTION 5

PIPE SUPPORT RESULTS

Table 5-1 summarizes the pipe supports evaluated in the reanalysis program.
There are 696 pipe supports on lines within the interim reanalysis effort; of
these, 508 have been evaluated and found acceptahle and 7 have been modified
to be acceptable. A support is considered acceptable if all the load
components are lower in magnitude than those for which the support was
originally designed. If some load components are greater than the original
design load components, the support is reanalyzed using the new loads. Of the
total 188 supports requiriig reanalysis, 68 have been found to be acceptable
based on DBEI+DL, 1l1 have not bheen accepted at this time. Of the 11l
unacceptable supports, 76 have not been evaluated at this time due to their
recent addition to the reanalysis effort. There is sufficient analytical
information available for the remaining 35 supports to exercise engineering
judgment in determining whether the wunacceptable condition will become

acceptable.

(5 The use of ASME III Section NF faulted allowable stress values for

structural members
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BEAVER VALLEY POWER STATION, UNIT 1

& The use of one time load for snubbers

5. P Use of DBEI plus dead load

If a support is unacceptable using any of the above approaches, a modification
is required. Table 5-2 identifies those supports where acceptance is based on
he future use of the op:ions listed above. Kardware modifications and

additions are discussed in Section 6.

With respect to item 3 above, acceptance criteria for pipe support design and
analysis are presented in Table 3-1 of this report. 4s a vasis for interim
startup of the Beaver Valley Unit 1l facility, supports which do not meet these
eriteria will be reevaluated using the alluwables of ASMF III, Subs;ction NF,
Appendix XVII and Appendix F for the design basis earthquake (DBE). The load
combinations and a summary of significant allowable stresses to which

evaluation will be made under these ASME criteria appear in Table 5-3.

Support designs which are not in accordance with either of these criteria will
be suitably modified against the acceptance design criteria of Table 3-1 prior

to interim plant operation.

Base plate design criteria and anchor bolt pullcut and shear allowable loads

are addressed in Section 3. The seismic support loadings which will be

O~

a4t 09
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utilized for tha NF evaluation will be the result of either SHOCK3 or NUPIPE

evaluations using SSI-ARS.

The pipe support reanalysis effort which took place between the original issue
and Revision | of this report includes accepting 97 supports; 68 based on
DBEI+DL and 29 based on long-tsrm criteria. Also, one additional modification

was necessary for the 14" RHl line off the reactor coolant loop.

541 397
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BEAVER VALLEY POWER STATION, UNIT 1|

TABLE 5-1

PIPE SUPPORTS SUMMARY

No. Presently

Total No. Acceptable No. Acceptable Modifications
System/ of Based on for Interim or Additiors
Exohlem No. Suoports _ Reanalysis = _ Operation —Regujired
Reactor Coolant
653A 2 2 0 0
653 16 12 0 ¢
653C 8 8 0 0
83318 15 15 0 1
1200 18 15 3 0
1201 19 19 0 0
Safety
iniection
391A 11 11 0 0
2112 8 8 0 0
610 2 2 0 0
613 5 5 0 0
615« 11 6 S 0
15 1 7 : o o
1011 19 16 3 0
301¢% 56 0 56 0
si31™ 1é 0 0 0
2113w 16 0 0 0
Quench Spray
e ; ’ ° 541 098
212 3 3 0 0
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Systen/

14
3011

616(!)

Component
Cooling Water

302

303

305
306

307

BEAVER VALLEY POWER STATION, UNIT 1

Total No.
of

0

0

15

11

23

33

30

11

10

0

0

15

10

10

10

No. Presently
Acceptable
Based on

, of

TABLE S-1 (Cont)

6

No. Acceptabl
for Interim

0

0

~

=

(

'

Modifications

or Additions

Broblem No, Sucports __Reanalysis = _ Operation —Reguired

~

~

P

0

0

i
L
~0
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BEAVER VALLEY POWER STATION, UNIT 1

No. Presently

Total No. Acceptable No. Acceptable Modifications
fystem/ of Based on for Interim or Additions
Eroblem No, Supports __Reanalysis = _ Operation —Reguized
180E¢ " 5 5 0 0
181E " S - 1 0
170Ct 17 16 l 0
171¢ 15 11 - 0
§72¢ 00 13 12 1 0
173p¢ vy 13 14 L - 0
174D M 20 16 - 0
1758¢ 1 6 5 l 0
176A¢ " 5 5 0 0

‘ 17760 9 9 0 0
178Ct " 14 10 - 0
179¢ 8 8 0 0
183¢ 2 9 8 1 0
184¢ " 14 11 3 ol
186A¢ " 6 3 3 0
270At " 10 6 < 0
218 8 6 2 0

217 10 10 0 1 |
930 3 3 0 0
931 2 2 0 0
214 b 5 0 o}

t NN

| UU

W
.
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System/

33
140
384
337
138
139809

128

203
2031

(%)

121

BEAVER VALLEY POWER STATION, UNIT 1

Total No.
of

supports

L)

r

L]

L]

L]

10

12

13

13

11

r

16

15

TABLE 5-1 (Cont)

No. Presently
Acceptable
Based on

~

~a

L

o

]

o
n

O

4 of 6

No. Acceptable

for Intexrim

Modifications
or Additions

—Reanalysis = __Ovceration —Required
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BEAVER VALLEY POWER STATION, UNIT 1

. TABLE 5-1 (Cont)

No. Presently

Total No. Acceptable No. Acceptable Modifications
System/ of Based on for Interim or Additions
Exoblem No. Sucoorts __Reanalysis = __Operation —Reauixed
22" 19 0 0 0
165"’ 1 0 0 0
152 8 7 1 0
652t 1 0 1 0
633¢%) 2 0 2 0
dain Steanm
658 6 6 0 0 |
6590 3 3 0 0
10l 4 4 0 0
"I’ 659 2 - 1 3 0
660 7 7 0 0 l
3063 0 0 0 0
Eeedvater
204 15 13 0 0
783 9 9 0 0
784 6 6 0 0 |
785 3 3 0 0
261 8 g _ 0 0
Diesel Cenerator Exhausg
6351t%2 2 0 0 0
NOTES:
. ¢1iSupports are no longer in scope for interim startup. See Appendix B.
A | iiz
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE S5-1 (Cont)

t2)Problem 615 contains modifications (NPSH) scheduled for installation during
the first refueling outage. Therefore, it will only be analyzed for
interim operation.

(3)'Problem 159 includes Problems 160 and 1l61.

tvr)problem recently added to scopz and result not available.

‘% Analyzed based on DBEI+DL only.

=
-
J
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 5-2

Problem Support
—e. . No. Qverstress Condition
SAFETY INJECTION SYSTIEM
615 A37 Pad to Run Pipe Weld Over-
stressed
R61 Frame Overstressed
HSS-211 Member Overstressed
HSS-212A Snubber Overloaded
HSS-2128 Snubber Overloaded
15 H2 Members/Base Plates/Bolt
Pullout
H8 Lug to Pipe Weld Overstress/
Bolt Pullout
H102A Snubber Overloaded
L
K102B Snubber Overloaded
1011 R13 Member Overstressed
R14 Member Overstressed
R16 Member Overstressed
RESIDUAL HEAT REMCVAL SYSIEM
255 H1l Member Overstress
Hl6 Member Overstress
H21 Member Overstress
H22 Member Overstress
3011 H1CA.4 Weld Overstressed/Bolt

