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PURPOSE

This report summarizes the evaluation of Non-Seigmic
Category I piping and its supports in Sc.smic Category 2

evaluation criters, a sumnary of the analysis performed, the
'esul ts of the evaluation, and the generic recommendationse arc
resented in this report,

Tne seismic adegquacy of Non-S5eismic Category 1 piping. its

standard piping support componente and auxiliasry steel for
piping support are addressed in this report. The gualifi-
cation of piping support conc:ete embedments, the haseplate
for the embedments and the transfer of loadinge to the main
structure are performed by others, and therefore, are not
covered by thls report.

I N"RODU - - of\

It is reguired by NRC regulation that plants evaluate the
interaction of ncn-safety and safety=-related systems during
normal operation, transients, and design basis accidents to
assure that any interaction between such svstems will not
result in exceeding the acceptance c:riteria for sny design
casis event.

. I ' - - -

The Milossene Unis J Seismic Incerastion Prugrar was designed

S0 ascress the atove consern, The Selismic intezatsion Prograx

' - . - '

CONngi1sts SF tNree gistingt subprograns.

: Pezlcre walkdowns to identify swing/sway interactiern
Decweer Non=Seismic CBse§ory T piping ang eguipment angd
Boiamic Sstegory - piping and equipmenct. This progran
is Sasel on maximux swing/sway ¢f € inches ané ne

srugsuzal fallure (falling or surning osver) of Noa-
Selsmic Sategosy < piping and eguipment in Seisnis
- P - | "o -.A‘
3 -4 SesaRings.,
- - e s - - - - ’
gi Semcnsscate the adesuacy of egiipmen: anchorage &2 non-
- -
Seismic Tategory - eguipnen: i Seismic CSatagery o
!-.’ A reg
-.--.ho, .

$4i) Demonsszase Lthe sszustaral integrity ef Nen-Seisnic

SRLegSry I pipang in Selisnmis SategsScy o gIILsteles.

\
\
buildings in Millstone Nuclear Power Station Unit 3. The
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The evalaation dUﬁJmCﬂ- ®#d in thiz ¢
satisfy the requirements of tne las®
strugtural integrity "‘ non=geigmic p.
evaluating a bounding amp. of the a

and other apgplicatle loacds.

wag performed to
program. The neismic

.ping it demonstrated by

sove piping Llor sciomic

The evaluation criteria (Reference 1) seveloped for the
evaluation has been accepted by the NRC., The evaluation
criteria i¢ summarize€ in Section 3.C. Using the above
criteria typicel piping subsystemyu were selected. A fleld
walkdown was performed Lo verify pipe routing ané suppors
details. The selected piping subsyctems and their supports
were evaluated in detall =u demonsizaze structural

integrity. The analysis performed ané the results ate

summar ized in Section €.0. Generic recommendations resulting
from the evaluation and the conclusicns are given in Sections
7.0 and 8.0, respectively.

EVALUATION CR-TERZ

©
D

Categery 1 piping and
called in category I buildings were
wiii NOS Zail and impair the
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Analycis method or desigrn guidelines used
Pipe temperature
Location in the plant

Fipe Material
Type 0f pipe connection (We.ded, Threaded, etc,.)

The sample was weighted towards larger pipe size,
higher seismic load areac end areag wi:h more
potential interactions wiih seismic plant
components.

3.2 ANALYSIS METHOD

SO T -n

) A)‘A-o J‘Ié.

¢ Subsystems were
ané seismic loads
analyses were
(Refezence 2 ané/or
onputes prograas.
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Eerthougre

Inertie Load

The pipi~g was evalusted for seismic

inestia .oads using responge spectra
methods. The damping valuer were

basced on ASME Code Case Ne4ll,
Spectra amplification due to eguip-
ment or slab flexibility was also
addressed in the response spectrum
analysis.

($i) cigvlacement Loedo

The piping was 2lso evaluated for
loads due to bullding relative

displacement. If the sbsolute values

ef the building displacenent at all
cupport lecazions due to any given
seismic excitation is less than 2
sixceenth 0f ar ingh, then the
cisgiacemen: effects Sue so that

exsitasion ve consideres.

R Tl e et il
PR :“:-': =‘==‘.
One way versisal ressraincs werse
seviewed 25r upwaré iload. A..

