
a. -.
.

> j.
-

Attachment 4

>

.

.

LTS PRCGRAM
CCNFIRFATORY ANALYSIS

OF SCNGS 1
PIPING AND PIPE SUFFCRTS

.

. .

s

M. J. Russell -

;

- :7 :g.
%q.

Pubitshed June 1986 '

.
.

EG&G Idano, Inc.
Idano Falls, Idaho 83415

,

?recared for :he
U.S. Nuclear Regula:Ory Cc= mission

Washington, D.C. 20555
der CCE Centrac: No. CE-AC07-75IC01570

FIN No. A6808

c,+
u n,q;

q

-

E



_____ -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

\-.,

* 8g

O

.

ABSTRACT

A series of confirmatory piping and pipe support analyses have been
performed to ensure that the criteria and methodology employed by Southern
California Edison Ccmpany (the licensee) in seismically upgrading the San;

Onofre Nuclear Generating Station, Unit 1 (SCNGS 1), are acceptable. Four

piping systems--SI-51, SI-04, S,I-158, and a run of SI-51 tubing--were
subjected to confirmatory finite element analysis. These analyses were

, ,

performed to ne requirements of the USNRC Systematic Evaluation Program
, ,

(SEP) guidelines and currene industry practica. In addition, the run of
tubing was subjected to a confirmatcry hand calculation. Supports for the
SI-51 and SI-04 systems, a total of 50 supports, were also analy ed.
Results of the confirmatory finite element analyses were compared with . ;.

.mthose of the licensee. Results were compared for the tubing between the . .f.j[
.

'

finite element analysis and the hand calculation. The conclusion was drawn ' 21-

that the criteria and methodology employed by the licensee in analyzing the
piping and pipe supports of SCNGS 1 meet the requirements and are
acceptable.
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LTS PRCGRAM

CCNFIR.*ATCRY ANALYSIS

OF SCNGS 1

PIPING AND PIPE SUPPORTS
'

1. INTRCCUCTION

A confirmatory analysis of the piping and supports at the San Onofre
Nuclear Generating Statien Unit 1 (SCNGS 1) was requested by the Nuclear
Regulatory Commission (NRC). This analysis was performed in an effort to
verify a portion of the SCNGS 1 Long Ters Service Seismic Reevaluation
Program,' (Reference 1) specifically, the analysis techniques utilized by
the SCNGS 1 piping and support analysts for the LTS Prcgram. Three Safety
Injection System (SIS) piping medels and one SIS tubing medel were selected
to represent the wide variety of pipe si:es incorporated in the plant. The

~

four pipe sections chosen for detailed examination were SI-51, SI-04,
SI-158, and SI-51 (tubing). Empnasis was placed en modeling tecnniques,
accuracy, leading cenditions, and pipe and support stresses. This report
summari:es the ccnfirmatory analyses performed on the four mecels and
associated supports. It also provides a ccmparison of results for the

~

analyses done by EG&G ani ay the licensee, Southern California Edison Co. ;i
~ '

'.' 'I$'
,

.

%

.

Hereafter referred to as tne LTS Prcgram.a.

1
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2. pIPfNGSYSTEMCESCRIPTION

Information pertaining to the details of these piping systems was
provided by the ifcensee. Much of it was verified by independent line
walkdowns by the author. The information provided contained the latest
as-built pipe dimensions, pipe specifications, valve weights, response
spectra, seismic and thermal anchor movements, detailed pipe support,

drawings, and other miscellaneous data required to perform the independent
piping analyses.

SIS problem SI-51 includes' the piping between feedwater pumps RS-G-3A
and P4S-G-SS and the six-inch branch piping fr:m this line to the
containment sphere. Figures 1 through 6 are c:mputer model plots defining
problem SI-51. The non-safety rel.m d piping included in this analysis,
shown in these c:m: uter plots, was provided to include its effects on the
safety related piping. SIS pr:blem SI-04 includes the piaing between pump
SIS-G-50A and feecwater pump WS-G-3A. C:mputer cocal plots, Figures 7
through 9, describe the pr:blem in more detail. SIS problem SI-153, seen
in Figures 10 through 13, is a small model which incluces six-inch piping
from the containment sphere penetration B-la to the cold leg of reactor f,

j coolant loop C. Finally, tubing problem SI-51 is defined in Figures la and Rf,
'

15 The tubing runs from flow trantmitier SIS- F-912 to valve e^'"

870E-3/4"-T57 (on the SI-51 piping).
,

Tacles 1 througn a lis: the significant pi;:e cata and material
s:ecifications utilized in the analyses cescribed in this su. unary. Cesign
and service conditions are also included in these tables.

Various service levels were analy:ed. This included deadweight,
pressure, thermal expansion, thermal ancnor movements, and the inertial and
ancnor motions due to the 0.67' g modified Housner res;:ense spectra
earthquake. These analyses were ;erformed uttiiring the ASME Code Class 2
rules (Reference 2) as specified by the SEP Guidelines (Reference 3) and
c:mearec to the stresses calculated by tne licensee.

2
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3. PIPING SYSTEM SEISMIC ANALYSES

All four finite element analyses were performed using the program .
NUPIPE-II, a proprietary program developed by Quadrex Corporation.

.

NUPIPE-II capabilities are briefly described in Appendix A. Idaho National
Engineering Laboratory (INEL) pregram medule V4AGINL was utilized for these
analyses.

.

The piping system data, drawings, and response spectra necessary for
these analyses w' era provided by the licensee. Th'e fcilewing assumptions
based on experience and engineering judg=ent were employed where -

information was missing or inccmplete:

1. All components meet the. dimensional requirements of the standards

listed in Tacle NC-3132-1 of the ASME Code.
. .

2. The requirements of the ASME Code, Section III, Sucarticle
NC-3640 are satisfied. This subarticle deals with ensuring
adequate wall thickness of the compenents for :ne Cesign Pressure
at the Design Temperature. Since the change in de, sign

..

. 3 ,,,
. requirements involves the seismic lead case only and pressurs _ 50:

' n ey
stress has been included in the seismic analyses, an explicit ' iEt
check fa,r adequate wall thickness was deemed unnecessary.

.

3. The only thermal mode assumed was the normal cperating mece.
.

A summary of weign and center of gravity information for all valves
on the four safety injection piping,models is contained in Table 5. This

*

table also includes the face-to-face dimension for each of the valves.
s

The four medels were anaTy:ed.for weight, thermal expansien plus
thermal anchor movements, earthquake, and seismic anchor motien (SAM)
leads. All were analy:ec in accorcance with the SEP Guidelines
(Referenca 3). Details of the analyses not. specified in this document were
in accorc with standard EG&G piping analysis cractice. These details were

3

|
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at a level not controlled explicitly by the regula: cry process. There is
one exceptien to this. EG&G SAM lead generatien me:hedology involves -

envelopment of structural motion displacements in :he area of the support
to cbtain SAM values. These are then applied individually, with the
results ccmbined by square root of the sum of the squares (SRSS)
combinatten. Preliminary result ecmparisons shewed significant differences
between EG&G and utility SAM stresses. This initiated an investigatten to
identify the source of the differences. A differen: SAM load generation
methodology is used by the licensee. SAM values are cbtained by
interpolation between apprcpriate structural =ction displacements, with
either algebraic er absolute value ecmoination of leadings depending en the
location and direction of the su ports. The basis for this me hedology was
evaluated, and it was found acceptable. There are a sufficient number of
points on the structural steel medel with asscciated SAM data c allcw
interpolation for support point attachmen SAMs. Algebraic ccmbination of
specified directions and locations is based en a study of the motion of the
buildings wnich cencluced that these particular directions and loca:1cns
move in phase. Absolute summatica of the remainder is conservative. The
licensee's methcdology was adepted in the EG&G analyses in order to prevent
the potential masking of other sources of discrepancy. a.;.

- a : *

A@s
,

m
..-

Art additional analysis was done for the SI-51' tubing model. The .g{
seccnd analysis of the SI-51 tubing was done according to the alternate .

calculation methcdology allowed by the licensee's s=all-bore piping
cri te ri a. This =ethodolcgy was fcund to predeminate in :ne smali-Ocre

piping calculations accited. It censists of an equivalen; static analysis
based en a simply succorted beam calculation.

PVRC damping spectra ebtained frem the licensee's structural analyses
were appropriately enveloped for eacn particular piping mcdel and used for
the earthquake icad case in these analyses. inese enveicoed response
scectra curves are shewn in Figures 16 through 27. The scectra were

| applied in all three directions simultaneously and the results were
i ,

i combined using the square-rco: sum of the scuares (SRSS) me hed. All
seismic anchor movements were a clied and com:ined using ne li,:ensee's
me:hecology, as ciscussed acove.