Pullout

l of 3

ENGINEERING EVALUATION OF REMAINING SUPPORTS

Resolution

Will be
DBEI+DL
Will be
DBEI+DL
Will be
DBEI+DL
Will be
DBREI+DL
Will be
DBEI+DL

Will be
DBEI+DL
Will be
DBEI+DL
Will be
DBEI+DL
Will be
DBEI+DL

Will be
DBEI+DL
will be
DBEI+DL
Will be
DBEI+DL

Will be
DBEI+DL
Willi be
DBEI+DL
Wwill be
DBEI+DL
Will be
DBEI+DL

wWill be
SSI-ARS

Acceptable
Acceptable
Acceptable
Acceptable

Acceptable

Acceptable
Acceptable
Acceptable

Acceptable

Acceptable
Acceptable

Acceptable

Acceptable
Acceptable
Acceptable
Acceptable

Acceptable
Curve

Based on

Based on
Based on
Based on

Based on

Based on

Based on
Based

Based on

Based on

Based on

Based on

Based on

Based on
Based on

Based on

Using

A
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BEAVER VALLEY POWER STATION, UNIT 1
(o TABLE 5-2 (Cont)
. Problem Support

Eg A - v - B!!Ql‘l’lﬂn

COMPONENT COOLING WATER SYSIEY

304 R182 Bolt Pullout/Member Will be Acceptable Based on
Overstressed DBEI+DL
R10D.6 Local Stress Will be Acceptable Based on
DBEI+DL
305 R176 Bolt Pullout Will be Acceptable Based on
DBEI+DL
306 R264 Local Stress/Trunnion Will be Acceptable Based on |
Overstress DREI+DL s ) '
215 R201 Bolt Pullout Will be Acceptable Based on
DBEI+DL
R203 Member Overstressed Will be Acceptable Based on
DBEI+DL '

The following problems are 10t required for interim startup:

‘. 170,171,172,173,174.175,176,
. 177,178,179,180,181,183,184,

186 & 270. Refer to Appendix B.

R W re
127 H56 Member Overstressed Will be Acceptable Based
en DBEI+DL )
H63 Member Overstressed Will be Acceptab.e Based
on DBEI+DL
125 HS57 Bolt Pullout Will be Acceptable Based
on DBEI+DL
H4S Bolt Pullout Will be Acceptable Based
on DBEI+DL
p 124 H28A Weld Overstressed Will be Acceptable Based
£ . on DBEI+DL
- - P 4 "\.: I

C
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BEAVER VALLEY POWER STATION, UNIT 1

TABLE 5-2 (Cont)

Problem Support

Ho. No. Qverstress Condition Resolution
COMPONENT COOLING WATER SYSTEM
304 R182 Bolt Pullocut/Member Will be Acceptable Based on
Overstressed DBEI+DL
R10D.6 Local Stress Will be Acceptable Based on
DBEI+DL
305 R176 Bolt Pullout Will be Acceptable Based on
DBEI+DL
306 R264 Local Stress/Trunnion Will be Acceptable Based on '
Overstress DREI+DL ' ’
1S R201 Bolt Pullout Will be Acceptable Based on
DBEI+DL
R203 Member Overstressed Will be Acceptable Based on
DBEI+DL '

The following problems are not required for interim startup:
170,171,172,173,174,175,176,

177,178,179,180,181,183,184,
186 & 270. Refer to Appendix B.

RIVER WAT 3TE

127 HS6 Member Overstressed Will be Acceptable Based
on DBEI+DL ,
H63 Member Overstressed Will be Acceptable Based
cn DBEI+DL
125 HS7 Bolt Pullout Will be Acceptabla Based
on DBEI+DL
H&49 Bolt Pullcut Will be Acceptable Based
on DBEI+DL
124 H28A Weld Overstressed Will be Acceptable Based
on DBEI+DL o
~ P JD l
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b. \VER VALLEY POWER STATION, UNIT 1l

Following reanalysis of Problem No. 833, an additional snubber was designed
tnd will be installed to alleviate a pipe overstress occurring under upset

(OBE)> and faulted (DBE) conditions.

Similarly, an additional snu was designed and will be installed in Problem

No. 217 to alleviate a pipe overstress occurring under the same conditions.

Three supports 4in Problem No. 122 will be modified, one to make the as-built
condition agree with the original design, one to strengthen a marginal
original design, and one to alleviate an overstressed weld in the support

resulting from seismic uplift forces.

Sim.larly, £four supports in Prcblem No. 6538 will be modified, three to make

the as~built condition agree with the original design, and one to alleviate an

overstressed member in the support resulting from seismic forces.

6-2 Revision 1




BEAVER VALLEY POWER STATION, UNIT 1

SECTION 7

LONG TERM REANALYSIS PROGRAM

The long term reanalysis program will consist of preparing completely
documented calculational packages, utilizing the NUPIPE computer program with
amplified response spectra (ARS) based on soil-structure interaction (SSI),
for the problems identified in Appendixes A and B. 1In addition, the problems
associated with the quench and recirculation spray systems will be analyzed

for the cpurasing basis earthquake.

ANCHOR MOVEMENT CRITERIA

Pipe stress analysis for !:aver Valley Unit 1 was performed in accordance with
the ANSI B3l.l Power Piping Code - 1967. In formulating lcad combinations ¢to
meet paragraphs 102.3.3(a) and (d), seismic anchor displacement effects were
included with seismic inertia effects to form total seismic response <£for the

DBE case.

Inclusion of the DBE anchor displacerent effects in combination with the DBE
inertia effects is not a requirement of current codes, neither ANSI B3l.l o¢

ASME IIT NC or ND3600, since the displacement effect is secondary in nature.

541 108

‘v'v
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BEAVER VALLEY POWER STATION, UNIT 1

Under the long term piping analysis criteria established f£or Beaver
Valley Unit 1, anchor displacement effects need not be combined witl the
inertia effects of +the DBE event when evaluating primary stresses in the

eystem.
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BEAVER VALLEY POWER STATION, UNIT 1

7 Piping and supports in general are conservatively designed, even when
no dynamic seismic analysis is performed. Fossil-fualed power
plants, refineries, and process plants have survivad major
earthquakes in California, Alaska, Guatemala, and other locations
with little or no piping damage. This experience includes
earthquakes considerably larger than the DBE for Beaver Valley
Unit 1. The experience with piping performance in earthquakes is

revieved in detail in a report included here as Appendix H.

In additien to the conservatisms listed above, which are «~nherent in any
design of nuclear faciliti{es, there are additional conservatisms specific to
the Beaver Valley unit. These conservatisms are not theoretical concepts, but
indeed are real and existing margins of safety, To quantify these
conservatisms {s difficule, but this in no way negates the sound conservative
premise on which the reanalysis effort is bhased. These additional

conservatisms are discussed below.

8.1 STRESS LIMITS

The analyses and reanalyses of Seismic Category I piping systems are based
upon the conservative stress lirit of 1.88y under the limiting faulted or DBE

loading conditions. The present ASME Section III Code specifies the piping

stress limit to be Z.Ash under the Faulted DBZ Condition. Only the quench and

8-3
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BEAVER VALLEY POWER STATION, UNIT 1

recirculation spray systems were redesigned and reanalyzed in 1973 for the D2Z
condition including water hammer loads using 2.4Sp as an allowable. In July
1978, ¢the NURIG/CR-0261 report® used the limit moment theory to address the
Code rules, and it was established that gross plastic deformation may occur
when primary stress exceeds 1.5 to 2.0 times the yield stiength (Sy) cf piping
material, but for stresses below these values, functional capability was

maintained.

For Beaver Valley, Unit 1, the majority of carbon steel piping material is of
SA-106 Grade B steel. Using the lower limit of l.Ssy f£rom NUREG/CR-0261 and
representative properties of SA-106 Grade 3 steel, the added margin of
conservatism is the ratio tx.ssyzl.ash), which ranges from 1.4 at 6350°F ¢to

1.94 at 1CC°F.

The Beaver Valley Unit 1 pipe stress reanalysis calculations have included the
seismic stress cdue to anchor displacomont§ in the DBE condition. Inclusion of
the anchor movement stresses was not explicitly required by ANSI Code B33l.1,
used for the original design, and is not required by current 1979 codes, for
the faulted DBE condition. Addition of this stress component is a significant

conservatism for the long term reanalysis.

