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Energy Systems Group ROCkWell8900 De Soto Avenue
Canoga Park, Cahfomia 91304 InternadOnal

Telephone:(213) 341 1000
TWX: 910-494-1237

Telex: 181017

August 31, 1982 In reply refer to 82 ESG-5957

Richard H. Vollmer
Director, Division of Engineering
Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Vollmer:

Subject: Significance of Support Modeling
Assumptions for Seismic Evaluations
of Nuclear Piping

During our involvement over the last 20 years with tSe design of
piping for nuclear power applications, Rockwell has become increasingly
aware of significant differences in analytical modeling assumptions
being utilized by various design organizations in the nuclear power
industry. This, we feel, is largely a result of the lack of a national
consensus standard on what constitutes an acceptable piping analysis
model. Obviously, there is no perfect piping analysis model, just as
there is no perfect piping analysis inethod. However, national consensus
standards have been established which define acceptable analysis methods
(e.g., RDT F9-2T, RG 1.92, etc.) and criteria (ASME Section III, RG 1.48).
Rockwell strongly recommends that NRC establish similar consensus standards
creating minimum requirements for piping modeling assumptions, particularly
in the area of stiffness and mass effects of piping supports.

The reasons for this stem from the observation that some organizations
are assuming weightless infinitely stiff pipe supports while others are
going to the other extreme and modeling in nonlinear effects of clear-
ances/ gaps, damping, support offset inertia load coupling, frequency and
load-level effects on stiffness, etc. Naturally, the method of analysis
will dictate the degree of modeling refinement possible as well as be a

%O/ major determinant of the accuracy of predicted behavior. However, within
each seismic method (e.g., equivalent static, response spectrum, time
history) certain modeling assumptions can create significant differences
in results. We have observed in a recent Rockwell seismic support modeling
sensitivity study that certain modeling simplications can lead to signifi-
cant underpredictions of stress and loads with respect to more accurate
modeling assumptions. We are bringing these observations to the NRC's
attention, since there is currently no established minimum modeling require-
ments, and it is unclear if the less conservative approaches, which have
been used in the design of numerous operating plants, will always result
in safe designs.
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In particular, the Rockwell sensitivity study addressed the effect of
piping support stiffness and weight modeling when using a response
spectrum analysis method. The study was initiated because of an apparent
change in stiffness values for Pacific Scientific Company mechanical
snubbers. Stiffness values provided by the vendor in 1976 were, in some
cases, five times the values provided in their most recent company
literature (see Enclosures 1 and 2). Since our design activities on the
Clinch River Breeder Reactor (CRBR) have evolved to the final stress
report stage, such a change in stiffness value could have a significant
cost impact on the design effort. It was felt a sensitivity study

should be performed to ascertain the magnitude of the change in stiffness
on piping response in order to provide meaningful cost estimates.
Interestingly enough, discussions with Pacific Scientific technical
personnel revealed the value changes were not a change in design but a
change in stiffness definition. The earlier values were based on static
stiffness tests whereby the snubber was mechanically locked and then
loaded. The latter values were based on dynamic frequency dependent
tests. In effect, the differences can be attributed to whether or not
the free play (dead band plus gaps) is included in the stiffness defi-
nition (see Figure 1). NRC should possibly pursue the implications of
this redefinition of stiffness by Pacific Scientific since designers may
have used the vendor-supplied stiffness data without an awareness of the
implicit analytical modeling assumptions. The change in stiffness -
values also led to reconsideration of the CRBR piping clamp designs

- which, with a reduced snubber stiffness, no longer were the key flexi-
bility in the support load path. A lighter weight clamp was felt
possibly to be more cost effective, thus both support stiffness and mass
effects were investigated.

A typical CRBR small diameter auxiliary system piping line (see Figure 2)
was evaluated with the old and new snubber stiffness values as well as
with revised clamp masses. The result was a moderate (factor of 1.26)
change in stress and load at certain locations in the pipeline. The
results were inconsistent. Some locations increased in value, others
decreased. It was felt this was in large part a frequency shift effect
and in order to address the problem in a manner more generic to the
total CRBR piping situation, a variable three-leg modeling matrix was
established (see Figure 3). The first model evaluated (8-inch line per
Figure 4) indicated changing only snubber stiffness (1976 values replaced
by 1982 values), increased nozzle loads by a factor as high as 2.3,
support loads increased up to 1.9 times, and pipe stresses in some
locations more than doubled.
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At this point, it became clear that support stiffness modeling could
have a significant effect on predicted loads and stresses, in fact, so
much greater than anticipated that the effect of completely ignoring
support flexibility (oo-stiff) and mass, a common LWR piping analysis
simplification, appeared to have safety implications. Company funds
were spent, investigating this extreme modeling assumption. Results for
the three-leg model indicated that when support weight and flexibility
were included, nozzle loads increased by a factor of up to 30, support
load increases of 500 percent were observed, and pipe stresses were, in
some places, almost eight times higher. The situation for a particular
LWR piping line will, of course, differ from that of the three-leg model
just as each leg of the three-leg model responded differently to the
boundary condition changes. It is not unreasonable to expect even higher
increases for certain piping layouts. This sensitivity of results to
layout should be appreciated by NRC and caution exercised in accepting
generic conclusions on modeling method conservatisms based on a limited
set of sample cases.

It is not known to what extent offsetting conservatisms such as over-
prediction of results using response spectrum methods versus time history
methods, damping, energy dissipation due to nonlinearities, Code safety
factors, etc., will exist to assure design approaches which ignore support
stiffness and weight can provide safe designs. However, it is clear that

such modeling simplifications significantly alter predicted iesults and
typical FSAR statements such as " support weight and stiffness ignored as
insignificant" without extensive backup justification should be disallowed.

On the brighter side, NRC should be aware that the issue of piping support
modeling assumptions are par bf modeling-methods-criteria studies underway

i at PVRC and EPRI, which are evaluating the overall piping seismic design
approach. Rockwell has begun to interface with these activities and will'

be providing them with sensitivity results for various modeling and method-
ology assumptions. Some of these results are included in Enclosure 3 for
your information. Enclosure 3 also contains results from additional studies

,

; conducted at Rockwell to investigate the impact of the erroneous use of
modulus of elasticity values in a commercial nuclear piping program (see
Enclosure 4). Therefore, portions of Enclosure 3 may not be directly appli-
cable to this letter's subject, however, most of it is.

,
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In closing, Rockwell again recommends national consensus standards be ,

established for acceptable piping modeling assumptions, particularly
stiffness and weight effects of seismic supports. We would be willing
to participate in the preparation of such a document as well as in any
NRC-sponsored program to improve the industry's ability to provide safe
piping designs.

Please contact Mr. K. Jaquay, Manager of our Piping Analysis Un'it, at
(213) 700-4042 for any additional details desired on the subject.

