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EXECUTIVE SUMMARY AND CONCLUSIONS

Engineering considerations and analytical methods used to determine acceptability of
flaws detected in the upper shell to transition cone girth weld in the steam generators
at Zion Nuclear Station Units 1 and 2 are presented and discussed. The calculations
regarding flaw acceptability by fracture mechanics analysis are described and results
are presented for surface and subsurface flaws. Final allowable flaw sizes and
shapes are specifically illustrated for surface flaws, where fiaw growth in service is
complicated by environmentally enhanced crack growth considerations.

A maximum surface crack growth of 0.32 inches in depth for the next one cycle of
operation is a reasonable conservative choice for a bounding growth rate. As
described in this report, this conclusion is based upon the history of inspection results
at Zion Units 1 and 2, the observed cracking response of similar steam generators,
data in the literature on environmentally enhanced crack growth of pressure vessel
steels in high temperature water, and ASME Code corrosion fatigue crack growth
analyses.

Flaws found by inspection can be left in service if the present size plus the expected
crack growth is less than the allowable flaw size. As an example, a surface crack with
a present depth of 0.35 inches would not be expected to grow deeper than 0.67
inches after one cycle of operation. This size would be acceptable. Acceptability of
this flaw for continued service beyond one cycle would depend on the actual
measured end of cycle crack depth and reevaluated crack growth rates.

2032-0001-03 Page ix of ix
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ZION STEAM GENERATOR GIRTH WELD FLAW EVALUATION

1.0 INTRODUCTION

This report presents engineering considerations and analytical methods used ‘0
dotermine acceptability of flaws detected in the upper shell to transition giith weld in
the steam generat.rs at Zion Nuclear Station Units 1 and 2. The steam generator
shells are Class 2 Components which are under the jurisdiction of Section IlI, Division
1, Subsection NC of the ASME Boiler and Pressure Vessel Code. The analyses were
done to ASME 1989 Edition no addenda and the working edition of the code for Zion
is 1980 through the Winter 1981 Addenda. However, additional guidance was sought
from the 1992 Edition which is believed to be adopted by the NRC in the Federal
Register, first quarter 1994, The reason for the reference to the 1992 Edition is the
improvement in fatigue and fracture curve calculations. Flaws found during inservice
inspections of Class 2 components are considered to be acceptable if they satisfy the
requirements of Section X! Article IWC-3000 of the Code. Acceptability is
demonstrated if one of the following two options is satisfied.

1 Flaw sizes satisfy the requirements of IWC-3500.

2. Analytical evaluation of flaw stress intensities satisfies the requirements
of IWC-3600. Article IWC-3600 specifies that the analytical methods
used to satisfy IWC requirements are those described in article IWB-
3600 of the Code. Flaws satisfying these requirements are then subject
to IWC requirements for subsequent inspections.

it is customary to conduct such evaluations of pressure vessels using the edition of
the Code which was used for the construction of the vessels. However, it is

2032-0001-03 Page 1 of 146
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permissivle to use the current edition of the Code provided such usage is sufficiently
broad to ensure a consistent set of rules for the evaluation conducted. This approach
is particularly appropriate when the current Code edition provides coverage which was
not contained in the Code edition of construction. This is the case for the flaw
evaluation for the steam generators of Zion Units 1 and 2. Therefore, all applicable
rules and data for this evaluation are taken from the 1992 Edition cf the ASME B&PV
Code with the 1962 Addenda (Reference 1).

Section 2 presents basic data on geometry and material properties. The flaws which
were detected in the 1989, 1990 and 1992 inspections are recorded in Section 3. The
results of UT and MT/grindout inspections are compared. The finite element analysis
method is verified in Section 4. Section & describes the steam generator girth weld
model and the applied loadings. Results of the stress analysis are presented in
Section 6. Then, in Section 7, example fracture mechanics analyses of selected flaws
are performed using the stress results of Section 6. Crack growth projections a'e
made using several approaches. For subsurface flaws, only fatigue in the absence of
environmental effects needs to be considered. For surface flaws, environmentally
enhanced crack growth is a key consideration. A standard ASME Code corrosion
fatigue crack growth analysis is presented and compared to previous inspection
results. Data in the literature and struss corrosion cracking considerations are
discussed. General growth projection for surface flaws for one cycle of operation is
presented together with end-of-cycle allowable crack sizes and shapes.

2032-0001-03 Page 2 of 146
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2.0 TECHNICAL APPROACH

21 ZION STATION STEAM GENERATORS

Units 1 and 2 of Zion Nuclear Station are four loop pressurized water reactors. Each
unit has four Westinghouse Model 51D feedring steam generators. Ultrasonic
examinations of the upper shell to transition cone girth weld were performed for Zion
Unit 1 during the fall 1989 refueling outage and for Zion Unit 2 during the spring 1990
refueling outage. The girth weld of Unit 1 was reinspected during the spring 1992
refueling outage. Numerous defects were recorded, associated with the girth weld, for
each of the generators during each inspection. Many of the defects were shallow and
surface connected, and were removed by grinding and blending. Subsurface
indications were sized using ultrasonic data and were dispositioned according to the
acceptability criteria in IWB-3511-1 per CECo, and W WCAP 12489. Flaws exceeding
these criteria are evaluated using fracture mechanics methods for disposition
according to the provisions of the Code. Use of fracture mechanics methods to
disposition observed flaws requires a knowledge of the detailed stress state in the
girth weld region. The detailed stress state is determined using finite element

analysis.

2.2 STEAM GENERATOR GEOMETRY

A steam generator cross section is shown in Figure 2-1. Support locations are shown
in Figure 2-2. The closest support to the girth weld is the 'pper lateral support which
contacts the lower cylinder. As shown in Section 5 of this report, this support is
sufficiently far from the girth weld that its influence on local stresses in the girth weld
region may be neglected. This allows us to restrict the stress analysis to a limited
region of the steam generator as shown in Figure 2-1. Figure 2-3 shows a detail of
the upper girth weld. Figure 2-4 is a schematic of the finite element model used in
this analysis.

2032-0001-04 Page 3 of 146
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2.3 MATERIAL PROPERTIES

The steam generator shell is fabricated from SA533 Grade A Class 1 material which is
nearly identica! in composition to SA302 Grade B and has similar properties. Material
properties are given in the ASME Code Section |l pages included as Tables 2-1, 2-2
and 2-3. These properties are temperature dependent as shown in the plots of
Figures 2-5 to 2-8.

Additional material properties which are not temperature dependent are taken from

Reference 2 for use in the finite element stress analysis.

Density = 490 ib/ft?
Poisson Ratio = 0.3

To perform the analytical evaluation of the flaw stress intensities we must know the
material fracture toughness and the fatigue crack growth rates. The fracture
toughness of the material is determined by two properties K, and K, which represent
critical values of the stress intensity factor K. K, is based on the lower bound of
crack arrest critical K, values measured as a function of temperature. K, is based on
the lower bound of static initial critical K, vaiues measured as a function of
temperature. Values of K, and K, are given by the reference curve shown in Figure
2-9. The reference toughness curve represents a conservative estimate of measured
lower bounding values for pressure vessel steels of the type used in the NSSS island.
It is published in Section X| of the ASME Boiler and Pressure Vessel Code and is
indexed to a Reference Temperature (RT). RT is determined by mechanical testing of
each piece of material used in construction (including welding consumable). The two
tests applied are the Drop Weight Nil Ductility Temperature (DWNDT) and the Charpy
Vee Notch tests. The Reference Temperature is either the DWNDT plus 60°F or the
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temperature at which the C, values 35 mils lateral expansion and 50 ft-lbs absorbed
energy are achieved By knowing these values, the reference toughness curve is
entered and critical fracture toughness properties estimated. A comparison of the
calculated stress intensity associated with a given flaw size and location to the
appropriately scaled fracture toughness criterion determines the flaw acceptability.

During service loading, a flaw may extend or grow to a larger size over a given
duration in time. It must be assumed that this possible extension will not exceed a
critical flaw size determined from the fracture toughness. Crack extension is
estimated typically by a fatigue crack growt™ analysis. The fatigue crack growth rate
of the material is given in the ASME Code as:

da/dN = C, (AK)" (Eqn 1)

where
C, = scaling constant
AK = range of applied stress intensity
n = slope of the log (da/dN) versus log (AK) curve

Fatigue crack growth rate curves reflecting values of C, and n are shown in

Figure 2-10 for an air environment. Surface flaws on the inner diameter are exposed
to a high temperature water environment which can accelerate fatigue crack growth
rates. For this circumstance, the appropriaie fatigue crack growth rates as given in
the ASME Code are presented in Figure 2-11. A complete discussion of crack growth
rates including historica! performance at Zion Units 1 and 2 and data in the literature is
presented in Section 3.

2032-0001-03 Page § of 146
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TABLE TCD (CONT'D)
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O b
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Girth Weld

Region Considered
in Stress Analysis
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' Figure 2-1, Steam Generater Cross Section

2032-0001-03

page 9 of 146



ENGINEERING APPLIED SCIENCES, INC.

AN

\\\A _/

I HOT AuD
/-COLO sTors

o UPPER LATERAL

SUFPORTY
e r
> — f.\ -
Lg ‘E-I ...... 4 \\\“’( !
l \‘"‘ ENUBBERS
, [ LOWER LATERAL’
e SUPPORT -

= /—— PIPE COLVMNS
Py
)

Figure 2-2. Steam Generator Support Locations Source: Reference ¢
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Figure 2-3. Upper Girth Weid Detail
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Figure 2-4. Schematic of Axisymmetric Finite Element Model
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3.6 FLAW EVALUATION

3.1 APPLICABLE CODES AND PRESCRIBED METHODS

The steam generator shells are Class 2 nuclear components. Rules and requirements
for in-service inspection, repair and replacement of Class 2 pressure retaining
components and their integral attachments in light water cooled power plants are
specified in Subsection IWC Section X! Division 1 of the ASME Boiler and Pressure
Vessel Code. Flaws identified during in-service inspection are considered to be
acceptable for continued operation if they do not exceed the standards of Table IWC-
3510-1. For the steam generator upper girth weld, this table specifies that the
acceptance standards described in article IWC-3500 apply. Basically, this article
specifies allowable flaw sizes as a percentage of the vessel wall thickness. Flaws
which do not satisfy the simple size criteria of IWC-3500 may still be acceptable if the
analytical evaluation criteria of article IWC-3600 are satisfied. The prescribed analysis
is based on fracture mechanics methods and considers critical flaw size, flaw stress

intensity and flaw growth rate.

3.2 DESCRIPTION OF PAST FLAW OBSERVATIONS

The description or characterization of flaws is governed by article IWA-3300 of the
Code. Characterization rules are pro' ided for both surface and subsurface flaws. For
purposes of description and dimensioning, the flaw is sized by a bounaing rectangle.
The length, "I", of the rectangle is drawn parallel to the inside surface of the pressure
retaining part. The height of the rectangle is drawn normal to the inside pressure
retaining surface of the component and is denoted as "a" for surface flaws and "2a" for
subsurface flaws. The aspect ratio of the flaw is defined as "a/l". The flaw depth "S"
is the distance from the flaw to the nearest surface. For subsurface flaws a flaw to

surface proximity factor "Y" is defined as "S/a". This factor has been developed and is
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used to estimate the influence of the proximity of the surface on the behavior of a
subsurface flaw.

Upper girth weld ultrasonic inspection data are available from examinations performed
during the Zion Unit 1 1989 fall refueling outage and during the Zion Unit 2 spring
1990 refueling outage. UT indications which exceeded 20 percent of the distance
amplitude curve are described in Tables 3-1 through 3-4 for the Zion Unit 1 steam
generators. Similar data for the Zion Unit 2 steam generators are described in Tables
3-5 through 3-8,

Table 3-1. Zion Unit 1 Steam Generator A UT Inspection Results, 1989

Dim. Dim Dim Value Ampl.
(2a) A AS) (Y) Surf./Sub. (% DAC)
0.18" 0.85" 0.08" 0.89 Sub. 25
0.25" 270" 0.06" 0.48 Sub. 126
0.35" 0.75" 0.02" 0.00 Surf. 178
0.24" 1.00" 0.02" 0.00 Surf. 56
0.52" 0.50" 0.35" 1.00 Sub. 35
0.24" 1.60" 0.02" 0.00 Surf. 35
0.35" 0.80" 0.27" 1.00 Sub. 100
0.53" 0.60" 0.09" 0.00 Surf. 40
0.29" 1.38" 0.08" 0.55 Sub. 316
0.54" 0.90" 0.08" 0.00 Surf. 85
0.81" 0.80" 0.04" 0.00 Surf. 80
0.36" 2.30" 0.20" 1.00 Sub. 60
0.60" 0.80" 0.58" 1.00 Sub. 60
1.68" 060" 0.31" 0.00 Surf. 60
1.33" 0.05" 0.00" 0.00 Surf. 50
0.34" 2.10" 0.09" 0.53 Sub. 25
102 0.90 0.01" 0.00 Surf. 75

2032-0001-03 Page 21 of 146



ENGINEERING APPLIED SCIENCES, INC.

Table 3-2. Zion Unit 1 Steam Generator B UT Inspection Results, 1989

Dim. Dim. Dim. Value Ampl.
(2a) A 8) AY) Surf/Sub. (% DAC)
0.31" 0.60" 0.oe" 0.52 Sub. 32
0.37" 1.70" 0.52" 1.00 Sub. 50
061" 2.20" 0.23" 075 Sub. 25
0.31" 0.70" 0.02" 0.62 Sub. 36
0.23" 1.00" 0.03" 0.00 Surf. 32
0.38" 0.90" 0.68" 1.00 Sub. 25
0.12" 0.40" 2.59" 1.00 Sub. 25
0.29" 0.40" 0.73" 1.00 Sub. 28
0.23" 1.60" 0.03" 000 Surf. 32
0.59" 1.20" 0.31" 1.0v Sub. 25
0.23" 0.80" 0.03" 0.00 Surf. 36
0.41" 0.80" 0.43" 1.00 Sub. 32
0.23" 0.90" 0.09" £.78 Sub. 100
0.23" 0.7¢C" 2.65" 1.00 Sub 50
0./0" 0.60" 0.31" 0.89 Sub. 50
1.05" 0.50" 1.95 1.00 Sub. 30
0.20" 1.40" 0.58" 1.00 Sub. 25
0.59" 3.70" 0.78" 1.00 Sub. 25
0.87" 1.30" 0.58" 1.00 Sub. 50
0.36" 0.80" 0.14" 0.78 Sub. 45
071" 1.20" 1.20" 1.00 Sub. 25

Table 3-3. Zion Unit 1 Steam Generator C UT Inspection Results, 1989

Dim Dim. Dim. Value Ampl.

(2a) L) AS) i & Surf/Gub. (% DAC)

0.35" 2.80" 0.26" 1.00 Sub. 28

0.29" 0.50" 0.96" 1.00 Sub. 28 |
0.23" 1.00" 0.03" 0.00 Surf. 158

0.12" 0.40" 1.48" 1.00 Sub. 63 |
0.08" 0.30" 2.10" 1.00 Sub. 63 |
0.34" 0 80" 0.29" 1.00 Sub. 50 |
0.24" 0.80" 2.18" 1.00 Sub. 28 |
0.44" 0.90" 0.03" 0.00 Surf, 112

0.35" 0.50" 1.48" 1.00 Sub. 79
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Table 3-4. Zion Unit 1 Steam Generator D UT Inspection Results, 1989

Dim. Dim. Dim. Value Ampl.
(28) ) (S) (Y) Surf./Sub. (% DAC)
0.23" 0.30" 0.62" 1.00 Sub. 32
0.31" 1.70" 0.57" 1.00 Sub. 36
0.38" 0.60" 0.57" 1.00 Sub. 28
021" 0.60" 1.36" 1.00 Sub. 28
0.19" 1.00" 0.02" 0.00 Surf. 45
0.19" 0.90" 0.02" 0.00 Surf. 100
0.06" 0.10" 0.02" 0.67 Sub. 55
0.34" 1.50" 0.96" 1.00 Sub. 100
0.12" 1.10" 061" 1.00 Sub 28
0.18" 0.90" 0.09" 1.00 Sub. 32
0.19" 1.40" 0.08" 0.84 Sub. 126
0.15" 0.80" 0.03" 0.00 Surf. 28
019" 1.20" 0.02" 0.00 Surf. 63
0.18" 1.00" 0.08" 0.89 Sub. 141
0.29" 0.80" 0.21" 1.00 Sub. 32
0.24" 1.60" 0.03" 0.00 Surf, 32
0.42" 0.40" 0.03" 0.00 Surf. 50
0.23" 0.50" 0.03" 0.00 Surf. 40
0.31" 1.10" 0.02" 0.00 Surf. 178
0.19" 0.60" 0.08" 0.84 Sub. 105
024" 2.20" 0.03" 0.00 Surf. 40
0.09" 0.20" 0.16" 1.00 Sub. 55
0.19" 0.80" 1.36" 1.00 Sub. 25
017" 0.50" 1.32" 1.00 Sub, 32
0.24" 1.10" 003" 0.00 Surf. 60
0.30" 0.60" 067" 1.00 Sub. 50
B, Spot o e p— 25
0.12" 0.20" 1.49" 1.00 Sub. 63
0.65" 0.50" 0.51" 1.00 Sub. 40
0.67" 4.88" 0.09" 0.00 Surf. 100
0. 46" 075" 1.08" 1.00 Sub. 25
0.47" 0.63" 0.45" 1.00 Sub. 100
0.66" 0.50" 0.02" 0.00 Surf. 140
0.29" 0.63" 0.44" 1.00 Sub. 50
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Tawe 3-5. Zion Unit 2 Steam Generator A UT Inspection Results, 1990

Dim. Dim. Dim. Value Ampl.
(2a) 0 AS). L Surf/Sub. (% DAC)
0.34" 0.70" 0.73" 1.00 Sub. 36
017" 0.80" 0.09" 1.00 Sub. 50
0.04" 0.40" 0.05" 1.00 Sub. 56
0.32" 1.90" 0.00" 0.00 Surf. 28
0.10" 0.80" 0.38" 1.00 Sub. 28
0.41" 1.00" 0.26" 1.00 Sub. 45

Table 3-6. Zion Unit 2 Steam Generator B UT Inspection Results, 1990

Dim Dim Dim. Value Ampl.
(2a) A AS) (Y) Surf./Sub. (% DAC)
0.40" 0.40" 0.28" 1.00 Sub. 25
. 0.51" 1.00" 0.13" 0.51 Sub. 45
0.25" 0.60" 0.02" 0.16 Surf. 32
0.23" 0.80" 0.04" 0.35 Surf. 45
0.36" 0.60" 0.03" 0.17 Surf, 32
0.36" 2.70" 0.03" 0.17 Surf. 71
0.36" 2.70" 0.03" 0.17 Surf. 63
0.19" 0.80" 0.02" 0.21 Surf. 71
0.27" 3.80" 0.06" 0.44 Sub. 40
0.25" 3.80" 0.18" 1.00 Sub. 32
1.88" 1.20" 0.06" 0.06 Surf. 32
1.88" 1.20" 0.06" 0.06 Surf. 40
0.32" 1.10" 0.09" 0.56 Sub. 79
0.32" 1.10" 0.09" 0.56 Sub.. 71
1.21" 2.50" 0.18" 0.30 Surf. 63
1.21" 2.50" 0.18" 0.30 Surf. 100
0.92" 1.60" 0.06" 0.13 Surf, 50
069" 3.10" 0.04" 0.12 Surf. 100
0.69" 3.10" 0.04" 0.12 Surf. 36
0.87" 2.80" 0.13" 0.30 Surf. 40
0.40" 1.40" 0.14" 0.70 Sub. 36
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Table 3-7. Zion Unit 2 Steam Generator C UT Inspection Results, 1990

Dim. Dim. Dim. Value Ampl.
(2a) A AS) (Y) Surf/Sub. (% DAC)
0.53" 1.38" 0.01" 0.04 Surf. 63
017" 1.00" 0.04" 0.47 Sub. 79
0.51" 0.90" 0.02" 0.08 Surf. 32
0.41" 1.70" 0.47" 1.00 Sub. 36
0.44" 0.90" 0.056 023 Surf, 25
0.26" 1.00" 0.01" 0.08 Surf, 32
024" 1.00" 0.09" 0.75 Sub 32
0.32" 0.40" 0.10" 0.63 Sub. 25

Table 3-8. Zion Unit 2 Steam Generator D UT Inspection Results, 1990

Dim Dim. Dim. Value Ampl.
(2a) AL i8) ) Surf/Sub. (% DAC)
0.21" 1.10" 0.17" 1.00 Sub., 25
0.12" 0.80" 0.07" 1.00 Sub. 40
0.12" 1.30" 0.07" 1.00 Sub. 25
0.15" 1.30" 0.04" 0.53 Sub. 36
027" 0.90" 0.08" 0.69 Sub. 79
0.12" 0.70" 0.13" 1.00 Sub. 56
0.23" 0.90" 0.02" 0.17 Surf. 32
0.40" 0.70" 0.43" 1.00 Sub. 63
0.47" 0.60" 0.49" 1.00 Sub. 50
0.12" 1.00" 0.06" 1.00 Sub. 36
0.34" 0.70" 0.78" 1.00 Sub. 25
0.29" 2.20" 0.02" 0.14 Surf. 100
1.27" 10" 0.03" 0.05 Surf. 79
0.85" 1.05" 0.55" 1.00 Sub. 32
2.10" 1.20" 0.12" 0.11 Surf. 36
0.41" 1.30" 0.19" 0.93 Sub. 32
042" 0.70" 0.21" 1.00 Sub. 79
0.35" 3.60" 0.02" 0.11 Surf. 56
1.02" 0.90" 0.31" 0.61 Sub. 56
1.01" 3.20" 0.27" 0.53 Sub. 40
1.01" 3.20" 0.27" 0.53 Sub. 71
0.61" 1.00" 0.68" 1.00 Sub. 36
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Surface flaw depth observations near upper girth welds as revealed by successive MT
inspections following surface grinding are listed in Tables 3-9, 3-10 and 3-11. Such
inspections were performed at Zion, Unit 1 in 1989 and 1992 and at Zion, Unit 2 in
1990.

Table 3-9. Zion Unit 1 Steam Generator MT/Grindout Inspection Results, 1989

MT/Grindout Depth
Steam Generator Indication (inches)
0.22
0.35
0.30
0.00
0.25
0.25
0.15
0.25
0.20
0.20
0.38
0.35
0.50
0.50

OO0 >» > > >
SNOMEWON-aIN2abbhWN -
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Table 3-10. Zion Unit 1 Steam Generator MT/Grindout Inspection Results, 1992

MT/Grindout Depth

Steam_Generator Indication (inches)
A 1 0.04
A 2 0.04
A 3 0.04
A 4 0.04
A 5 0.04
A 6 0.04
A 7 0.04
A 8 0.247
A 9 0.025
A 10 0.06
A 11 0.01
A 12 0.06
A 13 0.06
A 14 0.02

. A 15 0.02
A 16 0.02
A 17 0.04
A 18 0.04
A 19 0.04
A 20 0.025
A 21 0.025
A 22 0.025
A 23 0.025
A 24 0.025
A 25 0.025
A 26 0.06
A 27 0.00
A 28 0.06
A 29 0.06
A 30 0.00
A 31 0.06
- 32 0.06
A 33 0.06
A 34 0.06
C 1 0.06
C 2 0.00
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Table 3-10. Zion Unit 1 Steam Generator MT/Grindout Inspection Results, 1992

Steam Generator

OO0 0000000000000 0O0000O0QCOOO0O0

2032-0001-03

(Continued)

Indication

MT/Grindout Depth
(inches)
0.06
0.06
0.00
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Table 3-10. Zion Unit 1 Steam Generator MT/Grindout Inspection Resuits, 1992

(Continued)
MT/Grindout Depth
Steam Generator Indication (inches)
C 38 0.00
C 39 0.00
D 1 0.16
D 2 0.07
D 3 0.076
D 4 0.03
D 5 0.072
D 6 0.02
D 7 0.035
D 8 0.08
D 9 0.103
D 10 0.06
D 11 0.06
@& D 12 0.04
D 13 0.04
D 14 0.04
D 15 0.037
D 16 0.04
D 17 0.038
D 18 0.20
D 19 0.11
D 20 0.125
D 21 0.173
D 22 0.105
D 23 0.33
D 24 0.21
D 25 0.325
D 26 0.19
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Table 3-11. Zion Unit 2 Steam Generator MT/Grindout Inspection Results, 1990

MT/Grindout Depth

Steam_Generator Indication (inches)
A 1 0.044
A 2 0.31
B 1 0.37
B 2 0.25
B 3 0.25
B 4 0.31
B 5 0.56
B 6 0.25
B 7 0.37
B 8 0.37
C 1 0.37
C & 0.25
C 3 0.44
C 4 0.25

s C 5A 0.12
C 58 0.12
C 6A 0.50
C 68 0.19
C 6C 0.25
C 6D 0.31
C 6E 0.12
D 1A 0.12
D 1B 0.06
D 1C 0.12
D 2A 0.12
D 2B 0.12
D 3A 0.19
D 3B 0.44
D 4 0.37
D 5 0.50
D 6 0.06
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Figure 3-3. Comparison of UT and MT/Grindout Surface Flaw Depth Distribution
for Zion Unit 1, 1989 and Unit 2, 1990.
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3.3 COMPARISON OF UT AND MT/GRINDOUT SURFACE FLAW DEPTHS

The term cumulative distribution or cumulative probability as applied to crack depths is an
estimate of the percentage of a population of crack depths less than a given stated value. For
example, a glance at Figure 3-1 shows that 90% of UT cracks depths for surface flaw
indications in Unit 2 in 1989 are less than 1.0 inches. Or conversely, there is a 10% chance
that a crack depth selected at random will be greater than 1.0 inches. In this plot, as in other
probability plots in this report, the cumulative probability ordinate is scaled according to a
Weibull distribution. Hence, if the plotted data is a reasonable match to a Weibull distribution,
a straight line plot will be observed. Other probability scales could be selected. The Weibull
scale is a typical choice for physical phenomena where the observed result is dictated by the
weakest link in a set of links. The cumulative distributions of surface flaw depths as found by
the first ultrasonic inspections of Zion Unit 1 and Unit 2 are shown in Figure 3-1. These UT
inspection results for the two units are essentially equivalent. A similar circumstan. ¢ is found
for MT inspection re<ults, where flaw depth is found by repeating the process of grinang and
MT examination v o indications are evident. The cumulative distributions for MT/¢ rindout
flaws depths for «. .. 1 in 1989 and Unit 2 in 1990 are presented in Figure 3-2. The plotted
points are virtually coincident, illustrating that the surface flaw cracking experience of both

units after several years of operation is the same.