% E.C. Rodabaugh and S.E. Moore, "Evaluation of =he Plastic Characteristics of

Pipin, Products in Relation to Code Criteria," NUREG/CR-0261l, July 1978
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BEAVER VALLEY POWER STATION, UNIT 1

8.4 FIELD VERIFICATION OF AS-BUILT CONDITIONS

The documentation of as-built conditions for Beaver Valley Unit 1 began in
feptember 1974 and was completed pr.or to startup. The effort was manned by
Pipe Stress Analysis and Pipe Support Designers wao walked all Category I
piping systems to ensure compliance with the stress analysis summaries (MSKs).
All Category I piping was checked for piping configuration, pipe support
location, and pipe support type. The results of this effort were documented
and reported c¢a Southwest Fabricating iscmetric drawings which then became
part of the permanent plant record. These isometric drawings sugersede the RP
series drawings. Duquesne Light Co. perscnnel verified the accuracy of a
portion of these isometric drawings during March and April of 1979 subsequent

to the shutdown order.

8.5 ENGINEERING ASSURANCE

A comprehensive and extensive Engineering Assurance program has . an developed
and applied to the reanalysis activitles. A detailed project procedure was
developed :hat includes provisions for design control, documant control, and
interface controls. Each new projest procedure developed received a full

review and approval by the S&W Engineering Assurance (EA) staff.

LR B Y

5
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BEAVER VALLEY POWER STATION, UNIT 1

APPENDIX A

SYSTEMS AFFECTED FOR INTERIM STARIUP

The reanalysis for interim startup inclucdes those lines originally computer
analyzed with tle SHOCK2 code and which are necessary for safe shutdown. In
order to evaluate safety systam lines which have interconnecting ties with
ncnsafety system lines, the reanalysis was extended to include lines attached
to the safety systems, past the first automatic trip valve or the first
normally closed manual valve, to tha first piping anchor.

Problem FSAR
System Line Numbex ~No. = Eiz. No.

Reactor Coolant 29"-RC~-4-2501R-QL 633A -1
(RC) 27.3"=RC-6-2501R-Ql

31"-RC~-5-2501R-Ql

8"=-RC-29-2501R-Ql

8"=-RC~-27-2501R-Ql

31"-RC-8-2501R-Ql 633C 4-1
29"=-RC~-7-2501R~-Q1l

27.5"=RC-9-2501R-Ql

8"-RC-37-2501R-Ql

8"-RC-39-2301R~Q1L

14"-RC-86-23501R-Ql b=1,4~2

29"-RC~-1-2301R-Ql 6333 4-1
27.5"=RC-3-2501R-Ql

31"-RC-2-2501R-Ql

8"-RC-17-2501R-Ql

8"-RC~-19-2501R-Ql

12"-RC-111-602 833 & -2
6"-RC-100-602 8
6"-RC-101-602

6"-RC-102-602

6"-RC-108-602
6"-RC-104~1502-Q1
6"-RC-97-1302-Ql
6"-RC-98-1302-Ql
6"-RC-99-1302-Ql
3"-RC-105-1502-Ql
3"-RC-106-1502-Ql
3"=-RC-107-1502-Q1l

4"=-RC-71-1502-Ql 1200 4=1,4~2
4"-RC-72-13502-Ql

4"-RC~-71-1502-Q1 1201 4=1,4~2
4"=-RC~-72-1502-Q1
41 1172
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Safety Injection
(SI)

BEAVER VALLEY POWER STATION, UNIT 1

Lipe Number

6'"-SI-41-1353W-Q2
6"-SI-42-1353W-Q2
6"=-SI-40~-153W-Q2

12"-sI-110-602-Ql
12"-81-111-13502-Q2

6"-SI-40~133W-Q2
6'"-SI-44~-153W-Q2
8"-§I-2-133W-Q2

8"-§I-2-153W-Q3

8'~§I-2-153W-Q3

12"-81-3~133A-Q2
12"-§1-6-153A-Q2
12"-51-7-153A-Q2
12"-SI-8-133A-Q2
12*=-8I~13-133A-Q2

12"-SI-6~-1353A-Q2
12"-SsI-1-133W-Q2

10"=-SI-15-1502-Q!
10"=SI~16-153W=02
10"-SI1-17-153W-Q2
10"-SI-18-1502-Q1
10"=SI~26-153W-Q2
10"-S1-27-153W-Q2
10"-$I1-28-1502-Q1
6"-SI-32-1502-Ql
6"-SI-33-1502-Q1
6"-SI-34-1502-Ql
6"=-S1-40~153W-Q2
6"-ST-4b4-153W-Q2

12"-s1-121-13502-Ql

12"-sI-108-602-Q2

12""=-S§I~-1~-153W-Q3
8"-SI-2-153W-Q3

12"-81-101-1302-Ql

10"-RK=-23-13502-Q1
12"-81-120-602-Q2
10"-RH-16-602-Q2
6"-§I-30-1302-Q1

A-2

633C

102

2112

1011

610

613

6135

613

13

391A

14

30l

~
e

FSAR

9.1-1

6.3-2
6'1. 6.3-2

9.1-1
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BEAVER VALLEY POWER STATION, UNIT 1

Problem FSAR
Syssem Lipe Numbex _No. = Eiz. No.

§"-s1-29-1502-Ql
gr-sI-20-1502-Ql
§"-§1-19-1502-Ql
6"-51-32-1502-Ql
g"-51-33-1502-Ql
§""-§I-40-153W-Q2 2113
§"-SI-44=-153W-Q2 213

Quench Spray 12"-QS-2-153!-03 211 6.4-1
(Q%)

12"-Qs-1-1538-Q3 212 6.4-1
12"-0s-1-1538-Q3 228 6.4-1
12"-Qs-2-1538-Q3 229 6.4-1

Recirculation Spray 12"-RS-7-153A-Q2 612 6.4~1
(RS) 12"-RS-8-153A-Q2
12"-RS-5-153A-22

Charging and Volume 6"-CH-63-153U-02 100 9.1-1
Control 6"-CH-67-153W-Q2
(CH) g"-CH-15-153W-Q2

gr-CH-15-153w-Q2 102
§"-CH-68~153W-Q2

Residual Heat Pemoval 12"-RH-6-602-Q2 255A 9.3-1
(RK) 12"-RH-9-602-Q2

12"-RK~-12-602-Q2

10"=-RH-4-602-Q2

10"-RK~-5-602-Q2

10"-13-7-602-Q2

10"-RH-8-602~-Q2

10"-RH-10-602-Q2

10"-RK~-19-602-Q2

12"-RH-9-602-Q2 236 9.3-1
12"-RH-12-602-Q2

10"-RE-16-602-Q2

10"-RH-17-602-Q2

§"=RH-20-602-Q2

3"-RH¥-13-602-Q2

1Q"-RH-16-602-Q2 3011 3.

w
|
-

Ch
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Component Cooling

Line Numbex

14"-RH~-1-1502-Ql
14"-RH-2-602-Q2
14"-RH~18-602-Q2

10"-RH-26~-1502-Ql
10"-RH-23-1502-Q2
6"-RH-14-152-Q2

18"-CC-118-151-Q3
18"-CC-116~-151-Q3
18"-CC-114~151-Q3
18m"-CC~-130-151-Q3

8"-CC-255-151-Q3
8"-CC-256-151-Q3
8"-CCc-257-151-Q3
§"-CC-261-151-Q3
8"-CC-476-151-Q3

6"-CC-258-151-Q3
6"-CC-265-151-Q3
8"-CC-259-151-Q3
g"-CCc-260-151-Q3
g"-CC-517-151-Q3

6"-CC-519-151-Q3
24"-CC-125-151-Q3
18"-CC-489-151-Q2
18"-CC~-430-151-Q2
18"-CC-529-151-Q3
18"-CC-530-151-Q3
6"-CC-488-151-Q2
§"-CC~526-151-Q3
4"-CC-487-151-Q3
4"-cC-525-151-Q2
3I"-CC-486-151-Q3
3"-CC-523-151-Q2
2"-CC-485-151-Q2
2"-CC-524~-151-Q3
24"-CC-266-131-Q3
6"-CC-518-151-Q3