Very truly yours,

A f,' fC
D. C. Empey, Directdr
Quality Assurance /
Energy Systems Group

cmt:820

Enclosures: (1) 1976 PSA Snubber Stiffness Values
(2) 1982 PSA Snubber Stiffness Values and Comparison

to 1976 Values ,

(3) Selected Sensitivity Study' Results
(4) Errors in NUPIPE Program

;

!

cc: Robert C. DeYoung
Director, Office of Inspection & Enforcement
Nuclear Regulatory Commission
Washington, D.C. 20555

. - - - .. .- _. - . _ __ _ . , _ _ _ . _ . - _ _ . -._ -__ _ __
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VAR /ABLE THREE LES MODEL/A/G MATRIX

MODELING PARAMETER DESIGAFATION:

XX X X ~X
a n n n A

* PIPE LOOP LENGTH VARIATICU
* PIPE LOOP TEMPERATURE VARIAT10hl

* RESTRAINT STIFFNESS / WEIGHT VARIATCM-
P/PE DIAMETER VARIATICAl

l * MODULUS OF ELASTICITY BASIS

PIPE LOOP LEASTH VARIA TIONXX-X *

- P/PE LEG LENSTH (W)
1 E 2 X X H

| @ /5 20 15 10 So lo-

|

| - @ 15 20 /5 10 /0 IO

L- - - - --@ |5 20 50 /0 30 10

@ 15 iO 5G /0 /0 10*
-

_

- @ ~S |0 IS $0 30 10

X X~X P/PE LOOP TEMPERATURE VAR /A T/CAI*

| | TEMPERATURE COND/T/OM (*f) -'
| | 82ANC/d 'A' SRANCM 'B" BRA NCH 'C'
\ |'

@ 1000 1000 1000-

|

| @ 500 1000 100 0-

I
'

@ 1000 S00 1000-

@' |000 1000 500-

| @ SCO 500 500-

1 - @ 500 500 70
e+m -
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F G. 3 (cont.)

X -X * RESTRA///T ST/FFNESS/WE/6HT VA2/ATION

ST/FFNGSS $ WEIGHT CONDITIONS

| SNUB k RGO K CLMPK 8LOSK RENTWT

-@ 19 74 2 x /05 oo oo ACTUAL

-@ 1982 2x t05 oo ao A CTUA L

| -@ |976 1 x 10' 7.5 x 10 " 5 x / 0 * ACTUAL.

4 .5x /O ' ACTUAL-@ 1982 l'x /08 5xl0 1

_

-@ |x l01 I x 10' 1xlO' /xl0* A CTUAL

-D Ix/O' I x IO * I x 10' I x / O' ZERO

-@ 1982 / x /00 #7.5x/0 5x/0" ZERO

-@ 1976 |x/06 lx/O' Ixic' ZERO

)(XXQD-X * PIPE DIAMETER VA R/A TION

|
- NOMINAL P/PE DIAMETER (/AI.)

|- BRA NCH "A " BRANCH "B" BRANCM 'C"
,

'

@ 8 8 8
| ~

4* 4 4-@
| -@ | | |

L. _ ..

-@ 8 4 4

-@ 4 4 I
,

1
'

-8 / / /
,

*

| XXXX-Q -* MODUL US OF EL AST/C/ TV BASIS

-@ E SET $ OPERATING TEMR VALUE .

-@ E SET 2 AMBIEN T TEMP. VA L UE

-
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PACIFIC SCIENTIFIC COMPANY - Sil0CK ARRESTOR

Spring Rate - lbs/ inch k
Compression Tension

Load Load
Unit Unit Unit Unit

Retracted Extended Retracted Extended ,

5 5 5 5
PSA-1/4 .5,86 X 10 .383 X 10 .259 X 10 .302 X 10

,

5 5 5
i PSA-1/2 .605 X 10 .421 X 10 .284 X 10 .278 X 10

5 5 5 5
PSA-1 1.21 X 10 1.12 X 10 1.04 X 10 1.07 x 10

5 5 5 5
PSA-3 1.87 X 10 1.87 X 10 1.61 X 10 1.13 X 10

5 5 5 5
PSA-10 3.95 X 10 3.57 X 10 3.00 X 10 2.68 X 10

5 5
PSA-35 - /2\ 10.6 X 10 13.5 x 10 _g

5 5
PSA-100 -k 22.7 X 10 22.7 X 10 ,_ g

h 1/4 inch away from full travel stop in all tests.

k No test data available.

RFW .

7/29/75
Rev 11/16/76

.
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' 2CCI , hT9 SPRING RL~I
.

m ./IN.-

PSA-1/4 .9 X 104
.

PSA-1/2 1.5 X 104.

PSA-1 .6 X 105
..

PSA-3 .75 X 105

PSA-10 2.4 X 105

PSA-35 '' .7 X 106 '
.

PSA-100 -

1.0 X 10*
|
|

* min length pin-to-pin
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MECEANIC!l. SEOCK AP.P.ISTORS
''

DYNAMIC SPRING PATE
. .

.

The following spring rates include structural deflection, mechanical gaps
and dyna =ic excursion of the shock arrestor. Data was obtained by averaging
tension and co=pression test results at 3 and 9 Hz plus other calculations.
Values are guaranteed r.inimum at rated load.

SHOCK ARRESTOR SPRING' RATEMODEL IM OER __ KIT Nt!YBER LBS./IN.
PSA-1/4 1801159-01 .7 I 104

-

PSA-1/2 1801162-01 1.2 I 104
'

PSA-1 1801165-01 3.9 I 104
PSA-3 1801168-01 6.6 I 104

-

PSA-10 1801171-01 20.7 I 104
.

PSA-35 1801174-01 52.4 I 104
-

PSA-100
..

1801177-01 - 84.2 I 104

%

%
e

.

t =
! SPRING RATE r
| FULLY EXIE!,'DED

WITH REAR BRACKET
j .
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MECHANICAL SHOCK APE STORS

DYNAMIC SPRING RATE
,

The following spring rate for=ulas include structural deflection, mechanical
gaps and dynamic excursion of the sh'ock arrestor with an extension. Data
was obtained by averaging tension and compression test results at 3 and 9 Hz
plus other calculations. The values calculated are guaranteed min 4== at
rated load.

MODEL NLHBER SPRING RATE LBS./IN.-

700
,

PSA-1/4 S.R. =
.096 + .0000725 (L - 14.1)

1300PSA-1/2 S.R. =
.107 + .000135 (L - 11.1).

3000PSA-1 S . R. =
.077 + .000162 (L - 16.5)

12000PSA-3 S.R. =
.183 + . 000406 (L - 21.5)

30000
; PSA-10 S.R. =
l .145 + .00055 (L - 25.5)

100000PSA-35 S.R. = .191 + . 000426 (L - 33.1)

240000PSA-100 S.R. =-

.285 + .00073 (L - 38.8)
,
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The following spring rates include structural deflection, =echanical gaps
and dyna =le excursion of the shock arrestor. Data was obtained by averaging
tension and ce=pression test results at 3 and 9 Hz plus other calculations.
7alues are guaranteed r.ini=um at rate.d load.

SHOCK ARRESTOR ENC LosutE SPRING RATE ratioDMODEL NUMBER KIT NLTBER VALUES LBS./IN.
6PSA-1/4 1801159-01 34'gie 7 I 104 49- .

PSA-1/2 1801162-01 *44-Kio 1.2 I 104 3.7
~

6PSA-1 1801165-01 I.I y io 3.9 I 104 '7..Si
PSA-3

'

51801168-01 1 5 yto 6.6 I 104 t3-

S 20.7 I 104 ISPSA-10 1801171-01 3,g3 ygo.

PSA-35 1801174-01 W ie.(. ygoS 52.4 I 104 'L . O-

PSA-100 1801177-01 W f 84.2 I 1047.t. y so E7
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- 'Ihe following &geric @g rates are for the@ini.~hlength arrest.a.z,
pin-to-pin. ?.ey are rin.4...= talues obtained by averaging results at
3 and 91i::.