A comparison of surface flaw depth distributions as revealed by UT and MT/grindout
procedures is illustrated in Figure 3-3. Ultrasonic testing indicates substantially larger surface
flaw depths than revealed by the MT/grindout technique. UT sizing techniques are sensitive
10 examination parameters such as transducer size and frequency. In general, UT inspection
tends to oversize flaw depths due to beam spreading of the ultrasonic signal in a long metal
path.

Surface flaws found in Unit 1 in 1989 were removed from service. Surface flaws were again
found in Unit 1 in 1982 but since the interval of operation was substantiaily shorter prior to
inspection, surface flaw depths were reduced compared to the 1989 inspection. Figure 3-4
compares the estimated cumulative distribution of MT/grindout depths for the 1989 and 1992
inspections. The maximum observed depth is reduced from 0.5 inches to 0.33 inches.
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Differences in slopes of the two plots show a broader distribution of flaw depths for the sherter
interval of operation. This would be consistent with a decreasing flaw growth rate with depth.
At longer times, recently initiated cracks begin to approach the depths of cracks which form
early in the inlerval of operation. Data of *his type together with data in the literature and

operating experience of other plants is used to develop crack growth projections in Sectien 7.

3.4 SELECTION OF FLAWS FOR EVALUATION BY FRACTURE MECHANICS

Table 3-12 shows allowable planar flaw sizes expressed as a percentage of wall thickness for
a 3.62 inch wall thickness, These values are interpolated from Table IWC-3510-1 of Section
X| Division 1 of the ASME B-PV Code. Flaws which exceed these limits must gither be
removed from service or found to be acceptable by fracture mechanics analyses. Examples

of the appropriate fracture mechanics analyses are presented in Section 7.

Table 3-12. Allowable Planar Flaw Sizes for 3.62 inch Thick Wall

Aspect
Ratio, a/l Surface Flaws, ait % Subsurface Flaws, a/t %
all t=25in. t=362in t=4.0in t=2.5in t=362in t=4.0in
0.00 3.10 22 1.90 3.40Y 2.35Y 2.00Y
0.05 3.30 2.32 2.00 3.80Y 261Y 2.20Y
0.10 3.60 2.55 2.20 430Y  2.96Y 2.50Y |
0.15 410 2.90 2.50 4.90Y 3.41Y 2.90Y
0.20 470 3.28 2.80 5.70Y 3.91Y 3.30Y
0.25 5.60 3.85 3.30 6.60Y 4.51Y 3.80Y
0.30 6.40 4.45 3.80 7.80Y 5.26Y 4.40Y
0.35 7.40 5.15 4 .40 9.00Y 6.09Y 5.10Y
0.40 8.30 582 5.00 10.50Y 6 99Y 5.80Y
045 8.50 595 510 12.30Y 8.12Y 6.70Y
0.50 8.70 6.10 520 14.30Y 9.30Y 7.60Y
ra sl R

Source: Reference 1
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40 ANALYSIS VERIFICATION

41 INTRODUCTION

The upper girth weld region of the steam generator is analyzed using the ANSYS 4 .4A
Structural Analysis Code (Reference 3). An axisymmetric finite element model is
applied. Verification of the computer program is carried out using pressure loading
and transient thermal loading for a thick-walled cylinder for which the solution is
known. Then, the upper girth weld region of the steam generator is analyzed.

4.2 SIMPLIFIED MODEL

For the simplified model a long cylindrical shell with closed ends is considerad having

the same radial dimensions as the steam generator upper cylinder (Figure 4-1). A unit
. length of this long cylinder is modeled explicitly. Generalized plane strain boundary

conditions are applied. Material properties similar to those of (he steam generator

material are specified:

Elastic Modulus (E) 30 * 10° psi
Poisson Ratio (v) 03

Thermal Expansion Coefficient (o) 6 * 10% infin °F
Density (p) 430 Ib/ft?
Thermal Conductivity (k) 25 Btu/hr ft °F
Specific Heat (c) 0.11 Btu/lb °F
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4.2.1 Pressure Load
The first verification case considers isothermal conditions at 70°F and internal

pressure of 1065 psig. The known solution for the case is given in Reference 4 as.

Radial
adial Stress 42 -gb* (&% - r?)

ré (a* - b9
Hoop Stress ,
2 . bP(a*srh)
ré (a% - b9
Axial Stress
i 5 - . @07
. a® - pt
where r = radius value
a = outside radius
b = inside radius
q = pressure

The computer program input data listing ver1.5 in Appendix A is used to calculate the
finite element results and the handbook results. The results are illustrated in the
stress contour plots of Figure 4-2 and summarized in Table 4-1. Based upon the
results in Table 4-1 it is concluded that the ANSYS computer program is verified for
the pressure loading condition,

4.2.2 Therma! Transient Load
Verification of the thermal transient stress analysis is based upon a known thermal

transient solution for stresses in Reference 3. This is a case of a constant temperature
ramp rate applied to the external surface of the cylinder. The thermal stress state
becomes constant even though the temperature of the cylinder continues to rise. The

2032-0001-03 Page 38 of 146




ENGINEERING APPLIED SCIENCES, INC.

handbook solution for the hoop and axial stresses are the same at both the inside and

outside surface of the cylinder and are given by

Inner Surface:

Quter Surface:

co - Eam [apa2 2 40 ¢
O, a, 8d (1 - w(3b C cz ) ba log. b)
where b = inside radius

c = outside radius

m = -amp rate

d = diffusivity

The ANSYS finite element thermal solution for a ramp rate of 0.5°F/sec is illustrated in
Figure 4-3. The curve T1 is the temperature transient for a point on the inside
surface. The curve T2 is the temperature transient for a point on the outside surface.
The temperature difference curve becomes constant in Figure 4-2 indicating that the
thermal stress distribution has become constant even though the temperature of the
cylinder continues to increase.

Figure 4-4 presents the axial and hoop thermal stress contours after the temperature
difference curve of Figure 4-3 is stabilized. The stabilized stress values for the insige
and nutside surfaces which were obtained using ANSYS are shown in Table 4-2

alongside the values obtained using the formulas listed above from the handbook of
References 3. The computer program input data listing ver2.5 in Appendix A is used

2032-0001-03 Page 39 of 146



ENGINEERING APPLIED SCIENCES, INC.

to calculate the finite element results and the handbook results. Based upon the

correlation of results in Table 4-2, i* is concluded that the ANSYS computer program is

verified for analysis of the thermal stress transients of the steam generator upper girth

weld region.

Table 4-1. Verification for Pressure Loading

' —— e ——— ‘"
Location j
Inside Surface
Radial Stress -1,065 psi -1,065 psi 0
Hoop Stress 26,396 26,396
Axial Stress 12,665 12,665 0
t;m_*-’ “
Outside Surface
Radial Stress 0 0 0
Hoop Stress 9,331 25,331
Axial Stress 12,665 12,665 0
ANSYS,ver1.o

Table 4-2 Verification for Thermal Transient Loading

l.ocation

2032-0001-03

Inside Surface
Hoop Stress 13,282 13,369 1%
Axial Stress 13,282 13,369 1%
__lesida Surface
& Hoop Stress -25 801 -26,206 1.5%
Axial Stress -25,792 -26,206 1.6%
ANSYS,ver2 5
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—\ — 360" fe—

RADIAL DISTANCE

Source: Reference 2

Figure 4-1. Cylinder for Simplified Model
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Figure 4-2. Pressure Load Verification
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ANSYS 4.4A
MAR 20 1993
12:44:28
PLOT NO. 1
POST1 STRESS
STEP=1
ITER=]
sX (AVG)

S GLOBAL
SMN =-1065
SMNB=~1065
SMX =0,387817
SMXB=0.443523
=-1006
=-887,42
=~T769.046
=~650,672
=-532 297
==4] 1323
==295 548
==177. ™4
==58.79»

HIQWM@HBOOm)

POST1 STRESS
STEP=1
ITER=1

sZ {AVG)

S CLOBAL

SMN =25331
SMNB=25331
SMX =26396
SMXB=26396

A =25390

vers. 8

page 42 of 148



ENGINEERING APPLIED SCIENCES, INC.

4 ANSYS 4.4A
MAR 20 1993
13:29:53
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Figure 4-3. Thermal Stress Transient Verification, Temperature
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Figure 4-4. Thermal Stress Transient Verification, Stresses
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50 STEAM GENERATOR MODEL

5.1 INTRODUCTION

An analysis problem is defined by its oeometry, material properties and applied
loading. The material properties for the steam generator and analysis model are as
described in Section 2.3 The geometry and applied loading are described in the

following subsections.

52 GEOMETRY

The geometry of the upper girth weld region is illustrated in Figure 5-1. The primary
area of interest is the upper girth weld region as shown in Figure 5-1. However, the
model is extended on both sides of the transition to eliminate the influence of end
effects on the girth weld stresses. In order to assure that the boundaries of the finite
element model are remote from the girth welds, a shell wave length is calculated. The
shell wav2 length is given by, Reference 2.

A =4nt
where I = inner radius and

t = shell wall thickness

Above the transition region
A=44(87875)(362)
=71in
Below the transition region
A = 4 \(B7.50)(3.62)
=63 in

Therefore, the finite element model is extended 71 inches above and 63 inches below
the transition.
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The thermal boundary conditions of finite element model specify no heat flow through
the insulated external surface because heat flow through this surface is negligible
compared to the inside surface. Furthermore, heat flow through the remote ends of
the shell sections is negligible and a no-flow boundary condition is specified.

Heat exchange between the fluid and the inside surface of the shell takes place
through a filrm coefficient which mitigates the fluid thermal transient. The metal
temperature of the inside surface of the shell is conservatively specified to follow the
thermal transient of the fluid for most of the events analyzed. Film coefficient data
from Reference 7 is used in analysis of the reactor trip and feedwater cycling

transients.

The structural boundary conditions take the form of pressure on the inside surface and
displacement restraints on the upper and lower boundaries of the girth weld region
model. The upper and lower boundaries of the girth weld region model are remote
from the girth weld as described above. Therefore, it is appropriate to specify
rotational restraint on these boundaries. Axial displacement constraints are applied at

the lower end of the model.
End forces are applied to the upper end of the finite element model to represent the

forces which arise from the restraint of the ends of the steam generator shell. These

forces are automatically applied in the course of the ANSYS finite element analysis.
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The initial transient time step size is defined in accord with the instructions of

Reference 3. The applicable formula is;

At 5 (Ax)*/10d

where
At = |Initial step size
Ax = Radial thickness of smallest finite element
d = Thermal diffusivity of the material

This step size is caiculated as part of the analysis process. The automatic step size
controls of the ANSYS computer program are invoked to set the step size during the

course of the ‘ransient.

Quadratic finite elements are used to represent the upper girth weld section. The
ANSYS designation for these elements is Type 77 for thermal analysis and Type 82
for the thermal stress analysis.

The geometry of the finite element model is shown in Figure 5-2. The nodes and
boundary conditions are shown on the left. The finite elements are shown on the
right. Complete and precise details of the geometry and boundary conditions are
contained in the input data listings in Appendix A.

5.3 APPLIED LOADING

A subset of the transients in the design specification for the steam generator is
specified in Reference 5 for use in this stress analysis for evaluation of flaws in the
upper girth weld region. The specified transients are given in Table 5-1.
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Transients 1, 2, 3 and 6 are represented as linear transitions between the states in
Table 5-1. The temperatures are specified directly as metal surface temperatures.

Transients 4 and 5 in Table 5-1 use a modified model in which the fluid temperature
and film coefficients are specified in detail according to the data tables referenced in
Table 5-1. The pressure is uniform over the internal surface as given in Table 5-2.
The fluid temperature and film coefficient histories are specified by region in Tables 5-
3 and 5-4. The regions are defined in Figure 5-3 and 5-4.

Complete and precise specifications of the finite element models and applied loadings

are given in the input data listings in Appendix A, B and C.

Results from these transient thermal and thermal stress analyses are used to calculate

. the maximum size to which detected flaws are expected to grow in a specified time
period, which can be the next scheduled inspection of the component, or until the end
of vessel design lifetime. Knowing the maximum flaw size and expected loads, we
can compare flaw size and stress intensity with the critical values to demonstrate
acceptability under the requirements of Article !WC-3600.
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Table 5-1. Transients for Stress Analysis
Total | me ‘

oh : Temperature | Reference
Occurrences <F

Transient

| Heatup @ = 200
1°°.Flh°ur l B S SET S FRSTORD RS

T G——.

2. Cooldown | 200 { { 1020 i 547
@ 1oo.Flhourl.“.‘,“w-.uvu. FRRE AR AR ..uu.-..-su..sr-au-or-d.......v.. e L L L L L T T ‘.A--quu-‘..o..‘-s-..nu.~-n. e

3. Large Step 200 | 720 | 506
Load T i
Decrease

; aﬂer@ﬂO R R Ao Ry aindil 3
s .ﬂ"@ UL oA TN . (OB ol =t om. T e D g
200°60

4. Reactor | 400 : : 1020 . 546,99

Tfip -.-mi.i....g;.é.ém... " .-.«»....s" T.b";.g:i .nd 5-3......... .m..,..,..n..‘..7..-....m........,

 So—"

.......................................

5. Auxiliary | 1 é 1020 | 547 | I
Feedwater i

cYc,'ng .‘ CLLTTTTYS serserrran “'”"”“".“u"".““N-éa.".””.””' L R T 5
Hot Standby

0 70

6. Bounding | 18300 1020 | 547
Faulted S s e [ ¥ - o =
Event J 60 See Tables 5-1 and 54 7

0 70
i

Source: Reference §
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Table 5-2. Feedwater Cycling and Reactor Trip Pressure Transients

Source Reference 7

Report, “Zion Unit 1 Steam Generator Girth Weld Repair Report Fall 1989,
and Zion Unit 2 Steam Generator Girth Weld Repair Report Spring 1990,"
Westinghouse Electric Corporation Report WCAP-12489, June 1991.
(Table 3.3.-3)
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Table 5-3. Thermal Boundary Conditions, Reactor Trip Transients
. Source: Reference 7
Report, "Zion Unit 1 Steam Generator Girth Weld Repair Report Fall 1989,
and Zion Unit 2 Steam Generator Girth Weld Repair Report Spring 1990,"

Westinghouse Electric Corporation Report WCAP-12489, June 1991,
(Table 3.3-6)
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Table 5-4, Thermal Boundary Conditions, Feedwater Cycling Transient
. Source Reference 7
Report, "Zion Unit 1 Steam Generator Girth Weld Repair Report Fall 1989,
and Zion Unit 2 Steam Generator Girth Weld Repair Report Spring 1990,"

Westinghouse Electric Corporation Report WCAP-12489, June 1991.
(Table 3.3-7)
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INNER RADIUS £ ]
38/.879 | UPPER SHELL

APPLIED TEMP. == |= | 72.0"

?
'l

& PRESSURE _

4
MY-AXIAL o UY coupled + Peq AAL PRESSURE

B % UPPER GIRTH WELD

TRANSITION CONE
¢ 6. 223"

)
VESSEL__ LOWER SHELL

WALL TKS.

Source: Reference 2

Figure 5-1. Steam Generator Shell Finite Element Model
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Figure §-3. Region Definition Reactor Trip Transient

Source Reference 7

Report, "Zion Unit 1 Steam Generator Girth Weld Repair Report Fall 1989,
and Zion Unit 2 Steam Generator Girth Weld Repair Report Spring 1990,"
Westinghiouse Electric Corporation Report WCAP-12489, June 1991
(Figure 3.3-2)
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Figure 5-4. Region Definition Feedwater Cycling Transient
Source: Reference 7

Report, "Zion Unit 1 Steam Generator Girth Weld Repair Report Fall 1989,
and Zion Unit 2 Steam Generator Girth Weld Repair Report Spring 1990,"
Westinghouse Electric Corporation Report WCAP-12489, June 1991,
(Figure 3.3-3)
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6.0 STEAM GENERATOR STRESS ANALYSIS

6.1 INTRODUCTION
The analysis model of Section § is used to obtain the results in this section. These
results are needed for the fracture mechanics analyses of Section 7.

6.2 HEATUP @ 100°F/HOUR

The heatup transient begins at an isothermal condition of 70°F and rises to 547°F over
a period of 5 hours. The internal pressure is zero at the initial state and rises to 1020
psi at the 547°F end state.

Figure 6-1 presents the temperature history for the inside and outside surfaces at the
girth weld in the finite element model. The figure contains three curves. One curve is
for a point on the inside surface. One curve is for a point on the outside surface. The
lower curve is the difference of the ather two curves. The thermal stress level is
dependent upon the temperature difference curve. The temperature difference curve is
used to determine the time at which thermal stresses are greatest,

The maximum temperature difference for the curve of the heatup transient is very
small at all times

Figure 6-2 shows the temperature profile through the wall at 5 hours when the
pressure is greatest. The temperature gradient through the wall is less than 14°F and

is essentially constant throughout the heatup.
Figure 6-3 illustrates the stress intensity distribution in the girth weld region at 5 hours

when the pressure is 1020 psi. The figure on the left is drawn to scale. The figure on
the right is exaggerated to show the thickness variation more clearly.
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Figure 6-4 shows the key results of the structural analysis of the heatup transient.

The figure has three curves, membrane, membrane-plus-bending and total axial
stress. These axial stress results are the data needed for fracture mechanics analysis
of circumferential flaws. The results in the figure for the upper girth welr are listed in
Table 6-1. A detailed tabulation of the total axial stress at the girth weld section is

given in Table 6-2.

6.3 COOLDOWN @ 100°F/HOUR
The cooldown transient begir s at a steady state temperature distribution at 547°F and
a pressure of 1020 psi. The cooldown occurs over a period of 5 hours to near

iscthermal conditions at 70°F and zero pres: 're.

The cooldown is just the reverse of the heatup transient. Figure 6-5 corresponds to
Figure 6-1. The temperature through the wall during this transient is the reverse of that
shown in Figure 6-2. Figure 6-6 shows the through-wall temperatures upon reaching

the 70°F level during the cooldown.

The worst-case stress condition during the cooldown occurs at the outset when the
pressure level is 1020 psi. The stress intensity at this condition is shown in Figure 6-
7. The axial stress contributions needed for the fracture mechanics analyses are
shown in Figure 6-8. The key stress values are summarized in Table 6-3. The
detailed tabulation of axial stress for use in the fracture mechanics analysis is given in
Table 6-4.
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6.4 LARGE STEP LOAD DECREASE
The large step load decrease transient is defined as follows:

Time(sec) Temperature (°F) Pressure(psi
0 506 720
60 548 1091
180 510 802
1200 537 938

Figure 6-8 presents the temperature history at the girth weld during the large step load
decrease transient. The maximum through-wall temperature difference occurs at 60
seconds into the transient, At this time, the through-wall temperature distributions are
as shown in Figure 6-10.

The stress intensity distributions and the axial stress contributions are given as

follows:
Stress Intensity Axial Stress
Time Contours(psi) Contricutions
0 Figure 6-11 Figure 6-12
60 Figure 6-13 Figure 6-14
180 Figure 6-15 Figure 6-16
1200 Figure 6-17 Figure 6-18

Stress contributions are given in Table 6-5. Detailed axial stress profile data are given
in Table 6-6 for use in the fracture mechanics analysis.

The worst stress conditions during the transient occur at 60 seconds into the transient.
The maximum stress intensity is 35,422 psi as shown in Figure 6-13. The maximum
axial stress at this time is 25,711 psi for use in the fracture mechanics analysis.

6.5 REACTOR TRIP
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The reactor trip transient begins at 547°F and 1020 psi as specified in Table 5-1.
Figure 6-19 presents the temperature history of the shell wall at the upper girth weld

during this reactor trip transient.

The maximum temperature difference through this wall at the upper girth weld is about
95°F at 550 seconds into the transient. The temperature profile through the wall at
this time is illustrated in Figure 6-20. The temperature along the inside surface from
the bottom of the model to top of the model at 560 seconds is shown in Figure 6-21.

The temperature at the upper girth weld is at 400°F.

The stress time history at the upper girth weld during the reactor trip transient is
presented in Figure 6-22. The highest stress at the girth weld occurs at the initial
conditions when the pressure is 1020 psi. The stress profile up the inside surface of
the model at the initial conditions is shown in Figure 6-23. The highest stress occurs

at the upper girth weld.

Figure 6-24 shows the stress profile up the inside surface at 685 seconds into the
transient. At this time, the stresses in the region of the upper girth weld are reduced.
It is useful to compare the results of Figure 6-24 with results reported previously in
Reference 7. The results are similar. Slightly more severe stresses are obtained
herein bacause the film coefficients are not smoothed between regions as in
Reference 7.

Figures 6-26 and 6-27 illustrate the distributions of stress in the shell wall at the initial
condition and at 685 seconds. The maximum stress is initiailly at the upper girth weld
and then moves down onto the interior region of the conical section.

The distribution of axial stress through the wall is shown in Figure 6-28 for the initial
547°F and 1020 psi condition. The same distribution is shown at 685 seconds in
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Figure 6-29. These through-wall axial stress distributions are summarized in Table 6-
7 and listed in detail in Table 6-8 for use in fracture mechanics analyses.

6.6 AUXILIARY FEEDWATER CYCLING

The auxiliary feedwater cycling event begins at 547°F and 1020 psi and ends at 512°F
and 812 psi over a period of 10 minutes. These states are given in Table 5.1. Five
temperature subcycles occur within this period although the pressure is reduced
monotonically. These details are given in Table 5-2 and 5-4.

The temperature history in the shell wall at the upper girth weld during the auxiliary
feedwater cycling transient is shown in Figure 6-30. The maximum temperature
difference through the wall occurs at 560 seconds. The temperature profile up the
inside surface of the wall at this time is plotted in Figure 6-31 and the temperature
distribution through the wall is given in Figure 6-32. The through-wall temperature
data are listed in Table 6-9.

The stress time history at the upper girth weld during the auxiliary feedwater recycling
event is presented in Figure 6-33. The maximum stress occurs at 275 seconds. The
stress at 560 seconds reaches almost the same level at lower pressure and
temperature conditions.

Figure 6-34 shows the distribution of stress up the inside surface at 560 seconds.

The maximum stress occurs at the upper girth weld. The distribution of stress
intensity in the shell wall is illustrated in Figure 6-35
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The key stress results for the upper girth weld for the auxiliary feedwater cycling event
are plotted in Figures 6-36 and 6-37. These plots give the axial stress distributions
through the wall at 275 seconds and 560 seconds. The detailed data are listed in
Table 6-10 and 6-11 for use in the fracture mechanics evaluation of flow indications in

the upper girth weld
6.7 BOUNDING FAULTED EVENT

The bounding faulted event begins at the steady state conditions of 547°F and 1020
psi and ramps to 70°F and 0 psi over 60 seconds as shown in Figure 6-38,

Figures 6-39, 6-40 and 6-41 present the through-wall temperature distributions at t=60,
196 and 347 seconds.

The stress intensity distributions and the axial stress contributions are given as

follows:
Stress Intensity Axial Stress
Time Contours (psi) Contributions (psi)
0 Figure 6-42 Figure 6-43
60 Figure 6-44 Figure 6-45
180 Figure 6-46 Figure 6-47
300 Figure 6-48 Figure 5-49

Stress contributions ar given in Table 6-12. Detailed axial stress profile data are given
in Tat'e 6-13 for use in the fracture me chanics analysis.
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Table 6-1. Girth Weld Axial Stress, Heatup @ 100 “F/hour

Location

Axial Stress (psi)

Membrane

Membrane + Total
Bending

2032-0001-03

Midsurface 12,130 12,230 11,920
Outside 12,130 2,172 -1,971
nsgen‘l.t
state 2
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Table 6-2. Girth Weld Axial Stress, Heatup @ 100°F/hour

2032-0001-03

Distance (in) Axial Stress

Inside to Outside (psl)
0, 27921,
0,75417€-01 27090,
0,15083 26264,
Q.22625 25474
0 39167 24684
0.37708 23935,
G 45250 23181,
0.52742 22454,
0.10333 21767,
0.67875 21074
0.75417 20382,
0.82958 19734,
0.80500 19089 .
0.98042 18444,
1.0558 17002,
1.1313 17138,
1.2067 16594 ,
1.2821 15989,
1.35875 15385,
L.4329 14794,
1.5083 14219,
1.5838 13644,
1.6592 13068,
1.7346 12493.
1.8100 11318,
1.8854 11356.
1.9608 10795,
2.0363 10234,
2.1117 9672.6
2.1871 9111.6
1.2625 8550.3
2.3379 7987.9
2.4133 7423.0
2.4888 BASE. |
2.5042 6293 .1
2.6396 5728.2
2.7150 5163.3
2.7904 4598.3
2. B65R 4033.4
2.9413 3482.0
3.0167 2849.3
3.0021 2248.7
3.1675 1644, |
3.2429 1041.5
3.3183 438.93
3.3918 -163.68
3.4692 -766.28
3.5446 -1368.9
3.6200 -1871.5%

t=5°3600 sec sgent.
state 2
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Table 6-3. Girth Weld Axial Stress, Cooldown @ 100°F/hour

2T

. Axial Stress (psi)
Location Membrane Membrane + Total
Bending
L s 28,260 2 28,620
Midsurface 12,100 12,200 11,830
Qutside 12,100 -3,852 -3,414
sgenﬂ
state 1
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Table 6-4. Girth Weld Axial Stress, Cocldown @ 100°F/hour

2032-0001-03

Distance (in) Axial Stress
inside to Qutside (psi)
emmmsTmasm e - TSR T ISR
0. 30529.
0.75417E-01 29522
0.15083 26521 .
0.72625 27560.
0.30167 26599,
0.37708 25691 .
0.45250 24792,
0.52792 23903,
¢.60333 23089,
0.67875 222368,
0.75417 21401,
0.829%8 20u28.
0.80500 15860.
0.98042 18001,
1.0658 18327,
1.1313 17618.
1.2087 16910,
1.2821 16202,
1,3575 15493,
1.4328 14808.
1.5083 14151
1.5838 13494 .
1.6582 12837,
1.7346 12179,
1.8100 11522.
1.8854 10901,
1.9608 10282.
2.0363 edbs 2
2.1117 9042 &
2.1871 B425.9
2.2625 7807.2
2.3373% 7196.4
2.4133 £601.5
2.4BR8 6006.7
2.5642 £411.8
2.6398 4816.9
?.7150 £222.1
2.7804 3627.2
2.6658 3032.4
2.5%413 2434.8
3.0187 1833.6
3.0821 1232.5
3.1675 631.38
3,2428 30,248
3.3183 -570.88
3.283e -1172.0
3.4682 -1773.1
3.5448 ~2374.3
3.6200 -4875.4 ‘
t=0 sec sgenz.b
state 1
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Table 6-5. Girth Weld Axial tress, Large Step Load Decrease