24"-CC-112-151-Q3
24"-CC-113-151-Q3

A=

BEAVER VALLEY POWER STATION, UNIT 1

Problenm
Na,

6533

653C

14

616

302

303

304

305

3C6

307

213

FSAR

4=1,9.3-1

9-6-3

9-“-6
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Chilled Vater
(CW)

River Water
(WR)

BEAVER VALLEY POWER STATION, UNIT 1

Lige Numbex
6"-CC-510-151-Q3
6"-CC-511-151-Q3
6"-CC-512-151-Q3
6"-CC-482-151-Q3
18"-CC-483-151-Q3
18"-CC-484-151-Q3
18"-CC-527-151-Q3
18"-CC-528-151-Q3
8"-CC-517-151-Q2

6"-CC-481-151-Q2
6"-CC-511-151-Q3

6"-CC-480-151-Q2
6"-CC-3510-151-Q3

8"-Cw-8-151

8"-Cw-9-151

6"-WR-117-151-Q3

14"-WR-64-151-Q2
l4"-WR-82-151-Q2
14"-WR-89-151-Q2
14"-WR-87-151-Q2
8"-WR-228-1..:-Q3
8"-WR-229-151-Q3
8"-WR-230-151

8"-WR-231-151

8"-WR-234-151-Q3
l4"-WR-63-151-Q2
l4"-WR-65-151-Q2

14"-WR-86-151-Q2
14"-WR-88-151-Q2

A-3

Problem

Ne,

214

930

931

214

203

39
31
32
33

140

214

-

9.4~3

9.4~4

9-“6

9.“-3

9.4-3

10.3-3

9.9-1A
9.9-1A
9.9-1A
9.9-1A

9.9-1.

9.4~3

9.9-1A
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BEAVER VALLEY POWER STATION, UNIT 1

Line Number

14"-WR-25-151-Q3
14"-WR-26-151-Q3
14"-WR-27-151-Q3
L4"-WR-28-1351-Q3
24"=-WR~-29-131-Q3

14"-WR-21-151-Q3
14"-WR-22-151-Q3
14"-WR-23-151-Q3
14"=-WR-24~-151-Q3
24"=-WR-19-151-Q3
24"-WR-20-151-Q3

24"=-WR-19-151-Q3
24"-WR-187-151-Q3

24"-WR-20-151-Q3
24"-WR-186-151-Q3

24"-WR-7-151-Q3
24"-WR-8-151-Q3
24"-WR-9~151-Q3
18"-WR-11-151-Q3
18"-WR-12-151-Q3
18"-WR-13-151-Q3

24"-WR-19-151-Q3
24"-WR~-20-151-Q3
264"-WR-99-151-Q3
24"=-WR-100-151-Q3

20"-WR-1-151-Q3
20"-WR-2-151-Q3
20"-WR-3-151-Q3
20"-WR-4~151-Q3
20"-WR-5-151-03
20"-WR-6-151-Q3
24"=-WR-99-151-Q3
24"=-WR-100-151-Q3
18"-WR-154-151-Q3
12"-WR-177-151-0Q3

8"-WR-227-151

30"-WR-171-151-Q3

A-6

123

126

157
138

159( 1

216

SL L

1

/

I

| ]

9.9-1A

9.9-1A
909-1A

9.9-1A

9.9-1A
9.9-1A
9.9-1A
9.9-1A,8

gog-lAIB

9.6-3,
9.9-1A

9.9-18

»
0
e

L
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Main Steam
(MS)

Line Number

30"-WR-172-151-Q3
30"-WR-175-151-Q3

10"=-SWW-14-151-Q3

10"=-SWW-1-121

18"-WR-14-151-Q3
18"-WR-15-131-Q3
18"-WR-16-151-Q3

30"-WR-17-131-Q3

6"-WR-155-151-Q3
§"-WR-214-151-Q3
6"-WR-215-151-Q3

3"-SDHV-1-601-Q2
3"-SDHV-2-601-Q2
3"-SDHV-3-601-Q2

4"-SDHV-4-601-Q2
32"-53?-36-60i-Q2
32"-SHP-57 6C1-Q2
32"-sHP-58-601-Q2

4"-SHP-19-601-Q2
4"-SKP-20-601-Q2
4"=-SHP-21-601-Q2
6"=-SAE-1-601
6'"-SAE-2-601
6"-SAE-3-601

32"-SHP-56-601-Q2
32"-SHP-~57-601-Q2
2"-SHP-58-601-Q2
32"=-SHP-22-601-Q2
32"-SHP-23-601-Q2
32"-SHP-24-601-Q2
10"-SsvD €01
10"=-SSVD=-4=-6C.
10"-ssvD-3-601
10"=-SSVD-4-601
10"=5SVD~-5-¢Cl
10"-SSVD-6-601
10"-ssYD-7-601
10"-ssVD-8-601

A-7

3EAVER VALLEY POWER STATION, UNIT 1

Problem

U [ -

163¢2?

121

122
384
652
653

101

638

639

660

6550

3063

—

O

FSAR
Eig. No.

9.9-13

9.9-1A

9.9-1A
9.9-138
RM-33A
RM=33A

10.3-1

10.3-1
10.3-1
10.3-1

10.3~-1

10.3-1
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BEAVER VALLEY POWER STATION, UNIT 1

Problenm FSAK
Systen Line Numbax ~No. = Eig. No.

10"-§5VD-9-601
10"-§SYD-10-601
10"=-§SVD-11-601
10"-§SVD-12-601
10"-§SVD-13-601
10"-§SVD-14-601
10"-$SVD-15-601

Main and Auxiliary 4"-WAPD-3-601-Q3 204 10.3-5
Feedwater (FW) 4"=WAPD-4-601-Q3

4"-WAPD-5-601-Q3

4"-WAPD-6-601-Q3

6"~-WAPD-1-601-Q3

6"-WAPD-2-601-Q3

16 '-WFPD-22-601-Q2 783 10.3-3
16"-WFPD-24-601-Q2 784 10.3-5
16"-WFPD-23-601-Q2 785 10.3-5

16"-WFPD-9-601-Q2 0261 10.3-3
16"-WFPD-13-601-Q2
L6"-WFPD~-17-601-Q2

6"-WD-23-151-Q3 203 10.3-3
6"-WD-24-151-Q3
6"=-WD-25~131-Q3
6"-WD-26-151-Q3
4"-WD-27-151-Q3
4"=-WD-41-151-Q3

8"-WD-22-151-Q3 2031 10.3-3
6"-WD-235-151-Q3
6"-WD-26-151-Q3

Diesel Generator 22"-0L-55-151-Q3 651 RM-53A
Exhaust (OL)

NOIZS:

¢1) Problems 160 and 16i are included within the scope of the reanalysis
effort for problem 159.

t3) pProblem 165 has been analyzed on' NUPIPE as part of the Beaver Valley
Unit 2 stress analysis effort.

These lines are identified on th» flow diagrams included in Appendix C.

A-8 v 4 | | 2N Revision 1
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BEAVER VALLEY POWER STATION, UNTT 1

In addition to the problems referenced above, a number ci cther computer
analyses were al<? performed for Beaver Valley =~ Unit 1, usin the SHOCK2
code. These ha.: been excluded from the scope of the reanalysis for interim
startup and are discussed in Appendix B.

A-9 ‘ Revision 1



BEAVER VALLEY POWER STATION, UNIT 1

APPENDIX B

PROBLEMS TO BE REANALYZED IN THE LONG TZIRM

The probl-ms described in Tables B-l, B3-2, and B3-3 are within the scope of the

long “.erm effort. These problems are identified on the flow diagrams included

in Appendix D.