Bl 2 BT er mmepgneis’ fAar minl s
s--.—.‘s.'duz h. - ’-.‘:-.A‘- - - r‘rﬁ.ﬁ‘
SP..lt were reviewed tC selel: three
SeUnsing subsvasens. Tinme miatery
En3.ysis wes perfgcmed ané the

.
SSpperes ware evaliusted for vp.ill.
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The ultimate strengsh of U-bBeles and U-
Streps was estimuted using plastic analycis
in accordence with the requiremente of the
ASME Code Section 11, appeniix F. The
deta:led methodology ie documented in
ke ference 9. The conclusion in keference §
compare favorably with Qrinnell tes:
results.

3.3 LOKD COMBINATION

The foll
applicab
3:3:d

. .
-l -

- I’-:-Q‘ a5
. O "
. BT
-
-

owing load combinationes were used to combine the
ie loads:
PIPING STRESSE

N -y

ASMZ Ccde = Pressure =~ Weight - Safe Shuszdown

Egsation 90 Earthguake

SEL8MIC inerctia loads ané seismi~ d4i sp-acemen
icads are comcoines using the sguare root ¢f the
<t 55 sguazes (SRES, nmezhod.

PePoNS SCPPORT LSAS

Service = Thernmal = Weight =« Safe Snusdown

- . - ' . -
Vel B =0as =588 Eazshguake Load

Seismic inercis Joads and seisnic displasenmens
<9888 Bre Semzined uRing she sguare oot of the
g2 ©f sguares (SR85) mechod.

The pipe giregses were CSoNparel agaings ASME
D68, Secnisn St 198} Reisien Susmer L9858
Affenda Service leve. D a..owbcles =0
geanonsssace shat .-:;&-so wile N0t SCCus. Al

Sints in piping exceel Servite level D
AL.S B2 et Jete 22%ep el :; SEShiES BV LIRL LT
g2awing S.2%:8ans .a.,. 88.58% 2odf8e 02
SN SLPANT SLSEECET
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Each of the selected 27 piping subsystems (24 piping models)
and thelr supporsts were analyzed in detaili. Al)l relevant
calculations are documented in the corresponding cubsystem

evaluation report. Table & lists the subsyetem number and the
correspond ing evaluation report document number. Subsystems
AX=107%2-1, AX-107¥-2, and AX=107%-3% were nranch piping from
cevEystern AX-107X. The avbove three gubsystems were (ncluded
in the AX-I0%7Y piping subsysten model. Wneorever AX-107X% is

referenced in th

"
scussion, 1t refersg to subsystems AXN-107%,
AX=107%=-1, AX=-10 a

" T A- -
nd AX=107%X=-2.

- - e
':.. ral

RC STRESS ANALYSIA

.9

All piping uubsystems were modeled following Sargent &
Lundy standard practice as defined in References 2, 5,
anc €, and were analyzed using the Sargent & Lundy
PIPSYS piping analysis computer program. Piping was
analyzed for weigh. and thermal loads using the static
anzlysis option.

iping sudbsystems were anclyzed for seismic inercla
-oads using the Response Spectrum Analysis cption of
PiPETS PVRC recommended damping values (ASME Code Case
N3l were uszed in the anslysis. Evaluasicn for
seisnmic scilding displatement was performed using the
Bt2tic displacemers option of the PIPSYS progranm
‘Re fecence <.
Piping stres: due 0 various appiicacie loaZings were
conzinel cogecher eni Somparses againgt allowables
spetilied in the evalussien s:zizers ir Section 3.0, 1If
PIFing Exresses exteeles 2l 0wacies, e piping was
ceeve.iatel f3v inercsis loads o3ing she suildiss
BSCelezation 3ime RIssory provides oy Nertheas:
veaiLiti@s ‘Relezence V.. Tne piping stresses w:
- 2 - T - 177 T ¥ (s
SSaTinec ans relheckel 2ajsinst a..owatles. AL
SUSEYSTERE exfegt TWC NeT Service ave. D allowatle
Valies &% g.s loseticnd.  The Two achaysteans exceesing
eLlowazles, AX=.lTX an? 30-Th are dizcossed in demall
Delow, The peax giress in eas: sussyitenm, the a_lowatle
S$SSE88 &N the SURSYSTET ShETESTerissils are samnarizel
.- - 4
- .a-- - .
fidva ScSgrsgter AX- o7 X
-l BEREET DAdas 52 RN HITEINIEY Aot AnEeifNg
PIERET DiIBSnE BISEVNSET RNl liTked, MieacTKeg gnd
-
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i vage -3
e Sub:avecenr & ~T72
T™hic cubsyster mainl; ceneiets of one inch and
two inch pin. Pipe stieseses at alli locations
are within allowabies except at two SOCTKe:

we lded teer. The utresses at the above location
exceed sllowablers »y lese than 204, Th

