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Mr‘- We Lo prOffitt

Senior Vice President - Power
Virginia Electric and Power Company
Post Office Box 20666

Richmond, Yirginia 23261

Dear Mr. Proffitt:

The Commission today has issued the enclosed Urder 1ifting the suspension
of facility operation required by the Order to Show Cause dated March 13,
1979, for the Surry Power Station, Unit No. 2.

This Order is issued because your reanalysis and modifications of piping
deficiencies in safety related systems, along with the operational control
required by the Order, have demonstrated that the Unit No. 2 can safely
withstand the effects of seismic events should they occur in the area

and because the modifications will be complete before startup. The

basis for this action is set forth in the Order.

Sincerely,
Orizins! Signed By
E.G Case .~

Harcld R. Denton, Director
0ffice of Nuclear Reactor Regulation

Enclosure:
Order

w/enclosure
See next page

ce:

NRC FORM 318 (9-76) NRCM 0240
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

March 26, 1980

Forpn*

Docee* No. 50-281

i""rc Ho Lo PrOffitt

Senior Yice President - Power
Virginia Electric and Power Company
Post Office Box 26666

Richmond, Virginia 23261

Dear Mr. Proffitt:

The Commission today has issued the enclosed Order 1ifting the suspension
o7 facility operation required by the Order to Show Cause dated March 13,
1372, for the Surry Power Station, Unit No. 2.

This Order is issued because your reanalysis and modifications of piping
deficiencies in safety related systems, along with the operational control
required by the Order, have demonstrated that the Unit No. 2 can safely
witnstand the effects of seismic events should they occur in the area

and because the modifications will be comlete before startup. The

basis for this action is set forth in the Order.

Sincerely, /)
h yd
<A
- / 1}_)’)_\ .
0/\ / Harold R. Defiton, Director
“~ QOffice of Nuclear Reactor Regulation

Enclosure:
Order

cc: w/enclosure
See next page



“re Jo H. Ferguson
¥irginia Electric and Power Company - 2 - March 26, 1980

cc:  Mr. Michael W. Maupin
Hunton and Williams
Post Office Box 1535
Richmond, Virginia 23213

Mr. W. L. Stewart, Manager
P. 0. Box 315
Surry, Virginia 23883

Swem Library
College of William and Mary
Williamsburg, Virginia 23185

Donald J. Burke, Resident Inspector
Surry Power Station

U. S. Nuclear Regulatory Commission
Post Office Box 959

Williamsburg, Virginia 23185

Mr. Sherlock Holmes, Chairman
Board of Supervisors of Surry County
Surry County Courthouse, Virginia 23683

Commonwealth of Virginia

Council on the Environment

903 Ninth Street Office Building
Richmond, Virginia 23219

Attorney General
1107 East Broad Street
Richmond, Virginia 23219

Mr. James R. Wittine
Commonwealth of Virginia
State Corporation Cormission
Post Office Box 1197
Richmond, Virginia 23209

Director, Technical Assessment Division
Office of Radiation Programs (AW-459)
U. S. Environmental Protection Agency
Crystal Mall #2

Arlington, Virginia 20460

U. S. Environmental Protection Agency
Region III Office

ATTN: EIS COORDINATOR

Curtis Building - 6th Floor

6th and Walnut Streets

Philadelphia, Pennsylvania 19106
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UNITED STATES OF AMERICA
NJCLEAR REGULATORY COMMISSION

In the Matter of )
)

Virginia Electric and Pover Company ) Docket No. 50-281
‘Surry Power Station, Ynit No. 2) )
ORDER

I.
The Virginia Electric and Power Company (the licensee) is the holder
of'Facilify Operating License No. DPR-37 which authorizes operation
of the Surry Power Stetion, Unit No. 2 at power levels up to 2441
~ezawatts thermal (rated power). The facility, which is located at
-he licensee's site in Surry County, Virginia, is a pressurized water

rezctor used for the commercial generation of electricity.
Il.