The primary compon.nt cooling water (CC) system is used during normal
operation and cooldiwm to remove heat from various primary plant
components; however, safe shutdown of the reactor (i.e., hot standby) can
be achieved without dependence on the 7C system. By use of other systems
the plant can be maintained in this condition indefinitely while

restoration of the CC ‘ystem is being acconplished.

The responses to the FSAR questions listed in the references below discuss
in detail the effects of various CC system pipe breaks and their impacts
on the operation of the plant. These discussions deicnstrate the
capability of the plaunc to maintain a safe shutdown condition without the

availability of ¢the CC system. The response to FSAR Question 9.33

541 199

3-1 Revision 1




BEAVER VALLEY POWER STATION, UNIT 1

describes the method of repair and the expected repair times for cracks
and breaks of various severities. As mentioned in that response, the
worst case repair (the addition of a piece of pipe) can be made within

S days.

In summary, problems a.sociated with the CC system outside the containment
are included in the lcng-term reanalysis effort because the CC system is
not required either ¢t attain or maintain a safe shutdown condition.

Table B-l1 identifies the CC problems to be addressed in the long term.

References: FSAR Sectinn 9.4, -

FSAR Questions 9.2, 9.10, 9.11, 9.13, 9.33, 9.34, and 9.33.

Qsper Safety Systems

Table 3-2 identifies the SHOCKX2 problems that are within the scope of the
long-term reanalysis effort; these lines are not required for safe

shutdown.

Hand Casculations

Table B8-3 identifies SHOCX2 problems that are LOt within the scope of the

interim startup or long-term reanalysis effort; these SHOCK2 runs are only

.~
! /

8-2 ‘ "2 Dgevision 1
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BEAVER VALLEY P.WER STATION, UNIT 1l

check calculations of manual hand calculations. They are identified here

only to show the scope of the original SHOCXZ effort.

The following SHOCK2 runs have been supersecded by a problem presently

within the interim and long term reanalysis effort.

Superseded New Problem

SHOCK2 Run  __Numbexr

122a 122

312 840

657 785

916 217

1012 391

110 3418
6230 310

5. Seasmica/ly Suppoxted Non-0 Lines

Tke following lines are not safety related but have been seismically

supported as designated by an "E" in the line desiznation table.

3-3 Revision 1



BEAVER VALLEY POWER STATION, UNIT 1

2"=CV=-1~1354

2"~-SHPD-5-601
2"=-SHPD-6-601
2"=-SKPD-7-601
2"-SHPD-8-601
174-5§5-163-N9
174-58-173~N9

174-85-174~N9

i ~~ Revision 1



BEAVER VALLEY POWER STATION, UNIT 1

TABLE B-2
SAFETY SYSTEMS TO BE ANALYZED IN THE LONG TZIRM
Problam
systen Lins Numoer —0
Fuel Pcol Cooling 6"=-FC-4~152-Q3 104
& Purification System 6"-FC-5-152-Q3
(FC)
6"-FC-8-152-Q3 105E
6"=-FC-9~152-Q3
10"-FC~-1~-152-Q3 1983
6"-FC-2-152-Q3
6"-FC-31-152-Q3
4"-FC-10~-152 .07
4"=-FC-11-152
6"=FC~14~152
6"-FC~-17-152
6"-rC-32-1352
Quench Spray 10"-QS-4~1538-Q3 6lé
(QS)
10"-Qs-3-1538-Q3 617
4"-QS-6~1538-Q3 210
10"-QS~-4~1538-Q3
4"=-QS$~5-1538-Q3 218
10"-Q5~-3-1538-Q3
Recirculation Spray 4"-RS~-14~1538-Q2 611
(RS) 10"-RS-10-1533-Q2
4"-RS~-15-1538-Q2
River Water 30"-WR-175-151-Q3 153
(WR)
541

L ofl

O

FSAR
Eig. No.

9.5-1

9.3-1

9.5-1

6.4-1

6.4~1

60"’1

60“-1

60"1

9.9-18

Rovisién 1



BEAVER VALLEY POWER STATION, UNIT 1

HAND CALCULATIONS CHECKED BY SHOCK2

Systen

High Pressurs Steam
(SKP)

Steam Generator Auxiliary
Feedwater Pump Discharge
(WAPD)

Generator Water Blowdown
(WGLR)

Fuel Pool Cooling and
Purification System
(FC)

Charging and Volume
Control System (CH)

TABLE B-3

Line Numbex

I"-SHP-26-601-Q2
3"-SsHP-31-601-Q2

3"-WAPD-13-601-Q3
3"-WAPD-11-601-Q3

3"-WGCB-8-601-Q2
3"-WGCB-12-601-Q2

3"=-WGCB~4-601-Q2
3"-WGCB-4~601-Q2
6"-FC-12-152-Q2
6"-FC~-17-152-Q2

3"-CH-125-1503-Q2

2"-CH-97-1502-Ql
2"-CH-141-1503-Ql

2"=-CH-100~1502-Q2
2"-CH-186-1352-Q2

2"-CH-1-1502-Ql
2"=-CH-96-1502-Ql
2"=-CH-23-13502-Ql
2"-CH-143-1502-Q1
2"-CH-149-1502-Q1
2"-CH-145-602-Ql

2"-CH-2-602-Ql
2"=-CH-3-602-Ql

1l of &

Problem
- P

3043

207
208
309,
3017,
6220,
3002,
3018,
6216
310
3100
301
653C
911,
260,
3001
200
220
230

240

230

300
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BEAVER VALLEY POWER STATION, UNIT 1

Safety Injection (SI)

TABLE 3-3 (Cont)

Line Number

2"-CH-4-602-Ql1
2"-CH-1646-152-Q3

3/4"-CH-115-1302-Q2

2"-CH-2-602-Q2
2"-CH-148-602-Q2
3"=CH-106-133W-Q2
3"=-CH-107-153W-Q2
3"-CH~-108-133W-Q2

3"-CH-110-153W-Q2
3"-CH-111-153W-Q2
3"-CH-114-152W-Q2

4"-CH-14-153W-Q2

3"-CH-6-153W-Q2
3"-CH-226-153W-Q2

3"-CH-13-153w-Q2

4"-CH-72-1503-Q2
4"-CH-76-1503-Q2
3"-CH-71-1503-Q2
3"-CH-75-1503-Q2
3"-CH-80-1503-Q2

3"-CH-69-1503-Q2
3"=-CH-70-1503-Q2
3"=CH-73-1503-Q2
3"-CH-74~-1503-Q2
4"=-CH-72-1503-Q2
4"-CH-76-1503-Q2

3"-CH-126-1502-QL

3"-§1-81-1503-Q12Q2

3n-§1-140-1503-Ql

2 of &

Problem
"

280
702
703
901,
3135
3135
706,
3135
704,
3087
3129,
3046
3057

3122

3125

3131

3031

3035

900,
3004

902,
3006 1A
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BEAVER VALLEY POWER STATION, UNIT 1l

Residual Heat Removal
System (RH)

Reactor Coolant (RC)

Component Cooling (CCJ

TABLE B-3 (Cont)

Lins Number

6'"=-§1-34-13502-Ql
6"-SI-74-1502-Q1

3"-81-60-1503-Q2
3"~§I-57-1503-Q1l2Q2

3"-$I-120-13503-QleQ2

3"-§1-134-1503-Q2
3"-§I-81-1503-Q2
3"-8§I-56-1503-Q3
3"-£1-60-1503-Q3
3"-$1-133-1303-Q3
4"-§I1-75-1503-Q3
3"=51-134-1503-Q1

3"-§1-31-153W-Q2
3"=-SI~145-133W-Q2

J"=41~35-132-Q3
6"=-RH-14-1352-Q2
3"-RC-13-1502-Q1
3"-RC-23-1302-Ql
3"-RC-33-1302-Ql
3"=-RC-160-153W-Q2
2"=RC-54~1502-Ql
3"=-RC-160-1353W
4"-RC~-112-132-Q3
3"=-RC~160-1353W
3"-RC~-160-133w-Q2
6"-CC-312-1351-Q3