! .f.
!

|
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Microfiche c: pies of the finite element analyses are contained in
'

- Appendix 3. The small-bers piping hand calculatten is c:ntained in
Appendix C.
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4. PIPING ANALYSIS RESULT COMPARISCNS

The piping finite element analyses were perfor:ed per the requirements
of the SEP guicelines and the ASME Class 2 equations specified there. The

results ebtained frem the loadings previously described were used to
calculate the piping stresses. The small-bore piping hand calculation was
performed using the methodology found to predeminate in the audits of
small-bere piping calculations. Allowable stresses, cer the SEP -

t

guidelines, were 2.4Sh for the equivalent of Class 2 piping and 1.3Sh for
;

the equivalent of Class 1 piping. Except for a small length of pipe near
. the reactor coolan: Icop' the piping analy:ed is the equivalent of Class 2,

:piping.,

Althougn calculated stresses ,were ccmpared to allowable stresses, the
[

focus of this work was a comparison of stresses as calculated by EG&G and

tne ifcensee to ensure that the stress calcula: fen criteria and methedolcgy
,

empicyed by tne licensee is acceptable. Scme differences in mathecology
i

were fcund. Different techniques were initially used to ecmbine seismic. *

anchor me:f on (SM) Icads. This is discussed in detail in Section 3 of
this report. The licensee's technique was found acceptable and adoptec in ~k

.

the EG&G analyses to prevent the differences in this mothedology frcm jys L
masking any other differences which may have existed. Other differences in 'N

'

mathedology wers fcund. This includes differences in valve and reducer e|
i

medeling techniques and anchor point stiffness calculations. These are
{discussed in the folicwing ;aragra;:ns. '

tAs is ccmmen industry practica, all mcces of vibratien with natural
frequencies under 33 H: were included in the cynamic analyses. The effects ;

of the higner frequency modes, the " missing mass effect" were autcmatically
,

inclucec in the results by :ne NUPIPE-II program. Tacles 5 through 9 snew
the first ten modes of vibration for each of the piping models. The S!-51
medel was calculated to have 52 natural frequencies below 33 H: with red
hangers mecelec rigidly and 50 without red hangers. The SI-OL medel !

,

displayed A2 natural frecuencies under 33 H: with rigid red hangers and
i

!

I

,

i

6
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43 without red hangers. The SI-158 medel, which has no red hangers, had
13 natural frequencies under 33 H:. The SI-51 tubing medel exhibited
17 natural frequencies belcw 33 Hz. -

Comparisens of stress results are presented in Tables 10 through 13.
The first column of each table identifies the EG&G nede po'nt and the
itcensee's data point at which stresses are c:mpared. The EG&G nede point
(the first numcer) can be used to locate the point under c:nsideration in
the picts of the medals (Figures 1 through 15). The next two columns
identify the type of c:mpenent being analyzed and its associated stress
intensificatien facter (SIF). The remaining six columns are divided into
two sets, one for the seismic inertia plus normal operating load (SI)
stress, and one for the seismic ancher motion lead (SAM) stress. This
separation allcwed a clear identificatien of the source of any differences
in stress results. There are three columns for each type cf stress. The
first is for stresses frem the EG&G analysis, the second for the licensee's
stresses, and tne third for tne percent difference between the two sets of
results, with the average value used listed in the percentage column
header. This type of ccmparisen was chosen because it emphasi:ed the most
significant differences, those in the, areas of maximum stress, and because ,j
it allows a c:mparisen of results among the aedels.

|
,, . . . ,. %

:%
Stress results comparisens were limited to points in the models with "

SIF greater than 1.0, and at support points in the straight runs of piping,
since these represent 1ccal stress maxima. Due to the large si:e of the
SI-51 medel, s ress results were c:mcared only in areas of maximum stress,
which were found to be in the same areas of.the mecel in both sets of
results. These areas were found in the vicinity of both feedwater pump
no::les and in the vicinity of the branch point for the west side 6-in,
line running to containment'. Stress result comparisons were presented for
all of the SI-04 medel except for nodes 5 through 60 and those nedes
associated with boundary c ndition piping (ncn-safety related), wnere the
c mparison yielded icentical trends to tncse preseniied. All stress result
c:mparisons are presented for the SI-158 medel . i

|

|
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Ccmparisen of stress results for the SI-El analyses shows close
agreement (see Tacle 10). The EG&G stresses are based en as-built data and

stancard practice at EG&G with the following exceptiens. The red hanger
support at nede 145 (Figure 3) was given full credit for vertical sucpert.
Although not in agreement with the as-built conditten, this reflects the
licensee's decision to upgrade the red hanger to a full vertical support
(typically done by adding a bumper near the red hanger to restrain uplift
of the piping). This mcdificaticn to EG&G's SI-El medel was done to cctain
an identical support configuration with the licensee's mecel. A two
element rsducer medel was used in the EG&G analysis, each element having
the section properties of the attached piping. This is in contrast with
standard EG&G practice, which is to use a single element with the section
properties of the smaller of the attached pipes, and to increase the stress
on the large end of the reducer to. reflect the larger pressure stress
there. This practiqe is known to be everly conservative, and the refined
two element medel is used at EG&G in cases where the standard medel
indicates an overstress.

There were also instances of EG&G commen practice ef fferent frcs :ne
licensee's which were not changed. In EG&G common practice, ancher , . Jk
stiffness is based on the associated pipe section properties, while the .?j-
licensee uses a single fixed value. These are the default precedures found ~'i'

-
. . ~ -

in the two computer analysis codes used. EG&G valve element stiffnesses '

are based on a factored stiffness for the equivalent piping element, while
the licensee's are based en the asscciated pi:e element with a tecoled wall
thickness. Vaive masses are cistributec cifferently, although the center
of gravity of the valve and total mass are the same. EG&G uses a single
mass for both the valve body and the operator; the licensee uses a separate
mass for each. Since the valve medels are included only to simulate the
effect of the valves on the piping, tnese differences are negligible.

I Centerline offsets for axial supcorts are medeled by EG&G but not by the
licensee.

,

! 3
|
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Differences in common practice between EG&G and the Itcensee had no

significant effect en the stress results, as indicated in Table 10.
Extremely close agreement was obtaine.d, with the maximum difference
appearing in the area of tee cceponents. These differences are attributed
to the accumulation of the differences in stiffness along each portion of
the piping that terminates at .the tee.

The results of the SI-04 analyses did not c mpara as favorably as
those for the SI-51 analyses (see Table 11). The EG&G medel was strictly
as-built. This resulted in two differences between EG&G's and the
licensee's medels. The vertical support at ncce 265 (Figure 9) in the EG&G .

model was located at the position corresponding to acde 250 in the

licensee's model. The reducer between nedes 325 and 340 of the EG&G medel
was medeled as 14 in. long in the ,EG&G medel, anc 7 in. Icng in the
licensee's medel. In both cases, the EG&G medel was closer to the as-built
c:nfiguratten, but both variations in the licensee's :cdels were within IE
Bulletin 79-14 tolerances. The same differences in common practice found

in the SI-51 medals were also found. Reducer medel refinements made in
EG&G's SI-51 analysis were not made in the SI-04 analysis.

:
.

_gy.-. - ,.
_ Since the differences in stress results for the SI-04 analyses were

,3}T;
larger than those for the SI-51 analyses, an attempt was made to isolate '!.?

, the cause. The EG&G SI-04 model was modified to duplicate the licensee's -
'

support c:nfiguration, valve and reducer medels, and anchor stiffnesses.
Stress results fr:m analysis of the mcdified model were c:= cared witn no
improvement seen. The location of stress variation was different, but the
degree and numcer of variations were the same. The models were closely
comparec and fcund to be as near to identical as could be obtained using
different analysis c:mputer codes. "

s -

The source of differences in stress results was found in a contrast
between the SI and SAM stress c:maarisons for the SI-04 analyses. The
agreement in stresses is much better for the SAN load. This indicates that-
the discr.epancies affect the dynamic analyses more strongly than the static
aralyses. Differences in SAM stress greater than 10% =ccur only in

|
|
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- reducers and elbews. This is not anc=alcus for the reducers, wnich are
medeled differently, but it indicates that eibcw element stiffness .

formulattens differ slightly. The effect of this small variation is
negligible for the static (SAM) analyses, but can be significant in the
dynamic (SI) stress results. Such variations would have little effect en
the calculation of the icwer frequency medes of vibration, wnich are more
accurately defined than the higher frequency medes in dynamic analysis.

This characteristic makes the effect of minor variations in elbcw stiffness
en stress results dependent en the frequency centen of the respense
spectra used in the dynamic analysis. Response spectra with relatively
more excitatien in the icw frequencies, such as the SI-51 spectra, generate,

resultant stresses with larger contribution frem the icw frequency medes.
The effects of the elbew stiffness variatien are attenuated, and the
stresses ccmpare closely. The SI-04 spectra, having relatively less icw
frequency excitation, generate resultant stresses with relatively mere
contribu:fon frem the higher frequency medes. The effect of the elbcw
stiffness variatica is emphasi:ed, and the stress ecmcarison is less

,

favorable.

The existence of small variations in albcw stiffness formulation is -

not particularly harmful in seismic analysis, because the effects of the 't ;. . .~[.,!

variatien are concentrated in the calculation of the higher frequency
,

"'

response. Seismic events are essentially Icw frequency events, a result of
the fa:t that high frequency metica is racidly attenuated in transmission
tarcugn :ne ground. Large seismic stresses are therefere assccia ec with

; icw frecuency respense, wnere the variatien in elbow stiffness is nc:
1

i significant. This can be seen in a c:mcarison between the maximum stresses
calculated in the SI-51 and SI-04 analyses. The average maximum SI-51
analysis stress, which is in the range of :he SEP guicelines allowaaie

|

stress, is 2.6 times larger : nan tne SI-04 average maximum stress.

A cemearisen of stresses for the SI-153 analyses are presentad in
Table 12. Goed agreement is incicatec. These results ccmolimen :ne
conclusiens drawn in :ne discussien of :he SI-51 and SI-Ci resul s.