.
-

'E McLoSu EE ,

U3M"DI'L h'J:9 VALdES SPPlNG FATE - I25. /E'. g,ATio
''

PSA-1/4 '4 2 Y.I o .9 X 104 7
'

PSA-1/2 *44 yI0 1.5 X 104 S; O
. .

PSA-1 1.l Yto# .6 X 105' l. 9
' sPSA-3 t. 74 y io .75 X 105 2. 3

,

sPSA-10 05 4 8 %1o 2.4 X 105 14.

PSA-35 l 3,5 Y I e ' ' 7 X 106 ' y,, 36'

.

3 6 2.3PSA-100 '2'2. . l y l o 1.0 X 10 .
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' """ ''* *'"'* ; "'""'/"'' '''E*
SUMMARY OF ERROR WPACT :RAN6E

# ; plo(Teo ou Fl41-1 goZZlf LDAbS SuPfMT tcRh3 _ PIPE STRESS _ !
ERROR 16 inOBEL Ih : 606F iMDbEL DE'SCRIPTION mlAl MAX mlU MAX mtW miu

WuplPE- CLASS 2. O -| Ac.Tunt LluE , E.Do') usto ipsTEA0 E(loco') 0.90 1.z6 0.90 1.11 0.84 " 1.18 h
uSE of Edo') PDR AACM 3 LE(s LIME SMBR HOulY El70*)losit#9 Ellbod) 0.'I I l.04 o.B7 1.12 0.B7 ' t. OI

W 8
| 3 3

| SIEtmic AAFA 3 LE6 LINE,'ioTAL 5uMbri K , EOo*)lO5tDl0 EG00d) 0.90 1.33 W O.71 * 1.12 0.97. I. I1*
| Hysc
'

NuPIPE- CL4ss 2 AAAA 3 t.EG LiuG., t.EG A= 1000 LEG 8:1000 LE6C:1000 1.26 1.28 1.23 130" 1.0 1.0
*

3
* * * # #USE EQ0) Fog TE A8AQ 3 LEG LiNE LE A : 500*, t.EGB T loc 0, LEG C = 1000 0.96 iA0 0.95 l.24 0.97 1.03

, CASES INSTO40 0F ACAR 3 LG3 LtMC,LEb A: 1000*3 (E6 8:SOO*, LE6 C* I000 O.70" 1.'2 S 1. I I l.30 0.98 I.07
*

'

E(Hor) ur/ E(Cote AERA 3 tm Line,tE6 A :soo*,tE6 B Soo", LEG C.' looO' O.8)3 1 36 1. Da 1 14 0.89 " 1.14 *
* E(Harl(OREEcrtou AFAA- 3 Le6 Ltut,LE64 :Sco",0t6 6:1000, lkT C 500' l.04 1 24 1.06 1 11 0.81 1. lf

*'

-H wt< Eclen vs - c ip/o Ec/Ea
(cawT

NupiPE- CLMS I 6 Fic.Ttcleus LiuE , S10E 15 70*,210E Z.' 8000 luirsalty , cycle ro 7a*, Sed ResteertWLY 0.88 l.O *
*

CORRECTlou E(cou6 i E' Fit.Ticious Liue, sine i = vo',sior2 = toco* mirsactv, cvece ro soo',soco*icevettivety o.es i.0
E(hot) ou TE 9- F nciscious uur, .siera s 70',ssa z : sus' romany, cycuro To sco',ioo/,res,verimy o.94 0.96

* WRnu6ES,udi AmR.sTooE. *6 ricTicious ciue, troe : vo*,snoe z= socc/ sursmty,cntro to sooo*, loco Resptvwg o.s3 l.o,

' Correct :Coce MET)i00 (c ASS)

' Cor rec.T": EX6cT /dE 7 b 0.95 1.0,

ColurlMul :tt CorrfcTaou E same as asove 0. es l.26*.t

F 0.96 i.oi

PSA - 1976 STaric M 6 0.43 1.16 ,

VMLMES 45eo lO4Tm4 0F vs AncA-)4
1982 DVAn4Mic K UACWEJ 4b-l ACTuML LIWS TaTML SUPPomT K lu Kerr OhtuE o.85 f.ll 0.79 1.56* 0.Bl 1.11*3

(ucutoR barn usTs) AAAA-H lleG oiuE e sooc', %u8A cut.v er AT-EuPPoleTg OA3 liS'l O 53 1.0L OA 9' l.04 I
I Y

c- A A6R-H T Le6 upE @ icoo*, TutmLsuPreer W useb O.48 1 01 0.64 1 15 c.88 f.01

MocetlNG FRaceJ' k-~#5AAF*'H
*

SrlFFU4ff#fMSS M A.l A-H 6 (.tG LipECd ioco , usT or gu PP0f T3 = o.0 0. 64= 1 04 c.s7 f . oC. o.84 0.99
i( A4 HA-H Y Y3LF6 uMF @ 1000*, K OF SU9 'osers e co O o3 | .o9 O.18 0.90 0 12 " O.98oi: surecuers

16suortt'$
'

ARI A-H 3 LEG Liut @ f 000", uJt *0 0 K: 00 0.03 0.99 c.14 * 0.98 0.i2 0.983

L VS A A FA - H
- . _ - -
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[TASLF '$-fl ~

rh%MITL4bE OF ERRORS IlV PREDICT lOro OF SIEE mlC. FEEPoMEE
.

s e vntuE MSlub REl:EREuce CASE (REFTRRTIO ~
vntus (ASIN G ERRoNeotrS CASE (eeeoRT (i

h $ '

x x

g/{E CRBR [t.IME 3-LEG 8 "UNECASE g S

| Tb $ b 13RipclPUE. EEROR Elu.OlED N R 7 N R 7. _ ' _._ _ -

.
-

REF '8Z $CT REP HOT
'

OlFFEREMCE IN '74 rS 82 l.is ' I.24 ' t.23 1A7 t .54 1.14'

.

ERROR '76 R.T REP HOT suusgeR K vnLues -

OlFREcuce tu '% ys'62 }REF ' 67, ACT co 110T 2.32 f.99 2.04-- - -

ERROR '% ACT co HOT suusseR K Values J

REF '82 AcT Ree HOT EFFEtt OF MJID6 cc 33.3 5,55 8.33- - -

ERROR eo ACT co HOT K SUPPORTS J

! REF ' B2. ACT REP Hot EFFETOF utiMG 1epo 152 1.15 1.19- - -

i ERRDR '8E Q REP HOT (Air. 54 PPoars ,l

eTerer et= usipb ev g seg} _ _REF 'Ba fict Rep Her 9.os 3.it 4.98_
'

ERROR ' 7(, e oo Hor m30 Tero tur us/ 76 i81 dM J

; REF 'B2 Act Rt9 Mct EFFecT OF cel< ,u>rtttj _ _ _ 31.0B 6.50 7.84
EREon co o oo HOT SUPfoaT ywognth(,

EFF(cT OF %!sp6 Jo*E } i.ts I.11REF '82 ACT REP hot 1.19 l ll I 48 t o?
ERROR '82 ACT REP ~X) IN Std4mic. RuuS J

REF 'Bt Ac.T- co Hor ett:Frcr OF MalM6 70 *E 3 1.41 1 15 1,I5- - -

*
t'Yt.R o R '6Z Act 'o '70 tu usesmit e.tru s J

1

--



.m .