Axial Stress (psi)
Location Membrane Membrane + | Total
Midsurface 8,640 8,133
Outside -2,756 -2,100
t=60 inside 12,970 25,710 22,100
Midsurface 13,060 14,070
Qutside 401 -1,123
t=180 Inside 9,638 21,740 25,490
Midsurface 9,619 8,626
Qutside -2,502 -1,612
t=1200 Inside 11,150 24,410 25,570
Midsurface 11,240 10,970
Outside -1,923 -1,760
nsgenﬂ
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Table 6-6. Girth Weld Axial Stress Detail, Large Step Load Decrease

IIUIINIITIOILY SUTUNSSISSDTTIOTRIITIITE. LS
Distance (in) Axial Stress (psi) n
| Inside to Outside ™t 5°goc T 1=60 sec | t=180 sec |t=1200 sec|
DISTANCE 31 sY sY sY
0. 21550. 22098. 25492 . 25570.
0,75417E-01 20839, 22176. 24350, 24813.
0.15083 20133, 22244, 25218, 24061 .
0.22625 18454, 22234, 22174, 23341,
0.30187 1B77L. 22224, 21130. 2261 .
0.37708 18135. 22100, 20197. 21840,
0.45250 17500, 21956. 19284. 21265,
0.52792 16872, 21793. 18391 20594,
0.60333 1684, 21519, 17613, 19963,
0.678/5 15695. 21245. 16834 . 19332,
0.75417 15107, 20971. 16058, 18701,
0.82858 14561, 29586, 15399, 18109,
0.50500 14019, 20193. 14752, 17521.
0.98042 13478, 16798 14108, 16933,
1.0558 12936. 19399, 13485, 16347,
1.1313 12436. 18905, 12834, 15785.
1.2067 11937 18412, 12402, 15244,
1.2621 11437, 17918, 11871, 14697,
1,387% 10237 . 17424, 11340, 14140,
1.4329 10453, 16898, 10847, 13800,
1.5083 9888.0 16334, 10403, 13075.
1.5838 8525.0 15769, 99588 12549
1.6%32 8061.1 15204, 9514.5 12023.
1.7346 £597.2 14639, 9070.2 11498,
1.8100 8133.2 14074, 8625.9 10872. I
1.8854 7694 .8 13470, 8224.2 10458,
1.8608 7257.9 12863, 7825.7 99442
2.0363 6821.2 12256. 7421 .2 9430.7
2.1117 §384.4 118649, 7028.7 8917.2
2.1871 5947.7 11042, 6630.2 8403.7
2.2625 §511.0 10435, 8231.7 7880.2
2.3378 5079.8 8821.3 5832.6 7375.4
2.4133 4659.9 91984.0 5432.3 6857.8
2.4882 4240.0 8566.6 5032.0 6340.2
2.5642 3820.1 7938.2 4631.8 5822.6
2.8286 3400.2 7311.9 4231.5 5305.1
2.7150 2980.3 6684.5 3831.2 4787.%
2.7904 2560.4 6057.1 3430.9 4269.9
2.86% 2140.5 5429.8 3030.7 3752.3
2,9413 1718.7 4789.4 2605.3 3219.1
3.0167 1294.3 4132.5 2147.8 2665.9
3.0821 870.00 3475.% 1680.2 2112.7
3.1678 44558 2818.6 1282.7 1558.4
3.2429 21,382 2161.6 175.20 1006.2
3.3183 ~402.97 1504.7 317.67 452,98
3.3938 -8¢7.30 847.75 ~139.85 -100.28
3.4892 -1251.6 190.80 587,37 -653.48
3.5448 -187%.9 -466. 14 -10%4.9 ~1206.7
3.£200 ~-2100.3 -1123.1 -1512.4 ~1759.9
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Table 6-7. Girth Weld Axial Stress Contributions, Reactor Trip
=
Location Axial Stress (psi)
Membrane Membrane + Bending Total |
t=0 Inside 11,620 25,900 27,580
Midsurface 11,620 11,700 11,150
Qutside 11,620 -2,468 -1,803
t = 685 Inside 2,514 6,378 10,130
Midsurface 2,514 2,541 571
Outside 2,514 -1,295 2,437
Arp 1.5
2032-0001-03
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Table 6-8. Girth Weld Axial Stress Detail, Reactor Trip

W ~___
{ Distance (in) Axial Stress (psi)

Inside to Outside t=685sec
0. 27583, 26882, 14977, 10132,
0.75417E-01 26731. 25838, 14020, 9538.1
0.15083 25883, 24922, 13070, B947.2
0.22625 25078, 24006. 121638, 8377.9
0.30187 24272, 23091, 11266, 7808.5
0.37708 23496, 22235, 10435, 7283.0
0.45250 22724. 21389, 9616,8 6765.1
0.52792 21960, 20557, 8814.0 6255.3
0.60333 21236, 15796, 8096 ,1 5790.2
0.67875 20512. 19036, 7372.2 $325.0
0.75417 19788, 18275, 6560.2 4859.9
0.82958 19113, 17595, £§044.1 4454 .8
0.90500 18442, 16922, 5435.0 4054 .4
D.98042 17771. 162438, 4827.8 3654.0
1.0558 17104. 15580 . 4227.9 32589.0
1.1313 16484, 14987, 3742.8 2938.,2
1.2067 15884. 14394, 1257 .6 2617.4
1.2821 15245, 13801, 2712.5 2296.7
1.3875 14625, 13208, 2287.4 1975.9
1.4328 14028, 12644 . 1867.9 1688 .2
1.50R3 13449, 12118, 1528.0 1472.8
1.5838 12874. 11589, 1188.2 1247.3
1.6592 12298, 11061. B48.33 1021.9
1.7346 R R 10533, 508.48 786,40
1.8100 11147, 10006, 168,63 570.95%
1.8854 10600. 952¢.3 -16,817 456,32
1.9608 10056, 9037.8 -191.01 349.78
2.0363 9512.4 8555.3 ~3165,20 243,23
2. 0087 8968.4 8072.9 -539.39 136.69
2.1871 8424.3 7590.4 -713.59 30.140
2.2825 7880.3 7108.0 ~-887.78 ~76.406
2.337% 7343.5 6633.1 -1001.4 -132.43
2.4133 £813.0 6173.¢6 ~892.74 -86,.587
2.4838 6284.5 §714.2 ~-984.13 ~40.763
2.5642 5756.0 $254.7 «-9875,51 50731
2.639% 0227.% 479%.2 -866,80 50.908
2.7150 4659 .1 4335.7 ~958,27 96.739
2.7904 4170.6 1876.2 -84% .66 142 .57
2.8658 31642.1 3416.7 ~241.04 188,41
2.9413 3106.2 2951.0 -843.51 3ye .41
3.0167 2563.7 2477. 4 ~632.14 552,90
3.0821 2015.2 2003.7 420,77 788,38
3.1675 1469.7 $30.1 «209.41 1023.9
3.2429 924.25 1056.4 1.53598 1259.4
3.3183 3178.77 582.78 213.33 14%4.8
3.3038 «~1686.71 109.14 424.69 17303
3.4692 -212.18 -364.51 £36.05 1965 .8
3.5446 | =1357.% -318.15 847.42 2201.3
3.6200 ~1303.1 «1311.8 1054.3 2436.3

IR R ERDe T
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Table 6-9. Girth Weld Temperature Detail, Reactor Trip

Distance ( in) Axial Stress (psi)
Inside to Outside
t = 275 sec t = 560 sec

0. 478 .6% 454 .%0
0.754172-01 482 .4% 458.75%
0.,15083 488.23 462 .35
0.22525 489 .560 $66.70
0.30167 452 .97 470 .46
0.37703 495,94 473.7%
0.45250 492.84 376.97
0.852792 501.65 480.10
0.50333 504.07 482,78
0,57875 505.438 485.41
0.7541"% 508.59 438.06
0.32853 510,24 480.18
J.89%500 S12.7% 492.26
5.83042 514,55 494 .34
1.0558 515.585 436.38
1.1313 $12.01 497.91
1.2087 512 .45 429 .44
1.2821 520.8% £00.98
1.3875 232.34 502.51
1.4329 523 .52 503,82
1.5083 524 .61 $04.86
1.5838 $25,62 505.90
1.,6592 525.648 506.95
1.7346 527 .68 507.99
1,8100 528 .67 S09.03
1,88%4 526 .38 509.70
1.86808 530,02 510.34
22,0383 530.88 510,88
2.131117 £31.33 §11.63
2.1871 531.8¢ 512.27
2.2825 532.85 5i2.21
2.337% %33 321 513.45%
2.4133 533.58 $13.78
22,4833 §33.56% 514.12
¢.5642 £34.32 £14.46
2.63%¢ 534.568% 514.79
2.715%0 £35.05 $15.13
2.7503 $35.43 515.48
2.8658 535.30 515.80
2.%413 536.08 516.03
3.0187 $36.13 $16.13
2.0921 536.30 516.23
3.1487% §36.42 §16.34
3.2429 £346.54 $16.44
3.3133 $36.68 516.54
2.3%38 £€346.78 516,64
3.4882 £36.90 516.74
2.5448% 537.02 516,385
3.8200 £37.14 516.5%5%

2032-0001-03 Page 71 of 146



ENGINEERING APPLIED SCIENCES, INC.

Table 6.10. Girth Weld Axial Stress Contributions, Auxiliary Feedwater Cycling
sz
Location Axial Stress (psi)
Membrane Membrane + Bending Total
t=60 Inside 11,370 28,350 33,720
Midsurface 11,370 11,490 9,732
Qutside 11,370 -5,372 -3,086
t=75 Inside 11,280 27 870 30,020
Midsurface 11,280 11,390 9,921
Qutside 11,280 -5,087 -3,193
t= 150 Inside 10,990 30,940 38,730
Midsurface 10,9980 11,120 8,581
Outside 10,990 -8,690 -5,086
t= 175 Inside 10,880 29,490 29,150
Midsurface 10,880 11,010 8,372
. Outside 1¢,880 7,474 5117
t = 275 Inside 10,490 31,890 39,660
Midsurface 10,450 10,630 7.808
Outside 10,490 -10,620 65,491
t = 300 Inside 10,300 29,370 27,730
Midsurface 10,300 10,430 8,921
Outside 10,300 -8,502 -6,151
1= 385 Inside 10,070 30,130 36,380
Midsurface 10,070 10,210 7.856
Outside 10,070 -9,704 -6,232
t = 450 inside 9,820 26,030 24,750
Midsurface 9,820 9,933 9513
Outside 9,820 6,168 -5,176
t = 560 Inside 9,415 30,680 39,140
Midsurface 9,415 9,563 6,512
Outside 9415 -11,550 -7.410
t = 600 Inside 9,251 26,860 23,690
Midsurtace 9,251 9,374 8,561
Outside 8,251 -8,111 6,543
. wereared
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Table 6-11. Girth Weld Axial Stress Detail, Auxiliary Feedwater Cycling

Uistanca (in) Axial Stress (psi)
Inside to Outside
t=860 t=75 t= 150 t=175 t=275 t = 300 t= 385 t = 450 t = 560 = 600
33720, 30018 38734, 29147 29861 27735. 3637E. 24745 39137, 23883
32240 29210, 36674, 20061 arere 27905 34699, 24484 36933 24004,
J0765. 28585, 34635 28932 35584, 28025 32028 24211 J4887. 24278,
283138, 27T 32760 28464 33708 2T$ 31404, 23840, 32889, 24282,
27905 26831 30834 27995 31815, 27477 25779 23470. 30811 24227.
28873 25304, 2203, 27248 noes 26865 28250 22973 29112 23872
25271 24370, 27555, 26455 28388, 26187 26738 22454, 27344 23462,
23990, 29004 25845 25822, 26724 25488 25243 21817, 25613, 23008
22855 23021, 24543 24648 25236 24562 23004, 21278 24083 22327.
21724 22037, 23141, 23685, 23751, 23637 22558 20640 22553 21645
205886, 21054 21738 22881, 22288, 272711, 21212, 20002. 21023, 20963
12625, 20127 20558 218635, 20388, 21665 20046, 19285, 19720, 20123
18677. 19204, 12397 20585. 19727, 20818 18534 18561 18435, 19270.
17730, 18281, 18234 19534, 18466 18567 17742, 17838 17150. 18417
16734, 17365, 17087, 18488 17218 18538 16602. 17192, 15881, 17859,
16015, 16554 15140 17504, 16174 17494 15639 16347 14831, 16635
15237 15742, 15184, 16518 15128 16471 14577 15582 13781, 15710,
14458, 14331 14248, 15535 14084, 15447 13714 14818 12721 14788,
13681 14120 13201, 14550, 13039, 14422 12751, 14253 11681, 13661,
12863, 13364. 12434, 13626 12080. 13453 11851 13283 10725, 12957,
12317, 1267S. 11683, 12775, 11228 12546 11060 125837 9882 1 12078.
11671 11986 10893, 11924, 10374 11640 10259. 11781 9038 € 11199,
11024, 11298, 10122, 11073 9516.4 10724 94579 11025. §1970 10320
10378, 10608 53513 10223 86620 58275 "3 10268 73545 34406
97321 9920.7 85806 53717 78078 85213 78555 95127 65120 25614
81855 83243 79293 8554 4 70962 81528 71705 88065 58235 77884
85055 873538 7286.7 79457 63952 73844 645838 81047 51471 70232
8045 1 81488 6644 2 72391 56942 66260 58174 74026 44702 62580
74847 7557.7 60016 6531.4 49331 537786 51408 6700.4 37834 54827
69243 §268.7 53590 58238 42921 5151 43642 59883 31168 47275
63840 £3736 47164 5116.1 35913 43667 37876 5296.1 24387 39622
58174 5808 8 41014 44460 29272 36465 31418 46214 180138 32409
52985 52788 3Ba 8 38514 23381 w215 25572 4001.7 12423 26081
47787 474738 29825 325689 17450 2356 4 18738 33821 68250 19752
47608 42169 24220 6623 11589 17713 13886 27825 12329 13424
37420 36859 18836 20878 sTo.87 114632 80420 214258 -436 22 70858
32232 31549 13041 1472 -18.216 S21.18 21997 15233 99573 76,749
27043 26239 744.70 878 67 50730 10382 -364.37 903.71 -1555.2 -556.08
21854 20830 185.25 284.12 ~1196.4 -728.38 -848.7C 284.10 21147 -11288
1882.7 1563.1 -359.65 -285.14 17578 S13158 -15070 -301.31 26478 47765
11351 10348 88592 -822.01 -2283.7 -18529%9 20319 84294 -31470 ~23086.1
80756 S08.11 -1412.2 -13589 -2808 8 -2390.2 -255689 -1384 6 -3646 1 -28357
78,877 -22.368 -18385 -1895.7 -3335.5 «29278 -30819 -18262 -41453 -33653
447 61 -5§50.85 ~2464.7 -24328 38615 -3454 5 -3606 8 -24678 4544 5 -35%4 5
87519 -1079.3 -29810 29585 -4387 4 -4002 2 41315 -3000 5 51436 44245
-1502.8 -1607.8 -3517.3 -3506.3 -49123 -45385 -4656.7 -3551.1 -5642 8 45541
20304 -21363 4043 3 4043 2 54382 -50768 51817 40927 £1420 54837
-2558 0 -2664 8 -4569 8 ~-4580.1 59652 56142 57066 4634 4 66412 69123
-3085.5 -3183.2 -5096.1 51169 £431 1 61515 €206 51760 71402 £543 0
—
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Table 6-12. Girth Weld Axiai Stress Contributions, Bounding Faulted Event

( Axial Stress (psi)
Location

t=0 Inside 12,130 28,380 30,530
Midsurface 12,130 12,240 11,520
Outside 12,130 3,904 -2,975

t=60 Inside 44 56,010 122,400
Midsurface 44 418 -20,870
OQutside 44 -55,170 -25,250

t=196 Inside 40 €0,810 83,340
Midsurface 40 446 -11,790
Qutside 40 -59,920 -37,180

t=347 Inside 25 42,060 56,800
Midsurface 25 306 -7,828
Qutside 25 -41,450 -25,660

nsgens,
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Table 6-13. Girth Weld Axial Stress Detail, Bounding Faulted Event

| Distance (in) Axial Stress (psi)
Inside to
Qutside t=0 sec t=60 t=196 t= 347 sec
0. 30529, 0.122389E+06 83342, 56795.
0.75417E-01 29522. 0.1084GE+06 78340, 53441,
5. 15083 28521 36760, 73345, 50093.
0.22625 27580 . 85410, 68417. 46802.
0.30187 26539, 74061 . 63488, 43512.
0.37708 25881 CEER £8775. 40350.
0.45250 24792 £5152. 54097 37210
0.52792 23903 46170, 49487 24100
0.60333 23089, 18339 45090 31183
0.67875 22235 31709 40713. 28208
0.75417 21401 24479 36337, 25259
0,82958 20828 19181 12209, 22528,
0.50500 19280 14023 28287, 19813
5.88042 18081 $885.6 24275. 17089.
1. 0558 18327 1863 § 20296. 14404
1313 17818 $72.52 16759 11978
2087 16810 2718.4 13221, 95526
1.2821 16202 -§009. 4 9683.9 7128.9
1,367 €493 -9300.3 61468 4701.2
|.4329 14808. -11814. 2881.6 24433
15083 1418] . -13708 -52.954 389.10
1,5838 13494, -15488, ~2987.5 1685, 1
1.6582 12837 -17291. -5922.1 -3718.4
17348 12179 -19083. -8856. 7 5773 6
1.8100 11822, -20875. ~11781. -7827.8
| #8654 10801 . 21870 -14008, 94138
1,980 10282 -22392. -16178, -108686.
2.0363 9583.3 -23118. -18342. 12617,
2.1117 9044, 6 -23830. -20508. -14058
Z.1871 84259 -24562. -22674. -15621
2.2625 78072 -25285. -24840. 17173,
et 7198, ¢ 25809 -26697. -18507.
2.4133 §601.5 -25832. -27933. -18402, |
24888 50067 -26055. -20170. -20297. |
2.5642 5411.8 -26178. -30406. 21197,
¢.8396 4818.9 -26301. -31542. 7748,
2 7150 4222.1 26424 , -32878. ~22983.
2.7904 3627.2 -26547 ~34114, ~23878.
? BESB 3032.4 26870, <35350. ~28773.
29413 2434.8 -28870. -36097, -25294.
3.0167 1833.8 -26613. -36217 +25335 |
3.0921 1232.5 -26355, -36337. -25378,
3.1678 631.38 ~26198. -36457. -25417. ‘
242 30. 248 -26040 -16578 -7tas8. |
1318 -$70.88 -25883. -36698. -25459 |
3.3918 -1172.0 -2572%, -36818. -25540. |
1 46y2 -1773.14 -25568 -16338. -2558) |
3 5446 -2374.3 25410. -37958 ~056232.
3 6200 2975 .4 -25253 7178. 25684,
\

' nsgeﬁ |
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Figure 6-1. Heatup @ 100°F/hour, Temperature Transient
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Figure 6-2. Heatup @ 100°F/hour, Temperature Profiles, t=18,000 sec.
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Figure 6-4. Heatup @ 100°F/hour, Axial Stress Contributions, t-18,000 sec.
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Figure 6-8. Cooldown @ 100°F/hour, Axial Stress Contributions, t=0 sec.
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Figure 6-16. Large Step Load Decrease, Axial Stress Contributions, t=180 sec.
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Figure 6-21 Reactor Trip, Temperature Profile Up Inside Surface, t=560 sec
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. Figure 6-25. Reactor Trip, Stress Profile Up Inside Surface, t=685 sec.

Source. Reference 7
Report, "Zion Unit 1 Steam Generator Girth Weld Repair Report Fall 1989, and Zion Unit 2

Steam Generator Girth Weld Repair Report Spring 1990," Westinghouse Electric
Corporation Report WCAP-12489, June 1991. (Figure 3.3-11)

2032-0001-04 Page 100 of 146



-

wdzor=d q_2pS=1 ‘Smowo)) Ansuauy ssang ‘duj aopoedy 67-9 amdng

Page 101 of 146

H

RIS
13 ™
T11 -
e Baa >
1305 S
; [ 3
(i S
| ™
o
. o~



2032

0001

3

s

Page 102 of 146

(XS

1
|

ess Intensity Contours

Sty

Reactor Trip,



£0-1000-Z€0Z

NG 3N

YTJ » rJ " lv J H <
]
o

5Y
27671 N
"
-\\ \\‘.
24643 1 S\
W\,
\“.\\\
21627 . \
18605 o N
R
NN
NN
N\
15583 . \\:\
NN\
LA
\\\1
12561 7 NN
NN
2539 1
€517 .
3455 -
L.D
473 417 .
-2%49 ' I T I [
0 9724 | 1.448
9 362 1 086 18

TRANSIENT NO. 4, REACTOR TRIP

9L 10 £0) abuy

Figure 6-28 Reactor Trip, Axial Stress Contributions , T=547"F, p=1020psi

ANSYS 4.4a
OCT 30 1993
12:54:06
PLOT NO.
POST1
STEP=2
ITER=1 ‘
TIME=..556 sexds
SECTION PLOT
SECTION CQORD
NOD1=1660
NOD2=1554
SY
STRESS SECT CS

N

Il

*
-~
Il

Lo I

+]

. 6666

0

- CJ

e W

il
<

Y Z’YF’-S

GcYé;n "{VL“‘{
(K29, K28)

\
(Y]

@

o [V 2 N y i
t y A gl 4 e Lo
m - LI

"ONI "'S3ON3108 Q31NddY ONIYIIANIONT



' £0-1000-ZE0Z

9%L 4o poi abey

1
sY
10132 “
\\
\
\
89E9 4\
\\
b
\\
784% - \
\
\
6704 : \
. \
. \
~
5561 . \\ \\
<\
4418 4 \\\\
\ N\
3276 : \ \
N\ ~
% A\
2133 . b \ y
\\\ ~ /,_./
N \\\ /
- N
996 19\5‘ h N ,_./
\\ o
-152. 497 ~
\\\
-12985 ] I | | ] H r [
) 0724 | 1 448 2.1712 2 396
0 362 1 086 181 2 534 3 258

TRANSIENT NO. 4, REACTOR TRIP

3.62

Figure 6-29 Reactor Trip, Axial Stress Contributions, t=685 sec

5

LS I
v

L
O b
:\o.

v SO

.
O b
Pt
Lo

1= O G
MmO -
el ] n
b O W =
N

Pt
(VR

I e O

TER= ,
TIME=6 QS seccad s
SECTION PLOT

SECTION COORD

KOD1=1660
NOD2=1654

SY

STRESS SECT CS
A% =]
DIST=0.6666

XF =0.5

¥Y&¢ =0.5

ZF =0.5
\’({wf’i~5

@

A
(R-24, K=-2¥/

P (P+R)

)
B T el v /)

Gixth Wels ; tep

Tole

"ONI 'SIONIIOS A31ddY DONIMNIAINIONT

s



£0-1000-Z£0Z

1 ANSYS 4.4A
| OCT 30 1993
' 12:46:19

— . PLOT KO.

800 1 T . . POST26
ZV =]
720 T , DIST=0.6666
| XF =0.5
) ¥ =0.5
e ZF =0.5
‘L ;;w‘a;u‘i..(ﬁi if)
560 . | B T | y C g
\/4’\ 3 ! -:"'——-5“ ~y 1 J Vv N-}.Eéﬁgﬁ » ;Ctk; “\'Lclk*f‘( \-A"*— L4 nCi
\\JV’\ I TS // ~._ 3 - ‘ - ' :
ac e O 4 e Y B ¢ AN, | ‘ = IR Iy 2 H\,ft‘i’g
480 | \7‘\ / ! \ \LW“!“(.‘("»A"‘
: [ . D - o | Al ¢ 4 & W ‘(i
| : | AL Upper Grdh Weld
400 1 t
| i m
! | | 4
| I ! O
300 SR SRS S — —+—1 —] | =
l | } m
| , ‘ m
| i ' 2
240 ! + | Z
; ‘ @
] “ ! >
| L | R
. | | &
! O0-L.D 5 =
H 1
o g : : w0
’“‘\/4/\\-) ’/‘{ i : %
X //\/ \/ \n.?#fx:‘ CINE CSC‘; . )] %
8 150 320 480 640 826 E B
a0 240 400 550 720 , =
| O
| '

ZION STEAM CENERATOR SHELL, UPPER GIRTH WELD, fwcycl.5

9PL JO S0 9Ded

Figure 6-30. Auxiliary Feedwater Cycling, Temperature Transient at Girth Weid



O
‘«Q ’

O

o

[ -
LTS Y &
I

WO L)
W

3O w O
o e

bt 0 YD)
w Q-
e W
I
ot
O

£0-1000-zg0z
% =3
DO DY Fe 2 e
O b3 12 o
M
" |}
O D
O O e
v . (o]

B =2 LN

-
-

J k- 00

ool =
s RS BLE S I T T

.I_.

25 75 125 175

ONI 'S3ON3108 A31NddV ONIE3INIONI

ZICN STEAM GENERATOR SHELL, UPPER CIRTH WELD, fwcycl.S

Figure 6-31. Auxiliary Feedwater Cycling, Temperature Profile Up Inside Surface, t = 560 sec.




£€0°1000-Z£0z

~ 9p1 Jo L0} abey

51¢

498

49

478

&7z

466

460

454

R

1. 704

213

367

728

477

231

488

ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, fwcycl.5

TI ] T
! P
—
IXJ
-
15 |
| ‘,/’
L
| :
1/ |
l}‘ ‘
/i
/|
v -
/|
/|
7 ! |
/ {
!/ [
- ———--r—JL--o-m—.-—-—L- ——— e B —
" |
/ :
/ é
|
|
/ |
/ | L
/ 1 |
/ | | 0.P
[ I |
- — — e ‘[ — —;—
’.-' ! #
/ [ |
o ) DIST
0 0.724 I 1. 448 2.172 2.8% 3.62
D 362 1 086 18 2 534 3 258

|
|
;

.

ANSYS 4.4A
OCT 30 1993
12:47:14
PLOT KO, i4
POST1
STEP=19

ITER=1042
TIME=560 secncs
PATH PLOT
NOD1=1660
NOD2=1654
TEMP

ZVv =1

DIST=0.
XF =0.
YF =0.

ZF =0.

N O o
Lo
N
(e a)

\w \ik.1£‘l57; [ S’

~ |
gewtél \;Vh. L’Z‘( \,\.)C(»VAL,'

ION3

‘\ < ml'\eyt‘uvk'

Girth Wald K-24

"“ONI 'S3ON3108 0311ddY ONIN3

Figure 6-32. Auxiliary Feedwater Cycling, Temperature Profile Through Wall at Girth Weld,

t = 560 sec.