Secause certain safety related piping systems at the facility had been
Zesigned and analyzad with a computer code which summed earthquake loads
z1gedraically, the -otantial existed for compromising the basic defense-in-
denth provided by redundant safety systems in the event of an earthquake.
This potential comprozisirg resulted from the possibility that an earthquake
of the type for which the plant must be designed could cause a pipe

rudture as well as degrade the emergency cooling system designed to

~itigate such an accicent. Therefore, by Order of the Director of Nuclear
Jezctor Regulation {tne Director) for the huclear Regulatory Commission

12C), dated March 13, 1579 (44 FR 16512, March 19, 1979), the licensee

725 ordered to show cCzuse:
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(1) Why the licensee should not reanalyze the facility piping
systems for seismic loads on all potentially affected
safety systems using an appropriate piping analysis

computer code which does not combine Toads algebraically;

(2) Why the licensee should not make any modifications to the
facility piping systems indicated by such reanalysis to

be necessary; and

(3) Why facility operation should not be suspended pending

such reanalysis and completion of any required modifications.

In view of the importance to safety of this matter, the Order was
made immediately effective and the facility was required to be placed
in the cold shutdown condition and remain in that mode until further

Crder of the Commission.
III.

The facility is currently in the cold shutdown condition. Pursuant

to the March 13, 1979 Order, the licensee filed a written answer to

the Order by letter dated April 2, 1979. 1In this response the licensee
stated that it is reanalyzing all potentially affected safety systems
for seismic loads using an appropriate method which does not sum loads

algebraically.
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By letters dated February 22 and March 21, 1980, the licensee requested
the startup of Surry Power Station, Unit 2. This request is based on the
completion of all pipe stress reanalysis and all resulting modifications
installed prior to startup for all stress problems originally run on the

SHOCK 2 computer program.

Technical Support for these conclusions is provided in the “"Report of the
Reanalysis of Safety-Related Piping Systems, Surry Power Station, Unit 2"

dated February 22, 1980 and the references contained therein.

The licensee's analyses were performed using the NUPIPE computer code,
which combines stresses in a manner acceptable to the NRC staff. The
reanalyses resulted in the calculation of some stresses above allowable.

In these cases, the licensee recalculated the stresses using soil structure
interaction (SSI) methodology with a 50 percent increase in the inertia
forces which the staff required to be applied to each pipe run after
computer calculation of stress and support loads. This methodology

with a 50 percent increase was approved by the NRC staff in its letter
dated May 25, 1979. 1In those cases when stresses on the piping from

the calculations uéing SSI indicated that support loadings were above

original design values, the licensee was required to reanalyze the suppbrt.

The licensee reanalyzed 62 pipe stress problems which required reanalysis
as a result of the March 13, 1979 Show Cause Order. Seventeen problems
required hardware modifications. Of these 17 problems, seven required

modifications to supports as a result of seismic overstresses. Other
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TodiTications were required because of verification of "as-built"
ccnditions, thermal stresses, and modeling differences. The licensee

nes also evaluated 432 pipe supports inside containment. Of these supports,

N

1

5 reguired modifications, and about half of these modifications were

[

ceceuse of significant load increases. The other modifications resulted

from as-built conditions.

“he “RC staff has reviewed the licensee's submittals. This review

‘nclided, among other things, an evaluation of the codes which compute
zize stresses resuliing from the facility's response to an earthquake.
“ha mzans by which pining responses are combined in the codes that are

cerrantly a basis for the facility design are summarized below:

NJPIPE

This code combines intramodal* responses by a modified the square
root of the sum of the squares (SRSS) and combines intermodal*

responses by SRSS or absolute sum for closely spaced modes.

‘n2 YRZ staff has determined that an algebraic summation of responses
w2s not incorporated into the NUPIPE code. The NRC staff has further
ccnciuded that this code provides an acceptable basis for analyzing

<he facility piping design.

Zzsed on the attached NRC Staff's Safety Evaluation, the staff finds the
cizinc affected by the March 13, 1979 Show Cause Order and all piping

suzgorts inside containment have been acceptably reanalyzed.

=7-ca2s are defined as dynamic piping deflections at a given frequency.
n<ré~odal responses are the components of force, moment and deflection
withia a mode. Intericodal responses are the components of force,
~.~zn7 and deflectisn-of all modes.
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Out of a total of 220 supports outside containment, all have been evaluated.

0¢ these 220 supports, 81 require modification. All modifications will

be completed prior to startup.

The licensee will have completed the actions required by the Order to
Show Cause dated March 13, 1979 prior to startup and this Order supercedes

the March 13, 1979 Order.