J - -

D e

:

I

N 3
w 'h'

M
(O O -

_: e L-i
<

QI O |
o R R -

: g o o-

m
I

kJ 8 ja- .,, , ,

v 1 2 9 t o
-

- -
1c\a n Oo (L % N

= W, g 4
~

$h U T,

Q w -

w <w w
'

E a y. e !a
% E' &s 5 v v8 3 ese

g a~ f.aE r r_ m e
,, x, o ,x

3Roe f> Pe " !
g ,te'

4

2 "
,f.i o ..c?e ie ns v -,v

so 2 '^ 53 G 2 $6 4d
3 @3 uN@26w 5 o a

OO wg3 w

O
,M - si oa :g *a2 , o 'g 'g yaok b" "'

m @c "u gso=n e u
o :a . -. e 7, 8n

/, = n b2,

gs- g2 ego
.g m 'o 2 0y y p 2O C-
y y p b d 2 O' '

,

d d U E IJ 2
a|E 4. oc

g
2 af 3 e3 22 og

'

E
!

. u -u
D o ad

-

.> >
'I d .J'

-egc at t-t2j D'i3 3w s g-

as b y$
O g %O s m ez
Eo 112 MJ

-

v .
w 'o uu wwe

S!" ..g .. . . . . .. ..e
g g g'' o s.

b bO hh O
&sn ug ug &g

.. _ _ _ _ . _ -- . _



_

& '

frasm2-0
.

'

O 06/22/82 NUPIPE-IIM - NUCLEAR SER% CES CORPUR AT ION PIPING ANALYSIS PROGRAM VERSION 1.'-

~

EC/EH STUDY SEISHIC OBE EC=28.3 CASE [AAFA-@ SEIS
%

INTERPUL ATED SPECTRAL ACCELERATICN VALUES FOR SPECTRUM 5 L -

. m
'%

._
.- -

HUDE IRLQ. PERI 00 X(GI Y(GJ __. Z(G) . _ _ 1 7._ S LIL4S Ocle._ K __ _ ___ _ .

1 5.0263 0.198955 0.0492 0.0 0.0 g,gD 2 5.3794 0.185893 0.1932 0.0 0.0 r ;
3 6.7326 0.148530 0.5617 0.0 0.0

_ TV pOMT LurS_ . . _ . __

4 7.2408 0.138105 0.5617 0.0 0.0 g ggg* 5 9.0011 0.111023 0.4198 0.0 0.0 gg g,

6.__..__ 9.3790 0.106b21 0.4323 0.0 ___. 0.0
7 11.2390 0.088976 0.2451 0.0 0.0

0 8 11.9913 0.08339'+ 0.2451 0.0 0.0 /> s
9 13.1324 0.076140 0.2369 0.0 0.0 ( SW- FIG 3-5 )

10 14.1142 0.070851 0.1785 0.0 - 0.0
* 11 1. 2071 0.070188 0.1732 0.0 0.0

12 14.1755 0.067680 0.1428 0.0 0.0
13 15.7634 0.003438 0.1428 0.0 0.0

* 14 15.9285 0.062780 0.1428 0. 0 0.0
15 16.6313 0.060120 0.1428 0.0

_
0.0

_ :
16 18.4667 0.054157. 0.0943 0.0 0.0

_ . _ _ . _ _ _

* 17 19.4295' O.051468 0.0646 0.0 0.0 l-

18 20.2454 0.049394 0.0476 0.0 0.0
19 21.9248 0.045610 0.0476 0.0 0.0

# 20 22.4500 0.044543 0.0476 0.0 0.0
21 24.5184 0.040786 0.0476 0.0 0.0
22 24.6901 0.040502 0.0476 0.0 0.0

* 23 26.4653 0.037785 0.0476 0. 0 0.0
24_ __ _ 28.6364 0.034921 0.0444 0.0 0.0,

25 29.7918 0.033566 0.0422 0.0 0.0
0 26 32.6502 0.030628 0.0371 0.0 0.0

27 33.3956 0.029944 0.0359 0.0 0.0

9
f44?I214# A.)C.[4:T:

'

._

O
.- _ _ . . .. .. - . .-

.

. - .__._ - _ _ _ _ _ _ _ . _ . _ _ _ _ . _ _ _ . _ _ _ . . . _ _ _ _ _ _ . . _ _ _ _ . . . . . _ . _ _ . . _ . . . . ___



O| 08/t0/82 NUPIPE-IIP - hUCLEAR SERVICES CCPPCR AT ION PIPING atialysis ppOGRt.M
VEkhl0N_1

-

', ,

; (TM6G~TT EU EE STUDV-- 5E15FIC CBE ECUTJ.3 L45t[M&A-b5tI5

INT ERPOL ATED_ SPEC TR AL ACCELER ATICh VALUES FCR SFECTRUF 5 .
,

_

O; Co WWA N
,| MODE [FREQ. PER100 X( G) Y(G) Z(G) do C L%wtp K

1 5.9432 0.168260 0 4046 0.0 0.0 W QLOG y'
~

O |, 2 6.4t40 0.tS5909 0.56t7 0.0 0.0
WOO,' 3 13.9399 0.071737 0.1686 0.0 0.0t

e 4 15.6765 0.063790 _ 0.1428 0.0 _0.0 c w C Fn o o tA c u T
O| 5 t9.0125 0.052597 c.0773 0.0 0.0.

' 6 19.6472 0.350898 0.0580 0.0 C.C
: 7 20.2177 0.049462 0.0416 0.0 0.c

O |h 9 '
8 20.5294 0.04871t 0.0476 0.0 c.o f s

LSCC ] '3-SJ.| 23.28T3 0.042942 C.0476 0.0 0.0
: 10 26.6313 0.03T550 0.0476 0.0 0.0

O| tt 26.s234 0.037t42 0.0476 0.0 0.0 ,

,e 12 27.7317 0.036060 0.0461 0.0 0.C|

| 13 28.6285 0.034930 0;0444 0.0 0.0

O| 14 29.0753 0.034393 0 0435 0.0 0.0
, , ,_ .1 5 30.3803 0.032916 0.0411 0.0 0.0

16 31.5129 0.031733 0.0391 0.0 0.0
--

0||
17 37 1107 0.026s46 0.0333 0.0 0.0

.

.
_ _. , -

0| pneauenctes >
, -

,

" _ _ _ . _ _ _ . . . _ . _ _ _ .._.____ . . .__ _ , , _ _ .

Oi
'

.

t

O|
'

. . . _ . _ _ _ _ ___ _ ____ _ _. .._ . _ _ . _ _. _. __
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..:
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DEFINIT /OW OF 'S LEG'MODELS FOR SE/SMIC CASES
.g.

SNUB K CLMP K BL OG K WE/GMT TEMP

A A FA -If 1982 ACTUAL ACTUAL ACTUAL HOT

AA KA- H 1974 oo oo ZERO HOT

AAIA-H oo oo co ZERO HOT

AAIA-C oo oo oo ZERO A MB.
'

AAcA-C 1992 cc co ACTUAL AMB.