ééu’wyl‘ ﬂﬁ;ud-"



PIaM YD Je Auoisiy ssens ‘Buiad) sajempaay Aieixnwy “gg-9 ainbiy

1

4 G IoAomI ‘aTam HINID ¥3dAN “TIEHS YOLWM3ENIO KWY3IlS NOIZ | B

Q =

.N.. 0L %S 08 02 0% | -

@ ocs ove 08y 02€ 08T 0 . &

A <

O NI Gooat _ e
Z |
E 4
% 00091 |
O p2sS 159 |

wi
a 00003
a

< |
nNu | Q00P2
x §oAs T A ”
& .., ‘.‘..\.ﬁ _
Z . »3% Y 4 /ﬂ. . } - _ 00083 |
G | s _.\«\”.‘ *_v \k 3 ard \ |
& /3 at A\ |
i A ! r // _

i
e o |

» O O
o

I_L‘
w0
O
(Ve R T N Vg IV

[
fe
52
:’ L I S PO CPR £

b

i

3Zzlsod . 000aSs
"ON LC14
LZ00°£T

0g 100

SASNY

2032-0001-03




£0 1000 ZE0Z

9vL Jo g0} abey

i
1
.
! [ :
W = i [
L
- 1 ~
3
!
PR+ $5:
it D& A
\
i s
S '_l‘\

)} T %3
| P A
il

Figure 6-34. A

AM CENERATOR ZEZLL, UPPER GIRTH WELD, fwecycl.®

3 Aiak » e F .

uxiliary Feedwater Cycling, Stress Profile Up Inside Surface, t = 560 sec.

'y

Yy

INIONZ

44

NI

¢

A4l dav

'SAONIIDS

INI



£0-1000-2£02Z

9vi jc o)) abey

v Y el T — g aw gy - S1TTRAY ¥ vy~ ‘ ) — » » - e - c
10N STEAM CENERATOR SHELL, UPRER GIRTH WELL wevel . S
sk S A et N I sl A g (peha O s e i s

Figure 6-35. Auxiliary Feedwater Cycling, Stress intensity Contours, t = 560 sec

)S d3llddVv D

S3ON3

ONI



N
o
@
»
g
=)
W

9% Jo L1} abey

\ \\\
\ N
e i . . A —— —__ MEMDRANE
9433 ‘\\\ \\\
NN\
~ S
4465 . e
NN
\Q\_‘\\
-5€2 68 =
N
\ .
\\ \\\\
5891 N N\l
N
\\
-1061%  ; 1 ! 1 -
o | P T e Ty R
0 0D 72¢ ! 1 448 2.172 2.396 3.62
0 362 1 088 181 2534 3 258

ZION STEAM CENERATOR

SHELL, UPPER GIRTH WELD, fwcycl.5

Figure 6-36. Auxiliary Feedwater Cycling, Axial Stress Contributions, t = 275 sec.
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7.0 FLAW EVALUATION BY FRACTURE MECHANICS

7.1 GENERAL APPROACH

The general approach for flaw evaluation has been described in Section 3. Flaws
whose dimensions exceed the acceptance by examination standards of IWC-3510-1
may be accepted if they meet the analytical evaluation criteria of article IWC-3600. In
the following parts of this section, the fracture mechanics flaw evaluation criteria are
described and then applied to two cases of (1) a subsurface girth weld flaw and (2) a
surface girth weld flaw. Stress analysis results of Section 6 are used in the
evaluation. A range of normal and upset conditions are considered and a bounding

analysis is used for the limiting emergency/faulted condition.

7.2 FLAW ACCEPTANCE BY ANALYSIS CRITERIA

Flaw acceptance by analysis criteria are taken from Section XI, article IWC-3600 of
the ASME B&PV Code, 1992 Edition. Analysis procedures and malerial property data
follow Appendix A. Flaw acceptance criteria and analysis procedures are as follows.

For the purposes of these conservative analyses, a bounding case has been assumed
that all flaws lie in a plane perpendicular to the hoop stress component. Fracture
evaluation acceptance criteria may be based on allowable fiaw size or applied stress
intensity factor. In the former case, flaws are considered acceptable by Code if:
a<01a,
a<05a
where a, = the maximum size to which the detected flaw is calculated to
grow in a specified time period, which can be the next scheduled
inspection of the component or until the end of vessel design

lifetime.
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a, = the minimum critical flaw size of the flaw under normal operating
conditions.
a = the minimum critical flaw size of the flaw for initiation of

nonarresting growth under postulated emergency and faulted

conditions.

These criteria interject a safety factor of ten (10) on critical crack length for instability
(normal’/upset) and a factor of two (2) on the critical crack length for initiation
(emergency/faulted). Another way of evaluating these same criteria is through critical
stress intensity factors for initiation and for arrest. Flaws may be shown to be

acceptable on the basis of applied stress intensity factor if the applied stress intensity

‘ factor and/or the flaw size "a", satisfy the following criteria.
(a) For normal conditions:
K, < Jf!
/10
where K = the maximum applied stress intensity factor for normal (including
upset and test) conditions for the flaw size a, (defined in IWB-
3611)

K. = the available fracture toughness based on crack arrest for the

corresponding crack tip temperature.

(b) For emergency and faulted conditiong:
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the maximum applied stress intensity factor for the flaw size a,
under emergency and faulted condition
K, = the available fracture toughness based on fracture initiation for

<

the corresponding crack tip temperature.

Demonstration of flaw acceptability by analysis is perhaps simplest using the stress
intensity factor approach. The applied stress intensity factor need only be compared
to acceptable levels based on initiation or arrest toughness values. If the flaw size is
such'that a more refined approach is needed, then advantage can be taken of the fact
that for emergency or faulted conditions, a crack which initiates growth but arrests
before penetrating 75% of the vessel wall is acceptable. The allowable flaw size

approach allows for this circumstance.

The stress intensity factor criteria simply prevents the onset of fracture and thus crack
arrest is not evaluated. The stress intensity factor criteria will be used in general. The
flaw size criteria will be used in the event of a flaw which fails the emergency/faulted

stress intensity factor criteria.

7.3 COMPUTATION OF APPLIED STRESS INTENSITY FACTORS
The applied stress intensity factor can be determined by the K formula given in Article
A-3000, Section XI, ASME B&PV Code, 1992 Edition.
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where o, = Linearized bending stress distribution through the vessel wall
thickness
a = minor half diameter, inches, of subsurface flaw or depth of a
surface flaw
Q = flaw shape parameter to be determined from Figure A-3300-1

using (g, + 0,)/c,, and the flaw geometry.

=
n

correction factor for membrane stress from Figure A-3300-2

i

M, correction factor for bending stress from Figure A-3300-5
The lirearization of actual stress profiles across the wall thickness is accomplished by

the procedure depicted in Figure 7-1.

In some cases, more sophisticated formulations for stress intensity factors can make
the difference between flaw acceptance or rejection. In cases where conservative
bounding calculations are not appropriate then more sophisticated approaches will be
utilized. For example, the stress distribution across the wall thickness can be modeled
as a third order polynomial rather than by a straight line. It is sometimes convenient
to select a bounding case crack length as a continuous 360° surface flaw. When this
is not appropriate, the finite length of the actual indication will be considered. Also
possible crack shape changes during fatigue crack growth are typically not considered.

2032-0001-03 Page 128 of 146



ENGINEERING APPLIED SCIENCES, INC.

7.4 SELECTED FLAW GEOMETRIES

The subsurface flaw geometry selected for analysis is one which was indicated to be
in the upper shell to transition cone girth weld of steam generator D, Zion Unit 2,
during the 1990 spring refueling outage. The subsurface flaw is in a circumferential
orientation with a total length, |, of 3.20 inches and a total depth, 2a, of 1.01 inches.
An elliptical shape is assumed. The distance of closest approach to the shell 1D is
0.27 inches. The depth and length of the flaw leads to an aspect ratio, a/l, of 0.158.

The surface flaw geometry selected for analysis is a flaw open to the ID of the steam
generator shell with a depth of 0.30 inches and a length of 1.90 inches. This leads to
the same aspect ratio, a/l, as the surface flaw. As in the subsurface flaw case, a

circumferential orientation and elliptical flaw shape is assumed.

7.5 LOADING CONDITIONS

Finite element stress analysis results are presented in Section 6 for a number of
specified transients and conditions. Normal and upset transients are heat up, cool
down, large step load decrease, auxiliary feedwater cycling at hot standby and reactor
trip. Specific conditions of interest during these transients are the initial condition for
the cool down transient which is 547°F at 1020 psi, termed here hot standby, and the
initial condition for the large step load decrease, 506°F at 720 psi, which is the steady
state 100% power condition.

The above transients and conditions combine together to create cyclic loading
conditions. For example, the heat up and cool down transients produce a heat
up/cool down cycle and the transition from hot standby to 100% power produces the
loading and unloading to 100% power fatigue cycle.
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At hot standby, auxiliary feedwater cycling maintains a reasonably constant secondary
side water level. This auxiliary feedwater cycling occurs about 10 minutes every two
hours leading to cyclic thermal stresses.  Using the thermal hydraulic boundary
conditions from Reference 7, stresses developed during this transient condition were
analyzed, with the results presented in Section 6. At hot standby, five cycles of
thermal stresses occur about every two hours. For fatigue crack growth calculations
the cyclic stress range for all five cycles was conservatively set equal to the maximum

range.

Fatigue cycles considered in this analysis are tabulated in Table 7-1. The design
allowable occurrences are taken from Reference 5. Present conservative estimates of
occurrences per fuel cycle are also listed. The total of 540 cycles for loading and
unloading to 100% power is an occurrence rate of about once a day for 18 months.
The total of 1250 cycles for auxiliary feedwater cycling is based on a conservative
estimate of 500 hours of hot standby per fuel cycle with an average of 2.5 cycles per
hour. The total of 1250 cycles is considered to umbrella other less severe transients
involving auxiliary feedwater cycling. Figure 7-2 is a schematic illustration of fatigue
cycles included in the present analysis.

A bounding faulted event had to be assumed since previous documentation regarding
the limiting faulted event was unavailable. Reference 6 refers to a transient involving
water ingress to a hot, dry steam generator shell. This thermal shock event was
selected as the bounding faulted transient. For convenience in analysis, the ID metal
temperature of the shell was ramped from 547°F to 70°F in one minute. This is more
severe than can occur in practice but serves as a bounding event No internal
pressure was applied during the thermal shock.
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Table 7-1. atigue Design Allowables

Total Design Estimated
Allowable Occurrence
Fatigue Cycle Qccurrences Per Fuel Cycle
Heat up & cool down 200 20
Loading & unloading
to 100% power 18,300 540
Large step load
decrease 200 20
Reactor (turbine) trip 400 40
Auxiliary feedwater cycling
during .ot standby 18,300 1250

7.6 FATIGUE CRACK GROWTH ANALYSIS

From the finite element stress analyses of Section 6 and the fatigue cycle list of Table
7-1, six loading conditions are of interest. These are hot standby, which is 547°F at
120 psi, steady state 100% power, which is 506°F at 720 psi, large step load
decrease, auxiliary feedwater cycling reactor trip. From consideration of fatigue
cycling, the time of interest for the large step load decrease transient is 1200 seconds
and for the reactor trip transient, 685 seconds. During auxiliary feedwater cycling the
largest stress range occurs between 450 seconds and 560 seconds into the 600
second total duration of the transient. Axial stress distributions across the wall
thickness for these conditions are shown in Figure 7-2. Linearized membrane and
bending stresses according to Figure 7-1 are listed in Table 7-2 for the subsurface
flow case and in Table 7-3 for the surface flaw case.
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Table 7-2. Subsurface Flaw Case

Linearized Linearized Stress
Membrane Bending Intensity
Condition Stress Stress Factor
(ksi) (ksi) (ksivin)
Hot Standby 10.56 19.32 29.84
100% Power 7.46 13.64 21.06
Large Step Load Decrease
(t = 1200 seconds) 10.39 14.72 2516
Reactor Trip
(t = 685 seconds) 0.71 10.29 7.72
Auxiliary Feedwater Cycling
(t = 450 seconds) 10.23 16.75 26.43
(t = 560 seconds) 7.80 34.02 32.19

Table 7-3. Surface Flaw Case

Linearized Linearized Stress
Membrane Bending Intensity
Condition Stress Stress E_g%g[
(ksi) (ksi) (ksivin)
Hot Standby 6.98 23.55 28.98
100% Power 492 16.63 20.46
Large Step Load Decrease
(t = 1200 seconds) 7.90 17 67 24 .57
Reactor Trip
(t = 685 seconds) -3.80 13.93 B8.73
Auxiliary Feedwater Cycling
(t = 450 seconds) 17.10 7.64 25.15
(t = 560 seconds) -10.17 49.30 34 39
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Fatigue cycling between the conditions listed in Tables 7-2 and 7-3 is illustrated
schematically in Figure 7-2. The estimated number of transients per fuel cycle is also
shown. The initial siress intensity factor ranges associated with these fatigue cycles
are summarized in Tables 7-4 and 7-5 along with the R ratio, that is the ratio of

minimum to maximum stress intensity factor during the fatigue cycle.

Table 7-4. Subsurface Flaw Case

Stress Intensity

Fatigue Cycle Factor Range R Ratio
Large step load decrease 410 084
Standby to 100% power 8.78 0.71
Reactor trip 22.12 0.26
. Heat up & cool down 29 .84 0.00
Auxiliary feedwater cycling 576 0.82

Table 7-5. Subsurface Flaw Case

Initial
Stress Intensity
Fatigue Cycle Factor Bﬁm R_Ratio
(AK, ksivin)
Large step load decrease 41 0.83
Hot standby to 100% power 8.52 0.71
Reactor trip 20.25 0.30
Heat up & cool down 28.98 0.00
Auxiliary feedwater cycling 9.24 0.73
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Fatigue crack growth is computed via the equation:

O8N = C, AK"

where AK is the stress intensity factor range. The parameters C, and n are found in
Article A-4000 Section Xi of the ASME B&PV Code. The air reference properties are
used for the subsurface flaw since the crack is not exposed to an aqueous
environment. For the surface flaw case exposure of the crack tip to the aqueous
environment increases the fatigue crack growth rate and the C, and n parameters are
adjusted accordingly. Integration of the above equation leads to the crack size, a, as
a function of the number of cycles, N. In general, the stress intensity factor range
varies with location along the crack front and crack shape changes can occur during
fatigue crack growth. For the present, the common assumption of self similar growth
is applied. With this assumption and the further assumption that variations in M, and
M, with crack size, a, are small, fatigue crack growth was computed for one fuel cycle.

For the subsurface flaw, the crack size, a, increased from 0.505 to 0.5055 inches over
one fuel cycle. In this case fatigue crack growth is virtually non existent. For the
surface crack case, where the starting crack depth was 0.302 inches, increased
fatigue crack growth rates to account for the effect of exposure to a water environment
led to a small amount of predicted crack growth. After one fuel cycle, an ASME Code
analysis predicts an increase in crack depth from 0.302 to 0.343 inches. This amount
of growth is smali and is consistent with the computational assumptions. The
computed crack growth is somewhat of an overestimate since upper bound growth
rates were used rather than changing the "C," and "n" parameters for low AK levels.
In some cases, girth weld cracks in steam generators have grown faster than ASME
Code analyses would predict. Historical observations of cracking at Zion Units 1 and
2 are discussed in the next section along with additional crack growth considerations.
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7.7 CRACK GROWTH CONSIDERATIONS

Environmentally enhanced crack growth has been observed in low alloy steels tested
in high temperature water. This is reflected in the fact that the ASME Code fatigue
crack growth rate curve for aqueous environments lies above the line for air
environments. Factors which promote environmentally enhanced crack growth rates
are low flow past the crack mouth, high crack tip strain rates, buildup of sulfur anions
near the crack tip and oxidizing conditions. With sufficiently high levels of loading,
water with high oxygen levels can lead to crack growth under constant rather than
cyclic loading.

Crack depth observations at Zion Units 1 and 2 were discussed in Section 3. Crack
depths as measured by ultrasonic testing were compared to crack depths revealed by
repeated grinding and MT testing. Ultrasonic testing indicated the presence of much
deeper surface cr¢ ks than the more reliable MT/grindout process. See Figure 3-3.
Part of the disparity in results may be due to the surface proximity rules used to judge
if a UT indication must be treated as surface connected. Using the MT/grindout
process as the most accurate indicator of crack depth, the maximum crack depth
observed after about 10 cycles of operation was 0.58 inches. After removal of all
indications, subsequent operation for one additional cycle led to a maximum observed
MT/grindout depth of 0.32 inches. This historical performance sets the scale for
expected observations of crack depth after several cycles of operation. Crack growth
predictions of the previous section from an ASME Code corrosion fatigue perspective
essentially underestimate expected crack depths.

Based on the above information and the service performance of similar steam
generator units, Reference 8-17, it is argued that periodic exposure to water with
elevated oxvgen levels has led to environmentally enhanced crack growth under the
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combined action of static and cyclic loads. The extent of crack growth appears to be
greater than a pure corrosion fatigue process would predict. Auxiliary feedwater
cycling provides periodic injections of water with elevated oxygen levels. These
elevated oxygen levels are transient as diffusion occurs and elevated temperatures
lead to more efficient oxygen scavenging by hydrazine in the auxiliary feedwater
cycling Associated cyclic thermal stressing is considered important from a corrosion
fatigue standpoint but, perhaps more importantly, periodic active straining of crack tips
can serve to stabilize crack growth under longer periods of static loading. With this
viewpoint crack growth is principally related to periods of auxiliary feedwater cycling.

Measured crack growth rates in high temperature oxygenated water under static and
slowly varying loads are shown in Figure 7-4 and 7-5, Reference 8. At very high
oxygen levels the maximum observed crack growth rate is about 4x10-3 inches/hour,
while at more moderate oxygen levels this rate is on the order to 10-4 inches/hour.
During one fuel cycle, auxiliary feedwater cycling may occur over an estimated 500
hours total. In this time period an unrealistically high cxygen level of 8 ppm could lead
to about 2 inches of crack growth. A more realistic oxygen level would lead to an
estimate of about 0.05 inches of crack growth. These growth estimates bound the
historical observations of crack depths at Zion Units 1 and 2. The most reasonable
approach to crack depth projections is to use the historical data.

A reascnable yet conservative use of historical crack depth information is to select a
crack growth increment for one cycle of operation equal to the largest, new, one cycle,
crack depth that has appeared in the past, 0.32 inches. For the presently selected,
beginning of cycle, surface crack depth of 0.30 inches, this would lead to an end of
cycle crack depth of 0 64 inches. As a check of the reasonableness of this projection
recall that the maximum observed crack depth after 10 cycles is 0.58 inches. The
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cumulative probability plot of Figure 3-2 for 10 cycles of cperation indicates about a

1% probability of occurrence of a crack depth of 0.64 inches or larger. The case of
interest here is a projection for 2 cycles of operation, the past cycle and the next
cycle. An end of cycle projected crack depth of 0.64 inches is conservative,

7.8 APPLICATION OF FRACTURE EVALUATION ACCEPTANCE CRITERIA

For normal and upset conditions the allowable stress intensity factor is K, 10. A
good limiting case, RT,,,, assuming cracks to be in the weld region, is 10°F. If cracks
in the base metal are of interest, then a limiting RT,,, of 30°F would be appropriate.

In either case, temperatures at normal and upset conditions lead to the consideration
of upper shelf toughness levels rather than trans.'ion range values. The K, toughness
from Article A4000 is expected to be in excess of 200ksivin at a temperature near
220°F. Measurement of upper shelf toughriess would require massive specimens for
a linear elastic fracture mechanics approach to the materials of interest. Upper shelf
toughness levels expressed in terms of K are more typically inferred from elastic
plastic tests and the trending of results from lower temperatures. A value of 200ksiin
to characterize the appropriate upper shelf toughness is consenvative. This value is
selected as limiting. The allowable siress intensity factor is then 63.3 ksivin. The
maximum applied stress intensity factor for the specified suhsurface and surface flaws
is comfortably less than this value. The stress intensity factor criteria for normal and
upset conditions is met. It is met at hoth hot standby, conditions, 547°F and 1020 psi
and the design temperature and pressure of 600°F and 1085 psi.

For emergency and faulted conditions, the limiting transient is szlected as a thermal
shock from 547°F to 70°F without internal pressure. In this case, the stresses are
taken from a transient thermal stress analysis as presented in Section 6. The stress
and temperature distributions were available at 60 and 660 seconds into the transient.

Over the crack lengths of interest, the stress and temperature d.stributions were
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essentially linear. Temperatures and stresses were interpolated for other times. The
temperature at the crack tip determines the allowable stress intensity factor. As time
into the transient increases, the temperature at the crack tip drops and thus the
allowable stress intensity factor, K./ 2, also decreases. Howe ¢, as time increases,
the thermal stresses decrease and this decreases the applied s."ess intensity. The
applied and allowable stress intensity factors were plotted as a fur.ction of time during
the faulted transient. The applied stress intensity factor was always substantially less
than the allowable value with the worst case condition at one minute into the transient.
Even with a bounding faulted transient avent, the fa'ilted transient allowable stress
intensity factor criteria were easily met.

The ASME Code fatigue analysis indicated minimal crack growth over one cycle of
operation for both the subsurface and surface cracks. From historical observations of
girth weld cracks at Zion Units 1 and 2, the performance of similar plants and crack
growth rate data is the literature, crack growth for surface cracks is expected to be
larger than the standard ASME Code corrosion fatigue analysis. In the previous
section a conservative growth allowance of 0.32 inches for one cycle of oparation was
discussed. Increase of the crack depth by this amount while assuming a constant a/l
ratio is a reasonable, conservative approach to arrive at a projected end of cycle crack
depth and shape. From previous analysis, the allowable end of cycle crack size is
limited by the stress intensity factor criteria for normal and upset conditions. The
limiting condition is auxiliary feedwater cycling at 275 seconds into this transient.
Figure 7-6 shows a plot of stress intensity factor versus surface crack depth under this
loading. Curves are shown for several crack shapes, as specified by the a/l ratio.

The allowable stress intensity level is indicated by a dotted line. Figure 7-6 thus
specifies the allowable end of cycle allowable crack shapes and sizes and may be
used with the above mentioned growth allowance to evaluate the acceptability of NDE
crack indications at girth welds.
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SCHEMATIC ILLUSTRATION OF FATIGUE CYCLES
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“lyure 7-2. Schema . Stress Time Plot to Identify Fatigue Cycles
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steels in oxygenated water at 288°C. The origin of these data will be referenced later,
but essentially all those marked (@) were obtained in 8 ppm O, water, and those
marked (O) were obtained in 200 ppb O, water. See Reference 8.

Figure 7-4. Crack Growth of Low Alloy Steels in
High Temperature Oxygenated Water
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Crack propagation rate/stress intensity data obtained in 8 ppm oxygenated, flowing
water at 288°C for constant load, constant load with periodic unloading and constant
displacement and rising load conditions. See Reference 8.

Figure 7-5. Crack Growth of Low Alloy Steels in
High Temperature Oxygenated Water
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Figure 7-6, Stress Intensity Factor Versus Surface Crack Depth
During Maximum Normal/Upset Condition Loading
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', File = veri.5
/SHOM, file33,dat

/PREPT

JTITLE, PRESSURE LOAD VERIFICATTON
i, PARAMETERS dtétrivdddasdneaddy

PB=87.875
PA=PB+3, 62
PP=1065
PE=30E6
PNU=0.3
PAL=6E~-6
PDEN=490
PK=25
PC=0.11

PDEN=PDEN/1728
PK=PK/ (3600*12)
PD=PK/ (PDEN*PC)

-~

PB

- % 0~

- o~ 0~

PEHEOACIN R X -
-
B e o et B L DN

-
R e e .

!y NODES & ELEMENTS
ET,1,82
KEYOPT,1,3,1

MP,C,l]PC

MP, KXX, 1, PK
MP,EX,1,PE
MP,NUXY, 1, PNU
MP,ALPX, 1, PAL
MP,DENS, 1, PDEN

ELSIZE,,,2
AMESH, ALL

SOLID MODEL AR R R RS R

LR R R R

!, BOUNDARY CONDITIONS #w#*+

NSEL,Y,0
D,ALL,UY

', COUPLING AT TOP BOUNDARY

CPSI2E, 22
KPSEL,, 3,4
LSKP, 1

NLINE, 1
*GET,N1,NDMN
NJ=N1

: Pl
*GET,NJ,NDMN, NJ
“IF,NJ,EQ,0,:P2
cP,1,UY,N1,NJ
*GO,:P1

1 P2

NALL

!, INTERNAL PRESSURE,

KPSEL,,1,4,3

2032-0001-03

INSIDE SURF
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LSKP,1

NLINE, 1

PSF,ALL, ,, PP

NALL

!, END SURF

FAX=( (PB**2)*PP) /2 ', AXIAL FORCE PER RADIAN
F,N1, FY, FAX

KPSEL,, 1
NKPOI
*GET, N1, NDMX
KPSEL,, 2
NKPOI
*GET, N2, NDMX
NALL

AFWRITE
FINISH

/INPUT, 27
FINISH

/POST1

SET

/DSCALE, ,OFF
/PLOFF, ,,2

/ SHOW, , , 1
/NUM, 2
/WINDCOHW, , TOF
PLISTR, §X

', PLNSTR,SY
/NOERASE
/WINDOW, , BOT
PLNSTR, 82
/ERASE
/WINDOW, , FULL

/WINDOW, , TOP
/8HOW, ,,1

/NUM, £

PLPATH, N1,N2, SX

!, PLPATH,N1,NZ, S5Y
/NOERASE
/WINDOW, , BOT
PLPATH,N1,N2, 52

PRPATH,N1,N2, 8X
PRPATH, N1,N2, SY
PRPATH,N1,N2,52

!, ROARK FORMULAS #%*eswsnsss
Cl=(PA**2)~(PB**2)

RX=PA

C2= (PAY*2 )4 (RX**2)

C3= (RX**2)*C1

SHO= (PP* (PB**2)*C2)/C3
Cd=(PA**2)~(RX**2)

SRO= - (PP* (PB**2)*C4)/C3

SAO= (PP* (PB**2)) /C1

RX=PB

C2=(PA**2)+ (RX**2)
C3=(RX**2)*C1

SHI=(PP* (PB**2)*C2) /C3
Cldm= (PA**2) = (RX¥**+2)
SRIw=-(PP* (PB**2)*C4)/C3
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!\, File = ver2,5
/SHOW, file33, dat

/PREP7

/TITLE, PRESSURE LOAD VERIFICATION
i, PARAMETERS *##*srsrsssvnssntss
PB=87.875

PA=PR+3.62

PP=1065

PE=30E&

PNU=0, 3

PAL=6E-§

PDEN=490

PK=25

PC=0.11

D1=10
Bl=5

PDEN=PDEN/1728
PK=PK/ (3600*12)
PD=PK/ (PDEN*PC)

SOLID MODEL AR R E R R R EEE]

e e B D PO
- . -

- s w o=

1, NODES & ELEMENTS *#haus

ET,1,171
KEYOPT,1,3,1

MP,C,1,PC

MP, KXX, 1, PK
MP,EX,1,PE

MP, NUXY, 1, PNU
MP,ALPX, 1, PAL
MP, DENS, 1, PDEN

ELSIZ2E,,,2
AMESH, ALL

|' STEP SIZE AR R R R e R R R R R

DT=( (PA~-PB) / (D1*B1l) }**2
DT=DT/ (10*PD)

!' BUNDARY CONDITIONS B R AR R R R R R R R R RS R R R
TREF=70

iy TRANSIENT NO. 1, *etewtaksnd
181

TIM=0

TIME, TIM
KPSEL,,2,3
LSKP, 1

NLINE, 1
NT,ALL, TEMP, 70
ITER,'}O, ' 10
KBC, 1

NALL

2032-0001-03

Page A-4 of A-19



LWRITE

DTIM=20*60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME,TIM
KPSEL,,2,3
LSKP, 1
NLINE, ]
NT,ALL, TEMP, 600
KBC, 0

ITER, -NSTP, , 1
NALL

LWRITE

KPSEL,, 1
NKPOI
*GET,N1,NDMX
KPSEL, , 2
NKPOI
*GET, N2, NDMX
NALIL

SAVE
AFWRITE
FINISH

/INPUT, 27
FINISH

/POST26

NUMVAR, 20
DISP,2,N1,TEMP,T]
DISF,3,N2,TEMP, T2

ADD,4,3,2,,T2 ,-T1 ,,1.0,-1.0

EXTREME, 1,2,1
/GRAPH, GRID, 1
/SHOM, ,, 1
/NUM, 2
PLVAR,2,3,4

/ SHOW

/NUM

PRVAR, 2,3,4
FINISH

/POST]

SET, 44,1200
/GRAPH, GRID, 1
PLNSTR, TEMP
PLPATH,N1,N2, TEMP
FINISH

/PREP7
RESUME
EALL

NALL
NTDELE,ALL

TREF, 70
TUNIF, 70

ITER;1,.,1
KAN, O

'+ BOUNDARY CONDITIONS ¢4«
NSEL,Y,0

2032-0001-03

ENGINEERING APPLIED SCIENCES, INC.