The licensee's answer to the Order did not request a hearing nor did

any other person request a hearing.
Iv.

Lccordingly, pursuant to the Atomic Energy Act of 1954, as amended,
and the Commission's Rules and Regulations in 10 CFR Parts 2 and 50,
IT IS DETERMINED THAT: The public health, interest or safety does
not require the continued shutdown of the facility, AND IT IS HEREBY

CRDERED THAT:

1. Effective this date the suspension of facility operation
required by the Order to Show Cause of March 13, 1979 is
Tifted.

2. A1l modifications to correct piping system overstress shall be
complated prior to startup.

FOR THE NUCLEAR REGULATORY COMMISSION

‘: Edson G. Case, Act1ng Director
Office of Nuclear Reactor Regulation

cated at B

athesda, Maryland
this 26tn da

vy of March, 1980.
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SLTETY EVALUATION BY THE OFFICE OF
HUCLEAR REACTOR REGULATION

FRCILITY OPERATING LICENSE NO. DPR-37
VIRGINIA ELECTRIC AND POWER COMPANY
SURRY POWER STATION, UNIT NO. 2
DOCKET NO. 50-281

March 21, 1980

-

Introduction

On March 13, 1979; the Commission issued an Order to Show Cause to Virginia
.Eleciric and Power Company (the licensee) requiring that Surry Power Station,

~

Unit 2 (facility) be placed in cold shutdown and the 1icensee show cause:

{1) Why the licens=e should not reanalyze the facility
piping systems for seismic loads on all potentially
atfected safety systems using an appropriate piping
analysis computer code which does not combine loads
algebraically;

(2) Why the licensee should not make any modifications
to the facility piping systems indicated by such
reanalysis to be necessary; and

(3) Why facility operation should not be suspended pend-
ing such reanzlysis and completion of any required
modifications.

The 1i:ensee‘s'response to the Order, dated April 2, 1979, stated that it will
reunJA/LQ all pctent1a1|y affected safety systems for seismic loads using an
approsriate piping analysis method. The licensee now requests that the Order be
modifizd or rescinded such that the fac111ty couid be restarted based on the
resul:s of having analyzed all of the piping systems including nozzles and
peneirations which prev1ou51y used SHOCK 2, and all the corresponding piping
suppsris. In support of this request the 11censee provided information by the
March 21, 1980 letter,and the letter and the attached report dated February
22, 1220 which documents ihe final results of all aspects of the analysis

50:12t°d with the Show Cause Order. It also identifies modifications re-
1cu‘“; to the stress analysis of piping systems and pipe support evaluations.
A 1isz of correspondencn hﬁ}Ch provides supp]eﬂenbal information is also
contzinzd in Appendix D of the report.

Discuzsion

The S=5nz and Webster (SZ.) PSTRESS/SHOCK 2 computer code for pipe stress
analr3zzs sums earthquaks lcadings algebraically and is unacceptable for reasons
¢=* “zrih in the March 13, 1872 Crder to Show Cause. This code was used in the



seismic analyses of certain safety and nonsafety related systems at the facility.
The 1icansee has identified the Seismic Category I systems at the facility.analyzed
with SEICK 2 and has reported the results of such reanalyses. The basis of the
licensea's start-up request is the confidence of system operability during the
seismic events associated with the Design Basis Earthquake (DBE) and the

Operating Basis Earthquake (OBE).

Wg have evaluated the results of the seismic reanalyses and all the methods of
pipe stress analysis previously utilized and used in the reanalyses for the

facility.

Evaluation

1. Systems ' . !
Porfions of the following systems were identified by the Ticensee as:having
besn analyzed with SHOCK 2.

Pressurizer Safety and Relief
Fressurizer Spray

Low Head Safety Injection
Figh Head Safety Injection
Containment and Recirculation Spray
Eesidual Heat Removal
Component Cooling Water
Service Water

Main Steam

migh Pressure Steam

reedwater

tuxiliary Feedwater
Containment Vacuum

Thz licensee has reanalyzed all 62 pipe stress problems originally analyzed by
SEACK 2. The licensee's request for start-up is based on completion of all

nize stress reanalysis and all resulting modifications installed prior to start-
up for all stress problems originally run on the SHOCK 2 computer program, and

is also based on completion of detail support analyses and resulting modifications
installed for all SHOCK 2 problems.