A A FA - C I982 ACTUAL ACTUAL AC TUAL AMS.
AACA-H 1982 cc oo ACTUAL HOT

A A A A- H 1976 oc oo ACTUA L HOT

AAQA H 1976 AC TUAL AC TUAL ACTUAL NOT

AAJA-H 1982 AcrVA L ACTVAL ZERO NOT

AA HA -N oo ao co ACTUAL hot
.** SASEUME AA/ALYS/S

PA.9AMETER VALUES FOR '3 LES MODEL S (6"LINE)

1982_ 1976 oo

1 10 * l.0 x 10'

ShluB K (PSA 3
,g ,,ge

6.6 y /O' l.5x/05
ACTUAL. oo

CLMr K 5.0 x IO *

I.5 < /0? '
.0 x10'l

SLDS K
' RIGID 98 0

WE/GHT y PSAI 94 0

_PSA E 10 6 o

HOT A M SIEJJ T
MOPULUS 22.5 @l%0*F 28.3 6 70*F

TABLE B-6 S LEG MODEL DEFlWITION

4
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ARTICLE NC-3000 - DESIGN Fig. NC 3673.2(b) 1

5
, - Flexibility

*

Strass ir.tensefication
1 Description Factor,k F actor, i Sketch

|
'Branch connection (6) 1 1.5 Feg. NC.3673.2(b)-2

I

Butt weld (1)
1 1.0in > 3/16 and < 0.1

^ \ u \__

\ / 3
"

? _ t\ 'iButt weld (1)
1.0 for flush weld r f *

3

itn < 3/16 ortn > 0.1 1.o for asweided
C

Fillet welded joint, socket Fig. NC-3673.2(bl-3,
welded flange, or single 1 2.1 sketches (a), (b), (c),
welded slip on flange (e)andhs

Fig. NO-3673.2(bl 3,F ull fillet weld 1 1.3
sketch (d)

.

30* moz.

~
30* tapered transition 1.9 rnam. or ^ ^ " -j(ANSI B16.25)(1) 1

Do & ~ kI "
t

1.3 + 0.0036z +3.6g ny

Do

: t,
u.

*2{2.0 men. e
Concentric reducer "or

af' g(ANSI B16.9 or 1 0.5 + 0.01aMSS SP48) (7) _

D
i u

ir
.

Threaded pipe joint
or threaded flange

i

.

Corrugated straight pipe
or corrugated or creased 5 25
bend (8)

(See notes on next page)

FIG.'NC 3673.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (Cont'd) S75i N S76
133

. , ~

, -, v-~, - ~ . - - - ~. m , v v ,e.
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SEISMIC R.S. ANALYSi$
'gy -

-

EFFECT OF USIMG E vs En AS STRUCTUR ALc
~ MODEL ESAs15 POR. :

(E#%$$^$cg.c) A SMOBBER Kg OWLY (4/s2)C^"

(COND AAFA-C,/ # TOTAL AS'BLY EFFECTIVE kg(4/35 ,COMO AA FA-I l '\
1.9 - '

l.4 - & -

Q l.3 -
-

<i n.2 - -

0 e & -, , i.i , ,

A g 4 A-p.o ; : ;
-; A. .

,a o.9 - , . -

* * *N 0.8 *-
-

N #
9 0.7 -

-

2 0.6 - -

' ~
' ~

FA Pc Mr F
I Ms ! I

A Fu Mr Ms F F Mr Ma4 u
II IN02. A Not. S N07.. C

4 1.5 -
-

1.4 #
-

O l.3 -
-

'
|la -

-

p A A A' * ^ ^ 4:ze,.;' a:* .
. . .. _ .yc 1 , . . . .

- - - . -

M l
.g

- -

A . --

p . 0.8
W 0.7 -

-

*
g 0.6 ,- -

~'

Sn Sn Sn Sn Rgd Sn Rgd Sn Sn sn Sn Sn Sn
'

SMUSSERS g RI6ID ResTRAIMTS
1.5 -

-

@
1.4 - -g

_

@t i.3 - -

10 1,2 . _ - _.

m a A A
0( c ''I - * ^e A & -

}--$1.0 --{ ! : A g f-
. ,

D E O.9 - -e*
0.8 - -. -

'g .

Q.I 07 - -

[.0.6 - .. .. .
.

0.6
el EL T T T El El El. El "

Pipe P i rT m.16,5 --.- _
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9E15MIC R.S. AM ALYS I S --

'

''

D2'; EFFECT OF U5lMG NEW (4/82) vs

CRl6NAL(N/7Q SMUBBER. K VALUES-

(c$g"$#*C^) A GbJUBSER. K OMLY54gyg

(ConD. AAE AT 4 TOTAL EFFECTIVE K; (EMTIRE R5NT AS'ISLY)3- -

Co N P. A ADA) -3g
O
4

-

ao a
-I 2 -

- 2
tu E
__ g - e e

*

$o i _ t $ ? 4 * * e * *
*

,.

* *
2

4 Fg, Mr Me"
O- F1 F Mr MS

~

F Fg Mr Ms F
I II,u

'I 'MCE. A NOE 5 WOZ C

h S- -5
<
S
f-- 2 2-

-

| 20 *
4t

@F
.---

$ * * *
. . . ,

f 6 : I 6 6 g i i 2- II : e :-

to
W

0 -O-

sn sn Sn Sn Rgd Sn Red 5n Sn on sn sn Sn

SMUBBER' h RIGID RESTRA1MTS
,

3- 5-g
| Lu

.m .
!g| '

W
w 2 A ' 2-

T
)._. o-

m3
,'

.
to I -? E I ' * * ? '- I --

LL - .

a_

O~ -

El El T T T El El El El

PIPE FITTiuGS

.
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SEISM ic R .S. A bj A LY315 - -

~
^

g.3' i EFFECT 06 I6MORI46 54ffear X
G EFFECT CF IbMGRiMG fiMff0iBT' WT

RATIO 5 : AAEA _ E&ch GmWJ K us4/s2 snbe K
AAHA K = 1 x ic s (Escfive gi Q Rsn+)3AAEA WeiaL4 o#12sn? Assblu iRcluded_

AAJA
-

weiht ce+<ibuA cf bnv ipeed3.

@ n . A
Q _

284 -
-

-

Q 24 -
-

9 20 -

tu I 16 - A
ge -

12 -

g -

N 8 -

-

O 4 - A A A A
Z e -

, _i.g e e e e e 3 3 3 Aa
,

4 t Mr Ms F F Mr Ms F. F Mr MaF F, 3 u u
| 0 MOE.A '''

WOE.5 l I 'Moi.c
! O

6 -

4 -

O ' -
-

J Ac _
.

Aho5 -

_ g -

4("4 -
-

A
| g A A A3 -

g
b 2 g A-

-

W _? Aa , . , . . a e i _m .
~

-Sn Sp Sn Sn Rgd Sn R4 sn sn sn $n Sn sn9

10 -
-

@ 9 -

w .- -48 -g -

@ 7 -

W 6 -

d ;o
-

,

- 5
,@I

_

&4 -
-

'

3 -

A
2 -A A A

.

*g, -, e. , e , + *

O
Et El T T T El El El El

~

. _ - _



~ -- -

. _ _ . _ _ _ . _

. . _ ,

THer2 MAL EXPAM MMALYSl5 ~- _',e

(6-4 USE oT- Eg VE Ec As MocTVM NDE WG
___

_. ----- - --.

AAAA-H
R ATIO: AAA A-C (gLL gggggggg.gg.p) = g

.

1.5 - ABAA-H /S2AWcN A - GooT, h=,
-

d ,4 ABAA-C \bRANCN B &c-locc'F/ -

O |1.3 -

_

-

<l
O l.1 -

- -

J ||,) -
_

tv,,o .? . . . . . . - - - o
__1 e _

N 09 8- e eW o.g _a 4 4 4 a e 1 e a e 4-
0 -

|
g 0.7-- -

,.
0.6 -

-

Sj, F4 - Fu , kM M-S F FL Mr0.6
I ,

F F Mr M S,4u
M02. A N01 g N0 Z. C

M l.9 - -

C1
4 1.4 - -

O l.3 - -

__3
1.2 --

2 i8 - -

1,o -| : -

g.
' '

-

y 0.9 - - k
I- 0. 8 a 4 4 -a -,O
ur 0.7 -

-

M o.G - -

0 9 r RIGF- RES TRAINTS - -

n r.5 -
-

W l.4 -
-

% -g
g 1.3 -

-

| L!.I l.1 -
-

! N
$ l.;g

-

I1|
- ,

j- 1._2 1 = = . .-
eo., -

-

w .