Page A-5 of A-19



D,ALL,UY
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!, COUPLING AT TOP BOUNDARY

CPS12ZE, 22
KPSEL,, 3,4
LSKP, 1

NLINE, 1

*GET, NN1, NDMN
NJ=NN1

s Pl

*GET,NJ, NDMN, NJ
*IF,N2,EQ,0,:P2
CP,1,UY,NN1,NJ
*GO, : Pl

P2

NALL
WSORT

TIME, 1200
KTEMP, ,, 1200
LWRITE

AFWRITE
FINISH

/INPUT, 27
FINISH

/POST]

SET

/PLOFF, ,,2
/SHOW’ i l
/NUM, 2
/WINDOW, , TOP
!, PLNSTR, 8X
?LNSTR, SY
/NOERASE
/WINDOW, , BOT
PLNSTR, 52
/ERASE
/WINDOW, , FULL
/ SHOW

/NUM

PLPATH, N1, N2, SX
PLPATH,N1,N2,8Y
PLPATH,N1,N2, 52

PRPATH,N1,N2, 8X
PRPATH,N1,N2, SY
PRPATH,N1,N2, 8%

LR R R R R

!+ ROARK FORMULAS
Cl=PE*PAL* ( (600~-70)/1200)

C2=8*PD* (1-PNU)

C3= (3% (PR**2) )~ (PA**2)

Di=4* (PB**4)

D2=(PA**2)~ (PB**2)

D3=L0G (PA/PB)

PRO= (C1/C2)* (C3-((D1/D2)*D3))

C3=(PR**2) +(PA**2)
Dl=4* (PB**2)* (PA**2)

2032-0001-03
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PHI=(C1/C2)*(C3~((D1/D2)*D3))

FINISH
/EOF
8Y IN GLOBAL COORDINATES
DISTANCE sY
0. 13282,
3.6200 -25792,
SZ IN GLOBAL COORDINATES
DISTANCE 5%
0. 13282,
3.6200 -25801.
41 *SET,PHO , -26206.3259
42 *SET,PHI , 13368.6749
1 *SET,PB , 87.8750000
2 *SET,PA , 91.4950000
3 *SET,PP , 1065.00000
4 *SET,PE , 30000000.0
5 *SET,PNU , 0.300000000
6 *SET,PAL , 0.600000000E-05
7 *SET,PDEN, 0.283564815
8 *SET,PK , 0.578703704E~03
9 *SET,PC , 0.110000000
10 *SET,PD , 0.185528757E~01
11 *SET,N1 , 1.00000000
12 *SET,NJ , 0.
13 +*SET,FAX , 4111973.32
14 *SET,N2 , 2.00000000
15 *SET,Cl , 79.5000000
16 *SET,RX , B87.8750000
17 *SET,C2 , 0.103896104
18 *SET,C3 , 16093.3506
19 *SET,SH , 25330.9747
20 *SET,SR , =1,51295908
21 *SET,SA , 12665,4873
22 “SET,SHO , 25330.9747
23 *SET,C4 , 649.319400
24 *SET,SRO , 0.
25 *SET,SA0 , 12665.4873
26 *SET,SHI , 26395.9747
27 *SET,SRI , -1065.00000
28 *SET,SAI , 12665.4873
29 *SET,D1 , 258574319.
30 *SET,Bl , 5.00000000
31 *SET,DT , 0.282530864E-01
2 *SET,TREF, 70.0000000
33 *SET,TIM , 1200.00000
34 *SET,DTIM, 1200.00000
35 +*SET,NSTP, 42473,2358
36 *SET,E1 , 1.00000000
37 +*SET,E2 , 10.0000000
38 *SET,J « 100,000000
39 *SET,D2 , 649.319400
40 *SET,D3 , 0.403689758E~01
41 *SET,PHO , -26206.3259
42 *SET,PHI , 13368.,6749
43 *SET,NN1 , 22.0000000
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{, File = nsgen5.5
/8HOV., file33,dat

. /PREP7

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, nsgen5.5

!' PARAMETERS LR R

R1=67,50 !, INSIDE RADIUS, LOWER SHELL

’
R2=87,875 'y INSIDE RADIUS, UPER SHELL
HT=76.75 !, HEIGHT OF TRANSITION
TW=3,62 'y THICKNESS OF WALL
RF=2*TW !, RADIUS OF FILLETS
D1=10 ', THRU THICKNESS
D2=15 !, LOWER SHELL
D3=30 'y CONE
D4=15 !+ UPPER SHELL
Bl1=5 'y BIAS THRU THICKNESS
B2=1/40 'y BIAS UP BOT SHELL
B3=-20 ' BIAS ON CONE
B4=40 !, BIAS ON UPPER SHELL
!' KEYPOI,‘TS R
K,1,R1
K:2,R1,R1

K,3,R2, (R1+HT)
K,4,R2, (R1+HT+R2)
KGEN,2,1,4,1,TW,,,10

] L NES R O
'

1
1
3

L' - '4

. LPILLT, 1,2, RF
LDVS, 4,,3
LFILLT, 2, 3,RF
LDVS, 5, , 3
L,11,12
L,12,13
L,13,14
LFILLT, 6,7, RF
LDVS,9,,3
LFILLT, 7,8, RF
LDVS, 10, , 3
L,1,11,D1,B1
L,5,9,D1,B1
L,6,10,D1,B1
L,7,15,D1,B1
L,8,16,D1,B1
L,4,14,D1,81

'
1,
»71,D3,B3
0

“l' g‘ TYPE' MAT' REATL R
KAN,’]
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ET,1,77 !y ZND ORDER QUADRATIC THERMAL ELEMENT
KEYOPT,1,3,1

1, DENSITY  *###stsusssnsnssndsssrvtsbassorins
DEN=490 !y DENSITY (lb/ft*+*3)

MP, DENS, 1,DEN/1720 !, DENSITY (lb/in**3)

!, HEAT CAPACITY & CONDUCTIVITY #*tdstssssvnsus

MPTEMP, 1, 70,100, 150,200,250,300

MPTEMP, 7,350,400, 450,500, 550,600

TK=23.3 'y T=70 CONDUCTIVITY (Btu/hr-ft-degF)
TD=0.455 !y T=70 DIFFUSIVITY (ft**2/hr)
TDR=TD* (144/3600) !, DIFF REF (in**2/sec)

TC=TK/ (DEN*TD) 's SPECIFIC HEAT (Btu/lb-degF)
MPDATA’ C' 1' I,TC

C1=3600*1Z Ve

MPDATA, KXX, 1,1, TK/C1

TK=23.6 § TD=0.451 ', T=100
TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,2,TC § MPDATA,KXX,1,2,TK/C1

TK=24.1 § TD=0,444 'y T=150
TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,3,TC § MPDATA,KXX,1,3,TK/C]

TK=24.4 § TD=0.437 1, T=200
TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,4,TC § MPDATA,KXX,1,4,TK/C1

TK=24.6 § TD=0.42% !, T=250
TC=TK/(DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,5,TC $ MPDATA,KXX,1,5,TK/C1

TK=24.7 § TD=0.420 !, T=300
TC=TK/(DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,6,TC $ MPDATA,KXX,1,6,TK/Cl

TK=24.7 § TD=0,409 ', T=350
TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,7,TC $ MPDATA,KXX,1,7,TK/C1

TK=24.6 $ TD=0.398 !, T=400
TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,8,TC § MPDATA, KXX,1,8,TK/Cl

TK=24.4 § TD=0, 388 t, T=450
TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATA,C,1,9,TC § MPDATA,KXX,1,9,TK/C1

TK=24.2 § TD=0.377 1, T=5C0

TC=TK/ (DEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)

MPDATA,C,1,10,TC $

TK=23.9 § TD=0.364
TC=TK/ (DEN*TD} !,
MPDATA,C,;1,11,TC §

TK=23.5 § TD=0D, 353
TC=TK/ (DEN*TD) !,
MPDATA,C,1,12,TC §

!, ELASTIC MODULUS
MPTEMP

MPDATA, KXX, 1,10, TK/C1

t, T=L50
SPECIFIC HEAT (Btu/lb-degF)
MPDATA, KXX, 1,11, TK/C1

', T=600
SPECIFIC HEAT (Btu/lb-degF)
MPDATA, KXX, 1,12, TK/C1

& POISSON RATIQ #aettanddds

MPTEMP,1,70,200,300,400,500,600

MPDATA,EX,1,1,29.2E6,28,.5E6,28.0E6,27.4E6,27.0E6, 26.4E¢6
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MPTEMP
MP, NUXY,1,0.29

!y THERMAL EXPANSION COEFICIENT *##stdadidawiw

MPTEMP, 1,70,100,150,200,250, 300
MyTEMP,7,350,400,450,500,550, 600

MPDATA, ALPX,1,1,7.02E~6,7.06E~6,7.16E-6,7.25E~-6,7.34E-6,7.43E~6
MPDATA,ALPX,1,7,7.50E~6,7.58E-6,7.63E~6,7,70E-6,7.77E~6,7.83E~6

/SHOW, ,, 1

/NUM, 2

!, /WINDOW, ,LTOP

/TITLE, ZION STEAM GENERATOR SHELL, KEAT CAPACITY Btu/lb-degF

MPPLOT,C, 1

!, /NOERASE

!, /WINDOW, , RTOP

/TITLE, ZION STEAM GENERATOR SHELL, THERMAL CONDUCTIVITY Btu/ln-sec-degF
MPPLOT, KXX, 1

!, /WINDOW, , LBOT

/TITLE, ZION STEAM GENERATOR SHELL, ELASTIC MODULUS 1lb/in*+*2

MPPLOT, EX, 1

!y /WINDOW, , RBOT

/TITLE, 210N STEAM GENERATOR SHELL, THERMAL EXPANSION COEFFICIENT in/in-degF
MPPLOT, ALPX, 1

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, nsgen5.5

/ERASE

/WINDOW, , FULL

/ SHOW

/NUM

R,1

1, NODES & ELEMENTS ##*sssassssusssnsssresrsnn
ELSIZE,,,2

AMESH, ALL

WSORT

!’ !' STEP S51ZE R O

DT=(TW/(D1*Bl))**2
DT=DT/ (10*TDR)

!' ROUNDARY CONDITIONS AR AL R R R
TREF=70

*G0, 182
*GO, 183
*GO, : 54
0; 155
« TRANSIENT NO. 1, HEATUP @ 100degF/hr ##*#*ssdsedss
/TITLE, TRANSIENT NO. 1, HEATUP @ 100degF/hr
: 81
TIM=0
TIME, TIM
L.8SEL, ;1,5
NLINE, 1
NT,ALL, TEMP, 70
ITER,~10,,10
KBC, 1
NALL
LWRITE

- W -
C)\\ -

DTIM=5%3600
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
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LSSEL,,1,5
NLINE, 1

NT,ALL, TEMP, 547
KBC,0

ITER, ~NSTP,, 1
NALL

LWRITE

DTIM=10*60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,, 1,5
NLINE, 1
NT,ALL, TEMP, 547
ITER, <NSTP, , 1
NALL

LWRITE
*GO, 1 EX1

!, TRANSIENT NO. 2, COOLDOWN @ 100degF/hr *4essssss
/TITLE, TRANSIENT NO. 2, COOLDOWN @ 100degF/hr
1§52

TIM=0

TIME,TIM

LS8EL;,1,5

NLINE, 1

NT,ALL, TEMP, 547

ITER,-10,,10

KBC, 1

NALL

LWRITE

DTIM=5*3600
TIM=TIM+DTIM
NSTP=DTIM/DT

TIME, TIM
LSSBL,;,1.5
NILINE, 1
NT,ALL, TEMP, 70
KBC, 0

ITER, ~NSTP, , 1
NALL

LWRITE

DTIM=10*60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL; ;1,3
NLINE, 1
NT,ALL, TEMP, 70
ITER,~NSTP,,;1

!, TRANSIENT NQ. 3, LARGE STEP LOAD DECREASE *t%#»
JTITLE, TRANSIENT NQ, 3, LARGE STEP LOAD DECREASE
183

TIM=0

TIME, TIM

LSSEL,,1,5

NLINE, 1

NT,ALL, TEMP, 506
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ITER,~10,,10
KBC, 1

NALL

LWRITE

DTIM=60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,,1,5
NLINE, 1
NT,ALL, TEMP, 546
KBC, 0

ITER, =NSTP, , 1
NALL

LWRITE

DTIM=120
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,,1,5
NLINE, 1

NT,ALL, TEMP, 510
ITER, =NSTP, , 1
NALL

LWRITE

DTIM=(20*60)-TIM
TIM=TIM+DTIM
TIME, TIM
I,8SEL,,1,5
NLINE, 1

NT,ALL,; TEMP, 537
ITER; "NSTP' ' l
NALL

LWRITE

DTIM=10*60
TIM=TIM+DTIM
TIME, TIM
LSSEL,,1,5
NLINE,1

NT,ALL, TEMP, 537
ITER' ‘NSTP' ' 1
NALL

LWRITE

*G0, EX1

!y TRANSIENT NO. 4, REACTOR TRIP

ENGINEERING APPLIED SCIENCES, INC.

AR R R R

/TITLE, TRANSIENT NO. 4, REACTOR TRIP

154

TIM=0

TIME,TIM
LSSEL,,1,5

NLINE, 1
NT,ALL, TEMP, 546.99
ITER,~-10,,10

KBC,1

NALL

LWRITE

DTIM=11.5*60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME,TIM

2032-0001-03
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LSSEL,,1,5

NLINE, 1
NT,ALL, TEMP, 389,86
KBC, 0

ITER, ~NSTP,,1

NALL

LWRITE

DTIM=10*60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME,TIM
LSSEL,,1,5
NLINE, 1
NT,ALL, TEMP, 389.86
KBC, 0

ITER, ~NSTP,,1
NALL

LWRITE

!, TRANSIENT NO. 5, BOUNDING FAULTED EVENT
/TITLE, TRANSIENT NO. 5, BOUNDING FAULTED EVENT,

185

TIM=0

TIME, TIM
L.SSEL,,.1,5
NLINE, 1

NT, ALL, TEMP, 547
ITER,=10,,10
KBC, 1

NALL

LWRITE

DTIM=60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,,1,5
NLINE, 1
NT,ALL, TEMP, 70
KBC, 0

ITER, ~NSTP,, 1
NALL

LWRITE

DTIM=10*60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,,1,5
NLINE, 1
NT,ALL, TEMP, 70
KBC, 0
ITER,-NSTP,,1
NALL

LWRITE

!, END TRANSIENTS

EX1

!, MAKE SOME PLOTS
/SHOW, ,,1

/NUM, 2

/ERASE
/JWINDOW, , LEFT
/PBC,ALL, 1

NPLOT

2032-0001-03
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/NOERASE

/WINDOW, , RIGH

/PBC,M‘L’O

EPLOT

/ERASE

/WINDOW, , FULL

/ SHOW

/NUM

KPSEL,,5 § NKPOI § *GET,NS,NDMN
KPSEL,,9 § NKPOI § *GET,N9,NDMN
KPSEL,,€6 § NKPOI § *GET,N6,NDMN
KPSEL,, 10 § NKPOI § *GET,N10,NDMN
KPSEL,,7 § NKPOI § *GET,N7,NDMN
KPSEL,,15 $§ NKPOI § *GET,N15,NDMN
KPSEL,,8 § NKPOI § *GET,NB,NDMN
KPSEL,,16 § NKPOI § *GET,N16,NDMN
NALL

SAVE

AFWRITE

FINISH

/INPUT, 27

FINISH

/POST26

NUMVAR, 20

DISP,2,N5,TEMP, TS
DISP,3,N9,TEMP, TS
DISP,4,N6, TEMP, TG
DISP,5,N10,TEMP,T10
DIsP,6,N7,TEMP,T7
DISP,7,N15,TEMP,T15
DISP,8,NB, TEMP, T8
DISP,%,N16,TEMP,T16
ADD,10,3,2,,7% ,-75 ,,1.0,-1.0
ADD,11,5,4,,T10 ,-T6 ,,1.0,-1.0
ADD'12'7'6',T15 '-T7 ,,1.0,’1-0
ADD,13,9,8,,T16 ,~T8 ,,1.0,~1.0

EXTREME, 10,13,1
/GRAPH, GRID, 1

/SHOW, ,, 1

/NUM, 2

!, /WINDOW, , LTOP
PRVAR, 2, 3,10
PLVAR, 2,3,10
/NOERASE
/WINDOW, , RTOP
FRVAR, 4,5, 11
PLVAR, 4,5,11
/WINDOW, , LBOT
PRVAR,6,7,12
PLVAR, 6,7,12
', /WINDOW, , RBOT
/TITLE, TEMPERATURE HISTORY
PRVAR,8,9,13
PLVAR,B,9,13

'
!
!
!
'
1
'
!
t

O T I

/TITLE, ZION STEAM GENERATOR SHELL,

/ERASE
/WINDOW, , FULL
/ SHOW

/NUM

2032-0001-03
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UPPER GIRTH WELD
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FINISH

/POST!

1, SET,,,s¢5*3600
SET,y,.,,60

PR [ S R LT
/RATIO, ,5

PLNSTR, TEMP

/RATIO

/GRAPH, GRID, 1

/SHOW, ,,1

/NUM, 2

', /WINDOW,, LTOP
PLPATH, N5, N9, TEMP
/NOERASE
/WINDOW, , RTOP
PLPATH, N6, N10, TEMP
/WINDOW, , LBOT
PLPATH,N7,N15, TEMP
!, /WINDOW,,RBOT

- S S -
- . wm e W

ENGINEERING APPLIED SCIENCES, INC.

/TITLE, TEMPERATURE THROUGH THICKNESS

°LPATH,N8,N16, TEMP
PRPATH,N8,N16, TEMP
/ERASE
/WINDOW, , FULL

/ SHOW

/NUM

Yy SET,,,40,4200

', SET,,,,,600

SET, 404180

'y SETss42+((11.5%60)+600)
/RATIO, , 5

PLNSTR, TEMP

/RATIO

/GRAPH, GRID, 1
/SHOW,,,1

/NUM, 2

', /WINDOW,, LTOP
PLPATH,N5,N9, TEMP
/NOERASE
/WINDOW, , RTOP
PLPATH,N6,N10, TEMP
/WINDOW, , LBOT
PLPATH,N7,N15, TEMP
!y /WINDOW, , RBOT
PLPATH, N8, N16, TEMP
PRPATH,N8,N16, TEMP
/TITLE, ZION STEAM GENERATOR SHELL,
/ERASE

/WINDOW, , FULL

/ SHOW

/NUM

'
1
!
y
'
!

- ow s

SET) 444,300
/RATIO, , 5

PLNSTR, TEMP

/RATIO

/GRAPH, GRID, 1

/SHOW, ,,1

/NUM,Z

'+ /WIKDOW, , LTOP

+ PLPATH,N5,N9, TEMP
+ /NOERASE

+ /WINDOW, , RTOP

+ PLPATH,N6,N10, TEMP

2032-0001-03

UPPER GIRTH WELD
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!, /WINDOW, , LBOT
', PLPATH,N7,N15, TEMP

!, /WINDOW, , RBOT
PLPATH,N8,N16, TEMP
PRPATH,N8,N16, TEMP

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD
/ERASE

/WINDOW, , FULL

/SHOW

/RUM

FINISH

/PREP7
RESUME
EALL

NALL
NTDELE,ALL

TREF, 70
TUNIF, 70

ITER,1,,1
KAN, O

1, BOUNDARY CONDITIONS #wkadasadsstss
NSEL,Y,0

D,ALL,UY,0.0

NALL

!, COUPLING AT TOP BOUNDARY ##*#sssixs
CPSIZE, (D1+1)*2
KPSEL, ,4,14,10
LSKP, 1

NLINE, 1
*GET,N1,NDMN
NJ=N1

i1P1
*GET,NJ,NDMN,NJ
*IF,NJ,EQ, 0D, :P2
cep,1,UY,N1,NJ
*GO, :P1

1 P2

NALL

*CREATE, LMAC

'y YUSE,1MAC,TIM, PR

!, INTERNAL PRESSURE, INSIDE SURF
LSSEL,,1,5

NLINE, 1

PSF,ALL, , ,ARG2

NALL

'; END SURF

FAR=( (R2**2)*ARG2 )/2 '+ AXIAL FCRCE PER RADIAN
F,N1, FY, FAR

!' THERMAL LOAD LR R
TIME, ARG1

KTEMP, , , ARG1

LWRITE

*END, IMAC

*GO, L2
*GO, :L3
*GO, : 14

TRANSIENT NO. 1, HEATUP @ 100deg/hour
SE,LMAC,C,0

Ll 2
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*USE, LMAC, 5*3600,1020

*GO, 1 EX2

!, TRANSIENT NO, 2, COOLDOWN @ 100deg/hour

s 1.2
*USE,LMAC,0,1020
*USE, LMAC, 5*3600,0
*GO, sEX2

1, TRANSIENT NO, 3,
113

*USE,IMAC, 0,720
*USE, LMAC, 60,1091
YUSE,IMAC, 180,802
*USE, LMAC, 20*60, 938
*GO, 1EX2

!, TRANSIENT NO. 4,
1 L4

*USE, LMAC,0,1020
*USE,IMAC,11,.5*60,2

!, TRANSIENT NO. 5,
$ L5
*USE,IMAC,0,1020
*USE, LMAC, 60,0
*USE, IMAC, 180,0
*USE, LMAC, 300, 0
*USE, LMAC, 600, 0

:EX2

!, MAKE SOME PLOTS
/SHOW, ,, 1
/ERASE
/WINDOW, , LEFT
/PBC,ALL, 1
NPLOT
/NOERASE
/WINDOW, , RIGH
/PBC,ALL, 0
EPLOT

/ERASE
/WINDOW, , FULL
/SHCW

AFWRITE
FINISH

/INPUT, 27
FINISH

: RES

/POST1

STRESS, TMP,82,88 !
/DSCALE, , OFF

*CREATE, CMAC
/RATIO
/WINDOW, , LEFT
/EDGE, ;1
PLNS'TR, 81
/NOERASE
/RATIO, , 5
/WINDOW, , RIGH
/EDGE
PLNSTR, §1I

2032-0001-03

’

LARGE LOAD STEP DECREASE *#¥%*sidss

REACTOR TRIP AR E RS E R E R R R R R R R E R 2 N

20

BOUNDING FAULTED EVENT *#t#+ukuns

LR R

TEMPERATURE
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/RATIO
/WINDOW, , FULL
/ERASE

*END, CMAC

*CREATE, SMAC

/SHOW, , , 1

/NUM, I
/WINDOW, , LTOP
PLSECT,N5,N9,~1,581
PRSECT,N5,N9,-1,SI
/NOERASE
/WINDOW, , RTOP
PLSECT,N6,N10,~1,51
PRSECT,N6,N10,~1, 81
/WINDOW, , LBOT
PLSECT,N7,N15,~-1, 81
PRSECT,N7,N15,~1,81
| £ /"INDOW,,RBOT
PLSELT N8,N16,-1,81I
PR3ECT,N8,N16,-1,81
/ERASE

/WINDOW, , FULL

/ SHOW

/NUM

*END, SMAC

-

I T R S

-

*CREATE, AMAC

S SHOW, , ,1

/NUM, 2

'y /WINDOW, , LTOP

» PLSECT,NS,N9,~1,8Y
+ PRSECT,N5,N9,-1,8Y
» /NOERASE

+ /WINDOW, , RTOP

» PLSECT,N6,N10,~1,8Y
’

'

’

’

FRSECT,N6,N10,~1,8Y

/WINDOW, , LBOT

PLSECT,N7,N15,~1,58Y

PRSECT,N7,N15,~1,8Y

/WINDOW,,RBOT

PLGECT NB,N16,~1,8Y -
PRSECT, NG,NIG =1;8Y |
/ERASE |
/WINDOW, , FULL

/ SHOW

/NUM

*END, AMAC

*CREATE, PMAC
/8HOM, , , 1
/NUM 2
/WINDOW,,LTOD
PLPATH,N5, N9, 8Y
PRPATH,NS,N9,SY
/NOERASE
/WINDOW, , RTOP
PLPATH,N6,N17, SY ,
PRPATH, N6,N10,8Y |
/WINDOW, , LBOT ]
PLPATH,N7,N15,8Y '
PRPATH,N7,N15,5Y
Vi /WINDOW,.RBOT
. PLPATH,NB,N16,8Y
PRPATH,N8,N16,5Y
/ERASE

-

i — — -
- A wm en AN N
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/WINDOW, , FULL
/ SHOW

/NUM

*END, PMAC

SET,.