10
.

|

|
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For an overall comparison, the differences in stress for all entries
of Tables 10 through 13 were averaged for the seismic inertia and SAM

, stresses._ Cn the average,, EG&G seismic inertia stresses were 1:0 ksi
higher, and the SAM stresses differed by less than 0.1 ksi. The difference
in seismic inertia stress can be attributed to differences in spectral
definition. EG&G spectra were limitad to 30 points, while the licensee's
spectra contained 160 points. In performing the reductiun, envelopment

criteria were imposed, which would result in a marginally higher stress
calculated using the reduced spectra.

.

A comparison between finite element calculated stresses and allowable

stresses showed the EG&G analyses and the licensee's analyses to be in
exact agreement in terms of a conclusion of adequacy. SI-04 and SI-158 are
acceptable with good margin. 5,I-51 had two components with stresses that
exceeded allowable stresses. Both were reducers located on the discharge
side of the feedwater pumps. This indicates that the licensee's criteria

and methodology produce comparable results to those of the SEP guidelines.
Supports have been added to the SI-51 piping to reduce stresses to
acceptable levels.

,

-

Sb~
'

. 3 =9?
A comparison between stresses calculated for the SI-51 tubing model- 7{.}z}{pj

- using finite element analysis and hand calculations showed the hand (](j
calculation to be conservative. The maximum finite element analysis stress TJ

'

was 14.5 ksi, versus a hand calculated maximum stress of 71.8 ksi.

According to the hand calculation, the tubing is severely overloadec.
,

According to the finite element analysis (which is more accurate, and hence
controls the conclusion concerning adequacy of the tubing), the tuoing is
acceptable to the SE? guideline limits with large margin.

s

Based on the detailed comparison of the results of three piping system
finite element analyses, the criteria and methodology used by the licensee
in analyzing piping were found to be in keeping with the SEP guidelines and
current industry practice and are acceptable. The comparison of the
confirmatory finite element analysis for the tuoing with the confirmatory

.
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hand calculation showed the hand calculatien *-* ke enserva.4.ve and- .

acceptable.
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5. PIPE SUPPORT ANALYSIS RESULT CCMPARISCNS
_

Pipe support analyses were performed per the requirements of the SEP
,

guidelines and current' industry practica. Hand calculatiens were
predominately used. Nominal stresses were calculated based on the loads
supplied by the confir=atory piping analyses and ncminal member section
prope rties. Loads on catalog c mpenents were c mpared to vendor supplied
allcwable loads. Catailed finite element stress analyses were used in
ca'ses not amenable to hand calculation. Weight and thermal loads were
considered for normal operating leads. Thermal 1 cads were included only if
they increased the resultant stress. Seismic inertia and seismic anchor
motion loads were ccmbined by the square root of the sum of the squares
mothed, and then added and subtracted to the normal operating loads to
obtain the range of loads used in, calculating the seismic stress. In cases
where the support gecmetry or leading was too c:mplex for hand analysis,
detailed finite element stress analyses were performed. The resulting
stresses were c:mpared to allcwable stresses definec in the SEP guicelines.

All supports en safety related piping of the SI-51 and SI-04 medals
were analyzed. Since this led to the analysis of some 50 supports,

5,
,

analyses of the SI-04 supports were not performed. The analyses are qr;
~ acontained in Appendix 0. The supports for the SI-51 and SI-153 piping were 1

then ranked according to decreasing stress ratio. The stress ratio for a
support is defined to be the maximum ratio of calculated to allowable

stress fer all c:mpenents of the u:: rt. Hence tne su: cert with the
hignest stress ratio is the most hignly leaded relative to its allcwable
load. The licensee was requested to similarly rank the su:perts of both
systems 'and to identify the su ports with the largest stress ratio. For

each piping system, the five supports with the largest stress ratio
according to the EG&G analyses and the five according to tne ifcensee's
analyses were merged into a list. The lists were reviewed and fcunc to
centain a representative sample of the types of ccmconents f0und in pipe
supports. The calculations supporting the stress ratios ac; earing en both
lists were tnen subjected to a cetailed comparisen. The :urcose of the
c:moarisen was to determine if tne criteria = c me:necology apolied :y the
licensee mere accectacle.

13
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Results of the ce=:arison between supper calcula: fens are p-esented
for the SI-51 piping supports in Table 13, and for the SI-158 su: ports in
Table 14. Several differences in stress ratio were fcund, as indicated and
discussed in the tables. No application of unacceptable criteria or
methodology was found. Supports identified as overloaded by the EG&G
analysis had either been forwarded to the support design group for
modification, or shewn to be acceptable by analysis of an improved support
configuration. As noted in Section 4 of this report, supports were acded
to the SI'-51 piping to reduce loads on the feedwater pump no::les. Leads

used in the licensee's support analyses were taken frem the analysis of the
piping with the improved support configuration. In scme cases, the
presence of added suoports reduced loads on nearby supports, so that sc e
of the supports identified as unacceptable in the EG1G analysis were shown
acceptable under the reduced lead,ing in the licensee's analysis.

.

Cased on detailed cc=parison of the results of la supporting analyses,
the critaria and me:nedolcgy used by the licensee in analyzing pipe
supports were shewn to be in keeping with the SE.0 guidelines and curren:
industry practice and are acceptaole.

-
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6. CCNCLUSION

-

Four confirmatory finite element analyses and one conf 4rmatory hand
calculation were performed for piping systems. Pipe supports of two of the
systems were subjected to confirmatory analysis. Results of the
confirmatory analyses were compared to corresponding results of the
licensee's analyses. The confirmatory hand calculation results were
compared to the results of a confirmatory finite element analysis. Based

on the comparisons, the licensee's criteria and methodologies for analy:ing
piping and pipe supports were found in keeping with the SEP guidelines and
current industry practice and are acceptable.
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Figure 25.
North-South response spectrum for SI-Si tubing.
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I A441 1. Flyt DAIA AlJO tellit| At 2tCltlCAllull5--515 PNotitN 51-bl .'

L Ine namdier 6006-6-160 lit 319-12-16 4.1434 14- theilt 319-10-tG
6001-6-1601R 320-12-fG 6005-14-1501R 320-10-fG
6008-6-150181

DD (Inshes) 6.62S 12.JS 14.0 10.75

[h ttinest ( IrKlees) 0.432 0.681 0.58 0.593

Walghta(In/tt) 39.86 140.82 IJ9.27 101.97

mterial All2,IP-)ln Alu6-8 All?, Ip-316 Al06-5

E col.: (ad pst) 28.3 ' 21.9 25.3 21.9

\ (psi) 18130 0 l$000 IUWW) th000

Design tempcrature (*f) 120 340 llo 340 -

Operallug temperature (*l') 120 340 120 340.

Design pressure (psi) 900 11:.0 900 |JSG
*

Oper. ting stessure (psi) 900 13bu Soll 1350

4. Inclueles weight of pipe, contents, and lepelallesi.

4
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TABLE 2. PIPE DATA AND MATERIAL SPECIFICATIONS--SIS PRC8LEM SI-04
,

-

Line number 6002-16-151R 318-14-GG 338-3-GG

00 (inches) 16.0 14.0 8.625

Thickness (inches) 0.375 0.375 0.322

Weight" (lb/ft) 141.68 122.38 50.24
Material A312, TP-304 A53-3 A53-B.

6
Ecold (10 . psi) 28.3 27.9 27.9,

Sh(pst) 18600 15000 15000

Design temperature (*F) 120 340 95
' '

Operating temperature (*F) 120 340 95

Design pressure (psi) 140 360 360

Operating pressure (psi) 140 360 360

.

Includes weight of pipe, contents, and insulation.a.
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_TASLE 3. PIPE DATA AND MATERIAL SPECIFICATIONS-SIS PRCELDI SI-153

Line numcer 6007-6-1501R 6007-6-2501R

CD (inches) 6.625 6.625
'

Thickness (inches) 0.432 O.718

Weight"(lb/ft) 39.86 60.46
- Material SA312, T?-316 SA312, TP-316

6
; E ,7,(10 psi) 28.3 28.3c

Sh (psi) 18800 13800

Cesign temperature (*F) 120 570

Operating' temperature (*F) * 120 570

Design pressure (;si) 900 900

Ccerating pressure (psi) 900 900

a. Includes weight of pipe, c:ntents, and insulatten.

*
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, TABLE 4. PIPE DATA AND MATERIAL SPECIFICATIONS--SIS PRCSLEM SI-51 TUSING
. -

00(inches) - 0.375
-

|

Thickness (inches) 0.049 )

Weight" (1b/f t) 0.2
Material 316 SST

I
Ecold (10 psi) 28.3

Sh (psi) 18800

Design temperature (*F) 120

Operating temperature (*F) 120

Design pressure (psi) 900

Operating pressure (psi) 900

a. Includes weight of pipe, contents, and insulation.
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7ASLE 5. PIPING SY3 TEM VALVE DESCRIPTICNS

. Weight - Face-to-Faca
Dimension

Medel Valve (1b )f gg,,)

SI-51 HV851A & B 2960/2338" 35
HV852A & B 2160/2338 33
12-600-222 1463/- 33.

SI-04 862-12-C42 750/- 27.5
HV-553A 2550/1275 33
HV-354A 2210/1105 30
14-300-438 1473/737 32.5

'861A-16-G42 1053/527 IS

SI-158 MOV-850C 801/393 21
867C-6-C58 259/- 17

*

SI-51 Tubing 870E-3/4"-75 5/- 5
SIS-FT-912 i so valve 9/0 2

The first atz.cer is the weight of the valve ::cdy and the sec:nd is :nea.
weight of the valve stem.