0F the 62 SHOCK 2 problems reanalyzed, 17 required hardware modifications to
bring the pipe stresses within allowables. These modifications consisted of
22 added, modified, or deleted supports. The modiftications include those
nacessary to the flexibility analysis of the branch lines. Also, modifica-
tian, addition, or deletion of 57 supports on 17 problems were necessary to
rzduce nozzle and penetration loads to acceptadle levels. Most of these
rs3ifications are due to differences between as-built and original design,
while the remaining was attributed, in part, to the incorrect use of intra-
r~4al combinations in the original seismic analysis. Support modifications
for these problems are listed in the report attached to the licensee's
Fzhruary 22 letter.
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3211 Structure Interaction

7iping is analyzed in most cases utilizing amplified response spectra (ARS)
<hzt are developed using soil structure interaction techniques (SSI-ARS).
Trz resultant stresses and loads are used to evaluate piping, supports,
nozzles, and penetrations. Methods of soil structure interaction analysis
which were acceptable to Surry Unit 1 are also applicable to Surry Unit 2.
In accordance with the NRC letters of May 25, 1979 and November 15, 1979
<o Virginia Electric and Power Company (VEPCO), the seismic inertial
stresses and loads computed using the SSI-ARS have been increased by a
fzctor of 1.5 for the DBE and 1.25 for OBE conditions.

verification of Analysis Methods

We have reviewed the acceptability of the analytical methods which are
~urrently a basis for the facility piping design. The licensee has
icentified the following computer codes as applicable:

NUPTPE/Stone & Webster

NUPIPE/CDC

"JPIPE/Stone & Mebster

in
i

ccordance with the letter of April 2, 1979 from V. Stello to the
nses, the licensee's Architect-Engineer, Stone and Webster (S&W) has
t

a

1ice

Sy
Jh

ted docurmentation on the computer code NUPIPE which is being used
reanalysis of the Surry Unit 2.

-te AN

ot

i
<h

¢ has statsd that this code calculates intramodal and intermodal
zsponses according to the provision in Regulatory Guide 1.82. A review
5% the code listing by the staff has confirmed this statement. The option
s32d by the licensese specifies an intramodal combination consisting of the
z:3ition of the absolute value of the responses due to the vertical earth-
zzake component and the root-mean-square combination of the response due
£5 the two horizontz)] earthquake components. Additional documentation has
=150 been submitted by the originators of this code (Quadrex) providing
Zztziled information on the methods of modal combination.

‘1
(LI 4

I
=0

licensee has solved three NRC benchmark piping problems and its
utions show acceriable agreement with the benchmark solutions. In

i 2 confirmatory problem (No. 323A of Surry Unit 1
ety Systens) to the Brookhaven National Lab for confirmatory solution,
omparison of thz solutions demonstrates good agreement (within about
\

/
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r of April 2, 1979 from V. Stello to VEPCO,
bmitted documentation on the computer code
ed in the reanalysis of the Surry Unit 2 plant.
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This code has previously been reviewed and has been found to satisfy

‘he requirements of Regulatory Guide 1.92. Ebasco Services Inc. has
solved three NRC benchmark piping problems and its solutions were found

to agree closely with the benchmark solutions. They have also provided

& comfirmatory problem (2508A) which wds solved by the Brookhaven National
Laboratory. Compzrison of the solutions show good agreement.

Based on these results we find the use of NUPIPE/CDC by Ebasco Services,
Inc. acceptable for seismic analysis by response specira techniques.

kzznalysis Methods and Results

The safety related piping systems at the Surry 2 nuclear plant have been
reviewed to determine the method of analyses. Sixty two (62) computer
stress problems of safety related piping have been identified where the
enalysis used the computer code SHOCK 2 which used an algebraic intramodal
summetion of respenses to earthquake loadings. These problems have been
rzevaluated using acceptable methods. The reevaluation included a dynamic
computer analysis using NUPIPE programs, which incorporated a lumped mass
response spectra mocal analysis technique.

oor responss specira used in the reanalysis include the original

The f1

zmplified respons2 specira specified in the FSAR. In some cases, piping
was reanalyzed utilizing ARS that were developed using SSI techniques.
The peaks in the emplified floor response specira were broadened by % 15%
i

‘n accordance with Regulatory Guide 1.122 to account for variation in
raterial properties and approximations in modeling.

piping systems were modeled as three dimensional lumped mass systems
ich included considerztions of eccentric masses at valves and appropriate
xibility and siress intensification factors. The dynamic analysis pro-
‘res meet the criteria specified in the plant FSAR and are acceptable.
resultant stresses and loads from the reanalysis were used to evaluate

riping, supports, nozzles, and penetrations.