W"=-CC-487-151-Q2

3 of 4

Problem

-
3006

3124

900

313,
902

922
3120

3052

3127

963

3012

€330

220
917
360
917
3ozl
314

918, .
J4 !
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BEAVER VALLEY POWER STATION, UNIT 1

Diesel Generator 0Oil Line
(OL)

Primary Grade Water
(PG)

Quench Spray
(03)

Neutron Shield Tank
Cooling (NSL)

TABLE B-3 (Cont)

Line Number

4"-CC-525-151-Q3
3"-CC-235-151-Q3
3"-CC-466~-151-Q2
3"-CC-523-151-Q3

3"-0L-46-151-Q3

=PpG=3=132

2"-Q8-29-132

6"-QS-30-1538-Q3

6"-Qs-31-1538-Q3

6"-QS-16-152
4"-Qs-8-~152

6"-NSL-2-132-Q3

4 of 4

Problem

921

630

917

315X

840

139

3418

24 ]

12
| JU
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BEAVER VALLEY POWER STATION, UNIT 1

. LIST OF FIGURES

Iigurs Iisle
4~1 Main Coolant System Sh. 1
4=2 Main Coolant System Sh. 2

6.3-1 Safety Injection System Sh. 1
6.3-2 Safety Injection System Sh. 2
6.4~1 Containment Depressurization System
9.1-1 Charging and Volume Control System Sh. 1l
9.3~1 Residual Heat Removal System
9.4-3 Component Cooling Water System Sh. 3
9.4-4 Component Cocling Water System Sh. &
9.9-1A River Water System

‘ 9.9-13 Intake Structure
10.3-1 Main Steam System
10,3-5 Feedwater System

RM-53A Emergency Diesel Generator Fuel and Air System

c-1 Revision 1



_— ETSCT)
Tae - o b
W4 L L N e LT L E )
. 58401303 --a;ﬂ 58 -8 9TV L e P Pr————
- <y wevae
- ,
P l g P ;
: o Pese y S —— ”
e B 1900080 sma— [ . P N, o' 120803 Gy % S8 3/4°- 5058 908
= pes : ll
Cfe 1903 3 [

wov

smrrs | -

B N Y-8V G.

f9i-9a- 3030y

LR
.
(Mm-418) FSi-138 1509 @i
(R4l ¢ %1 %2 A0ra =
=
Sk "o
b i
- LS T B
Rea-48) o 133 S0
& »
- L
LR —] —
Fromium | 2
-, 4 ¥ 80C o —
(e8] o % soza ¥ ! 1 it e S e
oS’
i | we _."t‘f’
v

ey




AMENDMENT 18

NOVEMBER 1972
e e » i~ :
WS A ATy A s wa oy S Agsant-Simdy I . w‘\‘ " s W
R il e PSS Yo L
( “ bweeio e AR ! —
. 2 T,
B |

i |

Bd o

L] €
s, . S T rf,,‘ S s

)
> oy v e 719039y 4719080 frie
3 P
a1
coag iR
et e < e e} R (4
— 99013039y § O 03| Ci-me Eacen -:.)
¢ {-' L 79190190 0y 4
= &\ OMer it ey romz-ae-0y LU
" ey W) e o e, a
f o ’ % tree
ac pi"- 1 84-1903-Qy Ny 9159w 0y 4
4~ . »
= \ 0-30- % LG,
‘—"\ Ty
T 4e8-0303 oy

prERRA—— SOADN wJECTION
AM-ISAC  ECINCULATION PuMPY

£5 56 MV gy o LTS N
s Bavm A8 A0NG, >

"o 3°%: 133408 33

! - W T

NTES
A FETER TO wEST MGea) SF MERS FRINTS FOR ALL (NET
Comens
B QEDUNDANT WEAT CRACING BEQUIMED Fon FarrlE
PRUTICTION O SORTION JuUTSIDE BumL W

LOCATE COMUECTION CLOSE T vAVAS Jiagyr ¢ (YREYE

3 a3 siw 3y

W R
" %s8 - L ar)
Fuann ¥7 Taiae swan

D LOCATE CONMILTEm CLO SR T TAur
A S-RABTANSS : vALYE By 3L 993 GAGGED DURIWL (NTiAL “YDRATEST
- ' . a (NI iAL
~»:v'\';‘:a i ’:: f t RESEY FOR YO0 P5iQ FOm NGRun PLANT OPERAT AN
‘ - O G SADNTRC BROMAR TWAT SO AL ED T TOR OF WY B
— « T
oty -
¢ WOCATE TAPS T T APANTY
EOALL WATELMELTS AR B SO Sy e
-
$ LV GAREED B ASTHR S ARE SUSTLED WY
TR gy L PMELT LW S S w PRt Ry
ATE CHECr vALYE AND CONNECLTION <iLO%E
wCE PPine
@ LEWETH OF 6° ®Bing NOT Tg TRCEEQ SQUTVAL -"
ENGTH OF 227
B OTHE 87 COMMOM HESDER 0 LDING PENETRANGY
f 10«8 "3\4.(. ie0 L2 m' Ea a1 Ay
EQuUILE T &P ur Ly g € 24 &7 ]
1 "‘Il.‘\-l- MBI DTN MVCE BN AT
pag s n- TEIT o oh A POSTION 5 TERLL l
|
’ .:"t"mtwl Jw TAS STl T ,
LINE £ T TL M AS TAOMT A SOSI L F |
“"linllx““"ﬂ"l“ Hs- ‘
SLTERENc o8hwe
I BORON RESIVENT 3V8TEw aucea |
L oslf 'L Daaogal -t A pos
& ¢ ) Tamdis WYiTEw ey
, - ' e A& VANT (DR A N LTI %
N -' -vun_d* B COMTANSEN" TEPRT CPRAY STST M Am PIA
1: - ) a e ‘lln('ﬁ LoeLANT sa 2 |
= . T 04 kL wRAT U T IA
b4 ” 5 - ’
bress 3 oy . . . Seuwh fonTEIL SYTEM LR LTS
" 2 { ' ".", SR A Am-ard
A | . G ACHEDULE OF MOinG P01 RAT On Ay - A
. &v S - LVENT § ORA M ETATAM w2 o~ - sae
- siwa,’ ndd , e
J‘" - = e I3 3
T s
SATER | . 3 » .\ gt ON
- | | N £ b & =
- L g X
AL A . Suam
L T pg—— “ “"’u.“‘
¥ Tee
v i
" . b
- L)+
s - — TPOOR AR (TN WL INTEN
‘ 3 -
/ oy s .
KA i
. )& 1 3D
FIG 6 3-4 B -
{(PM -4i4)
v <ol . o~ - - . "
Ko SAFETY INJECTION SYSTEM-SH | |
g - .»\ o ~ '
- : ¢/ BEAVER VALLEY POWER STATION |
EPRE Ll FINAL SAFETY ANALYSI3 FCPOART |
' N . -
™
e |

REVISION 1




Cocged L C 00N

¢ S1-B) 1L i rap

» - ! A

i - peases bl SN, —

- g8 3y sore

I &8s iScr-a

€ v IS8 wisint 1
e Far o ) o | |
trvr - £ . &0
I ~{L 902 -
e <
- [
s "l.(-'t =
\ - e @02 Oy 51 #53a
LOOF t COAD LT ‘ : A2 381 9
e ————
ene i M L ant T
. ik OW 1) .
e 38A QW 2% s ! P 3190 o g ] T
pr { R T 1
Y22 e L4 e 9 a2 LI i 10 E ms S
Nime ¥ o Lo i g’
s TATLYY nUECT 0% el ’ MOV
ULAYSS I P T

Frez No.
/4

w40 607 0,

.~ — . -
CLEOE == LNy
LR
. wov L fsioreee,)
—
{ Nie 8551
- A
1 A a4 S1 2% Mo,
it
-
a8 v sor
J »
' ..
Rv N | -~
e N e N 'w ’ -~ e n - LR faw LR ran L “h s ’ ~ e one -~ -
as Poe y : e e ' . s e Ye . ' o
) C8Y L " t: an . "y 3 Ve s . » e o ’ .
e ‘N . e " " . "o e " ran . " st " » o
. » . .. s . * ter ey L AR " . .e . .