,
..

a

-r 512,2

.

|

|
:

|
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TABLE 6. SUMMARY OF FIRST TEN NATURAL FREQUENCIES AND PERICOS OF
VISRATICN--SIS MCOEL SI-51

-

_

_. . -

,
W Reds W/O Reds

f T f T
Mode (Hz) (second) (Hz) (second)

1 4.739 0.211 4.455 0.225
.

2 5.518 0.181 5.147 0.194
.

3 5.794 0.173 5.794 0.173

4 7.731 0.129 6.111 0.164

5 8.298 0.121 7.645 0.131.
4

6 8.355 0,120 8.271 0.121

7 9.127 0.110 8.380 0.119 -

8
'

9.805 0.102 8.805 0.114

9 10.697 0.094 9.465 0.106

10 11.037 0.091 10.464 0.096
.

:.
/I[. ,

. .

. :.
-

. .; .-
- '*

:-

'

.-

-:

!
'

|

I ,

.
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TABLE 7. SUMMARY OF FIRST TEN NATURAL FRECUENCIES AND FERICCS OF
VIERATICN--SIS MCCEL SI-04

'

W Reds W/0 Reds

f T f T
Mede (Hz) (second) (H:) (second)

1 1.024 0.977 1.024 0.976

2 3.277 0.305 3.219 0.311

3 4.545 0.220 3.639 0.275

4 5.364 0.186 4.545 0.220

5 7.209 0.139 5.364 0.137

6 7.433 0.135 7.209 0.138
'

7 7.585 O.132 7.437 0.134

8 8.638 0.116 7.586 0.132

9 S.968 0.112 8.638 0.1161

|

10 9.502 0.104 8.972 0.112

7
gy

!

i

,

,

(

50

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



C ,.
- -

,
.

'.
.

TABLE 8. SUMMARY OF FIRST TEN NATURAL FREQUENCIES AND PERICOS OF
VIERATION-SIS MCOEL SI-158

~
~

_ . -

f T
Mode (Hz) (second)

1 6.288 0.159

2 11.141 0.090.

'

3 13.236 0.076. -
,

4 14.010 0.071

5 15.529 0.064

6 16.197 0.062
~

7 18.456 0.054

8 19.290 0.052

9 20.911 0.048
,

10 23.715 0.042

-h'.

=

7.$khe
;a

-

e
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TAELE 9. SUMMARY !RST TEN NATURAL FREOUENCIES AND PERICOS OF
.VIBRATIC -SIS MCOEL SI-51 TUEING -

f T
.
*

'Mede (Hz) (second)

1 5.791 0.173

2 9'.046 0.110

3 9.202 0.1Q9.

4 11.587 0.086

5 12.268 0.082
*

6 13.815 0.072

7 15.480 0.064
'

8 18.422 0.054

9 18.584 0.054

10 23.364 0.043

,

.3.*

5.'a 'fb
's 'h t:1

' c ; .1

.

.

f

i s

I

.

I
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IA8tt to. CtNW'AN150N Of 5fME55 NthatI5 FOR 58-51

Inertial Stress: iguation 9 2(5AN) Stress: Equattan to
9 ,

t

5 Dif farence % Offference t
Stress (ksil Based one Stress (ksi) Baseet on

Nude /tip SIF ms. Stress m m. Stress
16tG/t1(ensee Component tG16/Licenseg (C44 Impell (62.5ksl{ fGtG tIcensee JIP.?ksi)

1o/1 pe.hacer-Irg 3.tNM3 63.9 68.1 4 9.1 9.3 1
15/40 peducer-sal 3.tWe 36.5 34.9 3 5.2 5.4 1
20/2$ Straight pipe 1.tak) 12.9 12.2 1 'l.5 l.6 I
22/M) Straight pipe 1.000 12.4 12.0 l 1.5 1.6 |.

Ju/36 Isc-run 1.421/l.426 13.9 12.9 2 2.0 2.3 2
50/4h ice-branch I.421/l.426 15.4 10.6 8 3.0 3.1 1

-morth run 1.421/l.426 14.4 13.2 2 3.8 3.1 1
-South run 1.421/l.426 12.5 12.6 0 3.2 3.2 0

S$/h0 8educer-Irg 2.000 15.9 12.7 5 5.0 4.8 1
60/55 Neducer-sul 2.tum) 15.1 12.1 5 4.5 4.2 2
8As/300 Straight pipe 1.tWM) II.3 9.2 3 1.8 1.7 I
80/62 Stralgrit pipe 1.500 10.5 9.5 2 2.6 2.6 0.

at leraath
\95/100 E lbow l.txus 8.2 1.2 2 2.0 1.9 |

105/164 Llbow I.000 8.6 8.0 1 1.9 I.8 I
I10/16b iIbew l.000 8.3 8.6 0 2.3 2.4 1
14$/1054 Elbow I.000 8.8 8.8 0 4.3 4.4 3
180/115 Straight pipe 1.000 11.1 18.0 0 10.1 9.4 4
84s/305 Straight pipe 1.000 12.7 9.8 5 1.1 1.7 0

acar valve
5S0/1804 Libow l.84a 16.3 12.2 1 4.9 4.6 2, ,8th/3/$a Elbow l.uta 14 .2 10.6 6 5.2 4.4 5
8115/3m)4 Elbow - 2.423/2.428 12.2 11.0 4 3.7 3.6 I
900/9104 Elbow l.H48 10.4 10.2 0 1.8 l.6 I
985/90ba E lbow l.848 8.0 1.4 1 0.3 0.1 I
250/156 Saanch, 2.011 13.2 18.0 4 16.5 11.8 1

lsest run
/u0/449 ilbow 1.643 8.8 11 . 1 0 11.6 16.h 6 ,

42h/260 Scducer-smi 2.0ful 26.4 23.2 4 5.0 5.2 I
ast/2bs seducer-trg 2. twat 27.0 28.9 3 5.2 5.8 3

j^ 435/nD lee-sranch I.421/l.426 29.9 21.5 4 5.2 7.1 14
-mortli run 1.421/l.426 21.6 22.6 -2 3.8 4.h 4
-South run 1.421/1.426 35.I 30.4 8 5.3 1.4 12

450/39$ Straight pipe 1.0tk3 14.7 11.0 3 2.4 3.0 3
660/355 Lee-brau k I.421/l.426 26.8 23.8 5 2.9 4.8 II

-Suuth ran 1.42//1.42e 26.9 24.0 5 2.9 4.5 9.

67h/370 tIbow l.uta 15.5 15.6 0 3.0 3.5 3
6au/3tn3 tioow I.843 23.3 21.1 3 4.4 4.2 1
6ml/30u Reducer-sal 3.tukt 34.0 31.8 4 1.1 6.8 2
6tsS/332 Reducer-Ir9 3.000 50.4 54.8 J B2.6 18.6 6

63
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I Amit II. Cust'ARl50m M SINtSS Nt".UL15 IUlt $104 '

Inertial Steess; lapeetlan 9 _ . 2(SAft) Stress; f eluatten 10

. 3 D88tereus 1 Dif ference
Stress (ksil liased os Stress (kg L Sased oss

hude/up Sif m a. Stress m a. Stresst s.41./t itensea Cusapuenea t t 6tG/t icenseg 1646 4trensee j?I.atS ksi I C&G licensee (11.05 t s t)
60/10 Straight pipe 1.000 4.4 b.I J 0.6 0.4 110/80 Straigsit pips 1.000 5.4 4.7 3 0.7 0.6 Ih/zo Straight pipe 1.000 4.5 3.a 3 0.6 0.6 085/100 Straight pipe 1.000 7.4 7.5 0 1.6 1.5 Ilabl/Ilo Str.ight pipe 1.000 30.4 80 .5 0 0.8 0.8 0
110/120 Straight pipe 1.tuk) 8.0 7.9 0 0.7 0.7 0
8to/830 Straight pipe I.Ctml 12.3 12.5 1 0.6 0.6 0,

130/140 Straight pipe I .aMao 5.2 3.3 a 1.4 1.4 0
IIS/14S tibow 3.221/3.225 II.6 1.6 17 4.8 49 i
140/145 Elnuw 3.221/3.225 14.2 11.0 13 5.0 5.0 0,

> les/ iso Stral9s.t pipu 1.0th) 1.2 6.# 6 1.6 1.6 0
ISb/ lb) Straight pipe 1.ono . 8.8 J.2 7 1.9 2.0 Ig
ISS/ISS tibow 3.221/3.225 19.3 15.7 IS 5.8 5.5 3
la.41/ l55 tIbow 3.221/3.22% 15.4 12.4 13 4.l 4.2 1

*

1 1 S / 44,5 Straight pipe I.than 23.5 If. 2 31 S.5 5.4 Ii 190/lth Straight pipe 1.000 14.1 14.3 2 6.8 C.0 I
lime /lvo Straight pape I .amun lo.h 9.2 5 1.9 l.9 0
205/200 Straight golpe I .lM10 11.4 12.4 4 1.9 2.1 2

,

24h/240 Str Isht pipe B .tu hl 6.1 7.8 2 J.9 3.3 1
,

220/215 tibus 3.221/3.225 |1.8 12.0 4 II.2 10.9 3
7ts/2th Libow 3.2/1/3.225 |1.9 18.6 l n.2 1.7 5230/22u 1thee 3.221/3.225 15.0 ti.4 7 a.6 s.3 3

i in/ttu ithow 3.221/3.225 14.2 II.tl 9 9.I 9.2 1$ 250/225 1 14.u= 3.221/3.225 14.7 13.8 4 1.5 8.0 5
! 2SS//25 tInus 3.2/1/3.225 11.7 11.2 2 6.9 1.7 72bS/230 tIbuw 3.??l/3.225 10.1 5.4 20 8.2 7.2 9
-