£11 of the 62 SHOCK 2 pipe stress problems have been reanaliyzed and will

ts verified by Ebzsco quality assurance, Stone and Webster Engineering
Lssurance and the licensee's Quality Assurance Program prior to start-up.
czcod on our review of the computer codes being used for reanalysis,
independant check analysis performed by the staff and a review of modeling
-sthods used by the licensee, we find acceptable the procedures and methods

=
b wt

vsed in reanalyzing these problems.

In the reanalysis, the new total stress, at the point of maximum total
stress in the pipz, and new seismic stress, at the same point, were taken
“rom the WUPIPE comzuter runs with the seismic inertial stress magnified
vy a factor of 1.2 7or the DBE condition for runs using the SSI-ARS, as
rzauired by MHRC isizer of May 25, 1979 to the licensee. For the 0BE con-
Zi+ion, & factor -7 1.25 was used, in accordance with the “RC letter of
Yovemder 13, 187%.. OF :the 62 problems 61 used the SSI-ARS and 1 used the
sriginal ARS. Thz stresses after the 1.5 and 1.25 magnitication for the
runs using SSI-AZS are below the allowable stresses.



e that the zipe stress and bipe support reanalysis is performed

{0 ensur

as accurately as pessible, field verification of as-buiilt conditions has
been performed, The field verification produced detailed piping isometric
drawings and pipe support sketches for each support upon which reanalysis

is based, A1l fizlé-verified piping isometrics and pipe support sketches
are incdependently verified by Surry Power Station quality control personnel.
The pice supports wzre reevaluated in cases where the original support
cesign loading was sxceeded as a result of piping reanalysis. In.cases
where the original support capacity was exceeded, the support reevaluation
h2s included the cornsidsrziion of base plate flexibility and a verification

o7 actual field counstruction of the support. UWhere corcrete expansion
énchor bolts were used, their capacities, without compromising the originally

commitied safety margin, ware also included in the reevaluation,

4€2 inside the containmznt, 220 outside the contain-

There are 702 supports |

rert) en lines criginelly analyzed by SHOCK 2, and all have been evaluated,
et least as far as identification of necessary modifications is concerned.
Of the 482 supports insice the containment 166 supports were identified to
raguire modifications. EZighty-one supports outside containment are identified
to reguire modification. During the reanalysis it was determined that 143

suppory modifications aross as a result of the "as-built" supports having
ceviated from the original design, whereas 104 support modifications can be
qualified as due to inzdzquate, original seismic analysis incorporating
algebraic summaticn Zechnicue.

Loads on attached zcuioment nozzles and penetrations were checked and
veriiied to be eitne» 5elow the allowabls values or were made to be below
tne allowable valuzs by rodification of supports. For all the poblems in
waich the SSI-ARS arz used, the seismic inertial nozzle loads have been
increasad by a factcr of 1.5 for DBE per the NRC letter of May 25, 1979,
and by a factor of 1.25 for OBE per the NRC letter of November 15, 1979.
07 the 62 problems rsanalyzed, hardware modifications were made to 17
prodlems due to nczzle overload. These modifications consisted of 57
added, modified, or deleted supports.

3
1

<

break criteria of the FSAR were reviewed in connection with the

fhe pip2

poss?b%e effect of changas of the high stress point resulting from the
rzanaglyses. Only the mein steam lines were included in the stress re-
analysis for pipe brsak.

tach of the main sizzm linss hes two terminal break locations, one at the
containment penetrziion and the other at the main steam manifold. Each

c7 ths risers to ths mzin steam relief valve headers has two terminal break
Tscaticns, one -zt in steam lines, the other at the tee into the main
stzzm hesader, Th inal breakpoints are predetermined and are not
chzngsl as a resu g siress reanzlysis.