D._ 0.2 -
-*

| [ 0.7 -
-

| 0. 6
-

-

g,5 _ El __ E l . _ .T T. T . El El El - El___ .|

PIPc P' f 7T i >J G S
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Ti-lERMAL EXPAbJ. Ahl ALY515 7/
~

g V6E OF Eg vs Ec As SrT2ucTU12AL MODEL LA5l5
_ _ _

_. __

7gg ABAA-M / BRA 9c4 A - Sco F, }_ g
ABAA- C ( BRANCM 5 $C -looO*F/

Ac AA- H / BRANCW A dC -loco *F) - g
-

15 -

. ACAA-C. (SRANCH B 500'F /6
a

|,4 -
_

e
1.3

_
-g

,,

o 1.2
-

- .

_J
1.1

-
- o

b .O | I ; ; ; I I -

k
'' '

l - -

-! A -' g
N 09 A e eg

-

g
W c.s -. . * * . * * .--

0
2 07 -

-

0.6 -
-

A
FA Fu Mr Ms , , F. Fu- - Mr Maj-0.5--Fg--- F Mr M3u

! II NOE. B NOE.CNoy.. A

g g,g - - _ _ _ _ _ .

O
4 f.4 - -

O l.3 - -

1

1.2 - -

2 88 - -

oA

k .o - : : - F
'1

' - -

a o.s - o - f

A I-I- 0.8 8 A
V) *
w 0.7 --

M o.G - -

~ -- ~

'

--- RIGID RESTRAIM75 -

'n r.5 -
-

W l.4 -
-

wp
-

-

g 1.3 -

W l.7.
-

-

M '

I.1 - A
- o ,p

[ l.0 - , . 3 A O O O-
e e a

0.9 -
-

g ,
,

n_ o.2 -
--

{ 0.7 -
-

'' -

0. G -

p,g __.Fl . El T T _ _ I_ _. El __ .. El _ El f.1 .

PIPE FITTI NGs
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'e.-$-b'TWs RMAL E)(pat 4. AMALY515 .
n;

'-

M USE OF E vs Ec As STr20CTURAL MODEL BAsl5p

AEAA-H / eR.ANcH A 4 6 - SoO*F, ,gRATIO. AEAA-C ( SRANcH c -locoa F.

l.5 -
-

d 1.4
-

-

D -

1.3 -

4
-O l.2 -

-I
.

1.1
-

A o-

111 . o -; - ' - - - '
1 : :- : : -

N OA A
~

-

A A AA A A A A-bl 0,8 -

O A
j 0.7

-
-

0.6 -
-

FS t r Ms F Fu Mr Me F Fu Mr Ms' .-F M A Ag,g I II NO2. B Ho2. CIIwoz.A

tA 1.9 - -

G
4 f.4 - -

O l.3 - -

__1

1.2 --

2 1.1
- o-

-

1. 0 - t : y- - - -

y 0.9 A -
"A

'I-- 0.8 A A A --

O
w 0.7 -

-

;

M o.G - -

|
0.5 - RIGID RESTRAINTS - -

'n r.5 -
-

| i
W l.4 -

-

| @ --

i.3 -
-g

w l.2 -
- -

M A _

'~

3,g o -H A 4
O la - I : t +- {A * A

.

g,9 . _ __ A . . .
W

b 0.f - - -

[ 0.7 -
-

0. 6
-

-

0,g _ El El T T T El El El El .

PIPE FITTIN65
. . - _ - - _ . _____
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3-g Eo- Eu/ RESTRAINT K STUPY

'

6El5Mic R.S. AM ALYSIS - TEST vs BASE CASE coMPAR.lSoM TABLES
Fo2cEfsins s mW - ST CASE (OLD Q

(No. > i.0 h cmservalive h - - - - - -
"RA TIO :

e , ,e. p c.f fe, b a s e c a s e ] A4SE (hot E)
~ '' ''

I
NODEf AACA-C WEu AACA-H AAFA-C WEu AAFA-H

F; .97 1.04 93 .73 .90 .8l
F .65 .99 .46 .94 .95 .99t,
Mr 2.74 .71 3.64 It.G l I.55 14.01

~

Ms 44.69 I.04 43.01 17.90 1.04 $4.74
5 F, .91 .90 1.01 2. /0 l./S l.84
0y Fe /.24 I.02 / . 24 4.07 I.17 3.4539g
yg _Mr 2 . 74 .93 2.90- T.81 1.25 7. I4

Qy Ms 99.14 I.04 ?S.S0 553.42 I.I9 |300.05
y Fs 2.21 .99 2.23 2.2T 1.03 2.21

t % F I.51 I.00 I.5/ /.82 1.09 /.67t4%; Mr 51.51 .92 5 6.22 4 5.75 1.02 44.35
Ms 74.21 1.0 / 73.31 127.40 1.2/ 105.53

7YPE NODE DIR.|

SNB 158|2 | .90 .87 /.04 I.06 .7I I.48
SNB I48 | 2 | 4.97 l.12 6.22 13.Ib l.00 13.21
SNB 189 | X 2.46 ' 95 2.51 4.36 .99 4.41

hy SNS 183\Y /.72 1.0& I.62 / .40 1. 0; l.57'

'Q>. RSP 193 | Y | | . 93 .87 2.23 2.94 .95 3.10!
'

SNB 323! Y | .47 .92 . 75 /./l l.05 I.06kk R&D 338 ! Y \ /.93 .93 2.01 3.41 1.03 3.32
k SNB 488\YI 2.07 .92 2.25 2.70 1.02 2.65

SNB 473 i X 8.13 .88 9.I9 13.10 .93 I3.339
yf SNB 449 | X 2.74 .94- 2.43 2.84 1.02 2.79

Q% SNS 448 | Y ! 4. % i.00 4.04 4.32 1.04 4.lfa
SNB 44t| 3 i 3.04 . 98 3. l| 5.86 1./2 5.23
$NB 4/5 l 3 ! 2.03 .95 2.13 | 2.35 .99 2.35
TYPE NODE ,,0 '0

% ELL I45 A: 2.68 .99 2.70 3.88|l.04 3.76
| Q 175 A| 4.85 .87 5.57 &.45 .92 7.01 :

"
,

'@ TEE. :00 ! A i 9.9s 87 Il.45 12.19 .?4 12.?8
h 203 | B | 6.19 .92 G . 72 /3.44 1. I9 //.26n

'

N Q 202 | c | 7.26 27 g.32 t2.ss I.os I/. 70"

ELL 3IS|8! 5.92 I.01 3. 86 10.5 2. 1.14 9. 26
'

*

m 4:5 C| 9.47 I.00 9.44 10.45 1.04 /0.20"

N-' 455 C| 7.32 .94 7.77 9.30 1.02 9.08n

N 475 c| 7.50 .95 7.87 9.62 1.24 9.25*

I
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FORCE /' STRESS CMPT - TEST CASE