AMENDMENT

42y
e T At Ln , v A REALTOs
LTI B Sy o P perort T
sy 92 RS 3 NEEE s PN
i : T —
. . b
S s |
£ " Yol e ¥ Ee PR . o, § - —
i .seita g -
- — - -~
[ iThe Pl s , Yise e """i vy S aih)
_—’ m——
e AAnt men
LR ) X LA N
o & .
z ' B s
s,
@ M G L
-! §orsw 8 t el
L—( p—J ‘
1168 t0da L Nl e Y- F8Ie a0
x 8 31 180 4°) @
e T
Fe .
Fo
wTss
trem
&3 32
- 3 -
o ———. -
) 3 ~i gi\—J—f
m a "
e

- S8
“ee

r
AT -

5 AR oGl @ R T (e A
|
S
A0y
f T 4 sa? .
; ~ o T
EEDNTIET by o W Y Mwaia
el
00 19744 g
iR S =l
T e
-
: 3 JOTE
| - w A% T s ] | SRS
i o age-s - F R B 2 “..t'.(f?&; NOTES A
B — i L : 8o kg TELRENLD Omawmwes Sff
"4 . - ¢ sl sTTashl ’ VAN QA Ote=. W O L
- i Tee -
i b ot s e i 3 oo
’ W
o & Y 9513020 A l"‘,‘ X a2
& 1
A -
v T L | 2 L] a
e - i
Ee e = o
— L SC
e -

Tttt T

S o nan)

- — -
b fi s A e "n-’
. son iwa
e sin ‘e
“an L
i e en
LA DR outth S

e ————— '——J___J
AEACTOR LONTAINMENT
Sumy

A ' 7

1 35
FiG.6.3-2
(RAa'-418)
SAFETY INJECTION SYSTEM-SH.2
CFAVE® VALLEY POWER STATION )

Fit A, SAFETY ANALYSIS PEPCOKR™

REVISION 1



— A

\ " aoa
™~

|rio-Les
. 4
ool {¥ese ot ," - LT
O Rm- 8 e L
O O J
G- Wm0 S0 Og
o L——- R -
9 » o 1.‘.0
§ WLIOUML wEAT REMOvAL L PCaaneins
|
: Ro8 2.
f oA Pos8 256
oV e 4
| -~ %
T T T i
e W ) | M
i-ﬁ Lparesy ;n'.. :
- P




AMENDMENT 7
3.29 "

-

Fros ﬁ

255A

r_________ 8- 3 852 O LS T ——

> —
e OUTS08 meACTOR

P N T o
- PR— j
1 . - e

ve'. ree T Re-5-02 O,

——_p———— e

EMPORART ATRAMER LBED DURME T T usene
AND WUST BI MFMOVED BEFORE RLANT  STAR T

I

Fig. 93-1

(RM-38A)

RESIDUAL HEAT REMOVAL SYSTEM
BEAVER VALLEY POWER STATION
FINAL SAFETY ANALYSIS REPORT

—

!

REVISION 1




SN N
4 )
E

£

-

€

%

&

E ]
[ 3

.

-,
P ol

E..-
e |

541

.b. .? Lie I &

“ A o

o a9 -3e iy

v‘w.

L et )
Te A
MECARE 00 - -4
£ Ta- M
WA -
EE-T 3

f-nf-.
e I r_y WAL 68 Gy
:11_

Tham s

MOAN el ey
£f 'k 3 ‘1‘

et
e -

Ve A% Ba- B
£F TR 3 = -

AN 0 -
A 08 e
s
DETAIL A

’ l

oo e @

,' AL &5 Si o

A ARE A e

LT T T

B T

et
&
¢
3
$
E
ey
PO Ak
START NG UMITS

W num

| s s @

HRASE RSNy BT ARC§R gy "1

AR STAHTING UNIT FOR
DIESEL GENERATOS SET
EE-EG~ 1

T oA 8 G

T
EagL LisEtaToR

UL O AT
Thn-

DEVEL SENERATOR FuEL
DL TRANSY ER Pusmrs

et auuu‘: 1
L
- il
m

LAO00 W

S—
Cvlifow

[ ReVisione

UPDATED as
Tt

X




Cones wom
v " S '] ., = ) '
awr, wn s T
/ N\ rad ii* . Rt =IO M gl A ’!
enp, {— P ‘ x .
M ] -—10——-—[!-—-&—.‘___‘ ASC - or e ,_,j ‘-“_"::' f 2 auil
& = J - .
s - T . " e -
. ! W
wESms | tmnas. o2
L cemencisca e e
* ay Sy
AT TR
S ik | B -
( ‘ PR AL Y e . 3 s A )
B 3
2 ®
4 ¥
WY ASC TR r oy %7 B3 8 -
r—' L3 3 S
STARYw .t pur
L L - B8C 82 vt iigy
-y ] g
§iioy | | ‘Tﬂiia
1 ..
dvou-soon) § ok ¢ 2
.n:..':: 2 1 skt S5TAT NG A e
¢;, 4 ren conn®. — e
e oam 0. @i 5 T v Bey — —
€ Th o4 A pedy Is ‘ascowees g ascao-mie, 5
U PUPS S 1 .
‘ 0 TR “a wm eoe @
AR CF. 98y - WA N em
&:‘: = LA AR STARTING UNIT FOR
: £ S e DESEL GENERATOW SET
™ fooe £ -5G-
DETAIL B Y e
]
QIL _SYSTEM
e asay F3 =T ;2 IR 1Y
veRrLow .01 43 W1y e !
iy [ YRS 608 C(TYY)
} 2
e |~ %5 400-¢
/ “,.; .j (rve) Foc-39-9r0 ;1)
ey -
- ~ . ——— — - - ———— —— — — — ‘.
o1 &3 #u ll»l—:-l
| tEwis - DIESEL Ak Exmay T és2
“ ¥wseea _ I oveeriow % a1 o8
o 290061 Gy —4.
-~ wr— I . \‘r; : s e . ;
b e v—‘. ' g lin r;!‘_/
: -~ ¢® ~'AL B L g (06 comwr sy 20 l] e
P L] ,::o.:n - o feon eoby” l'::f".... -t
) 3 ?-n. L} Qe ?A
- 13“ - g
}r.- —— c| eenwia ] 5 ae e S
1 E — l — vINY LOREEER 7O Bew- 41 FOR AL uunmw";aucﬁnus'-
Fou vomeg, | ves conyd L (e - L8 SUPRLAD wITW EGUS N . ’
llnﬂq L W - » — 0L 098G, TOADD RS 0 ML WENTS | RS vy
—
>
¥o
s 1 N N~ i Y
N0 e OTED | W e e | r \
lus?uu " _J.- :a.um-:-“. L :'nm = j A ! ! ? ';
s106a 90 6A LB b
Fa 1My e — — — [AS'nu“J
>e o rea s 2 BRANET /|
"o LML Gm AR SRT -
¥
"- G w0k 2V
.
- L ¢
T TR 6 T DR . g f
] D D T Gk T T, { a1
e = S © W e e ————. w— - 113 F
D & W R —— e ——
— R i b T o BT i
AL o s Ik{ : P M REVIMOWL o E N - Ay :
. itV AN S L g 24 7, s v . ‘_’)'ER,.NCY.‘:S&GENHELA.')MR{L
s 4 BE 4 £~ VALLEY POWER STATION UNIT MO
i 1= —{AAINo. B700R © -
‘sqw DWG NO. NN700Ri - - -




6.4-1
9.4-1
9.4-2
9.35-1

9.9-1%

BEAVER VALLEY POWER STATION, UNIT 1
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BEAVER VALLEY POWER STATION, UNIT 1

plant are subject o regulatory GLody approval, so thi: combination of
requirements gover ,d seismic design of B31.1 piping on nuclear plants.