T«0 intermediate break locations were originally determined based upan
maximum primary plus secondary stresses. Upon reanalysis, two add1tigna1
treakpoints on each of the steam lincs were located. One of these points
is located immediately upstream of the check valve and the other point is
zt the elbow just downstream of the check valve. A1l of these points will
b2 included in the zugmented inservice inspection program.

The piping systems and supports were designed to the §170wqb1e limits
of ANSI B31.1 for the gross properties and to the limits of ANSI B31.7
fopendix F for local stress considerations per the FSAR criteria.

The safety related piping system supports and attached equipment, where
the original analysis used an algebraic intramodal summation technique,
have been reanalyzed with acceptable methods. The procedures used in
the support reanalyses and their results have been reviewed against the
. criteria in the FSAR and found acceptable.

Conclusion

he licensee has demonstrated that SHOCK 2 is the only method of analysis
sed for the facility's safety relaizd systems which combined seismic loads
lcebrajcally. Safety related piping systems analyzed with SHOCK 2 have
een reanalyzed with an acceptable dynamic code. Results of the reanalysis
indicated that the pipe stress and equipment loads, after necessary support
modifications, will be acceptable when compared with the FSAR allowables
end the manufacturer's specified load criteria.

I3
-
a
i

1
1%

n2 reviewed the analysis technigues which are currently the bases for the
Tacility's piping design. We have determined that the application of these
techniques, at Surry 2, assures that safety related systems will withstand
toth the OBE and the D3t loading conditions. We therefore conclude that
shere is reasonable assurance that the facility can operate without endanger-
ing the health and safety of the public. This assurance is based on the
7ollowing factors:

(1) A1l of the affected safety systems have been reanalyzed (piping, supports,
nozzles, and penetrations) and were found either acceptable as presently
designed or will be modified prior to startup.

{2) Confirmation of input data through "as-built" verification proxideg L
assurance that analytical results are correct and significant "as-built
deficiencies repaired.

4 on the above, we conclude that the conditions of the Show Cause Order of
1 13, 1979, have been met.

March 21, 1980.
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Tv> intermediate brezak locations were originally determined based upon
mzximum primary plus 5°condary stresses. Upon reanalysis, two additional
trzzkpoints on each of the steam lines were located. One of these points
is located 1rwed1at°1y upstream of the check valve and the other point is
&t the elbow just downstream of the check valve. A1l of these points will
tz included in the sugmznted inservice inspection program.

The piping sysiems and supports were designed to the aliowable limits

of ANSI B31.1 for the gross properties and to the limits of ANSI B31.7
~ozendix F for 1oca| stress considerations per the FSAR criteria.

Thz safety related piping system supports and attached equipment, where
the original analysis used an algebraic intramodal summation techn1que,

rave been reanalyzed with acceptable methods. The procedures used in

the support reanalyses and their results have been reviewed against the
criteria in the FSAR and found acceptable.

corzlusion

—1

licensee has demonstrated that C';bk 2 is the only method of ana]ysws
tor the facility's safety related systems which combined seismic loads
braically. Safety related piping systems analyzed with SHOCK 2 have
reanalyzed with an acceptable dynamic code. Results of the reanalysis
icated that the pipe stress and equipment loads, after necessary support
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ifications, will be acceptable when compared with the FSAR allowables
the manufacturer's specified load criteria.
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ne reviewsd the englysis techniques which are currently the bases for the
7a:j]1ty‘s piping cesicn., We have determined that the application of these

;:-nniques, at Surry 2, assures that safety related systems will withstand

>cth the OBE and the DBZ loading conditions. We therefore conclude that
trare is reasonable assurance that the facility can operate without endanger-

irg the health and safety of the public. This assurance is based on the
fcllowing fTactors:

(1) A1l of the affec
nozzles, and pan
designed or will

ted safety systems have been reanalyzed (piping, supports,
etrations) and were found either acceptable as presently
be modified prior to startup
{2) Confirmation of input data through "as- bu11t" verification provides
assurance that awalyu1ca1 results are correct and significant "as-built"
deficiencies respaired.

2:524 on the above, we conclude that the conditions of the Show Cause Order of

~ 13, 1872, have bzen mat.

March 21, 1980,



