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Introduction

On March 13, 1979 the Commission issued an Order to Shew Cause

to Maine Yankee Atomic Power Company (licensee) regquiring that
Maine Yankee (facility) be placed in cold shutdown and ¢ 2 licensee
show causa:

(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 loads
algetbraically;

(2) Why the licensee should not make any modifications
%0 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.

The licensee's response to the Qrder, dated April 2, 1373, stated

tnat all affected safety systams have been reanalyzed using an
appropriate piping analysis methed, and that noc modifications are
necassary as 2 result of these reanalyses. Therefore, the licansee
requested that the Order be modified 7r rescinded such that the
facility could be restarted. I[n support of this request the licensze
provided information by letters dated April 2, 3, 12, 13, 19, 27

and May 2, 4, 5, 15 and 18, 1979. In the letter of April 13, the licensee
indicated that two piping restraints needed to be modified as a result
of the reanalyses %o account for base plate flexibility. On April 19,
the licensee reported that these modifications had been completed.

Qiscussion

The Stone and Webster (SiW) PSTRESS/SHOCK 2 computer code for pipe stress
analyses sums 2arthquake loadings algebraically and is unacceptable

for reascns set forth in the March 13, 1379 Orger to Show Cause. This
code was used in the seismic analyses of certain safaety and nonsafety
ralated systams at the facility, The licensee has identi‘ied the
saismically analyzed (Sefsmic Category [) systams at the factlisy
including those analyzed wi®i S40CK 2. [t has also identified the cther
methods of seismic analysis used for other Seismic Cazegory [ systems.
Furthermore, the licensee has summarized the results of the reanalyses
of SHCCK 2 safety systams and has crovided supcort for the accentabilisy
of the analysis methods used on the remaining Sefsmic Category [ systems.

~r

790706(‘* S -

7L



We have evaluated the facility's safety related systems, the results
of seismic reanalysis, and the methods of pipe stress analysis currently
in effect for the facility.

Evaluation

Systems

The licensee has stated that the response to Question 1.3 of the
Maine Yankee Final Safety Analysis Report (FSAR), submitted

February 9, 1971, is the complete list of structures, systems and
components that were designed to the Seismic Category [ requirements.

Varification has alsc been provided by the licensee that the Seismic
Category [ piping systems identified in response to Question 1.3 of
the Maine Yankee FSAR include all of the piping systems required to
assure:

(a) The integrity of the reactor coolant pressure boundary;

(b) The capability to shutdown the reactor and maintain it in
a safe shutdown condition; and

(c) The capability tc prevent or mitigate the consequences of
accidents which could result in potential offsite exposures
comparable to the guideline exposure of 10 CFR Part 100.

Portions of the following systems were identified by the licensee as
having been either analyzed with SHOCK 2 or analyzed by static seismic
methods which were verified by SHOCK 2.

High Pressure Safety Injection
Residual Heat Removal
Containment Spray

Low Pressure Safaty Injection
Primary Component Cooling Water
Steam Generator Feedwater
Chemical and Yolume Control
Primary Vents and Orains

Waste Gas Disposal

Boron Recovery

Fuel Pool Cooling

Fire Protection

Auxtliary Steam

Auxiliary Condensate eturn
High Pressure Orains (Secondary)
A total of 39 3HOCK 2 analyses Computer runs) were perfarmed. Piping
associated with these analyses and the methcds of reanalysis are
identified in tnclosure 1 to this Safety Evaluation (SE).
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Nineteen of these 39 analyses have been igentified by the licensee
as pertaining to safety related piping. We have.rey1eweq‘;he .

information submitted and agree with the licensee's identification
of pip‘13 which is safety related. The licensee has completed the

reanalysis of all 39 SHOCK 2 analyses.

Verification of Analysis Methods

We have reviewed "2 acceptability of the anal'tic methods which
are currently a pasis for the facility piping lesign. The licensee
has identified the following computer codes/analysis methods

as ajplicaole:

PSTRESS/SHOCK 1 (4 Versions - In‘cial 3 Versions sometimes
referred to as SHOCK Q)

STRUDL - SHAKE (Combustion Eryineering)
Static Analysis Methods

PSTRESS/SHOCK 3

NUPIPE - SW

PSTRESS/SHOCK 1

The licensee has identified four (4) versions of the 2 ~2E£SS/SHOCK |
computer code. DOocumentation an only the last version . .nis code
was availaple for our review. - o

The licensas has stated that this version of SHOCK 3 combines zhe
intermodal resoonses by the so-called “Navy Methed". This consists
in taking the largest absoluts modal respense and adding the root-
mean-square value of all other modal responses. Intramodal rasponses
due to multi-directional earthquake sxcitation were not calculated
since the code only produced responses parallel *3 a given earthquake
component excitation (i.e., the responses were considersd uncoupled),
A review of the code listing has confirmed these statements.