'y /TITLE, TRANSIENT
', /TITLE, TRANSIENT
'y /TITLE, TRANSIENT
', /ITTLE, TRANSIENT
/TITLE, TRANSIENT NO.
*USE, CMAC

', *USE, SMAC

*USE, AMAC

*USE, PMAC

PRRFOR

ET, 2
, /TITLE, TRANSIENT
; /TITLE, TRANSIENT
, /TITLE, TRANSIENT
, /TITLE, TRANSIENT
TITLE, TRANSIENT NO.
*USE, CMAC

1, *USE, SMAC

+USE, AMAC

*USE, PMAC

PRRFOR

- = 0

1, *GO, :EX3

SET,3

'y /TITLE, TRANSIENT
/TITLE, TRANSIENT NO.
*USE, CMAC

'y *USE,SM.C

*USE, AMAC

*USE, PMAC

PRRFOR

SET, 4

'¢ /JTITLE, TRANSIENT
/TITLE, TRANSIENT NO.
*USE, CMAC

'y *USE,SMAC

*USE, AMAC

*USE, PMAC

PRRFOR

{EX3
*STATUS
FINISH

/BOF

2032-0001-03
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KEATUP @ 100deg/hour, STATE 1
. 2, COOLDOWN @ 100deg/hour, STATE 1
LARGE STEP LOAD DECREASE STATE 1
+ REACTOR TRIP STATE
BOUNDING FAULTED EVENT,

HEATUP @ 100deg/hour, STATE 2
COOLDOWN @ 100deg/hour,
LARGE STEP LOADL DECREASE STATE 2
REACTOR TRIP STATE
BOUNLING FAULTED EVENT,

LARGE STEP LOAD DECREASE STATE 3
BOUNDING FAULTED EVENT,

LARGE STEP LOAD DECREASE STATE 4
BOUNDING FAULTED EVENT,
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File = fwcyclel.rpt

** PREP7 GLOBAL STATUS ***
TITLE= ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, fwcyc'.5
ANALYSIS TYPE= -1
NUMBER OF ELEMENT TYPES= 1
770 ELEMENTS CURRENTLY SELECTED. MAX ELEMENT NUMBER = 770
2485 NODES CURRENTLY SELECTED. MAX NODE NUMBER = 2485
1 KEYPOINTS CURRENTLY SELECTED. MAX KEYPOINT NUMBER = 28
10 LINE SEG CURRENTLY SELECTED. MAX LINE SEG NUMBER = 34
11 AREAS CURRENTLY SELECTED. MAX AREA NUMBER = 11
MAXIMUM LINEAR PROPERTY NUMBER= 1
MAXIMUM REAL CONSTANT SET NUMBER= 1
ACTIVE COORDINATE SYSTEM= 0 (CARTESIAN)
NUMBER OF ELEMENT CONVECTIONS= 77

SUMMARY OF VARIABLES STORFD THIS STEP AND EXTREME VALUES
VARI TYPE IDENTIFIERS NAME MINIMUM ATTIME MAXIMUM AT TIME
2 DISP 1414 TEMP 1414TK23 453 5024 5470 0.
3 DISP 1398 TEMP 1398TK27 51.0 &0 5470 0.
4 DISP 1060 TEMP 1660TK24 4539 5624 5470 0.
5 DISP 1654 TEMP 1654TK28 5140 6000 5470 01441
6 DISP 1766 TEMP 1766TK9 489.1 569.1 547.0 0.
7 DISP 1750 TEMP 1750TK19 5254 6000 5470 06052
10 OPER 10 ADD TK27TK23 -0.2046E-11 0. 6288 5624
11 OPER 11 ADD TK28TK24 0.1307E-10 0. 6288 5624
120PER 12 ADD TK19TK9 -09550E-11 0. 3791 569.1

ANSYS POST26 VARIABLE LISTING
TIME DISP1660 TEMP DISP1654 TEMP OPER 11 ADD
1660TK24  1654TK28  TK28TK24
0. 547.000 547000  0.130740E-10
0.28818E-01  547.000 547000  0.841455E-(4
0.14409 546.999 547.000  0.111900E-02
0.60519 546,989 547.000  0.113568E-01
2.4496 546869 547000 0130580
9.8271 545.030 547.000 1.50994
10.000 544962 547.000 203832
10.029 544.950 547.000 2.04957
10,144 544.907 547.000 209338
10.605 544.738 547.000 2.26179
12.450 544.079 547.000 292113
19827 541187 547000 5.81289
20.000 541114 547.000 588574
20.029 541.102 547 000 589794
20.144 341.053 547.000 5.94708
20.605 540,853 547.000 6.14713
22447 540.018 547.000 6.98197
29818 536315 547.000 10.6849
50.000 524114 546,979 22.8646
50.029 524.095 546.979 228842
50.144 5244 546.979 22,9648
50606 523.683 546.978 23.2951
52448 522478 546.974 254966
59.821 521.461 546953 254921
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69.153
75.000
75.029
75.144
75.605
77447
82457
90.000
90.029
90.144
90 605
92.450
99.827
11000
110.03
i10.14
110,60
11245
119.82
149.31
150.00
150.03
150.14
150.60
15245
158.99
166,13
174.63
175.00
175.03
175.14
175.60
17745
181.22
187.50
190.00
190.03
190.14
190.60
19245
199.82
220.00
220.03
22014
220.60
22245
229.82
259.31
27500
27578
275.14
275.60
27745
283.53
290.44

526875
532415
532.440
532510
532.628
532437
530.947
530.067
530.066
530.055
529.974
529473
526.567
521332
521.316
521.249
520.982
519913
515.49%4
495.584
495.078
495.057
494 981
494.714
%417
497 215
507.206
523936
524773
524 826
524990
525.362
525668
524.763
522.832
522349
522.344
522.319
522.203
521.647
518.898
508.438
508.420
508.352
508.084
507.064
503.178
487 432
478 .65]
478 636
478.581
478 414
478.282
482.739
494.216

2032-0001-03

546,903
546856
546855
546.854
546850
546,832
546.773
546.657
546.657
546.655
546,647
546,613
546,458
546.202
546.201
546.198
546.185
546.133
545915
544878
544.851
544 849
544.845
544 826
544752
544,477
544151
543.723
543.703
543.701
543.695
543.670
543.570
543,357
542978
542.819
542817
542.809
542.779
542,659
542159
540.755
540.753
540.744
540.712
540.582
540.076
538.164
537143
537141
53714
537.104
536983
536.573
536.081

20.0286
14.4408
14.4158
14.3445
14.2225
14.3948
158255
16.5902
16.5911
16.6003
16,6725
17.13%4
19.8910
24,8698
24 8856
249492
25.2031
26.2199
304216
49.2941
49.7729
49.7921
49.861..
501121
50.6349
47.2620
36.9452
19.7864
18.9300
18.8749
18.7049
18.3087
17.9022
18.593¢
20.145%
20,4694
204729
20.4898
20,5766
21.0115
23.2611
323169
323322
323927
326276
33.5182
36.8982
50.7319
58.4919
58.5052
58.5523
58.6897
58.7002
53.8339
418648

ENGINEERING APP _IED SCIENCES, INC.
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298.70 512841
300.00 516.101
30003 516.163
300.14 516.355
300.60 516.817
30245 517.345
306.05 516.581
311.89 514.018
321.10 509.703
330.00 507.056
330.03 507 049
330.14 507.019
330.60 506.876
33245 506.190
339.82 502.873
360).85 491.363
375.00 482.460
37503 482442
375.14 482374
375.60 482137
377 45 481.428
384 82 480.523
397.81 483.373
41483 491.799
43759 506893
450.00 516.065
450,03 516.082
450.14 516125
450.60 516.158
45245 515.692
457.77 513.075
46707 507 850
480.00 502.983
480.03 502.975
480.14 502.938
480.60 502.771
48245 501.997
48982 498.386
51185 485.708
530.00 473.866
530.03 473.846
530.14 473.769
530.60 473,461
53245 472.253
539.82 467511
560.00 454495
560.03 454478
560.14 454417
560.60 454.229
56245 453 928
569.10 456,565
577 65 465.698
588.19 482.036
600.00 503.733
2032-0001-03

535.453
535.350
535.348
535.339
535.302
535.153
534.856
534354
533527
532.712
532.709
532.699
532.656
532485
531.816
530.071
529.024
529.022
529.13
528.981
528853
528.347
527458
526.237
524474
523471
523469
523,459
523421
523.270
522.8%
522.008
521.149
521.146
521.138
521.106
520.980
520.500
519.283
518420
518418
518413
518.393
518.312
517.980
516.949
516.947
516.941
516915
516.811
516410
515836
515.033
514.014

47, 4249
478240
44,0860
344381
17.5813
740575
7.38681
7.33460
7.26381
757825
9.76067
14.2482
18.1654
18.1719
18.2005
18.3350
18.9827
21142
33.5756
44.5537
44.5720
446446
449320
46.05%0
504699
62.4540
62.4695
62.5242
62.6865
62.8825
59.8444
50.1375
32.9964
10.2809
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FOR LOAD STEP=

TIME=  275.000 LOAD CASE= 1

ENGINEERING APPLIED SCIENCES, INC.

12 ITERATION= 1910 SECTION= 1

PLOT VALUE ALONG PATH FROM NODE 1766 TO NODE 1750 OF TEMP DSYS= O

DISTANCE TEMP
0. 478.65
0.75417E-01 482.46
0.15083 486.23
0.22625 489.60
030167 49297
0.37708 49594
045250 498 84
0.52792 501.66
0.60333 504.07
0.67875 506.48
0.75417 508 .89
(.82958 510.84
0.90500 51276
0.98042 514.68
1.0558 516.56
1.1313 518.01
1.2067 51945
1.2821 520.89
1.3575 522,34
14329 523.59
1.5083 524 .61
1.5838 525.62
1.6592 526.64
1.7346 527 66
1.8100 528.67
1.8854 529.36
19608 530.02
2.0363 530.68
21117 531.23
21871 31.99
2.2525 532.65
2.3379 533.21
24133 533.58
2.4888 533.95
2.5642 534.32
2.6396 534.69
2.7150 535.06
2.7904 53543
2.8658 535.80
29413 536.06
A.0167 536.18
3.0921 536.30
3.1675 53642
3.2429 536.54
3.3183 536.66
3.3938 036,78
3.4692 536.90
3.5446 537.02
3.6200 537.14
DISTANCE TEMP
2032-0001-03
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0.
0.75417E-N
0.15083
0.22625
0.20167
0.37708
0.45250
0.52792
0.60333
0.67875
0.75417
0.82958
0.90500
0.98042

1.0558
11313
1.2067
1.2821
1.3575
1.4529
1.5083
1.5838
1.6592
1.7346
1.8100
1.8854
1.9608
2.0363
21117
2.1871
2.2625
2.3379
24133
2.4888
25642
26396
2.7150
2.7904
2.8658
29413
30167
3.0921
31675
32429
3.3183
3.3938
34692
3.5446
326200

FOR LOAD STEP=
TIME= 560.000 LOAD CASE= 1
PLOT VALUE ALONG PATH FROM NODE

DISTANCE
0.

2032-0001-03

508.56
510.31

512.06
513.77
51548
517.06
518.62
52015
521.50
52285
524.20
525.32
526.42
52752
528.60
52945
530.30
531.14
531.99
532.73
533.34
533.95
534.55
535.16
535.77
536.19
536.59
537.00
53740
537.80
538.21
538.55
538.79
539.02
539.25
53948
539.71
539.95
54018
540.34
540.42
54049
54057
540.65
540.73
540.80
54088
54096
541.03

454.50

TEMP

ENGINEERING APPLIED SCIENCES, INC.

19 ITERATION= 1042 SECTION= 1

1660 TO NODE 1654 OF TEMP DSYS= 0
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PLOT VALUE ALONG PATH FROM NODE 1766 TO NODE 1750 OF TEMP DSYS= 0

0.75417E-0 458.75
0.15083 46295
0.22625 466,70
030167 470.46
0.37708 473.75
045250 476.97
052792 480.10
0.60333 482.75
0.67875 48541
0.75417 488.06
0.82958 490.18
0.90500 49226
0.98M2 49434
1.0558 49658
1.1313 49791
1.2067 49944
1.2821 50098
1.3575 50251
14329 503.82
1.5083 504 .86
1.5838 505.90
1.6592 506.95
17346 507.99
1.8100 509.03
1.8854 509.70
1.9608 51034
20363 510.98
21117 511.63
21871 512.27
2.2625 51291
23379 51345
24133 513.78
24888 514.12
2.5642 51446
2639 514.79
2.7150 51513
2.7904 51546
28658 515.80
29413 516.03
3me7 51613
3.0921 516.23
31675 516.34
3.2429 516.44
33183 516.54
3.3938 51664
2.4692 516.74
35446 51685
3.6200 516.95
DISTANCE TEMP
Q. *N.78
0.75417E-01 49276
0.15083 494.73
0.22625 496.68
2032-0001-03
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0.30167 498.63
037708 500.44
0.45250 502.23
0.52792 503.98
0.60333 B2
067675 507.07
0.75417 508.62
0.82958 509.90
0.90500 511.16
0.98042 51242
1.0558 513.66
1.1313 514.62
1.2067 515.58
1.2821 516.54
1.3575 517.51
1.4329 518.34
1.5083 519.03
1.5838 51971
1.6592 52040
1.7346 521.08
1.8100 521.77
1.8854 522.23
1.9608 52267
20363 52312
21117 523.56
21871 524.01
22625 52445
2.3379 52483
24123 525.08
2.4888 52532
2.5642 525.57
2.6396 525.82
27150 526.07
2.7904 526.31
2.8658 526.56
29413 526.74
30167 52682
3.0921 52689
31675 52697
1.2429 527.05
3.3183 52713
3.3938 527.21
34692 527.29
35446 52737
3.6200 52745

SUMMARY OF VARIABLES STORED THIS STEP AND EXTREME VALUES
VARITYVE IDENTIFIERS NAME MINIMUM ATTIME MAXIMUM AT TIME
2ESIR 531 16 531 SY24 0.2433E+05 6000  04056E+05 275.0
3 ESTR 611 16 6115Y9 9183 6000  0.1705E+05 560.0
4 ESTR 531 18 531 SZ24 0.1686E+05 6000 0.3290E+05 2750
5ESTR 611 18 611 SZ9 0.1707E+05 6000 02661E+05 275.0
6 ESTR 531 51 531 SI24 0.2495E+05 6000 OA4118E+05 2750
7ESTR 611 51 611819 0.1797E+05 6000 0.2710E+05 275.0
TIME ESTR 531 16 ESTR 611 16 ESTR 53118 ESTR 611 18 ESTR
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53151 ESTR 611 51

. 531 SY24 6115Y9 5315724 611829 531
SI24 611 519
0, 282492 102441 193559 185148

29062.1 195349
10.000 287320 10501.1 19881 4 18744.4
29537.9 19758.5
20,000 29728.6 10918.9 209361 19210.2
30523.2 20280.1
50.000 34087.0 13347.2 255309 223499
348399 231221
75.000 30751.9 11665.9 22341.7 204824
31511.0 214713
90.000 31280.6 11967 4 228482 20661.2
32037 .4 21556.1
110.00 3M07.2 131544 25071.5 21988.8
M140.6 227650
150.00 39600.0 163069 31630.5 259671
40279.8 26537.6
175.00 20894.6 11314.2 218514 201685
30622.5 212219
190.00 30509 .6 117654 223769 20301.5
212324 211621
220.00 21275 13731.5 260471 225280
348160 23208.6
275.00 40560.2 16936.0 32899.0 26614.2

: 41178.2 27097.1
‘ 300.00 28461.5 10816.8 206855 19456.2
291479 20471.0
330.00 311743 12333 .4 23200.7 208205
318441 21546.0
37500 37021.0 153758 293144 244319
37631.3 249263
450.00 25374.0 9691 47 174450 175939
260146.5 18469.1
450.00 29047 .2 11353.5 21136.0 195426
29685.0 202219 :
530.00 A5888.7 15084.5 28406.6 23790.8
364559 242180
560.00 400142 17054.5 328364 263547
40541.0 26663 4
600.00 24228.0 9183.44 16863.9 17065.5
24954 4 179740

ENGINEERING APPLIED SCIENCES, INC.

***** POST] LINEARIZED STRESS LISTING *****

INSIDE NODE = 1660 OUTSIDE NODE = 1654
LOAD STEP 12 ITERATION= 1 SECTION= |
TIME= 27500 LOAD CASE= 1

* AXISYMMETRIC OPTION *  RHO = 0.67980E+13
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

. ** MEMBRANE "
5X SY SZ SXY SYZ SXZ
4222 Q1039E+(5 0.1425E+05 1317, 0. 0.
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SIG1 SIG2 SIG3 Sl SIGE
0.1425E+05 0.1066E+05 2526  01399E+05 0.1259E+05

“ BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 -1252. 02140E+05 01230E+05 0. 0. 0.
C -835.0 1490 0. 0. 0. 0.
Q 4177 -02110E+05 -01230E+05 0, 0. Q.
SIG1 SIG2 SIG3 Sl SIGE
1 0.2140E+05 0.1230E+05 -1252.  0.2265E+05 0.1975E+05
C 1490 0. -835.0 984.0 918.6

O 4177  -012305+05 0.2110E+05 C.2069E+05 0.1798E+05
** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=0OUTSIDE

SX SY SZ SXY SYZ SXZ
I -830.1 0.3189E+05 0.2655E+05 1317. 0. 0.
C 4128  01063E+05 0.1425E+05 1317. 0. Q.
O 4487 -0.1062E+05 1949. 1317. 0. 0.
SIG] SIG2 SIG3 Sl SIGE

I 03194E+05 02655E+05 -883.1 0.3282E+05 0.3049E+05
C 0.1425E+05 01079E+05 -567.7  0.1481E+05 0.1342E+05
O 1949 1654  -01078E+05 0.1273E+05 0.119M4E+05

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 -0.1137E-12 7773, 6051, -1219. 0. 0.
C 1231 -2827 -2267. 3376 0. 0.
O 06217E-14 4127. 3513 -1353. 0. 0.
SIGH SIG2 SIG3 Sl SIGE

[ 7959 6051, -186.7 8146. 7379.
C 1258 -2267. -2855. 4114, 3853,
O 4531 3513, -403.7 4935. 4513.

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 -830.1 0.3966E+05 0.3260E+05 98.32 0. 0.
C 8178 7808.  O0.1198E+05 1655. 0. 0.
O 4487 6491 5462. -35.05 0. 0

SIGH SIG2 SIG3 SI SIGE TEMP
I 03966E+05 03260E+05 -8304  04M9E+05 0.3746E+05 4787
C 01198E+05 8180. 4452  01153E+05 0.1019E+05
O 5462 4712 6491, 0J195E+05 01037E+(05 5371

PLOT VALUE ALONG PATH FROM NODE 1660 TO NODE 1654 OF SY DSYS= 0

SY IN GLOBAL COORDINATES

DISTANCE SY
0. 39661
0.75417E-01 37619.
0.15083 35594
0.22625 33705
0.30167 31815,
0.37708 30088,
0.45250 28388,
0.52792 26721.
0.60333 25236.
2032-0001-03
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067875 23751,
0.75417 22265,
0.82958 20988.
0.90500 19727.
0.98042 18466,
1.0558 17219.
1.1313 16174
1.2067 15129.
1.2821 14084,
1.3575 13039,
14329 12080.
1.5083 11225.
1.5838 10371,
1.6592 9516.4
1.7346 85662.0
1.8100 7807.6
18854 7096.2
1.9608 63952
20363 5644.2
21117 49931
21871 42921
2.2625 35911
2337 2927.2
2.433 23381
24888 1749.0
2.5642 11599
2.6396 570.87
27150 -18.216
2.7904 -607.30
2.8658 -1196.4
29413 -1757.8
30167 -2283.7
300 -2809.6
31675 -3335.5
3.2429 -3861.5
3.3183 4387 4
3.3938 -4913.3
3.4692 -5439.2
35446 -5965.2
3.6200 -6491.1

ENGINEERING APPLIED SCIENCES, INC.

s+ POST1 LINEARIZED STRESS LISTING *****

INSIDE NODE =

1660 OUTSIDE NODE = 1654

LOAD STEP 19 ITERATION= 1 SECTION= 1
LOAD CASE= 1

TIME=  560.00

** AXISYMMETRIC OPTION **
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

** MEMBRANE **

SX SY
455.0 9415,
SIG1 SIG2

0.1326E+05 9568, 302.0

2032-0001-03

RHO = 0.67980E+13

SZ SXY SYZ SXZ
0.1326E+05 1181. 0. 0.
SIG3 SI SIGE

UI296E+05 0.1157E+05
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** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 <1192, 02126E+05 0.1249E+05 0. 0. 0.
C -8202 148.0 0. 0. 0. 0.
O 4484  -02096E+05 -0.1249E+05 0. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE
I 02126E+05 U.J249E+05 -1192.  0.2245E+05 0.1960E+05
C 1480 0. -8202 968.2 a4

O -4484  -01249E+05 -0.2096E+05 0.2052E+05 0.1786E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=0OUTSIDE

SX SY SZ SXY SYZ SXZ
| 7370  03068E+05 02575E+05 1181, 0. 0.
C -365.2 9563.  0.1326E+05 1181. 0. 0.
O 6614 -01155E+05 7788 1181, 0. 0.
S1G1 SIG2 SIG3 Sl SIGE

I C3072E+05 0.2575E+05 -7814  0.3150E+05 0.2933E+05
C 01326E+05 9702. 5037 01377E+05 0.1238E+05
O 7788 1260  -0.1167E+05 0.1245E+05 0.1213E+05

* PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I 1 8462 6791. -1084. 0. 0.
C 1206. -3051. -25(1. 2810 0. 0.
O 0.2665FE-14 4409, 3808, 1224, 0. 0.
SIG] SIG2 SIG3 Sl SIGE

1 8598 6791. -136.7 8735, 7986.
C 124, -2509, -3070. 4294, 4042,
O 4726, ABO8. 3170 5043, 4652.

* TOTAL ** 1=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
| <7370  03914E+05 03254E+05 96.59 0. 0.
C 8403 6512. 0.1076E+05 1462. 0. 0.
O 6614 7140, 4587. 4310 0. 0.

SIG1 SIG2 SIG3 Sl SIGE TEMP

[ 03914E+05 03254E+05 -7373  03987E+05 03702E+05 4545

C 01076E+05 6867, 485.1 0.1027E+05 8986,

O 4587, 6908 -7141.  01173E+05 0.1024E+05 5169

SY IN GLOBAL COORDINATES

DISTANCE SY
0. 39137,
0.75417E-01 36993,
0.15083 34867.
0.22625 32889
030167 30911,
037708 29112
045250 27344
0.52792 25613
0.60333 24083,
067875 22553,
0.75417 21023,

2032-0001-03
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0.82958

0.90600

0.98042
1.0558
11313
1.2067
1.2821
1.3575
1.4329
1.5083
1.5838
1.6592
1.7346
1.8100
1.8854
1.9608
20363
21117
21871
2.2625
2.3379
24133
2.4888
2.5642
2.639%
27150
2,794
2.8658
29413
3.0167
3.0021
31675
3.2429
3.3183
3.3938
3.4692
3.5446
3.6200

19720.
18435,
17150.
15881.
14831.
13781.
12731.
11681.
10725,
9882.1
9039.6
8197.0
73545
6512.0
58239
51471
44702
37934
3116.6
2439.7
1801.8
12423
682,80
123.29
-436.22
-995.73
-1555.2
-2114.7
-2647 8
-3147.0
-3646.1
41453
46445
-5143.6
-5642.8
-6142.0
6641.2
-7140.3

ENGINEERING APPLIED SCIENCES, INC.

PRINT LINEARIZED STRESS THROUGH A SECTION

INSIDE NODE =

1660 OUTSIDE NODE = 1654

= POST1 LINEARIZED STRESS LISTING *****

INSIDE NODE =

LOAD STEP 20 ITERATION=
LOAD CASE= 1

TIME=  600.00

* AXISYMMETRIC OPTION **
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

* MEMBRANE **

SX SY
2974 9251.

SZ

0.J260E+05 1107.

SIG1 SIG2 SIG3

2032-0001-03

1660 OUTSIDE NODE = 1654

1 SECTION= 1

RHO = 0.67980E+13

SXY
sl

SYZ
0.
SIGE

SXZ
0.
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01260E+05 9386, 1625  0.1243E+05 0.1118E+05
** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I -1065. 01761E+05 8593 0. 0. 0.
C 6723 1226 0. 0. 0. 0.
O 2896  -01736E+05 -8593. 0. 0. 0.
SIGI SIG2 SIG3 Sl SIGE
I 01761E+05 8593,  -1055.  0.1866E+05 0.1616E+05
C 126 0. 6723 794.8 7412

O -2896  -8593. -0.1736C+05 0.1707E+05 01479E+05

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ,
I <7575  02686E+05 0.2119E+05 1107. 0. 0.
C 3749 9374. 01260E+05 1107, 0. 0.
O 7808  -8111. 4004, 1107, 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

[ 026WE+05 0.2119E+05 -801.9  02770E+05 0.2534E+05
C 0.1260E+05 9498, 499.1 0.1310E+05 0.1185E+05
O 4004 156.2 -8259, 0.1226E+05 0.1086E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE

5X SY SZ SXY SYZ SXZ
I 01137E-12 -3165. 4552, -1045. 0. 0.
C 1038, -8122 -287.3 MM4.5 0. 0.
O -0.6040E-13 1568, 928.1 -1151. 0. 0.
SiG1 SIG2 SIG3 Sl SIGE

[ 3140 -3479. -4552. 4866 4428.
C 1087 -287.3 -861.0 1948, 1734,
O 2176, 9281 -608.4 2785. 2416,

SY IN GLOBAL COORDINATES

DISTANCE SY
0. 23693,
0.75417E-01 24004,
0.15083 24278.
0.22625 24252,
0.30167 24227.
037708 23872
0.45250 23462.
0.52792 23009,
0.60333 22327,
0.67875 21645,
0.75417 20963,
0.82958 20123,
0.90500 19270.
0.98042 18417.
1.0558 17559,
11313 16635,
1.2067 15710.
1.2821 14786.
1.3575 13861,
1.4329 12957.
1.5083 12078,
2032-0001-03
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1.5838 11199.
1.6592 10320,
1.7346 9440.6
1.8100 8561.4
1.8854 77884
1.9608 7023.2
20363 6258.0
2117 5492.7
21871 47275
22625 3962.2
23379 32409
24133 2608.1
24888 1975.2
2.5642 13424
2,639 709.58
2.7150 76.749
2.7904 -556.08
2.B658 -1188.9
29413 -1776.5
3.0167 -2306.1
3.0921 -2835.7
3.1675 -3365.3
3.2429 -3894.9
33183 44245
3.3938 -4954.1
3.4692 -5483.7
35446 -6013.3
3.6200 -6543.0

| wERrRsReTe Rt
’

1 R R

Additional files of through-thickness profiles;
all peaks and valleys.