EtTeE8es WeIQ reCL.TyulAateld using the actual Gize
of the £illes weld &% the socket gnd found to be
within allowables.

pPIPINS DEFLECTION EVALUXTICH

Dynamic deflection of plping in all subsystems were
reviewed to judge the adeguacy of gix inch deflection
envelinpe used in the swaj/swing interaction walkdown.
The maximum deflection was gone:ally small and is within
the six inch deflection envelope, except for the
subsystems AX-110V, SL~2A, SL-3A and SL-5.. The above
rabgyateme have locali:oé regions exccedxng the six inch
tavelope due to unigue routing confizurations.

Genera.ly the defleczions were within six inches and
therefore it Llg 3udged that the use of the deflier xOﬁ
envelope of six inthes .5 adeguate for the interacti

wa lxéown.

- e e s wr - el R = -~ = .- - ~
s e et vo'-.-’. - Ve Fha o o s ) 5t b...tING 5-:?3?.5 m: P
T

A J.-Rs

| a——t

Review cf the Mills=one Uni: I gpectra indicate taat the
vertical acceleration in she low freguency zange (less
than 3E,) is generall;y small 852 18 Alveys less than the
stelazisics que 0 gravity. Therefors. L% 3
impossibie =T have ovespll Splifs ef she sudsys:ten.
However, it .8 POSSitle == nave lcsalized uplifting of
sipe Sue o inigae.routing configusation ant suppers
+o%asicns., A genesic siugy was pesfcsnmed O Jecternine
e signilicance of pozenzisl upiliising of piping ax zod
rizges And slidisg 2RO s AGPETISN S

The cespecass gpecTIin g:a:ys;s ¢! ai. 37 subsystenms were
:ev;euei anéd zne éyna*;: spwari lomi was coxparced
againsg: the vertizal downward stecic Lload to idenzify
subsyssenms wizh peeencia. piping uplsfe. Balo‘ en a6
goove review, subsystems AX-.l0V, AX-ll0¥~l and El-lA
WS BELIEERL 25 B SLarSLny T Nk FANsAneR vViw

A ETIVE L2kl E
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The above three subsystems were reeva..ated for seismic
load ueing Seismic Accelerat.on Time History Znmalyris
option of PIPSYL., The revisel seiumic upward vertical
load wat compared againsi the downward static load a:
sliding support and rod nanyer location. Most of the
supperts nc longer had any negative loads. HHowever,
some support locationgs showe! net negative loadus. The
nejatlive loadsn werc gencrally smal) when Compared Lo the
comb ined tota. load on the support. Therefore the
piping ie not expected to uplift significantly at the
support locations. The effect of this small upli ft
woulé pe Lo increase the downward load slightly due to
bouncing of the pipc at the support. Tnercfore, the
affected supports were reevaluated to & load thirty
percent above the original values anéd founéd to be
adeguztc.

The results of the evaluation show that the concerns
related to piping uplift are not significant. The minor
. : : v .

eplift observed in the subsystems does not increase the
pipe stress In any significant mannes.
EVALUATION OF PIPINC WITE VICSTAULIC CSCOUPLING
Cne ¢ the sudsystems (SL-5A) in the sample contained
Victaclic couplinge. A zeview ©f the design of this
CULP oy ENOW TNAT the COUp.ing i8 Zlexitie and tha: the

= -~ - . L s - !
Tudber or glastomer ugec as. 2 seal wlill grovide gignifi-
Sant Sermping ander Symsawis losiisg.
The coupoing allows small movement in 2:.e¢ asxial
Sirecsion 0f Jipe PriDs <8 LBER 2. 2% 880 Lranswis
iatesa. (shear) fgz%e In piging. ST takes 8 Tinize
vesus Sf moment (fepeifivg 0 the SoUpLing Bize and
CETNPTILTLICN) S0 CRUSE ANGL B ION 8% 220 SCig a0« DUt
ChSe She BNSULELISN BSACSS, it can s.iovw 3 fsv Cegrees
@f zetation bDefcre the eodp.ing binds:
Bases O the above, it was feac.udes thas the Vicmislis
SOUS ingE wWi.o SRUSE ShE SENCLNg S2TE3ES LN SO PLPIDG
e o0& lower snarn Shat of & welSed pipe.. The inczsasel
Sasping woulf tand 4¢ SeSuce Bappots loads anl piping
Seflgstinn,  However, it 1s 818%5:250% 25 2Ly
model the dynanic oshavier of she soupling A2z2ing
eazshguake using either the response specsizuiz OF the
cime hZigscry ana.ysis meswhes.
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CriLALL Pege 1§

GENCRIT RECOMMENRDATIONS

Some piping subsystems had sliding rupporte. The sliding
SUupporte rectrain the pipe in the downward vertical
direction. The plping i not fastened to the support by meant
of clamp, strap or U-belt, Therefcre, the pipe 318 free to
move .n the Lateral horigontal direction. SHome of the

- ¢

-

- -~

gupporting members of Lhe
+

ding suppurt were not large
enough 4

ta
11
G support the plpe during dynamic defllection.