As discussad previously, in all except the very ear.y plants, a seismic ground
motion in the form of ground spectra and dppropriate acceleration levels would
be specified. This motion would be applied to the buildings and
amplifications of the ground motion at varicus levels throughout the buildings
would be computed in the form of floor response spectra. It is the latter
that were used as design bases for nuclear piping.

The qualification of large piping systems of safety class categories is nearly
alvays done by means of 4 computer analysis. A dynamic analytical model of
the piping system is derived in which the mass of the system is concentrated
at a finite number of mass points and the flexibility of the system is
representid by springs conne~ting the masses. System damping is included as
viscous damping, normally with highly couservative numerical values of 0.5 or
l percent of eritical .:.ping. The completed model is then analyzed for the
appropriate seismic spectral motion on the computer.

Usually, one amplified f£loor response spectrum is wused as an input
acceleration at every point of support or connection to the building. This
simplification can be an important conservatism especially for piping systems
traversing different vertical levels or differ _ buildings. The model of the
Ppiping system is passe” through the computer several times to account for all
directions of motion and both the operating and desijn basis earthquakes.

Inertia forces are developed first for all directions within each mode of
vibraticn, then the contributicns of each mode are combined to obtain the
Lotal force. A current controversy lies in the fact that force combinacions
within each mode were in Some cases combined algebraically so that some loads
would subtract from the total. The alternative would be to combine forces in
such a way that subtraction could not occur, which is the case if an sass
approach is used.

Effects of the inertial forces are combined with effects from relative
building displacaments, 8ravity (weight) effects, and internal/external
Pressure loadings on the pipe.

When load combinations are complete, bending moments ard stresses in the
Piping system are computed according to B831.1 equations. Basically, twice the
maximum shearing stress in the pipe due to bending and tension is computed and
limited to 1.2 5 for the 0BE and 1.8 5, for the DBE in a manner very
comparable to ASME III today. S, is the tabulated value of allowable stress
4s provided by the Code, in the hot condition. In 33i.1, Sh is based on the
lover of 5/8 vield Strength or 1/4 Ultimate Strength at operating temperature,
eXcept certain austenitie materials are permitted S values at cperating
temperatures up to 90 percent of yield strength because of the greater
toughness and ductility of these materials. These values of allowable tress
are the lowest in use for any piping in the United States. ASME III Class 1
nuclear piping has higher allowables, as does B31.3 Refinery and Chemical
Plant Piping. B3l.4 and B831.8 for Gas and 04l Transmission piping
respectively permit allowable stresses Up to 72 percent of the ultimate
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BEAVER VALLEY POWER STATION, UNIT 1

deflection. Extrapolating the curve of Figure H-3 to +5 inch deflection
yields 10 percent damping.

As plasticity develops in the piping even in small amounts, damping ratios of
10 percent and higher are definitely to be expected. In fact, there {is a
major project underway at the present'’ to develop seismic restraints based on
eyclic plasticity of the supports. The essential quality of the relationship
between damping, acceleration level, and damage is that damage to piping does
not increase proportionately with input acceleration levels and this is due in
large part to increases in damping levels as deflections increase.

8. CONCLUSIONS AND IMPLICATIONS FOR MODERN NUCLEAR PLANTS

The evolution of seismic design methods in nuclear power plants has teen
revieved together with the development of the piping codes. It was shown that
nuclear plants that meet the older B83l.l1 code will more than likely also
satisfy the new nuclear codes that have better quantified conservatism.

Available data on the actual seismic performance of power piping systems were
reviewed. It was shown that cperating power plants do indeed have very high
levals of seismic capability. 0f the several plants that sustained severe
ground motion from 0.2 to 0.6 g, thera were no failures of welded stgel power
piping. Considering the magnitudes of the earthquakes and the variability of
the design practices, this i{s an excellent record and can only have been mace
possible by the natural resiliency of power piping.

The probable reascns for this natural resiliency were discussed next. It is
believed that the main reasons are: first, the substantial conservatism of the
Code for Power Piping, B83l.1, including the provisions f£for materials,
fabrication, and construction; second, that design of piping for thermal
expansion provides inherent seismic capability; and third, that damping
increases very rapidly with deflection levels. The large damping £factors
prevent buildup of seismic disturbances in rescnant systems. It is believed
these reasons explain the remarkable performance of piping systems in
earthquakes.

Based upon the foregoing observations, it is very imprcbable that piping-
related safety problems would occur in nuclear plants in the eastern United
States due to seismic disturbances. These plants have maximum ground motions
of 0.15 g; they have been designed by dynamic analysis; and all safety piping
systems have been specifically scrutinized. Contrast this situation with say
the Kern County plant whare 0.25 g was actually experienced and explicit
analysis was performed o.._ on the steam and fe2d lines; or the ENALUF plant
which was probably designed statically and experienced perhaps 0.€ g. The
contrast is simply too great; piping failures of nuclear safety systems should
not result from earthquakes in the United States.

9. REFERENCES

1. Cloud, R.L. et al. Editors, Pressure Vessels and Piping, Design and
Analysis, Amer. Soc. of Mech. Engrs. N.Y., N.Y., 1972.

H-13



11.

12.

13.

16,

13.

16.

BEAVER VALLZY POWER STATION UNIT 1

Biot, M.A., Analytical and Experimental Methods in Engineering Seismclogy,
Trans ASCE 108 p 365-408, 1942.

Biggs, J.M., Introduction to Structural Dynamics, McGraw Hill Book Ce.,
1964,

Berkowitz, L., Seismic Analysis of Primary Piping Systems for Nuclear
Generating Systems, Reactor and Fuel Processing Technology, Argonne Natl
L‘b. r‘ll’ ‘969. .

Markl, A.R.C., Fatigue Tests of Piping Components, Trans ASME V 74 1952.

Brock, J.E., Expansion and Flexibility, Chap. 4, Piping Handbook, Sth Ed.,
King and Crocker (Eds.) McGraw Hill Publishing Co., 1967.

Markl, A.C.R., Piping Flexibility Analysis, Trans ASME, 1935, p 419.

Criteria of +the ASME Boiler and Pressure Vessel Code for Design by
Analysis, Amer. Soc. of Mech. Engrs., 1979 (to be published).

Swiger, W.F., personal communication, May 1979.

Swiger, W.F., Notes on Plants Designed by Stone & Webster Which Have
Experienced Large Earthquakes, 1979, Unpublished.

How Nuclear Piping Code Rules Will Influrnce Piping Design Today and
Tomorrow, Heating, Piping, and Air Conditioni-.g, June, 1970, p €9.

The Great Alaska Earthquake of 1964, Engineering, National Academy of
Sciences, Washington, D.C., 1973.

San Fernando, California, Earthquake of February 9, 1971, Leonard Murphy,
Sci. Coord, U.S. Dept. of Comm., NOAA, Washington, D.C., 1973.

Snyder, Arthur I., Damage to Mechanical Equipment as a Result of the
Feb. 9, 1971 Earthquake in San Fernando, California, Seismic Design and
Analysis, Amer. Soc. of Mech. Engrs., 1971.

Managua, Nicaragua Earthquake of Dec. 23, 1972, Earthquake Engineering
Research Inst., Nov., 1973.

Bohm, George J. Damping for Dynamic Analysis of Reactor Coolant Loop
Systems, Optical Meeting on Reactor Safety, Salt Lake City, Utah, March
1973, Conf-730304 Available NTIS.

Bush, Spencer, Battelle Northwest Laboratories, Personal Communication.

H-16