Some safaty systems of the facility were analyzed with 2ach oF *he

four versions of the SHOCK 1 Code. 3ecause this computer cade anly
considers cne direction earthquaka excitation, it is not cansidered
equivalent %o current analysis techniques. A comparisan 3f the resylts
of each of the four 4) versions of PSTRESS/SHOCK 1 and the NUPISE

Cade was conducted by the lTicensee using “typical® piping problems,

The problems consist of diffarent size 2iping, elbows, %2es and reducers.
The Ticensee reported that the general stress distributisn of 20th
codes was similar and PSTRESS/SHOCK 1 jave comparable results. The
Ticansee concluded that although the PSTRESS/SHOCK 1 is not eauivalant
S0 current practice, it s suitably cgnservative %o insure zhat *he
piping systems meet the allowadle stress levels.



By letter dated May 10, 1979, the licensee informed us that a listing of

an early version 2f the Shock 1 program had been found. This listing indicated
that the method of computing natural frequencies may be incorrect. Subsequently,
it was determined that the listing found was a nonproduct.on developmental
predecessor to Shock 1 which was not used at Maine Yankee. A review of the
latest version of Shock 1, for which there is a listing, has shown that
frequencies are computed correctly. Nevertheless, methods of computing natural
frequencies in the first three Shock 1 versions (now known 2s Shock 0) used

at Maine Yankee may have been similar to the methods in the developmental listing.
(Shock O was used to analyze acproximately 76 piping problems and Shock 1 was
used to analyze approximately 10 piping problems.)

The Ticensee has reviewed the effects of t-e incorrect frequency methcds. The
licensee has determined that although random shifts in natural frequencies and
mcde shapes are noted, the previous comparative analyses, Shock 0 %o Shock !

and Shock O to NUPIPE-SW, inclute these effects and are the most valid indication
of Shock 0 code acceptability. Tusse comparative analyses show that Shock 0
produces stress results consistent wiii 2ccepted programs and provides assurance
that the F3AR criteria are met. Basad on its review the licensee concludes

that the studies and reanalyses performed to date demonstrate that the Seismic
Category 1 piping is conservatively designed to withstand the effects of the
design basis earthquake.

ae have reviewed the piping configuration and results of the comparative
analyses of NUPIPE and each version of the SHOCK O code and the SHOCK 1
code. We have determined that the problems analyzed produce representa-
tive comparisons. We have also determined that although SHOCK 1 and
SHOCK O are not equivalent to current practice, the resulting stresses
are at Teast consistent with the results as obtained from NUPIPE and in
many casas are conservative. In addition the ccde comparison did not take
credit for the alternative application of the .obinson Fix" (i.e.,
adjusting the response spectra peak instead of increasing all! analysis
resuits) which would provide additional conservatism to the SHOCK 1 and
SHOCK O stresses in this comparison (The "Robinson Fix" was descrised

in Amendment 35 to the Maine Yankae FSAR). Therefare, we concluce
adequate assyrance has been provided that systems analyzed with SHOCK

1 and SHOCK O will witnstand the design basis earthquake.

AT Sheck 2 analyses subjected to the comparisaon (10 Sheck J problams comparsd &5
Shock 1 of wnich 3 were further compared with NUPIPE) show resultant seismic
stressas within FSAR allowables. This provides assurance that the frequency
comgutation methed of Shock 0, although sotentially incorrect, 4oes not have

2 significant adverse affect on the Shock 0 stress results. As neted in the
cemparative analyses howvever, the natura! frequency and mode shape zhanges tetween
the versions of Sheck U and codes known %o compute natural frequencies correctly
are randem in nature. Therefare we conclude that additional comparisons, to verify
that the remaining Shock 0 analyses stress resylts are within “SAR allowables '
when reanalyzed using an acceptacle srogram, should se performed. 3y letter

dated May 13, 1379 the licensee committed to reanalyze al! remaining Shock 0
analyses with NUPIPE-SW and provide the resylts to the NRC staff wizhin 50

days of facility restart. We find this furtner verificaszion grogram and

schedule acceptable.



STRUDL - SHAKE

The Ticensee has provided the following description of the analysis
technique used by Combustion Engineering (STRUDL - SHAKE Code):

"The dynamic seismic analysis of the reactor coclant system main
loep and pressurizer surge line piping was performed utilizing

J dimensional mathematical medels subjected to unidirectional
support motion response spectra. The six compenents of force or
moment 3T a particular picing location were determined

separately for 2ach significant mode of response for a single
direction of excitatfon. The separate medal responsas for each
component of force or moment were then combined on a root-sum-
square basis to define the total force or moment response %o a
single direction of excitation. The loads due t¢ each horizontal
earthquake were added, manually, to the loads due to the vertical
earthquake by the absolute sum method. The larger of the two loads
thus calculated w~as amployed in the stress analysis of the piping
system, "

We have reviawed the analysis technique of Combustion Zngineer-
ing. The procedures are in compliance with the plant FSAR and
conservatively combine (absoiute sum) both the spatial com-
ponents from each of two independent sarthquake directions and
the contribution of each mode (SRSS). We find this technigue
acceptabdble.