It lg recommended tha
be reviewed for {%: &
movement of pipes at

movement is availatle,

o

sliding supporte of the above type
y Lo accommodate the seismic
upport locasion. T¢ no dynamic
flection envelopr of six inches

¢ above review woulé show that the
are adeguate with a few reguirzing

It is judged that
majority of supper
hardware changes.

v
m o

CONCLUSIONS

AN e

Twenty Seven piping suosyetems that pound Class D piping
design, and are iocated (n areas with bounding seismic loads
were selectel ani evaliziei. Thne evaliazicrn Zdemcascraczed
sufficient margin againse collapss Zue 2o seismic loads.

Pipe stresses were wisnin ASME Code, Sestiern It:, Scbses:ien
NO, Scmme:r _5EZ, allowazles a: all loca:zions excep: those
digscussed in detall :in Seczior €.5. The feocces 23& momenss as
iccacsions exceeding code soress 2. owatles were 2lse 2ound =0
oS¢ asceaptai.se.

Ai. Scporss 3how 3efficient mecgirn %o sccomxodace the load
€3¢ ¢ the Jesign Dagis esrshguaxe., ALl SUEPOIts were
saviewsd Sor Iunstienstlilizy. AL exted: some of the slidisng
SUpptite wasrs Sound =2 de fumpslienssoy 2dagueze lSwe Saciien
T« 9 207 Ganerit Nesommendesisae,; .

BRIES S5 e ABSVE, it .8 scnsLiudes sShat the SLASE T piping
BRS L59 Suppasts Nave sullticient macgin is theis Seaign 5o
accommodaze increased loads, st sses ané Sisplacenmenss due =0
2 Sesigs tasis earzihguaxe.
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Enclosure 2
Summary of Anchorage Reviews

The anchorage details reviewed in this program consist of three types.

I.  Surface Mounted Plates - Plates attached to the structure by Hilti bolts or
Richmond inserts.

2. Embedded Plates - Plates installed at the time of concrete placement,
which are anchored with Nelson studs.

3. Steel Attachments - Pipe supports which are attached directly to
structural steel.

Surface Mounted Plates

All Hilti bolts have a minimum factor of safety of 2 on ultimate. Ultimate
capacity is based on minimum values from plant-specific tests. Actual factors
of safety are generally much higher than 2. With the exception of 2 plates this
program showed a minimum factor of safety of 3 on ultimate for Hilti bolts.
Richmond inserts all met the criteria for normal seismic Category I design.

Embedded Plates

All embedded plates with the exception of one, meet the requirements of
NETM 41 which establishes the rule for normal seismic Category | design. The
one plate which did not meet these requirements was evaluated using the rules of
ACI 349-80, which treats SSE as an unfactored load case, and was found to have
sufficient capacity. Therefore embedded plates have been shown to be capable
of withstanding SSE loads imposed by non-seismically designed piping.

Steel Attachments

All attachments to structural steel have been reviewed considering local
stiffening requirements and the ability of the steel to carry the imposed loads.
The relative stiffness of piping and support steel was considered in these reviews
to account for load redistribution to adjacent supports. All steel attachments
were found to be acceptable,

Special Case

Subsystem AX107X was discussed in detail during an audit by the Staff at
Sargent & Lundy on January 9, 1986. This subsystem is one of four 10" chilled
water lines in containment. Due to the unique routing of these pipes,
one bounding problem was selected for analysis (AX107X). Sargent & Lundy
calculated very large anchor loads for the subsystem. As pait of the seismic
interaction walkdown program all of the 10" chilled water lines in containment
were extensively modified to prevent interactions. Anchors for this system have
been reviewed considering loads estimated from the as modified configuration
and found to comply with acceptance criteria.

It is expected that the anchors on AX107X in the unmodified confisuration would
pass if a detailed non-linear time history analysis were performed. However,
since all piping represented by AX107X has been similarly modified this analysis
is not warranted.