TIME=  60.000 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.
** MEMBRANE **

SX SY SZ SXY SYZ SXZ
2094  01137E+05 0.1450E+05 1378. 0. 0.
SIGI] SIG2 SIG3 Sl SIGE

0.1450E+05 0.1154E+05 4185  0.1446E+05 0.1323E+05

** BENDING ** [=INSIDE C=CENTER O=0OUTSIDE

SX SY SZ SXY SYZ SXZ
I -113L 0.1698E+05 7444, 0. 0. 0.
C 6712 118.2 0. 0. 0. 0.
O 2119  -01674E+05 -7444. 0. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE
[ 0169BE+05 7444, -1131. 01811E+05 0.1569E+05
C 1182 0. 6712 7894 7375

O 2119 7444, 0.1674E+05 0.1653E+05 0.1435E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX SY SZ SXY SYZ SXZ
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I 9211 0.2835E+05 0.2194E+05 1378. 0. 0.

C 4618  01149E+05 0.1450E+05 1378. 0. 0.

O -2459 5372 7056. 1378. 0. 0.
SIG1 SIG2 SIG3 S1 SIGE

| 02B41E+05 021ME+05 -9859  02940E+05 0.2676E+05
C 01450E+05 0.1164E+05 -6186  0.1512E+05 0.1391E+05
O 7056, 3305  -5705. 01276E+05 0.1106E+05

** PEAK ** [=INSIDE C=CENTER O=QUTSIDE

SX sY SZ SXY SYZ SXZ
1-0.1137E-12 5372 3834 -1294. 0. 0.
C 9836 1756, <1264, 4026 0. 0.
O -01821E-13 2286, 1753. -1381. 0. 0.

SIG1 SIG2 SIG3 SI SIGE

| 5667, 38M. 2953 5962. 5290.
C 1042, -1264. 1814, 2855. 2624.
O 2936 1753, 6495 3585. 3164.

" TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
[ 9211 0.3372E+05 02578E+(05 84.18 0. 0.
C 5218 9732, 0.1324E+05 1781, 0. 0.
O -2459 -3086. B80S, -2944 0. 0

SIG1 SIG2 SIG3 Sl SIGE TEMP
I 03372E+05 0.257BE+05 -9214  03464E+05 03143E+05 5215
C 01324E+05 0.1006E+05 1894 01305E+05 0.1179E+05
O 8809, 2422 3086,  0.189E+05 0.1069E+05 547.0

SY IN GLOBAL COORDINATES

DISTANCE SY
0. 33720.
0.75417E-01 32240.
0.15083 30765.
0.22625 29335,
0.30167 27905.
0.37708 26579.
0.45250 25271.
052792 23990,
0.60333 22855.
0.57875 21721.
0.75417 20586,
0.82958 19625.
0.90500 18677.
0.98042 17730.
1.0558 16794,
1.1313 16015.
1.2067 15237.
1.2821 14459,
1.3575 13681,
14329 12963,
1.5083 12317.
1.5838 11671.
1.6592 11024,
1.7346 10378,
1.8100 97321
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18854 9165.9
. 1.9608 86065
20363 8045.1
21117 7484.7
21871 69245
22625 63640
23379 58174
24133 52085
24888 47797
25642 42608
2639 17420
27150 32231
27904 2704.3
28658 2185 4
29413 1662.7
30167 11351
30921 607.56
11675 29977
32429 44761
13183 97519
33038 15028
3.4692 20304
2.5446 -2558.0
16200 -3085.5
TIME=  75.000 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES,
.  MEMBRANE **
5x SY Sz  SXY  SYZ  SXz
1947  01128E405 0143ME+05 1361, 0. 0
SIGI  SIG2  SIG3 sl SIGE

014ME+05 01144E+05 2998  0.1431E+05 0.1311E+05

** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 -1116. 01660E+05 7077. 0. 0. 0.
C 6562 1155 0. 0. 0. 0.
O <1966 -0.1636E+05 -7077. 0. 0. 0.
SIG1 SIG2 SIG3 SI SIGE
I 0.1660E+05 7077. -1116.  0.1771E+05 0.1535E+05
C 1155 0. -656.2 7717 7209

O 1966  -7077. -01636E+05 0.1617E+05 0.1405E+05

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 9211 0.2787E+05 0.2142E+05 1361. 0. 0.
C -461.6  01139E+05 0.1434E+05 1361, 0. 0.
O -195%  -5087. 7266, 1361. 0. 0.
SIG1 SIG2 SIG3 S1 SIGE

1 02794E+05 0.2142E+05 9853  0.2892E+05 0.2628E+(5
C 0.1434E+05 0.1155E+05 -6158  0.1496E+05 0.1378E+05
O 7266 3394 -5428. 0.1269E+(& 01101E+05

‘ ** PEAK ** I=INSIDE C=CENTER O=OUTSIDE
SX SY SZ SXY SYZ SXZ
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1 01137E-12  2145. 6612 1284 0. 0.

C 957 -1473. 9778 3974 0. 0.

O 0.2043E-13 1893, 1346. 1366, 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

1 2746 6612 6008 3347, 2928,
C 1039, 9778  -1535 2574. 2346,
O 2608. 136. -7151 3323, 2906,

* TOTAL * I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I <9211 03002E+05 0.2208BE+05 7648 0. 0.
C 5142 9921. 0.1337E+05 1758, 0. 0
O -1.956 -3193. 8612. -4.733 0. 0

SIG1 SIG2 SIG3 Sl SIGE TEMP
I 03002E+05 0.2208E+05 -921.4  03094E+05 0.2784E+05 5324
C 01337E+05 0.1024E+05 196.1 0.1317E+05 0.1192E+05
O 8612 -1.915 -3193, 0.1181E+05 0.1058E+05 5469

DISTANCE SY
0, 30019,
0.75417E-01 27310.
(1.15083 28585,
0.22625 27733,
0.30167 26881.
0.37708 25934,
0.45250 24970
0.52792 24004,
0.60333 23021,
0.67875 22037,
0.75417 21054,
0.82958 20127,
0.90500 19204,
098042 18281.
1.0558 17365.
1.1313 16554,
1.2067 15742,
1.2821 14931.
1.3575 14120,
14329 13364,
1.5083 12675,
1.5838 11986.
1.6592 11298,
1.7346 10609,
1.8100 9920.7
1.8854 93249
1 9608 87508
20363 81468
21117 7557.7
2.1871 6968.7
2.2625 6379.6
2.3379 5809.8
24133 5278.8
24888 47479
2.5642 42169
26396 36859
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27150 31549
2.7904 26239
28658 2093.0
29413 1563.1
3.0167 1034.6
30021 506.11
31675 -22.368
3.2429 -550.85
33183 -1079.3
3.3938 -1607 8
34692 -2136.3
3.5446 -2664.8
3.6200 -3193.2
TIME= 15000 LOAD CASE= 1

THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

** MEMBRANE **

5X SY SZ SXY SYZ SXZ
370  0J099E+05 0.1452E+05 1367, 0. 0.
SIGT SIG2 SIG3 Sl SIGE

01452E+05 01116E+05 1742  0.1434E+05 0.1299E+(05

** BENL ING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ. SXY SYZ SXZ
| -1224, 01995E+05 0. W070E+05 0. 0. 0.
C 7846 1389 0. 0. Q. 0.
O 3457  -0.1968E+05 -0.11 70E+05 0. 0. 0.
SIGH SIG2 SIG3 Si SIGE
I 01995E+05 0,1070E+05 224, 0.2118E+05 0.1839E+(05
C 1389 0, 78d 923.5 862.5

O 3457  -0.1070E+05 -0.1968E+05 0.1933E+05 0.1675E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=0OUTSIDE

SX SY SZ SXY SYZ SXZ
1 8766  03094E+05 0.2522E+05 1367, 0. 0.
C <4377  O01112E+05 0.1452E+05 1367. 0. 0.
O 1251 -B690. 3813. 1367. 0. 0.
SIGH SIG2 SIG3 SI SIGE

I 03100E+05 0.2522E+05 -935.2  03193E+05 0.2947E+(5
C 0J452E+05 0.1128E+05 5970  0AS511E+05 0.1378E+05
O 3813 211.1 B900.  01271E+05 0.1135E+05

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
[ -0.1137E-12 779, 6116. 1271. 0. 0.
C 151, -2544. - 2009, 369.7 0. 0.
O -0.1354E-13 3594, 3m7. -1387. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

I 799. 6116, -202.0 8198. 7438.
C 187, - 2009, -2581. 3768. 3517.
O 4067 3017. 4733 4541, 4117,

** TOTAL ** I=INSIDE C=CENTER O=0OUTSIDE
SX SY SZ SXY SYZ SXZ
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I 8766 0.3873E+05 03133E+05 95.95 0. 0.
C 7130 8581. 0.1251E+05 1736. 0. 0.
0O 1251 5006, 6830. -20.64 0. 0.
SIG1 S1G2 SIG3 51 SIGE TEMP
I 03873E+05 03133E+05 -8769  03961E+05 03648E+05 495.1
C 0I251E+05 897, 3464 0.1216E+05 0.1083E+05
O 6830 1.368 -5006. 0.1193E+05 0.1036E+05 5449
DISTANCE SY
0. 38734,
0.75417E-01 36674.
0.15083 34635,
0.22625 32760,
0.30167 30884,
0.37708 29203,
0.45250 27555.
0.52792 25945,
0.60333 24543,
0.67875 23141,
0.75417 21738.
0.82958 20559,
0.90500 19397.
0.98042 18234,
1.0558 17087,
1.1313 16140,
1.2067 15194,
1.2821 14248,
1.3575 13301.
1.4329 1244,
1.5083 11663,
1.5838 10893,
1.6592 10122.
1.7346 9351.3
1.8100 8580.6
1.8854 7929.3
1.9608 72867
2.0363 66442
21117 6001.6
21871 5359.0
22625 4716.4
2.3379 4101.4
24133 35419
24888 2982.5
2.5642 2423.0
26396 1863.6
2.7150 1304.1
2. 7904 744.70
2.8658 185.25
29413 -359.65
3.0167 -885.92
3.0621 -1412.2
31675 19385
3.2429 -2464.7
33183 -2991.0
3,3938 -3517.3
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; 34692 4043.6
. 1.5446 4569 8
1.6200 50061

TIME= 175.00 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

* MEMBRANE **

SX SY SZ SXY SYZ SXZ
2884  OJ0BBE+(5 0.1422E+05 1332 0. 0.
SIG1 SIG2 SIGA Sl SIGE

0.1422E+05 01105E+05 1234  0.1409E+05 0.1281E+05

" BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
[ -1176. 0.1861E+05 9254 0. 0. 0.
C 7311 1296 0. 0. Q. 0.
O 2862 -0.1835E+05 -9254, 0. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE
I 01861E+05 9254, -1176. 01979E+05 0.1715E+05
C 1296 0. -7311 860.7 803.8

O -286.2 9254, -0.1B35E+05 0.1807E+05 0.1565E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE

5X SY SZ  SXY  SYZ  SXZ
| 8876  02049E+05 02347E+05 1332 0. 0.
C 4427 01101E+05 0.1422E+05 1332, 0. 0.
. O 219 7474 49%4. 1332 0. 0.
SIGI  SIG2  SIG3 sl SIGE

[ 0.2955E+05 0.2347E+05 -9459 0.3050E+05 0.2796E+05
C 0.1422E+05 0.1116E+05 -595.7 0.1481E+05 0.1355E+05
O 494, 2326 7704. 01267E+05 0.1109E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 0.2274E-12 -3464 -1885. 1257. 0. 0.
C 1106. -1638, -1098. 368.4 0. 0.
O 0.2709E-13 2357. 1744.  -1356. 0. 0.
SIG1 SIG2 SIG3 SI SIGE

1 1096, <1442, 1885, 2981. 2786.
C 1155 1098, -1687. 2842 2598.
O 2975. 1744. -617.9 3592. 3162

* TOTAL ** [=INSIDE C=CENTER O=OUTSIDE

SX Y SZ S5XY SYZ SXZ
1 8876  02915E+05 02159E+05 75.59 0. 0.
C 6636 9372.  01312E+05 1701. 0. 0.
O 219 5117 6708.  -23.28 0. 0

SIG1 SIG2 SIG3 Sl SIGE TEMP
I 02915E+05 0.2159E+05 -8878  0.3004E+05 0.2706E+05 524.8
C 01312E+05 9692 M29  01278BE+05 0.1146E+05
O 6708, 2337 5117 OJ183E+05 0.1027E+05 5437

. DISTANCE SY

0. 29147.
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0.75417E-01 29061,
. 0,15083 28932,
0.22625 28464
0.30167 27995,
037708 27249
0.45250 26455,
052792 25632,
0,60333 24648,
0.67875 23665,
0.75417 22681,
082958 21635,
0.90500 20585,
0.98042 19534,
1.0558 18488,
1.1313 175(4.
1.2067 16519,
1.2821 15535,
1.3575 14550,
1.4329 13626
1.5083 12775.
1.5838 11924,
1.6592 11073,
1.7346 10223
1.8100 9371.7
1.8854 8654.4
1.9608 7946.7
20363 7239.1
. 21117 65314
21871 58238
22625 5116.1
2.3379 4446.0
24133 38514
2 4888 12569
2.5642 26623
263% 20678
27150 14732
2.7904 878.67
2.8658 284.12
29413 -285.14
30167 82201
30021 13589
31675 18957
3.2429 24326
33183 -2969.5
3.3938 -3506.3
34692 40432
15446 45801
3.6200 51169
TIME= 27500 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.
. * MEMBRANE **
SX SY Sz SXY SYZ SXZ
4222 01049E+05 0.1425E+05 1317 0. 0.

2032-0001-03 Page B-21 of B-32



ENGINEERING APPLIED SCIENCES, INC.

SIG1 SIG2 SIG3 S1 SIGE
. 0.1425E+05 0.1066E+05 2526  0.1399E+05 0.1259E+05
** BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX SY SZ SXY SYZ SXZ
1 1252,  02140E+05 01230E+05 0. 0. 0.
L -8350 1490 0. 0. 0. 0.
O 4177 02110E+05 -0123E+5 0. 0. C.
SIG1 SIG2 SIG3 Sl SIGE
[ 02140E+05 01230E+05 -1252.  0.2265E+05 0.1975E+05
C 1490 0. -8350 984.0 9186

O 4177  -01230E+05 -0.2110E+05 0.2069E+05 0.1798E+05

* MEMBRANE PLUS BENDING ** [=INSIDE C-_ENTER O=OUTSIDE

SX SY SZ SXY SYZ S{Z
1 -830.1 0.3189E+05 0.2655E+05 1317, 0. 0
C 4128  0.1063E+05 0.1425E+05 1317. 0. 0.
O 4487 -0.1062E+05 1949. 1317. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

I 03194E+05 0.2655E+05 -883.1 0.3282E+05 0.3049E+(5
C 01425E+05 01079E+05 -567.7  0.J1481E+05 0.1342E+05
O 1949, 1654  -0.1078E+05 0.1273E+05 0.1194E+05

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX oY SZ SXY SYZ SXZ
1 01137E-12 7773 6051. -1219. n 0.
C 1231. -2827. -2267. 337.6 0. 0.
. O 06217E-14 4127, 3513, -1353. 0. 0.
SIGT SIG2 SIG3 Sl SIGE

[ 7959. 6051. -186.7 8146. 7379.
C 1258 -2267. -2855. 4114. 3853.
O 4531, A513. -403.7 4935, 4513.

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 -830.1 0.3966E+05 0.3260E+05 98.32 0. 0.
C 8178 7808.  0.1198E+05 1655, 0. 0.
O 4487 6491, 5462. 3505 0. 0

SIGIH SIG2 SIG3 Sl SIGE TEMP
| 03966E+05 03260E+05 8304  04049E+05 03746E+(05 4787
C O1198E+05 B180. 4452  01153E+05 0.1019E+05
O 5462. 4712 -6491.  01195E+05 0.1037E+05 5371

DISTANCE SY
0 19661
0.75417E-01 37619.
0.15083 15594,
0.22625 13705,
030167 31815.
037708 30088,
045250 28388,
052792 26721,
. 060333 25236,
067875 2751
0.75417 22265,
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0.82958 20988,
0.90500 19727.
0.98042 18466,
1.0558 17219.
1.1313 16174.
1.2067 15129.
1.2821 14084,
1.3575 13039,
1.4329 12080.
1.5083 11225.
1.5838 10371.
1.6592 9516 4
1.7346 8662.0
1.8100 7807 .6
1.8854 7096.2
1.9608 6395.2
20263 5694.2
21117 4993.1
21871 42921
2.2625 3591.1
2.3379 2927.2
24133 23381
2.4888 1749.0
2.5642 1159.9
26396 570.87
27150 -18.216
2.7904 607.30
28658 -1196.4
29413 -1757 8
3.0167 -2283.7
3.0921 -2809.6
31675 -3335.5
3.2429 -3861.5
33183 42874
3.3938 49133
3.4692 -5439.2
31.5446 -5965.2
3.6200 -6491.1

TIME=  300.00 LOAD CASE= 1

THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

* MEMBRANE **
SX SY SZ SXY SYZ SXZ
3243  0.1030E+05 0.1373E+05 1261. 0. 0.
SIG1 SIG2 SIG3 Si SIGE

01373E+05 0.1046E+05 1673  (1356E+05 0.1226E+05
** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

sX SY SZ SXY SYZ SXZ
1 <1164, 01907E+05 9858, 0. 0. 0.
C -7415 1327 0. 0. 0. 0.
O 3191  -018B0E+(05 -9858, 0. Q. 0.
SIG1 SIG2 SIG3 Sl SIGE

| D1907E+(05 9858, -1164. 02023E+05 0.1754E+05
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C 1327 0. 7415 874.3 8160
O -3191 -9858.  -0.1880E+(05 0.1B48E+05 0.1601E+(5

** MEMBRANE PLUS BENDING ** [=INS{DE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 8396  02937E+05 0.2359E+05 1261. 0. 0.
C 4172  0J043E+05 01373E+05 1261, 0. 0.
O 528  -8502 3870. 1261. 0. 0.
SIG] SIG2 SIG3 Sl SIGE

I 0.2942E+05 02359E+05 -8922  0.3031E+05 0.2786E+05
C 01373E+05 0.1058E+05 -5619  0.1429E+05 0.1300E+05
O 387. 1883 -8685.  0.1255E+05 0.1118E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I 0. 1633, -3159. <1189, 0. 0.
C na32 <1511, -958.1 3413 0. 0.
O -0.2665E-13 2351, 1706. -1297. 0. 0.
SIGT SIG2 SIG3 Sl SIGE

I 6262 -2259. -3159. 3785. 3425,
C N7%. -958.1 -1555. 2730. 2486.
O 2925, 1706, -574.8 3500, 3077,

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX sY SZ SXY SYZ SXZ
| 8396  0.2773E+05 02043E+05 7210 0. 0.
C 7148 8921.  0I1277E+05 1603. 0. 0.
O 5208 -6151. 5575. -35.37 0. 0.

SIG1 SIG2 SIG3 SI SIGE TEMP
| 02773E+05 0.2043E+05 -8399  0.2857E+05 0.2571E+05 516.1
C 01277E+05 9224 4125  01236E+05 0.1102E+05
O 35575. S.445 -6152. 0.1173E+05 0.1016E+05 5354

DISTANCE SY
0. 27735.
0.75417E-N 27905.
0.15083 28025,
0.22625 27751.
0.30167 27477.
0.37708 26865,
0.45250 26197,
0.52792 25488,
0.60333 24562.
0.67875 23637.
075417 22711,
0.82958 21669,
0.90500 20618,
0.98042 19567,
1.0558 18518.
11313 17494,
1.2067 16471.
1.2821 15447,
1.3575 14423
14329 13453,
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15083 12546,
15838 11640,

. 16592 10734,
17346 %275

18100 89213

1.8854 B152.8

1.9608 7394.4

2.0363 6636.0

21117 5877.6

21871 5119.1

22625 4360.7

23379 3646.5

24133 30215

2.4888 23964

25642 17713

26396 1146.2

27150 52115

2.7904 103.92

28658 7K

29413 13156

3.0167 18529

10921 23902

31675 29276

1.2429 34649

13183 40022

33938 45395

34692 50768

. 35446 56142
36200 61515

TIME=  385.00 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

** MEMBRANE **

SX SY SZ SXY SYZ SXZ
3787  0J007E+05 0.1369E+05 1245. 0. 0.
SIG1 SIG2 SIG3 | SIGE

01369E+05 0.J023E+05 2214  01347E+05 0.1212E+05

** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I -1180. 0.2006E+05 01097E+05 0. 0. 0.
C 7766 139.6 0. 0. 0. 0.
O -3735  -0.197BE+(05 -01M7E+05 0. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE
I 0.2006E+05 0.1097E+05 -1180.  0.2124E+05 0.1846E+(05
C 1396 0. 7766 916.2 855.0

O 3735 -0.1097E+(05 -0.1978E+05 0.1941E+(5 0.1683E+05

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ,
I 8010  03013E+05 0.2466E+05 1245 0. 0.
. C 380  01021E+05 01369E+05 1245. 0. 0,
Q 512 704, 2722, 1245. 0. 0.
SIG1 SIG2 SIG3 sl SIGE

2032-0001-03 Page B-25 of B-32



ENGINEERING APPLIED SCIENCES, INC.

[ 03018E+05 0.2466E+05 -851.0  0.3103E+05 0.2867F+05
C 01369E+05 01036E+05 -5420  0.1423E+05 0.1289E+(5
O 2722 1622 -9861.  0.1258E+05 0.1152E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
A ¢ X 6244, 4613. 1154 0. 0.
C 1147. 2359 -1820. 327.0 0. 0.
() 0.5862E-13 3473, 2866. -1280. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

I 6450, 4613.  -206.6 6657. 5955,
cC N7z 1820, -2389, 3566, 3318.
O 389%, 2866, -421.1 4315. 3904,

* TOTAL ** [=INSIDE C=CENTER O=OQUTSIDE

SX SY SZ SXY SYZ SXZ
[ -B01.0  03638E+05 0.2927E+35 90.50 0. 0.
C 7486 7856.  O.1187E+05 1572 0. 0.
O 5126  -6232. 5588. -35.70 0. 0.

SIG1 SIG2 SIG3 S1 SIGE TEMP
I O363BE+05 0.2927E+05 -801.3  03718E-25 0.5419E+05 4805
C 01187E+05 8188, 4162 0.1145E+05 0.1013E+05
(O 5588, 5.366 6232. 0.1182E+05 0.1024E+05 5283

DISTANCE SY
0. 36376,
0.75417E-N 699
0.15083 33028.
0.22625 31404,
030167 29779.
0.37708 28250.
0.45250 26736.
052792 25249.
0.60333 23904,
0.67875 22558.
0.75417 21212.
0.82958 20046,
0.90500 18894,
0.98042 17742.
1.0558 16602,
11313 15639,
1.2067 14677.
1.2821 13714.
1.3575 12751.
1.4329 11861.
1.5083 11060.
1.5838 10259.
142592 9457.9
1.736 8656.7
18100 78355
15854 7170.5
1.9608 64939
2.0363 8174
217 5140.8
21871 44642
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22625 3787.6
. 23379 31416
24133 2557.3
24888 1973.0
2.5642 1388.6
26396 804.30
2.7150 21997
2.79%04 -364.37
2.8658 -948.70
29413 1507.0
3.0167 20319
3.0021 -2556.9
31675 -3081.9
3.2429 -3606.8
33183 41318
13938 46567
3.4692 5181.7
3.5446 5706.6
3.6200 6231.6
TIME= 45000 LOAD CASE= 1

HE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

* MEMBRANE **

SX SY SZ SXY SYZ SXZ
220.0 9820.  0.J290E+05 1158. 0. 0.
SIG1 SIG2 SIG3 S1 SIGE
. 0.1290E+05 9958, 8219  0.1282E+05 0.1163E+05
** BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX SY Sz SXY SYZ SXZ
[ <1026,  0.J621E+05 6969 0. 0. 0.
C 6204 1129 0. 0. 0. 0.
O 2148  -01599E+05 -6969. 0. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE
I 01621E+05 6%69. -1026. 0.1724E+05 (QI4ME+05
C 1129 0. 6204 7333 683.9

O -2148  -6969. 01599E+05 0.1577E+05 0.1271E+05

** MEMBRANE PLUS BENDING ** 1=INSIDE C=CENTER O=CUTSIDE

SX SY SZ - 8 § SYZ SXZ
| -8060  C2603E+05 0.1987E+05 1158, 0. 0.
C 4004 9933, 0J1290E+05 1158 0. 0.
O 5248  -6169 5930. 1158, 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

1 0.2608E+05 0.1987E+05 8559  0.26ME+(5 0.2443E+05
C 01290E+05 0.1006E+05 -528.7  O133E+05 0.1226E+05
O 5930. 2155  <6279.  04L231E+05 0.1087E+05

** PEAK ** 1=INSIDE C=CENTER C=OUTSIDE

85X SY Sz  SXY SYZ  SXz
| 0M137E12 1290, -2649.  -1095. 0. 0.
. C 9476 4203 7998 368 0. 0,
O 01776E-14 9927 3841 1190, 0. 0.

SIGI  SIG2  SIG3 sl SIGE
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1 6262 <1916,
C 1030 79.98
O 1785, 3841

-2649,
-503.2
7926

ENGINEERING APPLIED SCIENCES, INC.

3275. 2977.
153, 1341,
2578. 2235.

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE
SXZ

0

0.
0.

SX SY SZ SXY SYZ

[ 8060  0.2475E+05 0.1722E+05 63.25 0.

C 5472 G513, 0.1298E+05 1505. 0.

O 5248 5176, 6314. -31.09 0. !
SIG1 SIG2 SIG3 51 SIGE TEMP

| 02475E+(05 0.1722E+05 -806.2

C 0J298E+(5 9759 A
0O 6314 5468 -5176.

DISTANCE SY
0, 24745,
0.75417E.01 24484,
0.15083 24211,
0.22625 23840.
0.30167 23470.
0.37708 22973,
0.45250 22454,
052792 21917,
0.60333 21279,
0.67875 20640
0.75417 20002,
(.82958 19285.
0.90500 18561.
0.98042 17828,
1.0558 17112
1.1313 16347,
1.2067 15582.
1.2821 14818.
1.3575 14053,
1.4329 13293,
1.5083 12537,
1.5838 11781.
1.6592 11025.
1.7346 10269,
1.8100 95127
1.8854 88069
1.9608 B104.7
2.0363 74026
21117 6700.4
2187 5998.3
2.2625 5296.1
23379 46214
24133 40017
24888 33821
2.5642 27625
2.6396 21429
2.7150 15233
2.79%4 XAB.71
2.8658 284.10
29413 -301.31

2032-0001-03

0.2555E+05 0.2274E+05 5161

0.1268E+05 0.1142E+05

01149E405  9967.