210/210 1 thaw 3.221/3.225 9.8 5.9 16 5.6 6.8 ||2us/2h iIbow 4.229/4.232 13.5 0.1 23 1.3 6.1 ||
t 29il/23S tIbu. 4.2ts/4.232 16.tt 9.2 32 6.3 6.6 3'

320/t45 Ice-br a le 2.539/2.539 13.4 9.4 17 4.6 5.0 4-murth run I/.h 8.9 15 4.6 5.0 4
,

*isS/zt1 us.hmer-Irs 2.ouu 18.5 7.0 19 3.9 3.1 ;
J40/241 kcJacr-sal 2.skhl 30.2 J.2 Il 3.3 3h 3

+

316/255 tabow 3.851/J.sil 16.3 11.0 24 6.2 6.1 1
J W ISS t it.uw 3.a51/3.84 l 19.0 11.5 25 6.3 5.s 5360/260 Ise-t,raxb 2.311/2.116 13.5 9.9 15 3.8 3.9 1-

-Lest sun 14.2 II./ 10 3.6 4.0 4b -mur t h r un 14.2 12.S 7 1.9 2.0 I'

J/o/2/o ac. sacr-le .) 2.smus 19.2 24.2 28 S.O 6.9 IF
1sS/2/o Scamer.sel 2.tniu 20.5 13.8 30 S.0 3.2 16

'

jus //ns tibow 3.8SI/3.848 20.9 11.0 16 3.8 2.6 6
3Ju/285 tIbuw 3.d5 8/3.841 2u.2 14.S 24 3.2 1.6 14
390/130 (Ibow 3.n51/3.841 20.2 14.5 24 3.2 1.6 14

-

195//m3 tibue 3.ubl/J.u41 14.1 is..S lu 2.9 l.a 10
k

(
%
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IAlmE 12. COWARl504 Of SINt55 NE5ttIS F08 51-158 ,'

laertial Stress: Equatloa 9 2(5AMI 5 tress: Equatten 10*

5 Offference 1 Oliference*

Stress (tsi) Based on Stress (tsi) Based on
asoJe/11P Sif m m. Stress Mas. Stress

ir.tG/tIcensee Caesson=a t (G&G/ticonses, f&&G liceasse (13.5 L st) _ IGtG ticensee _(6.15 ksi)_
$/1000 Strale t pipe 1.000 5.5 6.0 4 2.2 3.8 13
20/1010 5trale t pipe 1.0n0 v.L. 4.4 3.6 6 0.2 0.2 0
3s/10$1 Straight pipe 1.003 (c 5.1 4.3 6 0.8 1.0 3
40/1100 Stral@t pipe 1.000 . 4.3 4.1 6 1.0 1.5 3, e I' ?4S/ Clue EInow l.643

* i #. ' ' 4.4
- 3.8 5 0 . 41 0.6 3 .

$0/C40A Elbow I.643 4.2 3.6 5 0.6 0.6 0.

S$/ css Elbow 1.643 * . . , 4.1 3.3 6 1.0 |A 1..

su/CJA EIbow I.643 * . 4.3 3.4 7 1.2 2.0 15
Ju/ Con E lbow l.643 .- 4.2 3.4 6 8.6 1.2 6
JS/08A E lbow l.643 4.2 3.5 5 l.2 0.9 4
asu/Cls Elbow I.643 8< 4.2 3.6 5 0.8 1.0 3
at/C/A Elbow l.643 4.2 3.8 3 0.8 1.6 12

-

ts/C6s Einow I.643 .

4.2 3.9 2 1.2 1.8 I
4.3 4.0 2 I.2 1.1 Is

luu/cmA Elbow l.643
sus /1210 Straight pipe 5.000 4.1 3.6 4 0.8 0.6 3
IIS/lho Straight pipe 1.000 4.0 3.7 2 0.6 0.8 3
120/1320 Straight pipe t.000 4.2 4.4 2 1.2 1.2 0 .

125/058 Elbow l.000 4.3 4.4 I l.2 1.2 0
830/CSA Elbow I .tu) 4.5 4.4 1 1.4 1.3 1
83S/IloG 5traight pipe 8.000 4.6 4.8 2 2.0 1.7 4

'

140/I150 Run IP branch I.Suo/2,leGa 5.2 6.2 8 3.4 4.2 12
14S/C48 E lbow l.643 5.6 5.7 I 4.0 3.6 6
ISO /C4A Elbow I.643 5.9 6.4 4 4.6 4.2 6
115/1410 5traight pipe I.000 5.5 6.2 - 5 3.0 2.6 6
160/1440 Straight pipe 1.000 5.5 5.9 3 3.0 2.6 6 ,
86S/8460 Straight pipe 8.000 4.9 5.3 3 1.8 1.9 I -

195/038 Elbow I.643 6.2 7.0 12 8.8 6.8 19 6
-

200/C3A Elbow I.643 5.1 8.1 18 7.0 6.5 1
205/v2C Straight pipe 1.000 5.7 1.5 14 3.8 3.1 I .

23n/3100 Elbow I.399 9.2 10.6 Il 3.8 2.7 16
23S/1104 Elbow I.099 9.6 10.9 10 4.0 2.8 18
21s/11ds E lbow I .tr39 9.6 88.3 83 4.0 2.9 , 16
24u/l/ue E lbow - l.0J9 10.0 12.5 19 4.6 3.2 21
23n/1717 Stralp t pipe 8.000 12.7 13.5 6 4.0 2.8 18

the tG&G analyst assuineal a full penetratten weld la place below the fillet meld per c=- auclear grade weld4.

practice. ihe licensco's analyst conservatively asssumed that caly the vislate weld could l>e crtJited. Ilois led to
the differcace la 5|f.
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TASLE 13. CCMPARISCN CF STRSSS RATIO RSSULTS FOR SI-51 SUPPCRTS
.

-

Stress Ratio

Suecort 10 Tyee Nede/Op Cemeenant SG&G Licensee Notes

SI-05-0320-H013 snubber 22/30 anchor 1.6 1
--

i bolt
J SI-05-6005-H006 strut 260/157 clamp 0.3 0.9 2

SI-02-6005-H005 snuccer 375/225 snubcer 1.3 1.8 3

SI-06-6005-H004 snubber 330/230 clamp 1.3 1.0 4, -

1

SI-06-0319-H007 snubber 485/537 anchor 2.0 0.9 5
bolt l/

SI-05-0320-H017 spring S55/310 spring 0.36 0.37
j hanger *

hanger.

] SI-05-0320-H011 snutber 861-315 anchor 0.64 0.96 6
| bol

1. The supper s acded Oc SI-51 made the snuccer unnecassary and i: nas
removed.

;

2. Based en the sha;e and dimensicas recorced in the field, the SG&G 'ni analyst concluded the clamp was part of the snubber assembly originally 11'

installed. The licensee's analyst made note of the discrepancy, but used 'i

the load rating fer the clamo associated with the strus assemoly that
replaced the snubber. This was conservative.a

3. The sucpert had been turned over to the licensee's design grouc fer
mcdification :s increase Icac ca:acity.

i

4 The SG&G analyst used :ne puolisned cataleg icac rating. The licensee's
analys: cantacted :ne manufacturer and oc:afned an increased Icac rating fori

' the clamp.

5. Sucperts added oc the af aing in the vicinity of this supccr reduced the
Icacs on 1: to acceptacle levels.

6. Succerts added to the'picing in the vicinity of this succor increasec
1:s leads,

i

$$

!

- -.- - .____ - - . _ . - - - , - - - . . - . . - _- . _ _ - -
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TABLE 14. CCMPARISON OF STRESS RATIO RESULTS FOR SI-153 SUPPCRTS

~

Stress Ratio

Suceert 10 Tyee Nede/Op Cemeenent EG&G Licensee Notes

SI-01-6007-H005 stru 35/1090 clamp 0.23 0.21

SI-01-6007-H30I guide 105/1270 baseplate 0.70 0.96 1

SI-01-6007-H005 snucber 155/1430 baseplate 0.33 0.34
-

.
-

SI-01-6007-H000 snubber 150/1440 baseplate 0.52 0.39 2

SI-01-6007-H000 snubber 165/1460 anchor 0.29 0.93 3' bolts

SI-01-6007-H008 spring 180/1500 spring 0.78 0.79
hanger hanger

,

SI-01-6007-H00A spring 240/1710 spring 0.72 0.53 4
hanger hanger

s

1. The EG&G analyst did a finite element analysis, the licensee's analyst asimple beam calculation. Ecth are acceptable.

2. The EG&G analyst did a simple beam calculation, the licensee's analyst a U. [;
s

finite element analysis. Both are acceptable..

,.j{:Jg,.,
.;

2 3. The licensee's analysis was based on factoring the results of a previous s. %\

In the previous analysis support :(.R:analysis to account for different loads.-

leads had been increased to account for the possibility of support dynamic -'

Current criteria ensure support rigid resconse, so that sucportresponse.
loads need not be increased.