Static Analysis

Some of the safety related systems it the facility were

anaiyzed using static analyses techniques. The Ticensee submitted
documentation (letter dated April 12, 1979) detailing the basis

for static analysis technique use in the design. Generally

piping 6 inches in diameter and smaller was designed usirg the static
metheds uniess the criteria for support placement could not be met,
then a more rigorous dynamic analysis was performed. Some piping
larger than & inches in diameter was 2analyzed using the static
methods if the geometry and support configurations were sufficiently
simoie to make the static analysis methods pgractical. The majer
constraint on applying static methods to larger piping was one of
aconomics in *hat a dynamic analysis typically would result in fewer
restraints at a more optimum spacing and supports for larger piping
were sufficiently more costly %0 warrant less conservative 5ut more
expensive analysis technigues.
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The analysis technigue used at the facility is outlined in

Amencment No. 35 to the FSAR and the procedure was submitted in
detail in the report, “Non-dynamic Seismic Analysis of Piping and
Supports ty Stone 4 Webster at Maine Yankee" submitted April 12, 1979.
The procedure states that the piping frequencies will be designed t0
he 2 minimum of 1.5 times the peak resonant frequency of the
amplified response spectra by locating seismic supports at
appropriate spar lengths. Orthogonal responses will be decoupled

by including supports at elbows, tees and concentrated masses.

The piping systems were designed considering 2 horizontal static
0ad of (1.3) X (22 X peak ground acceleration) acting concurrently
with 2 vertical static load equal to two-thirds the horizontal
value. The method of equivalent analysis outiined in this procedure
has besn reviewed against the NRC's Standard Review Plan 3.7.2 and
is acceptable.

PSTRESS/SHOCK 3

The licensse has stated that in this code the intramodal responses are
calculated by adding the absolute value of the responses due %o the
vertical earthquake component to the root-mean-square of the responses
due t0 the two horizontal earthquake components. The intermodal com-
ponents are calculated by the root-mean-square method. A reviaw of
the code listing has confirred these statements. A confirmatory
analysis was performed by ar NRC consultant, 3rookhaven Natignal
Laboratory (SNL), of a typicil piping design problem in the Maine
Yankee plant., A problem (no. 8C2) has been submit®ad by S&W

together with the corresponding solution obtained by using PSTRESS/
SHOCK 3. This problem has been analyzed by 8NL using a different

code (EPIPE), and the results have been submitted to the NRC staff.

A comparison of the solutions indicates that various quantities of
interast such as freguencies, displacements, forces, and stiresses, appear
to differ by not more than 10%.which is witnin the accuracy of the !
analyses. In addition, hand calculations were performed with the
PSTRESS/SHOCK 3 results as a check on the modal combination methods.

we find that the SIW resylts have been adequately confirmed

by 3NL and are therefore acceptabie.

NUPIPE - SW

The licensee has stated that this code calculates intramodal 2ng
intermcdal responses according to the srovisions in Regulatory Guid
1.32. A review of the code 1i1sting by the staff has confirmed this
t0 be the case. Additicnal documentaticn has also been submittad

by the originators of this code (Mucliear Services Corgeration)
sroviding detailed infarmation on the methods of modal combinations.
This information has been reviewed and 2130 orovides reascnable
confirmation of the statements made by the licensee, A confirmatory
analysis has also been performed by our cansuitants on the pining
sroblem listed apove. A comparison of the soiutions again indicates
that the various cuantities of interest 1isted abecve again diffar Dy
not more than 10%, Theraefore, the use 27 this code i35 accentaple.



Reanalysis Methods and Results

The safety related piping systems at the Maine Yankee nuclear plant
have been reviewed to determine the method of analyses. Nineteen
(19) computer stress problems of safety related piping have been
identified where the analysis used an algebraic intramodal summation
of responses to 2arthquake loadings. The problems where an algebraic
intramodal response combination technique was used in the design have
been resvalyated using the criteria in the FSAR. The reevaluation
included 2 static analysis technique, and a dynamic computer analysis
using either the PSTRESS/SHOCK 3 or NUPIPE programs.

A static analysis technique was employed for reanalysis of some lines

6 inches in d ameter and smaller. The static design procedure is outlined
in a report titled "Non-dynamic Seismic Analysis of Piping and Supperts

Dy Stone & Webster at Maine Yankee" submitted April 12, 1979. The
acceptability of this procedure has been discussed in Section 2 of this
SE.