(NO. > l.0 lb Cmsersfive )
pA 7 jo : W.sE CA st" " ~

W) respect to base case /
~~ BASE CA SE - A A D A

0AICDE 9 AADA A A EA AAGA AAFA
FA l.O .S7 .S $' ' . 74" |

6. I.31 f. 55 | 1.22,99_

Mr I.35 I.55 I.10
Q Me /.44 I.54 I.29

8m FA I.09 |.j& | J. 0 /

f Fu l.13 1.22 1.043x
Mr I.03 I.I5 * 84y .

y Ms I./6 /.24 f.04
% 5 .99 I.00 .95

P 1.05 l. Il l. 01sg
Mr /. 03 ' l.05 l.00

'

Mz t I. /4 | 1.29 l. 03,

TYPE NCDE DIR

SNB 15 8 E 1.0 1.20 1.14 1.28

g SNB 14 8 E | .99 C. 99 I.M
SNB 188 X l.Str 1.59 f.34g

s SNB /82 Y .87 .89 .64~
R60 l93 Y .98 .89 l.04

b SNS 323 1 1.27 1.1/ l.31
k 'R6D 538 Y I.04 .93 1.06
Q SNB 488 Y .9tr .77 95
% %' SNS 4 73 X 97 .97 1.00

f SNB 445 X .94 .95 .95 .

9, SN8 448 Y | .00 1.01 I.00
SNB 448 2 I.II 1.18 I.03
SNB 4|3 E 1 1.01 1.00 I.01
TYPE NODE LOOP

~

ELL I45 A I.0 | |.03 l.09 .96
n 175 A .99 .96 1.01

N.
g
$ TEE 200 A 1.00 97 1.04 '

QN Q 202 B l.14 1.24 I. 01"

%Q 200 C l.08 1.14 1.04*

%8 ELL 3/5 15 /.10 1. / 7 1.02

fN? 425 C l.02 1.04 1.00*

WM 455 C l.03 1.05 1.00"

* 4 75 C n 1.00 1.0? .99
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f##|"" "
(NO.>l.0/EC:V)serNIive)

RA TIO : #'#" " "

g) recpect to base case /
BASE CASE- AACA BASE CASE-44[A

NODE c+P AAAA 'AABA AACA A A A A | AA EA
Fs I. I4 0.94 1.0 I.44 l.O
h 0.89 0.96 | 0.55

Mr I 37 1.07 | 0.31
%

Me 0.84 0.95 | 0.37 |

Fx 0.82 1.02 | 0.4/ |
n x 0.46 0.71 | 0.14 |

k Mr 0.88 0.86 | 0.30 |
,,,

k Ms O.43 0.67 | 0./2 |

k F; O.95 0.95 | O.96 |

N Fg O. 93 0.9B |

_

0.84 |
'

gg
Mr 0. 96 0.99 | 0.82 |

'

Me 0.94 0.97 t 0.57 s

TYPE NODE .DIR

SNB 158 E 0.86 0.84 !. 0 0. h4- I.0

Q SNB IG8 E 1.01 0.92 0.48
D SNB IAS X 0.65 0.87 0.35
k SNB 18 9 Y 0.86 0.87 0.86

MP 193 Y l.06 0.96 0.82
Q q. SNB 323 Y 0.53 0.48 0.33 |

QQ Rsp 533 Y /. 03 I.02 0.44 |

n SNS 438 Y 0. 74 0.8/ | 0. & & | |

h SNB 4 73 X 0.73 0.79 | 0.52 | |

g SNS 441 X 0.88 0.89 0.93 \

% SHB 48 Y /.06 0.97 I.02

SNB 443 E 0.74 0.97 C. 4 / |

SMB 4/3 2 1.03 1.00 t 0,92 4

TYPE N0DE/,

ELL I45 A 0,4? 0.43 't.0 0.68 1.0

6 " 175 A l.04 1.09 0.35 |

hw TEE 200 A 0.82 0. 8b 0.75 |

8Q 200 a 0.66 0. s 7 0. ?S |~

n C 200 c 0.93 0.90 | 0.63 |
-

h y{
Lt.' E!.L 3/5 B 0.49 0.83 ) O.19

425 c 0 98 0.99 | 0.89"

s CI * 455 c 0.9& 0.99 o.82 |
| " 4 75 c 0. 95 0,95 t p.so y

__ _ ____ . -. _ . -. - - _ - _ __ . _ . .
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FORGS .

413 I- -I, I -
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Energy Systems Group Rockwell8900 De Soto Avenue .

Canoga Park, Cahtornia 91304 InternaIlOnal
Tetephone (213)3411000

TWx. 910-4941237
Telen 181017

August 27, 1982 In reply refer to 825G-5728

.

Mr. Tom Vinson
Quadrex Corporation
1700 Dell Avenue
Campbell, California 95008

Dear Mr. Vinson:

Subject: Errors in tiUPIPE Program

The results of a methods validation effort for in-house production
analyses have identified seven areas in the version of the NUPIPE pro-
gram we purchased from Quadrex that can result in solutions which are
not in conformance with the ASME B&PV Code and can result in under-
prediction of loads and stresses. We have already made the correc-
tions to our NUPIPE program and are not requesting any action on your
part per warranty clauses or otherwise. However, we believe these
corrections should be made to all NUPIPE codes currently being used by
the nuclear industry, and the past use of the program with these
errors,in the design of operating nuclear power plants, requires your
filing a dev1ation report to NRC per the requirements of 10 CFR 21.
Related errors have also been discovered that result in overprediction
of stresses and loads which, although not requiring 10 CFR 21 action,
are brought to your attention in the hope of evolving more accurate
programs for the nuclear industry. The seven potential 10 CFR 21
areas are as follows:

(1) For Class 2 and Class 3 analyses, specification of an as-
welded girth butt weld in straight pipe (GRUN) results in a
stress intensification f actor of:

- i = 1.0 for thickness 2 3/16 inch
'

i = 1.8 for thickness < 3/16 inch

.
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The Code intensification factor for thickness >3/16 inch is
1.0 only if the construction offset ratio 6/t is less than
0.1. NUPIPE does not accept any user input information on
6/t ratios. This can lead to a 44 percent underprediction
of stress at locations f ailing to reeet the offset ratio
limit. This error carries over into the multiple weld
indices LGRUN and FLGRUN (longitudinal-plus-girth welds).

(2) A similar error as (1) above exists in the Class 1 post-pro-
cessor. In this case it is the C2 and K2 indices for
as-welded girth butt welds. The C2 value in NUPIPE of 1.0
should be 1.4 for those cases 5/t > 0.l; the K2 values
similarly could be erroneously set at 1.8 when they should
be 2.5. With respect to equation (11) fatigue evaluations
using the product Cp K , the ratio (1.0) (1.8)/(1.4)2

. (2.5) = 0.51 indicates only half the actual moment stress
range could be predicted which, based on the ASME Code
Appendix I fatigue curves, translates to an erroneous ten to
twenty times underprediction of fatigue usage fractions for
moment-controlled load cycles.

(3) For Class 2, Class 3, and B31.1 analyses established by
defining CODE = 2.0, the modulus of elasticity specified on
the XSECTN cards is used in the seismic analysis. The
NUPIPE manual states this should be the value at room tem-
perature. The change in stiffness resulting from use of a
room temperature modulus of elasticity versus the correct
use of actual operating temperature modulus of elasticity
can shift the piping frequencies away from response spectrum
peaks, resulting in a reduction in predicted seismic loads
and stresses. (The opposite trend is also possible, but
overdesign is not a potential 10 CFR 21 concern.) Results
from studies run on representative piping lines at Rockwell
with operating temperatures of 5000F resulted in 30 per-
cent underprediction of loads and 15 percent underprediction
of stresses when a 700F modulus of elasticity was used.