4 Different hot loads were used. EG&G's het lead was based en design
drawings, because the hot 'oad hanger setting was not recorded duringwalkdcwn. The licensee's load was based on the current setting.
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APPENDIX A

'~

\. COMPUTER FRCCM OESCRIPTICN

The NUPIFE-II cen:puter program performs linear elastic analysis' of
three-dimensional piping systams sucject to :neraal, deacweigne, seismic,
and otner static trd dynamic loads. The NUPIPE-II program is also designed
to perform stress and fatigue analyses in accordance witn the ASME Soiler
and Pressure Vessel Code, See:1cn III, Nuclear Power Plant Cemconents,1974
Edition :necugn :ne Sumer 1975 Moenca; and one ANSI 331.1 Ccce,1967 and
Sumer 1973 versions. NUPIPE.II may also De utili:ed to assure compijance
wita later piping c:de requirements proviced the analys: takes into
considera:1cn any possible enanges. Piping systems of mcre : nan ene
classification can te analyted.

>

NUPI?!-II utilf:es tne finita element me:ned of analysis wita special

features iccor;cratad to,ac=mccata specific requirements of piping system
analysis. In ac::rdanca vita tne finita element memed, tne centinuous
piping is satr.ematically ideali:ec as an assemoly of elastic sinc: ural..

memners cennnecting discreta necal ;oints. Nedal points art placec in suen.
,

a sar.ner as s isolata particular types of piping elements, sucn as
,.

straignt runs of pipe, albcws, valves, etc., for waten force-defermation }cnaracteristics can be categori:ed. Nodal points are also placed at all 4!
. g*4*

discontinuities,. sucn as piping supports, concentrated weignts, tranca 6
,

lines, and enanges in cross-section. System loads sucn as weignts,
'

equivalent :nernal forces, and eartaquake inertia forces art accliec at :ne
nceal ;oints. For :ne deacweigne anc cynamic time-nts: cry anc res:ense
scect: a analyses, distributec weign ;rocer ies of :na piping as well as
concantrated neignts, sucn as valves, pumps, er snuceers, can te
considertd. A lumped mass accel of :na piping sys:em is used for all
cynamic analyses. So n translaticnal and rotational cegress-sf-freecem may
De Considerte.

.

.

For fur.ner informacien ccccerning NUPIPE.II ca:acilities er
analytical ;r:cecur*.s, =ntac: Acclied .Ncnanics 3ranen of im ::anc, Inc.

A-2
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NOTE: MICROFICHE OF COMPUTER OUTPUT

(PAGES B-2 TO 5) ARE AVAILABLE
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C'.4ri to f aul t errer m-i ti nc cavi c= Fi:N
JAter . Ferry. I:ncre? A

,

CC:i3 >> TYPE CLINT1.L .

1**** SUPERSAP ANALYSIS VNRGION: 7.1
|RELEASED: T/30/G5

'

- . !
. . - . .

DATE: June 11'.-1906
'

.

TIME: 0G:08:00
INFUT FILE.............CLINT!

__ - _ ___ _ _ . _ ______, ..._ _ _ ____ __

BASE FLATE WITH GUSSET
, , ,

it**** CONTRCL INFORM.tTICN .

NUMBER CF.NCDE FCINTS (NUMNF) = 6.*
NUMBER OF ELEMENT T'tFES sNELTYP) = 2
NUMEER CF LCAD CASES. sLL = 2
NUMDER CF FREQUENCIES (NFi = 0

; GEOMETRIC STIFFNESS FLAG (GECSTF) = 0
ANALYSIG'CCOE (NDYN) = 0
SOLUTION MCCE (MODEX) 0=

NUMBER CF ITERATICN VECTCAS (NAD) 0=.

- ECUATIGNS PER St.CCX ocECB = 0
TAFE10 SAVE FLAG (N10SV) = 0
NCDAL DEFLECTICN FRINTING EDEFFCH)

i

= 0 lCVEIMLL P' ATRIX PRINTING (GENFRTe = 0
ELEMENT r4 ATRIX FRINTING (ELFRT) 0=

| WEIGHT AND C.G.. FLAG (IWTCG) = 0
PANCWIDTH MINIMI!ATICN FLAG 'MINEND) = 0
FILE FORMAT FLAG ?IFLT) = 6 -~

NUMBER CF RESFCNSE SFECTRA- (NRSC) = 0 ilGRAVITATICNAL CCNSTANT (GRAV) =
.

0.3640E+00 'dTOTAL BLANK CCMMON (MTOT) = 23000
- f.n~3

SANDWIDTH MINIMIZATICH SPECIFIED .. .

'"
,

1**** NCDAL DATA

NCOE' ~ ECUNOARY CONDITICN CCDES NCCAL 70*NT CCCAOINATE5 !
4

NC. OX Cy C ;" FA .% R:: 4 7 I T-- __ ____ ____ .______ ___ ________ _ _______ -___.____ _ __ _______

L 0 1 1 0 0 0 .000E+00 .000E400 .OnGE+no .006E+00'
O O O O O O 1. 0005 >00 . o0i>E,0 v .000E-Go . 000 E-0 r,0 0 0 0 0 0 0 ::.000E+00 .000E-00 .000E+00 .00CE+.N4 4 0 0 0 'o O C. 000E-*00 .000E-00 . .~.00 E-0 0 . 000E*065 0 1 1 0 0 0 4.000E+00 .006E-00 .000E-00 000E+06e 0 0 0 0 0 0 .000E+00 1.500E+06 .000E-00 000E+00'
0 0 0 0 0 0 1.000E+00 L.500E*00 000E+00 600E-009 0 0 0 0 0 0 2.000E-00 t . 50i&*.>o . .cC:< E ++>0 . vni ,E+<.0- n 6 0 0 0 0 .00.'E+00 1.500E+00 .000E-00 .000E-0nto O O O ,0 0 0 4.000E+0e 1.500E-60 .0cw E-v0 .0066.. 011 0 0 0 0 0 0 .000E-00 !.000E+^^ .0666-?0

.

. 0C E-0c.'

1 ~. 0 0 0 0 0 0 1. vv0E -60 "* 06oE+0v . 000E-.% ..< E - :.6.
;- 0 0 0 - 0 0 2.cnnE on T . 0GC E .a.

.

. c . 0 C .. < . .u E +06:
;. 0 6 0 0 0 0 :. On0E ....v 3.. c.6 ...>6 . ./.0E-a . .>iiE+00.

;5 0 0 n 0 0 0 4. GC C E -..0 ! :.0^E-.:6 . : . E 4.On . Gi..E *00.

.a 0 n 0 0 0 0 . .,oCi -QO . 00c =~.:n ..&.E-co . 0uGE +n.'*
;- 6 0 0 0 0 .. . . . :.. . n E - . , ;, n.yes ~.~.i c. . -. n . :0c 2 6.,. . ,

; .? 0 0 ..ic0E-00 5.106E+..e [ p.. . ..
. . > . ' E -.--

.. .. . , o 0 ....0E... = a. ..s2 # o .c....-, 30 n...

, .- . - . ..

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

=



'

c , . ' . ., ., .- o o u ...vve. . s. vem. mv . v v , v. . .v.,va.vv.'

.O1 0 0 0 0 0 0 000E+00 7.000E+00 000E*00..,.000E+00
.

.00 0 0 0 0 0 0 1.000E+.:0 7. 000E *00 .000E-00~ .000E+0000 0 0 0 0 0 0 0.000E+Q0 7.000E+00 .000E+06 .000E+00
04 0 0 0 0 0 0 3.000E+00 7.000E+00 .000E+00 .000E+00
25 0 0 0 0 0 0 4.000E+00 7.000E+00 .000E+00 .000E+0006 0 0 0 0 0 0 .000E+00 S.500E+00 .000E+00 .000E-0007 0 0 0 0 0 0 1.000E+00 8.500E+00 .000E+00 .000E+00
OS 0 0 0 0 0 0 2.000E+00 8.500E+00 .000E+00 .000E+0029 0 0 0 0 0 0 3.000E+00 8.500E+00 .000E+00 .000E+0030 0 0* O O O O 4.000E+00 3.500E+00 .000E+00 .000E*0031 0 0 0 0 0 0 .000E+00 1.000E+01 .000E+00 .000E+0030 0 0 0 0 0 0 1.000E+00 1.000E+01 .000E+00 .000E+0000 0 0 0 0 0 0 0.000E+00 1.000E+01 .000E+00 .000E+0034 0 0 0 0 0 0 C.000E+00 1.000E+01 .000E+00 .000E+0005 0 0 0 0 0 0 4.000E+00 1.000E+01 .000E+00 .000E+0036 0 0 0 0 0 0 .000E+00 1.000E+01 .000E+00 .000E+0007 0 C. 0 0 0 0 1.000E+00 1. 000 E.+01 .000E+00 .000E+00OS 0 0 0 0 0 0 0.000E+00 1.000E+01 .000E+00 .000E-0009 0 0 0 0 0 0 0.000E+00 1.000E+01 .000E+00 .000E+0040 0 0 0 0 0 0 4.000E+00 1.000E+01 .000E+06 .000E+0041 0 0 0 O O O .000E+00 1,400E+01 .000E+00 .000E+00

*

42 'o 0 0 0 0 0 1.000E+00 1.400E+01 .000E+00 .000E+0043 0 0 0 0 0 0 0.000E+00 1.400E+01 . 000!' +00 .000E+0044 0 0 0 0 0 0 3.000E+00 1.400E+01 .000E+06 <v00E+0045 0 0 0 0 0 0 4.000E+00 1.400E-01 .000E+00 .000E+00 |4e 0 0 0 0 0 0- .000E+00 1. 5";0E+n 1 .000E+00 .n00E+00 '