The dynamic analysis technigue incorporated a lumped mass response spectra
medal analysis using the PSTRESS/SHOCK 3 or NUPIPE programs. The floor
response data usad in the reanalysis included the "Robinson Fix" criteria.

The "Robinson Fix" criteria required the peak resonant frequency acceleration

values to be a minimum of (22) x (peak ground acceleration) and the peaks
t0 be broadened by *+ 10% of resonant frequency. The piping systems were
modeled as three dimensicnal Tumped mass systems which includei conside
erations of eccentric masses at valves and appropriate flexibility and.
stress intensification factors. The dynamic analysis procedures meet

the criteria specified in the piant FSAR and are acceptable.

The piping suppeort.designs for affected system piping were inspected by
the licensee to verify the "as built" configuration. As noted in NRC
Inspection Repert 79-05 issued April 12, 13979, differences were found to
exist between the "as built" configuration and the support drawings. The
differences noted resylted from the use of drawings which had not been
updated to include installation changes. Subsequently the licensee has
verified that updated drawings wnich do refleqt the supperts as installad,
were used in the support design calculations,

The support designs were reevaluated in cases where the original suppor:
design loads were axceeded as a result of piping reanalysis, The support
reevaluation included the consideration of local stresses at regions

of discontinuity and base plate flexibility considerations. Modification



of two supports was determined to be necassary %0 account for hase
plate flexibility. These modificztions consist of adding a stiffener
to the base plate of eacn hanger and have boen complated.

L0ads on attached squipinent nozzels were also checked and verified to be
either delow the initial allowable values or verified by the equip-
ment manufacturers tQ be acceptable.

The design and analysis of the supports and attached equipment are
in accordance with the criteria specified in the plant FSAR.

The pipa break critaria for Maine Yankee were raviewed and detarmined
not fo be altered by this reanalysis. Pi'e dreak considsrations were
required for High Znergy Lines outside of the containment structurs
and dreak locations were determined by 1nsaec;fcn and their groximity
to safety related systems. The pipe break considerations ar: outlined
in a report titled “Supplementary Report on Effects of a Postulated
8reak in a High Energy Piping System Qutside the Containment" dated
Septemper 13/3.

The piping systems and supports were designed tc the allowadle lTimits
of ANSI 831.1 for the gross properties and to the limits of ANSI 831.7
Appendix F For lacal stress considerations per the FSAR criteria.

The safaty feuated p1o1ng systems, supports and attached equipment,

wnere tne ar1g1na analysis used an algebraic intramodal response

<umma'+on tachnique, have been reanalyzed with acceptadle ne*hods

shicn 20 "ot use an algebraic intramodal response technigue. The pro-
lzdurss used in the reanalyses and their results nave seen reviaswed against
the Criterta i the plant FSAP and found acceptabla.

AS 3 senara:e Jut related mavc.er, the staff has 3150 reviewes tne innerent

satsmi onse. ratisms in the facility 4 ef'ﬂn Metnods f‘ anaiysis, material
vrocef"es. act al 2arthquake :“arac teri s:zcs. construction -rac:fc=s and
actual safsmic  operience were considersd. The NRC staf® nas conc'uded that

the facility cor f withstand earthqueke :rauna motion in axcess of that o
_wnich the facil 11ty was originally designed. The NRC wil] be further con-
sidéring *he issue of seismic design capacility of all nper ting reactors
witnin the next few months. That affort will further 2xamine the seismic
*es‘*r -anaa:’w-j of Maine Yankee. That eoffort will also assi ist the staf?

in determi ning whethar additicnal seismic reevaluation is teeces at any

.-e,.,-.,.,. -:,.."qoj

The licensee nas demenstirated that PSTRESS/SH CC< 2 is the only metnod
of analysis used for the facility's safety relatad vstams wnich
comoines seismic locads a'gepraically. Safar, rela

P -

<

n ? ted systems analyzad
with :hoc§ & nave ,een r2anaiyzed with an acceptadle dynamic cage ar
with static analysis techniques as permitted by the FSAR critaria, The
results 0F <hesa reanalyizs have snown that the subject systers wi
witnstang <ne 1es'3n 3as's earthquake.

..
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The reevaluation of supports performed by the licensee for the subject
piping considered base plate flexibility. As a recult stiffeners were
added on two supports in the containment spray system,

We reviewed the acceptability of the analysis techniques which are
currently a basis for the facility's piping design. We have determined
that the application of these techniques, at Maine Yankee, assures that
safety related systems can withstand the design basis earthquake and
that there is reasonable assurance that the facility can operate without
endangering the health and safety of the public.

Based on the above, we conclude that the requirements of the Jrder have
been met for Maine Yankee and therefore the Order and its restriction
on facility operation should be terminated.

Dated: May 24, 1979
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