.

It is recognized that the Winter 1975 Code Addenda for
Class 2 and Class 3 replaced earlier wording that required
thermal expansion and flexibility moment calculations be
based on Eh and stress calculations be based on Ec/Eh
times these moments. The new wording states more simply

.
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that stresses be based on Ec, which makes possible the
simpler approach moments can be computed using Ec and no
modulus adjustment used to compute stresses. However, these
rules are for thermal expansion loadings only. The Code
does not specify a selection of modulus values or use cf

modulus-based stress adjustments for seismic loadings.
Intuitively, this makes sense because the seismic events are
usually over before any significant change in temperature
occurs. Furthermore, nuclear piping at room temperature is
usually empty so the seismic case being run in NUPIPE (room
temperature with fluid mass) is not even a real operating
mode.

As you know, the NUPIPE option for Class 2 and Class 3
analyses with portions of the problem containing Class 1
piping (Code = 17.0) provides for Class 1, Class 2, and
Class 3 stress post-processing. In this case the hot
modulus of elasticity is used in the seismic analysis,
resulting in completely different results for the Class 2
and Class 3 sections than if the Code = 2.0 option is used.
The NUPIPE sample problem statement (Page 102) that the
Class 2 and Class 3 " output" is the same for Code = 2.0 and
Code = 17.0 evaluations is misleading. The same tables will
appear but values may differ.

(4) For Class 2 and Class 3 analyses established by defining
Code = 2.0, the " cold" modulus of elasticity specified on
the XSECTN cards is used in the thermal expansion analyses
and no Ec/Eh type adjustment on thermal expansion
stresses is used. This approach, as discussed in (3) above,
is valid per the Code after the Winter 1975 Code Addenda
replaced earlier requirements that Eh be used in the
moment calculation and an Ec/Eh adjustment be used on
thermal expansion stresses. For Class 2 and Class 3
analyses to a Code of Record prior to the Winter 1975
Addenda, specifying Code = 2.0 will not give a valid
analysis. Sample cases run at Rockwell for multibranch pro-

'

blems at different temperatures resulted in situations where
locations experienced over 10 percent increase in thermal
expansion stresses and over 40 percent increase in nozzle
loads when the earlier treatment of modulus values was
used. This is due to a difference in load distribution
created by the difference in individual branch stiffnesses
with changes in modulus of elasticity values.

.

5
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This issue is complicated by the fact that Class 2 and
Class 3 analyses established by defining Code = 17.0 use the
Class 1 Eh moment, Ec/Eh stress adjustment approach
which conceptually at least (see Item (5)) is identical to
the pre-Winter 1975 Addenda Class 2 and Class 3 approach.
This can create different Class 2 and Class 3 thermal expan-
sion stress range results, depending on whether Code = 2.0
or Code = 17.0 is specified. This, however, is consistent
with the Code requirement of NC/ND-3672.l(b).

Related to the code-of-record problem with modulus of elas-
ticity used in the moment calculations is the NUPIPE treat-
ment of support and nozzle loads when the cold modulus
approach (Code = 2.0) is used. No E /Ec adjustment onh
reaction loads is made per the Code rules (NC/ND-3673.5a) so
the loads calculated do not represent actual hot condition
loads. This can result in overly conservative nozzle and
support load predictions.

(5) For Class 1 analyses established by defining Code = 7.0 or
17.0, the method for adjusting thermal expansion stresses in
the Class 1 piping by an Ec/Eh factor is incorrect. The
Code adjustment is on moment (stress) amplitude whereas the
NUPIPE correction is based on moment (stress) range. More
precisely, the differences expre:; sed algebraically are:

Code Adjustment

E E
T c c

O M .E1 2 " Q "TE ~ Q "TE2 I

NUPIPE Adjustment

\[E E

aMfE-2 = Maximum of *M -MTE TE
, p

Situations can exist where the NUPIPE adjustment is uncon-
servative with respect to the Code adjustment. Sample cases
computed by Rockwell had differences as high as 20 percent
for 10000F thermal ranges.

.
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Interestingly, the Class 2 and Class 3 sections of piping
evaluated using the Code = 17.0 option use the Code Ec/
Eh adjustment on moment (stress) emplitudes. Only the
Class 1 sections employ the questionable moment range-based
correction.

A related non 10 CFR 21 issue is the unnecessary conserva-
tive NUPIPE Ec/Eh stress adjustments on loadings other
than restrained thermal expansion. Examples include but may
not be limited to seismic anchor motions and external loads.

(6) An observation requiring consideration is that conventional
modeling procedures could result in underprediction of
stresses in tees and branch connections. NB-3687.4, from
the Winter 1975 Addenda onward, requires modeling tees and

~

branch connections with a rigid member for the branch from
the run centerline to the run surface. This is to provide
the correct flexibility for these components. If the user
creates this rigid member in the conventional manner using a
very stiff geometry section, the section modulus used in the
tee branch stress calculation will be incorrect, resulting
in an underprediction of stresses. The user can avoid this
problem if a ficticiously high modulus of elasticity is used
while maintaining the nominal geometry. On the other hand,
the NB-3687.4 requirement is commonly overlooked by piping
analysts (the rule is somewhat obscure) resulting in in-
correct flexibility being used. It would be a gtod idea if
NUPIPE was modified to automatically provide correct flexi-
blity and stress reduction without the current risk for
analytical pitfalls.

|

A minor comment on tees is NUPIPE's erroneous use of the
| term Do/2I instead of Z in the Class 1 moment stress
I equation. The Code definitions of each lead to slight

differences in results.

'(7) A final area with potential 10 CFR 21 implications is in the
cycle bookkeeping for the Class 1 fatigue evaluation.

i
; NUPIPE has no provision for specifying dynamic subcycles for
I response spectrum earthquake loadings. The analyst must

input the total number of dynamic cycles (number of events
| times number of cycles per event (subcycles)) to define the
|

i

|

\
-
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cyclic character of the earthquake loading during life. Two
loading combinations are evaluated each time an earthquake
load cycle is eliminated:

(a) Range of nonseismic loading (such as thermal expansion) -
plus earthquake amplitude; i.e., the seismic event lead
cycle in combination with other loads.

(b) Earthquake range only; i.e., the dynamic subcycles.

The maximum moment range value of the two combinations is
used in the fatigue evaluation. Regardless of which governs
one cycle of loadings in (a) is eliminated. This is uncon-
servative if (b) governs since the nonseismic load cycles in
(a) acting independent of seismic loading will contribute to
fatigue damage. However, they are effectively eliminated
without contribution, one for one, each time an earthquake
subtycle occurs.

On the other hand, if the (a) moment range governs, an un-
necessarily conservative fatigue evaluation will result be-
cause the nonseismic loadings are in fact too slow to com-
bine additively with the earthquake subcycles. They can
only combine with the earthquake lead cycles, and the combin-
ation should be limited to the total number of seismic events,
not cycles.

Any questions on this letter should be addressed to Key Jaquay, Manager
of our Piping Stress Unit, at (213) 700-4042.

D. C. Empey, Director
Quality Assurance
Energy.3 Systems Group

cc: J. R. Sutton, U.S. Nuclear Regulatory Commission
Revion IV
Arlington, Texas 76012
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