47 0 0 0 0 0 0 1.000E+no 1.55GE+nt .000E+00 .000E+00.' 8 o 0 0 0 0 0 2.000E+00 1.550E+n! .Go0E+00 000E+0049 0 0 0 0 0 0 0.000E+00 1.550E+OA 000E+00 .000E+0050 0 0 0 0 0 0 4.000E+00 1.550E+01 .000E+00 .000E+0051 0 1 1 0 0 0 .000E+00 1.700E+01 .000E+00 .000E+00 i50 0 0 0 0 0 0 1.000E+0D 1.700E+01 .000E+60 .000E+00
'

50 0 0 0 0 0 0 0.000E+00 1.700E+01 .000E+00 .000E+0054 0 0 0 0 0 0 0.000E+00 1.700E+01 .000E+00 .000E+0055 0 1 1 0 0 0 4.000E+00 1.700E+01 000E+00 600E+00
6

56. 0 0 0 0 0 0 3.000E+00 7.000E+00 2.000E+00 .v00E+00 J
.,

57 0 0 'O O
53 0 0 0 0 ~

O O 3.000E+00 9.500E+00 0.000E+00 .000E+0C '

0 0 3.000E+00 1.000E+01 2.000E+00 .000E+00
'

59 0 0 0 0 0 0 2.000E+00 1.000E+01 0.000E+00 .000E+0060 0 0 0 0 0 0 1.000E+00 1.000E+01 0.000C+06 .u00E+0061 0 0 0 0 0 0 2.000E+00 t.200E+01 0.000E+00 .000E+00e: 0 0 0 0 0 0 0.060E+00 1.400E-O! O.000E+';0 .000E+0060 0 0 0 0 0 0 0.000E+00 1.50CE+01 2.000E+06 .000Ee00 ,

1++++ TH:N FLATE/:.i-ELL ELE. MENT 5

NUMEER 0F ELE.MENTS = 47
NUMEER OF MATE.~iIAL5 = t

1*+++ .94TERIAL FF0FEFTIE5 ~

. MATERIAL T.D. NUMBE.:: = !WE I C-H7 ~, ENS I T'i =
:: ! '00E-01r%S3 CEF.5 I TY =

, ace-04
'
. ri C:: w Cas cv. C.s - . .ALF Haia s ALFHAc.>

.
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q
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.,, a .: ,a - * . .u n .a n . . . w n. . no . w u u. . w ' .x n...n . ' . , .:TEMP .000E+00 .000E+00 .000E+00 . 000E +. .o .).X-DIR .000E+00 .000E+00 000E+00 .000E+00 ''

Y-DIR .000E+00 .000E+00 .000E+00 000E+0vZ-DIR .000E+00 .000E+00 .000E+00 .000E+00

1 **** ELEP'ENT CCNNECTIVITY CA7A
l

ELEM NODE NCCE NOCE NCDE NCDE MA7'L AVERAGE NCENAL TEMF. TEMP. i

i

NO. I J K L 0 INCEX 7HICKNE55 PRE 55tJRE . DIF E.~ ENC !- _ _ _ __ ___ __ __ _ ___ ___ ____ ____ _____ _ _.E
GRADIENT

!. __ __ __

1 1.
l

2 7 6 0 1 3.750E-01 .000E+00 .000E400 .000E+00
1

2 6 7 12 11 0 1 0.750E-01 .000E+00 .000E+00 .000E+000 1.1 12 17 16 0 1 0.750E-01 .000E+00 .000E+00 .000E+004 16 17 22 21 0 1 0.750E-01 .000E+00 .000E+00 .000E+005 21 20 27 26 0 1 0.750E-01 .000E+00 .000E+00 .000E+006 26 27 02 01 0 1 0.750E-01 .000E+00 .0002-00 .000E+007 01 u , . , . 4 0 I C.75GE-0I .000E+00 .000E*)0 .000E+008 06 07 42 41 0 1 C.750E-01 .000E+00 .000E+00 .000E+009 41 42 47 46 0 1 C.750E-01 .000E*00 000E+00 .000E+0010 do . 47 52 51 0 1 0.750E-Q! .000E*00 .000E+00 . 000E'+0011 2 0 3 7 0 1 :.750E-01 .000E+00 .000E+00 .000E+0012 7 8 10 10 0 1 0.750E-OL 000E+00 .000E+00 .000E+0010 12 10 IS 17 0 1 0.750E-01 .000E+00 .000E+00 .000E+0014 -17 15 20 22 0 1 0.750E-01 .000E+00 .000E+no .000E+0015 22 20 29 27 0 1. 0.750E-01 .000E+00 .000E-00 .000E+00le 27 ;S 00 02 0 1 0.750E-01 .000E+00 .000E*)0 .000E+0017 02 03 33 0"* O 1 C.750E-01 000E+00 .000E+^0 .000E*0015 07 03 40 42 0 1 0.750E-01 .000E%0 000E+00 .000E-00to 42 40 48 47 0 1 0.750E-01 .000E+00 .000E+00 .000E+0020 47 48 50 52 0 1 0.750E-01 .000E+00 .000E+eo .000E+0021 0 4 9 3 0 1 C.750E-01 .000E+00 .000E*00 600E+00!! B 9 14 10 0 1 0.750E-01 .000F+00 .000E+00 .000E+0020 LO 14 19 13 0 1 0.750E-OL .000E+00 .000Ee00 .000E*0024 18 19 24 23 0 1 0.750E-01 . 000E-*00 .000E+00 .000E+0025 23 24 29 29 0 1 3.750E-01 .000E*00 .000E+00 .000E+00
-'

2h 23 29 34' 03 0 1 C.750E-01 .000E+00 .000E+00 .000E+0027 03 34 39 03 0 1 3.750E-CL .000E+00 .000E+00 .000E+0023 08 39 44 40 0 1 3.750E-01 .0COE+00 .000E+00 .000E+0029 40 44 49 48 0 1 3.750E-01 .000E+00 .000E+00 .000E+0000 48 49 54 50 0 1 3.750E-01 .000E+00 .000E+00 .000E+0031 4 5 10 0 0 1 C.750E-01 .000E-00 .000E+30 000E+00!! 3 10 15 14 0 1 C.750E-01 .000E+60 .000Er00 .000E-0000 14 15 20 19 0 1 0. 50E-01 .000E-00 .000E+00 000E+0034 1C 20 25 4 0 1 C.750E-Q1 .000E+00 .000Emr0 .000E+00!5 24 25 30 29 0 1 0.750E-01 .000E+60 .000E*00 000E+00~~
e ~9 OG 05 04 0 1 0.750E-ol . 000E >00 .000E+60 .000E*0007 04 05 40 04 0 1 C.750E-01 .000E+00 .000E-00 .000E-00OS 09 40 45 44 0 1 0.750E-01 .000E+00 .000E+00 0006+0005 44 45 50 49 0 1~ 0.'750E-01 .000E+00 000Ev0 .000E+0040 49 50 55 54 0 1 0.750E-01 .300E+00 .000E+00 000E+0041 24 29 57 5o 0 1 5.000E-01 .000E+00 .000E-40 000E-0042 Ec 04 53 57 0 1 5.000E-01 .000E+00 .300E+no 00<E+0040 54 00 57 53 0 1 5.000E-01 .000E+00 .000E+00 100E *S044 00 02 o0 54 0 1 5.000E-01 000E+00 .000E-Ot .000E+0045 00 53 61 54 0 ,1 5.000E-01 .000E*00' .000E+00 .000E+004e 08 40 m2 et 0 1 5.600E-0t .000E-00 .000E-06 . Occ E-Gi ,1- 40 43 40 32 0 1 5.000E-01 .000E+00 , 0.:GE +.0. , ..OnE,00
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lo*** ELEMENT CCNNECTIVITY DATA

ELEMENT NCDE ----OI~ECTICN NODE 3--- CODE 5 EFECIFIED EFECIF'ED E~ RING
NUMBER N I J K L kD kR TRANSLATION ACTATION RATE

___ _ __ ___ _ __ ___ _ __ _ _ _ -___ _ ____ ___ _ __ _ ___

-9 1 1 3 2 7 1 0 .0000E+00 .0000E+0C 1.000E+10
fa 2 2 3 4 S 1 0 .0000E+00 .0000E+00 1.000E+10-a, 3 4 5 4 9 1 0 .0000E+00 .0000E+00 1.000E+10A 4 5 o 5 10 1 0 .0000E+00 .0000E+00 1. 000E- 10es 5 5 5 7 6 11 1 0 .0000E+00 .0000E+00 1.000E+10tG 6 e ,2 3 2 7 1 0 .0000E+00 .0000E+00 1.000E+10es 7 7 3 4 9 1 0 .0000E+00 .0000E+00 1.000E+10N 8 8 4 5 4 9 1 0 .0000E+00 .0000E+00 1.000E+10o* 9 5 e 5 10 1 0 .0000E+^0 .0000E+00 1.000E+10

-

4 in 10 5 7 6 11 1 0 0000E+00 .0000E+00 1.000E+104 11 46 : 0 7 1 0 . 0000E -00 .0000E+00 1.000E+10*P 12 47 3 4 0 8 1 0 .0000E+00 .0000E+00 1.000E+10.

*10 43 4 5 4 9 1 0 .0000E+0C .0000E+00 1.000E+10"
- % L4 49 5 6 5 to 1 0 .0000E+00 .0000E+00 1.000E+10*' 15 50 6 7 6 11 1 0 .0000E+00 .0000E+00 1.000E+104 16 51 O O O 7 1 0 .0000E+00 .0000E+00 1.000E+10++ 17 52 4 : G t 0 0000E+00 .0000E+00 1.000E+10-413 5", 4 * 4 7 1 0 .0000 9 00 0000E+oo .000E+10

-.

-? t': 54 5 6 5 to 1 0 . 0000E *0'. .0000E+00 t.000E+10-& 20 .'5 2 3 7 1 0 .0000600 .0000E+00 1.000E+10
*
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14 2t5 216 217 219-~0 - ,,.9.,o -,1 , . , - --- ,-. .--- -- ---31 26 147 148 149 150 L51 152

--s -*

22 27 150 154 255 156 157 LSB00 23 157 160 lot ic2 160 16404 30 171 172 170 174 175 17e05 31 177 175 179 130 181 15206 is 99 100 101 102 100 i0407 19 105 106 107 108 104 - llo-vG 1.-s 1,4 1,, 1.,o 1,e 1,9
,-
.- s09 24 105 10s 107 103 109 140,

40 25 141 142 140 144 145 14e41 12 60 64 65 66 67 6842 10 69 70 71 72 70 7440 15 81 SO 30 84 35 Go -

44 16 87 EG 89 90 91 C245 17 C3 94 c5 9e 47 494 e. 6 ,7 S 9 .-v. .. l. . - ,
,- , -- ..<
*+ 4 9 ds.D d e. -. ,d, .

- -,C ,- --
* s.'n'd48 9 45 4e 47 48 44 "O49 10 - 51 52 50 54 55 So

-

50 11 57 58 59 on el e251 1 1 0 0 2 3 452 2 5 6 7 S 9 1050 0 11 12 10 14 15 Le54 4 17 13 19 20 21 20.
,, , --.* 9.5 .F e@ V. I.I ,.

4.**
, ,3So Oo 207 208 204 210 O!t .12
.J e

,,
.,s ,. 01 o ,. ~0- 04 0. , ,Go

. . . . -
.

58 29 165 los lo? 1:5 is9 176
. -. -

, ,-~, 1,9 , s.3 1st , ,--
1 - ~. L~,4.. ...oO 21 117 119 119 1"O 121 122
.

el 20 ill 112 110 114 115 lise2 14 75 76 77 75 79 EO60 S 09 40 41 42 40 44
EANDWID7H BEFCRE RESECUENCING

,

= 200BANDWIDTH AF7ER RESECUEhw.uG . -= 60 fyf.:
,

t**+# NODAL LCACS (S7A7!C) CR MASSES (DYN4MIC)

MODE LCAD X-AWIS V-AXIS Z-AXIS <-4xIE ~r-4 x : 3 2-AWI3NUMEER CAcE FCRCE .CRCE :.CFCE MCMENT MCPEN7 FCMEN7
56 i .000E-00 000E+00 1. 601 E+0 , . vi ,CE * M .000E+00 .000E-0057 1 .000E-00 .000E+00 4.34iE+v2 .000E-00 .0006-vu .Gi:sE-6652 1 600E+00 .000E-00 -5.4'tE+00 .000Eeon . ( 00E -00 . 0 0 0 E +s" 0

s
Sc 1 .000E+00 .000E+A0 ,4.Sc5E-62 000E+00 .000E-00 .i.OnE-09in 1 000E-00 000E+00 2.450E+0C 000E-00 00cE*00 .000E-00 .So 2 .000E+00 .000E+00 1.1ccE*00 .900E+00 .vo0E+.0 . 00E+0s , !57 2 .000E+00 .000E+00 7.005E-02 ' . 00:sE+00 .000E+00 . W E+0058 2 .000E+00 .000E+00 -1.145E+0C .060E+00 .000E+oo . < 00E + .o5c 2 .000E+06 .000E-00 7.005E+02 . 000E- 06 .000E+0o 600E,00o0 2 .000E,00 .000E+00 3.502E+02 .nG0E-06 000E+00 . 0 9 E *- -
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'. . ' . MAXIMUM / MINIMUM
i . .s v . %. . io

= 0.4030E*04
AVERAGE DIAGCNAL ELEMENT y= 5.1471E+06DENSITV CF THE MATRIA 4.9054E+00=

!!!!' WARNING: MCCEL MAY LACK SUFFICIENT BCljND4FY
CCNSTRAINT GR HAVE STIFFNESS CCMP-
ATIBILITY FRC5LEM. SEE NCCE AND/CR
ELEMENTS ASSCCIATED WITH DCF: Oc7

t#*++ STATIC ANALYSIS

LCAD CASE =
1

DISPLACEMENTS /ROTAT!CNS(DEGREES) CF UNFESTRAINED NCCES

NCDE X- Y- I- X- Y- Z-
NUMBER TRANSLATION TRANSLATICN TRANSLATICN ROTATICN 1CTATION RCTATICN

.

1 7.*510E-05 .0000E+00 .0000E-00 -6.0370E-00 -7.5470E-00 .0000E+002 7.4615E-05 3.0*17E-06 -0.9594E-08 -7.95052-02 4.4146E-00 0000E+000 7.00:1E-05 1.7ESOE'-05 -5.3844E-08 -G.0985E-02 2.59c4E-00 .0000E+004 6.S400E-05 1.531SE-05 -4.5801E-08 -9.701SE-02 -1.25442-0.., .v000E+00 i5 e.3944E-05 .0000E+00 .0000E+00 -1.111CE-n1 1.0:06E-6 .0000E+00
'

6 6.6940E-05 1.4GSCE-06 -1.9955E-08 1.the4E-01 - 1. 0:e.-E-02 .0000E+007 e.7101E-05 8.04o0E-Oe 1.1034E-U7 1.04e:E-01 6.1:06E-00 .0000E+00
,

G 6.7 55E-05 1.46sOE-05 o,00*SE-08 1.505CE-01 0.404E-00 .0000E+009 e.Se97E-05 1.3000E-05 1.5410E-07 1.ce0TE-01 -0.34e:E-00 .0000E+o010 6.75412-05 0.650SE-65 1. 7099 5~ ,8 1.77ECE-01 C.4600E-42 .0000E+00
,

*

11 5.7904E-05 -5.4457E-07 7.0901E-00 4.1795E-01 -6.c0oe2-OO 0000E+00 J
10 5.5~CeE-05 7.9046E-06 3.004GE-00 4.4c37E-01 -4. c 30.5E-62 .0000E+0010 5.S009E-05 1.59G5E-05 S.5539E-00 4.7001E-n1 -4.7442E-02 .0000E+00 '

,

i

14 5.7671E-05 2.035"E-05 9. 72*:oE-00 5.0440E-01 -4.3040E-02 .0000E+0015 5.e'4CE-05 0.0111E-05 1.0441E-00 5.775 E-01 -2.c097E-62 .0000E-00 i16 0.750eE-05 -5.4195E-06 2.0076E-00 4.5507E-01 -8.3704F-00 .0000E+0017 0.8001E-05 7.0606E-06 0.5000E-00 4.7064E-01 -1.1900E-41 .0000E+00 i

.

13 0.8791E-05 2.1810E-05 0.7244E-02 5.049EE-01 -1.094E-01 .0000E+00 .10 'I.4713E-05 0.2990E-05 0.9694E-00 5.4019E-01 -1.4ee E-01 0000E+00 i20 3.0019E-05 4,6564E-05 0.OOS6E-00 5.7029E-01 -1.707CE-Ot .0000E+00 .21 1.0457E-05 -8.0026E-06 0.0969E-00 7.5EeEE-00 -7.510GE-00 .0000E+00 {| OO 1.0965E-05 0.7000E-06 0.475:E-00 5.5917E-02 -1.0305E-01 0000E+00; 20 1.2520E-05 1.7901E-05 0.7571E-00 1.7758E-00 -0.0007E-01 .0000E+a0
,

24 1.40515-05 6.4847E-05 4.0702E-00 -1.017eE-OO -1.*0:1E-01 - G . O n .! E - 0.05 1.3c14E-05 0.00!!E-05 4.019tE-02 -0.0507E-00 -1.e:GTE-01 .Gr40E+66
e

Ce -1.5224E-Oe -4.470LE-06 0.17'9E-00 -l.6 46E-01 -4.0510E-02 .0000E-00
,

7- -0.0534E-06 -0.4259E-Oe 0.2700E-02 -1. 144E-01 e.181:E-00 .Co00E-00OG t.4575E-06 -1.*5:0E-06 0.0771E-02 -0.4750E-61 '.0274E-02 .0000E*00 i
I 19 1.8154E-05 -2.00:oE-Oe 0.480SE-00 -3.065CE-01 -4.524E-00 -4.!OT;E-6430 0.0130E-05 -1.3007E-06 7.700eE-02 -0.4054E-n1 -1.50112-)1 .Gi>00E+001

,

.e-v6 s.,,,1c-o.- .. . .,9 .,. c - o. , .e48.. -o.l . . ,v ,. . s %
,... , .e , . - ..

. .v. .,o e - mc .-
. i

..

)20 2.14c7E-Oe -7. 5 t %E-06 2.e494E-00 -0.700sE-01 -T.22672-02 1.C'*0 E-00 {30 c.e079F-Go -0.981SE-05 0.7145E-n -0.7257E-At -0.7341E-0; 4.GOSGE-04~4 1.9900E-05 -6.2070E-05 2.7S$5E-00 -0.6711E-41 -4. 4070E -0; C.540'!E-00
'
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* .,.. . . . . . , . . . . , ..,. .m. .u, ...........c . . . . i . .v. .. u, , .%... .s..

.

..-
m',|00

o+49 6. 7004E-05 - t . ,'*:217E-05 1.377tE-07 -1.Nt4IE-6L -3.OO5 E-00
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