523.5
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3.0167 -842.94
3.0921 -1384.6
31675 -1926.2
3.2429 -2467 8
33183 -3009.5
3.3938 -3551.1
34692 -4092.7
35446 46344
3.6200 -5176.0

TIME=  560.00 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

** MEMBRANE **

SX SY SZ SXY SYZ SXZ
4550 9415, 01326E+05 1181, 0. 0.
SIG1 SIG2 S1G3 Sl SIGE

0.1326E+05 9568, 3020  0J296E+05 0.1157E+05
** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
1 1192, 02126E+05 01249E+05 0. 0. 0.
C 8202 148.0 O, 0. 0. 0.
O -4484  02096E+05 -0J249E+05 0. 4 0.
SIG1 SIG2 SIG3 Sl SIGE
I O.2126E+05 (.1249E+05 -1192. 0.2245E+05 0.1960E+05
C 1480 0. -820.2 968.2 903.4

O 4484  01249E+05 -0.2096E+05 0.2052E+05 0.1786E+05

** MIEMIPANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX 5 SZ SXY SYZ SXZ
1 7370 05 5 0.2575E+05 1181, 0. 0.
C -365.2 9% 0.1326E+05 1181, 0. 0.
O 6614 01155E+05 7788 1181. 0. 0.
SIG] SIG2 SIG3 Sl SIGE

I 03072E+05 0.2575E+05 -7814  03150E+05 0.2933E+05
C 01326E+05 9702 S503.7  01377E+05 0.1238E+05
O 7788 1260  -01167E+05 0.1245E+05 0.1213E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I 0 B462. 6791, <1084, 0. 0.
C 1206, -3051. 2509 2810 0. 0.
O 02665E-14 4409, 3808, -1224. 0. 0.
SIG) SIG2 SIG3 SI SIGF

I B598, 6791. -136.7 8735, 7986.
C 1224 -2509. -3070. 42%. 4042,
O 4726 3808, 3170 5043, 4652.

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I <7370  03914E+05 0.3254E+05 9659 0. 0.
C 8400 6512, 0.1076E+05 1462, 0. 0,
O 6614 -7140. 4587. -43.10 0. 0

SIGI  SiIG2  SIG3 Sl SIGE  TEMP
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I 03914E+05 0.3254E+05 -737.3 0.3987E+05 0.3702E+05 4545
. C 0J076E+05 6867. 4851 0.1027E+05 8986,
O  4587. 6.908 -7141. 01173E+05 0.1024E+05 5169

DISTANCE SY
0 39127.
0.75417E-01 16993,
0.15083 34867.
0.22625 32889,
0.30167 W91,
037708 29112,
0.45250 27344,
052792 25613,
0.60333 24083,
0.67875 22553,
0.75417 21023,
0.82958 19720.
0.905(x) 18435,
0.98042 17150,
1.0558 15881,
11313 14831,
1.2067 13781.
1.2821 12731.
13575 11681
14329 10725.
1.5083 9882.1
1.5838 9039.6

‘ 16592 8197.0
17346 73545
18180 65120
1.8854 5823.9
1.9608 5147.1
20363 44702
21117 1793 4
21871 31166
2.2625 24397
23379 1801 8
24133 1242.3
24888 682.80
25642 123.29
2,639 436.22
27150 95 73
27904 15552
2.8658 21147
29413 -2647.8
30167 31470
30021 3646.1
3.1675 41453
3.2429 46445
313183 51436
13638 56428
3.4692 61420

. 35446 66412
36200 71403
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TIME=  600.00 LOAD CASE= 1
THE FOLLOWING X,Y,Z STRESSES ARE IN SECTION COORDINATES.

* MEMBRANE **

SX SY SZ SXY SYZ SXZ
297 4 9251.  01260E+05 1107. 0. 0.
SIG1 SIG2 SIG3 sl SIGE

0.1260E+05 9386. 1625  0.1243E+05 0.1118E+05
** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
I -1085, 0.1761E+05 8593, 0. 0. 0.
C 6723 1226 0. 0. 0. 0.
O -2896  -0.1736E+05 -8593, 0. 0. 0.
SIG1 SIG2 SIG2 51 SIGE
I 01761E+05 &593. -1055. 0.1866E+05 (.1616E+05
C 126 0. 6723 7948 7412

O 2896 8593, -01736E+05 0.1707E+05 0.1479E+05

“* MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
| 7575  0.2686E+05 0.2119E+05 1107. 0. 0.
C -3749 9374.  01260E+05 1107. 0. 0.
O 7808 8111 4004, 1107. 0. 0.
SIG1 SIG2 SIG3 Sl SIGE

1 02690E+05 0.2119E+05 -801.9  02770E+05 0.25M4E+05
C 01260E+05 9498, 4991 01310E+05 0.1183E+056
O 4004, 1562  -8259. 0J1226E+05 0.1086E+05

** PEAK ** [=INSIDE C=CENTER O=0UTSIDE

SX SY SZ SXY SYZ SXZ
I 01137E-12 -3165. 4552 -1045. 0. 0.
C 1038 8122  -2873 M5 0. 0.
O -06040E-13 1568, 928.1 -1151. 0. 0.
SIGT SIG2 SIG3 Sl SIGE

| 3140  -3479. 4552, 4866, 4428,
C 1087 2873 8610 1948, 1734,
O 2176, 928.1 608 4 2785. 2416.

** TUTAL ** 1=INSIDE C=CENTER O=QUTSIDE

SX SY SZ SXY SYZ SXZ
1 <7575  02369E+05 0.1664E+05 62.19 0. 0.
C 6632 8561.  0I1231E+05 1412 0. 0.
O 7808 6543, 4932. 4321 0. 0

SIGY SIG2 SIG3 Sl SIGE TEMP
I O.2369E+05 0.1664E+05 -757.7  0.2445E+05 0.2180E+(05 503.7
C 01231E+05 8806, 4182  0.1189E+05 0.1059E+05
O 4932 8125  -6543.  0J148E+05 9971. 514.0

DISTANCE SY
0. 23693,
0.7517E-01 24004,
0.15083 24278.
0.22625 24252,
0.30167 24227,
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0.37708
0.45250
0.52792
0.60333
0.67875
0.75417
0.82958
0.90500
098042
1.0558
11313
1.2067
1.2821
1.3575
1.4329
1.5083
1.5838
1.6592
1.7346
1.8100
1.8854
1.9608
20363
21117
2.1871
2.2625
2.3379
24133
2.4888
2.5642
2.6396
27150
27904
2.8658
29412
30167
3.0921
3.1675
3.2429
3.3183
3,3938
3.4692
3546
316200
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23872

23462.
23009,
22327,
21645,

20123,
19270,
18417.
17559,
16635,
15710.
14786,
13861.
12957,
12078.
11199,
10320,
9440.6
85614
7788 4
7023.2
6258.0
5492.7
47275
3962.2
32409
26081
1975.2
13424
709,58
76.749
-556,08
-1188.9
7765
-2306.1
-2835.7
-3365.3
-38%4.9
-44245
49541
-5483.7
-6013.3
6543.0
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‘ APPENDIX C

| INPUT DATA LISTINGS
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, File = fwcyclel.S from rtrpl 5
/SHOW file33 dat

/AANPUT fileparm dat
*(0), RES

/PREPT

ENGINEERING APPLIED SCIENCES, INC.

[TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, fweyel §

" i)ARAMFl}k_A) L R R R R R R A R )

Ri=6469 ! INSIDE RADIUS, LOWER SHELL
R2=84 255 !, INSIDE RADIUS, UPER SHELL
TW=3 62 !, THICKNESS OF WALL
RF=2%TW I, RADIUS OF FILLETS (EST)

Y2=1567 ! REGION 4/5
Yi=3200 !, LOWER WELD
Y4=5]138 ! REGION 3/4
Y5=7532 1, REGION 2/3
Y6=84 47 !, REGION 112
Y7=9426 ', REGION 0/1
Y8=10875 ! UPPER WELD
Y9=121.13 ', REGION 1A2A
Y10=15500 !, TOP

L EXTEND MODEL LENGTH ¢*¢
Yi=¥3-63
Y10=YR+7]

ANGR=ATAN((YB-Y3)(R2-R1))
Pl=ACOS(-1)
ANGR={P1/2)-ANGR
ANGD=ANGR*(180/PD)

HU=3600%144 ' HF UNIT CONVERSION

Di=10 ', THRU THICKNESS
D2=8 !, LOWER SHELL
Di=h i, CONE

D4=10 {, UPPER SHELI
[D3=%

D6=4

D7=4

D8=§

1)9=§

D10=15

DF=3 I, DIV IN FILLET
Bl=§ !, BIAS THRU THICKNESS
1310=4

CCOORDINATE SYSTEMS #ssscsssscsessssrnsates

LOCAL,11,0R1Y3, -ANGD
LOCAL 120R1. Y3, -(ANGD/2)
LOCAL 13 0R2 Y&, (ANGDV/2)
CSYS

2032-0001-03
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\. KF‘YP()[NTS LR R )
K, L R1LYIL

K.2R1,Y2

KJ3R1Y3

K4R1,Y4

KMOVE 4,0,999,Y4,0,11,00,999,999
K.5R1YS
KMOVE,5,0,999,Y5.0,11,0 0,999,999
K6R1Y6E

KMOVE 6,0,999,Y6,0,11,0.0,999 999
K,7R1,Y7
KMOVE,7,0,999,Y7,0,11,0.0,999 999
K 8R2YR

K.9R2.Y9

K, 10R2, Y10

K LRI+TW)YI
KJ2(R1+TW)Y2
C5YS8,12

K I3 (TW/ICOS(ANGR/2))
CSYS, 1

*GET.YCKY 4

K14 TWYC
*GET.YCKY.5

K5 TWYC
*GET.YCKY 5

K161V . YC
*GET,YCKY,?7

KA1, TW.YC

CSYS.13

KB (TW/COS(ANGR/2)
CSYS

K19 (R2+TW),Y9
K20(R2+TW), Y10
SAVE

I. I [N}.S LR R R R R )
L,L1LDLBI
L.1,2D2

1.,23.D3

[.,3.4D4
LFILLT A 4(RF+TW)
LDVS, 3, D3
LDVS.4, D4
LDVS.5, DF

1..4.515

1,566

L6,7.D7

L,7.8D%8

1.89D9

LFILLT 9,10,RF
LDVS. 9D D8
1LDVS,10,.D9
LDVS. 11 . DF
1.9,10D10,B10
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*GET,LL1LSMX

L,11,12,D2
L,12,13.D3
L,13,14.D4
LFILLT, 14,15 RF
LDVS, 14 D3
LDVS, 15,14
LDVS, 16, DF
1.,14,15D3
1,15,16 D6
L,16,17,D7
L,17,18,D8
L1819 D9
LFILLT. 20,21 (RF+TW)
1.IDVS,20, DR
LDVS21,. D9
LDVS,22.DF
L,1920D10810

L.2,12,D1.B1

1.,21,25,D1,B1
1.,22,26 D1 B1
14,14 D1 B!

1..5.15.D1,B1

1.,6,16,D1 BI]

L.7,17,D1,8B1

1,23,27.Di B!
1.,24 28 D1 B1
L.9,19.D1 B8]

L.10,20,D1,B1
SAVE

[CAREAS ##sssssssssse snnes
Al11,12.2
A2,12.25.21
A21,25,26,22
A2226144
A4 14155
AS5,15.166
A6.16,177
AT1721.23
A23,27.28.24
A 2428199
A9.19.20.10
SAVE

CTYPE, MAT, REAL *sessessssssnsescsnss

KAN,-!

ET, 177 ', 2ND ORDER QUADRATIC THERMAL ELEMENT
KEYOPT,1 3,

CDENSITY *eevesssssssnssssssrsnssessvesnnes
DEN=490 !, DENSITY (Ib/fi**3)
MP.DENS | DEN/1728 !, DENSITY (Ib/in**3)

2032-0001-03
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1, ELASTIC MODULUS & POISSON RATIO #¢tetsesess
MPTEMP

MPTEMP,1,70,200,300,400,500,600

MPDATA EX,1,1,292E6,28 5E6,28 0F6,27 46,27 0E6,26 4E6

MPTEMP
MP NUXY, 1,029

!, THERMAL EXPANSION COEFICIENT *etvsosssssssar
MPTEMP,1,70,100,150,200,250,300
MPTEMP,7,350,400,450,500,550,600

MPDATAALPX,1,1,7 02E-6,7 06E-6,7 16E-6,7 25E+6,7 34E-6,7 43E-6
MPDATA,ALPX,1,7,7.50E-6,7.58E-6,7 63E-6,7 70E-6,7 7TTE-6,7 83E-6

ISHOW |

/GRAPH,GRID,)

/NUM,2

L, /WINDOW LTOP

/TITLE, ZION STEAM GENERATOR SHELL, HEAT CAPACITY Btu/ib-degF
MPPLOT,C,1

!, INOERASE

!, /IWINDOW RTOP

/TITLE, ZION STEAM GENERATOR SHELL, THERMAL CONDUCTIVITY Btu/1n-sec-degF
MPPLOT KXX.1

L /WINDOW, LBOT

MITLE, ZION STEAM GENERATOR SHELL, ELASTIC MODULUS Ib/in**2
MPPLOT.EX. I

L IWINDOW, RBOT

/TITLE, ZION STEAM GENERATOR SHELL, THERMAL EXPANSION COEFFICIENT in/in-degF
MPPLOT ALPX, 1

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, fweyel $
/ERASE

/WINDOW , FULL

/SHOW

/NUM

R,]

!. NO‘“’hS & lLl.M!’.ng R R R R R ]
ELSIZE..?

AMESH !

WSORT

U1 STEP SIZ1 ##sssssssssssssstasssnsnssnnons
DT={TW/DI*B1))**2
DT=DT/(10*TDR)

LBOUNDARY CONDITIONS *#ssssssssssscasssssnss
TREF,70

1, *GO,:82
1, *G0O, 83
!, *GO, S4
tsGO),SS
*GO, 86
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!, TRANSIENT NO. 1, HEATUP @ 100degF/hr #¢etssssses

/TITLE, TRANSIENT NO. 1, HEATUP @ 100degF /hr

‘81

TIM=0

TIME, TIM
LSSEL,2,LLI]
NLINE,|
NT,ALL, TEMP 70
ITER,-10,10
KBC,1

NALL

LWRITE

DTIM=5*3600
TIM=TIM+DTIM
NSTP=DTIM/D1
TIME, TIM
I.8SEL,2,LL1
NLINE,]
NTALLTEMP, 547
ITER,-NSTP, |
KBC,0

NALL

LWRITE

DTIM=10%60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
.SSEL,2,L.L1
NLINE 1
NT.ALL TEMP 547
ITER,-NSTP,,]
NALL

LWRITE

*GO, EX]

!, TRANSIENT NO. 2, COOLDOWN @ 100degF/hr ¢**9esess
[TITLE, TRANSIENT NO. 2, COO! DOWN @ 100degF /hr

S2

TIM=0

TIME TIM
LSSEL,2.LL1
NLINE, !
NT,ALL TEMP, 547
ITER,-10,,10
KBC,1

NALL

LWRITE
DTIM=5*1600
TIM=TIM+DTIM
NSTP=DTIM/DT

TIME, TIM

2032-0001-03
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LSSEL,2,LL]

. NLINE, |
NT,ALL TEMP 70

KBC,0
ITER,-NSTP 1
NALL
LWRITE

DTIM=10%60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME,TIM
L.SSEL,.2.LL1
NLINE,1
NT.ALL,TEMP,70
ITER,-NSTP,,1
NALL

LWRITE
*GO,EX1

!, TRANSIENT NO. 3, LARGE STEP LOAD DECREASE #%¢¢0*
/TITLE, TRANSIENT NO. 3, LARGE STEF I OAD DECREASE
83
TIM=0
TIME, TIM
L.SSEL,.2,LL1
NLINE,]
. NT ALL.TEMP, 506
ITER,-10,10
KHBC,)
NALL
LWRITE

DTIM=60
TIM=TIM+DTIM
NSTP=DTIM/DT
[IME, TIM
LSSEL,2,LLI
NLINE, |

NT,ALL TEMP 546
KBC.0

ITER -NSTP, 1
NALL

LWRITE

DTIM=120
IIM=TIM+DTIM
NSTP=DTIM/D1
I'ME, TIM

LSSEL, 2 LLI
NLINE, 1

NT.ALL, TEMP 510

. ITER,-NSTP,.1
NALI

LWRITE
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DTIM=(20*60)-TIM
TIM=TIM+DTIM
TIME,TIM
LSSEL,2,LL]
NLINE,)

NT,ALL TEMP 537
ITER,-NSTP,,1
NALL

LWRITE

DTIM=10%60
TIM=TIM+DTIM
TIME, TIM
LSSEL, 2111
NLINE, | ‘
NT,ALL, TEMP, 537 |
ITER-NSTP..| |
NALL |
LWRITE

*GO, EX]

I, TRANSIENT NO. 4, REACTOR TRIP ¢¢%0es2ssssss000e
STITLE, TRANSIENT NO. 4, REACTOR TRIP
S4

I'IM=0

TIME, TIM

LSSEL,2 $ NLINE,1 !, REGION § *
CVSF ALL,,, 1208/HU 547

LSSEL.3,5 § NLINE,l ! REGION 4

CVSF ALL,, 1208/HU 547

LSSEL,6  $ NLINE,! !, REGION 3

CVSF ALL,,,1208/HU 547

LSSEL,7 $ NLINE,1 ! REGION 2
CVSFALL,,, 1208/H1) 547

LSSEL, 8 $ NLINE,l !, REGION 1
CVSF.ALL,, S000/HU 547

I.SSEL,.9.12 $ NLINE,] ! REGION 0
CVSF,ALL,, . 10000/HU 547

ITER,-10,.10

KBC,1

NALL

LWRITE

*CREATE HMAC

1, 1=T0 2=T2 3=H2 4=T3 S=H3 6=T4 7=H4 8=TS 9=H35
LSSEL,2 $ NLINE,1 ! REGION 5
CVSFALL, ARGYHU ARGSR
LSSEL,3.5 $ NLINE,1 ! REGION 4
CVSFALL,, ARG7HU ARG6
LSSEL,6 $ NLINE,l ! KEGION 3
CVSFALL, ARGS/HU ARGA4
LSSEL,.7  $ NLINE,l ! REGION 2
CVSFALL, ,ARG3I/HU ARG2
LSSEL,8 S NLINE,I ! REGION 1
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CVSF,ALL,,,5000/HU,160

LSSEL,9,12 $ NLINE,1 ! REGION O
CVSF,ALL,, 10000/HU ARG |

KBC,0

NALL

LWRITE

*END HMAC

DTIM=10 1 1.0

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

A 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS5
*USE HMAC 547, 547 1208, 547 1208, 5471208, 547,1208

OTIM=0.1 1, 1.1

IIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP 1

1y 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=H5
*USE HMAC 547, 2001208, 547,1208, 547 1208, 547 1208

DTIM=10 ! 2.1

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

1, 1=T0 2=T2 3=H2 4=T3 $5=H3 6=T4 7=H4 8=T5 9=HS5
*USE,HMAC 547, 200,1208, 234,1208, 547,1208, 547,1208

DTIM=1.1 !, 32

TIM=TIM+DTIM

IME,TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

k 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS
*USE HMAC 547, 2001208, 234,1208, 292,1208, 547,1208

DTIM=22 1 54

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

1 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=TS 9=H35
*USE,HMAC 546, 200,1208, 234,1208, 292,1208, 370,1208

DTIM=50 ' 104

IIM=TIM+DTIM

I'ME,TIM

NSTP=DTIM/DT

ITER,-NSTP, |

1. 1=T0 2272 3=H2 4=T3 5=H3 6=T4 7=H4 8=TS 9=}H3
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*USE HMAC 546, 200,1208, 234,1208, 292,1208, 370,1208

DTIM=06 1,110

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER -NSTP,,1

b 1=T0 2=T2 3=H2 4=T3 3=H3 6=74 7=H4 8=T5 9=HS5
*USE HMAC,545, 226, 761, 258, 662, 402, 578, 357, 502

DTIM=114 !, 1250

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER -NSTP, 1

1 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=Hd4 B=T5 9=HS
*USEHMAC 525, 221, 761, 250, 662, 290, $78, 341, 502

DTIM=105 !, 2300

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP 1

!, 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=H5
*USEHMAC 500, 216, 761, 243, 662, 280, 578, 326, 502

DTIM=225 ! 4550
. TIM=TIM+DTIM
TIME,TIM
NSTP=DTIM/DT
ITER,-NSTP,,1
1, 1=T0 2=T2 3=H2 4=T3 §=H3 6=T4 7=H4 8=T5 9=H5
*USEHMAC 425, 206, 761, 227, 662, 257, 578, 295, 502

DTIM=105 !, 560.0

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,|

1, 1=TO 2=T2 3=H2 4=13 5=H3 6=T4 7=H4 8=T5 9=H35
*USE HMAC 400, 201, 761, 220, 662, 247, 578, 280, 502

DTIM=125 !, 6850

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,]

¥ 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS
*USE HMAC 390, 195, 761, 211, 662, 234, 57%, 263, 502

*GO,EX]
. f, TRANSIENT NO. 5, BOUNDING FAULTED EVENT ¢eessss

VATITLE, TRANSIENT RO S, BOUNDING FAULTED EVENT, STATE |1
55
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TIM=0

TIME,TIM
LSSEL,2,LL1
NLINE, 1

NT.ALL TEMP 547
ITER,-10,10
KBC,]

NALL

LWRITE

DTIM=60
IM=TIM+DTIM
NSTP=DTIM/DT
IME, TIM
LSSEL,2,LL1
NLINE, 1
NT,ALL TEMP,70
KBC0

ITER -NSTP,, |
NALL

LWRITE

DTIM=10%60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,2,LL]
NLINE, )
NT,ALL,TEMP,70
KBC O
ITER-NSTP,,1
NALI

LWRITE

I, TRANSIENT NO. 6, FEEDWATER CYCLING EVENT #eeeee
S6

I'IM=0

TIME, TIM

ITER,-10,,10

KBC.1

LSSEL,LLI $ NLINE,1 ', REGION 1A
CVSF,ALL,, 24/H1] 547

LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSF,ALL,, 76/ HU 547

NALL

LWRITE

DTIM=10 5, 10

IMM=TIM+DTIM

I'ME,TIM

NSTP=DTIM/DI1

ITER,-NSTP,.1

KBC.0

LSSEL,LL1 $ NLINE,1 !, REGION 1A
CVSFALL,,270 9/HU 546 5
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LSSEL,2,(LL1-1) $ NLINE,1 !, REGION 2A
CVSF,ALL,, 322 9/HU,538

NALL

LWRITE

DTIM=10 !, 40
TIM=TIM+DTIM
TIME, TIM
NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL,LL) $ NLINE 1 !, REGION 1A
CVSF,ALL, 323 .9/HU 546

LSSEL,2,(LL1-1) $ NLINE,1 !, REGION 2A
CVSF ALL,3759/M1),530

NALL

LWRITE

DTIM=30 1, 50

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL,LL1 $ NLINE,] !, REGION 1A
CVSFALL, 422 4/HU 545
LSSEL,2,(LL1-1) $ NLINE,1 {, REGION 2A
CVSF,ALL, 472.4/HU 502

NALL

LWRITE

DTIM=25 {, 75

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,, 1

LSSEL,LL1 $ NLINE,1 !, REGION 1A
CVSF ALL, 806 2/HU) 543 6
LSSEL,2,(LL1-1) $ NLINE 1 !, REGION 2A
CVSF,ALL,, 2002 2/HU,534

NALL

LWRITE

DTIM=15 ', 90
TIM=TIM+DTIM
TIME, TIM
NSTP=DTIM/DT

ITER,-NSTP, 1

L8SSEL.LL] $ NLINE,1 !, REGION 1A
CVSF,ALL,, 360 6/H1J 543

LSSEL,2,(LL1-1) $ NLINE,1 !, REGION 2A
CVSF,ALL,, 412.6/HU 522

NALL

LWRITE

DTiIM=20 L 110
TIM=TIM+DTIM
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TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL,LL1 $ NLINE,1 !, REGION 1A
CVSF,ALL,,.434 2/HU 542

LSSEL,2,(LL1-1) $ NLINE,1 !, REGION 2A
CVSF,ALL,,, 486 2/HU 504

NALL

LWRITE

DTIM=40 !, 150

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

LSSEL, LL1 $ NLINE,1 !, REGION 1A
CVSF,ALL,,, 532 0/HU,540.2
LSSEL,2,(LL1-1) § NLINE,] !, REGION 2A
CVSF,ALL,,, 584 O/H1J 468

NALL

LWRITE

DTIM=25 L1T7s

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL, LL1 $ NLINE,1 ', REGION 1A
CVSF,ALL,,,792 0/HU 5391
LSSEL,2,(LL1-1) $ NLINE,l !, REGION 2A
CVSF,ALL,,, 1988 O/H1J 531

NALL

LWRITE

DTIM=15 190

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF,ALL,, 357 4/HU 538 4
LSSEL,2,(LL1-1) $ NLINE 1 !, REGION 2A
CVSF ALL,, 409 4/HU 518

NALL

LWRITE

DTIM=30 !, 220

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF ALL 464 6/HUJ 537 )

LSSEL, 2 (LL1-1) $ NLINE,1 ', REGION 2A
CVSFALL,, 516 6/HU 490
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NA'J,
LWRITE

DTIM=55 1, 275

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER -NSTP i

LSSEL,LLI $ NLINE,1 |, REGION 1A
CVSF,ALL, 553 2/HU 534 6
LSSEL,2(LL1-1) $ NLINE,. !, REGION 2A
CVSF ALL,, 605 2/HU 453

NALL

LWRITE

DTIM=25 !, 300

TIM=TIM+DTIM

I'IME,TIM

NSTP=DTIM/DT

ITER -NSTP, 1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF ALL, 805 3/HUI 531§
LSSEL,2,(LL1-1) § NLINE,1 !, REGION 2A
CVSF.ALL,. 2001 3/HU1,524

NALL

LWRITE

DTIM=30 1, 330

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/MDT

ITER,-NSTP,1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF ALL, 423 5/HU 232 1
LSSEL,2,(LL1-1) $ NLINE,] !, REGION 2A
CVSFALL,, 475 5/HU1,497

NALL

LWRITE

DTIM=45 !, 375

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL LLI $ NLINE,1 !, REGION 1A
CVSFALL,, 529 4/HU 530 ]
LSSEL,2(LL1-1) $ NLINE 1 !, REGION 2A
CVSFALL,, 581.4/H11,459

NALL

LWRITE

DTIM=75 I, 450
TIM=TIM+DTIM
TIME, TIM
NSTP=DTIM/DI
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ITER, NSIP, |

LSSEL,LL] $ NLINE,1 !, REGION 1A
CVSF,ALL,, 778 2/HU 526 8
LSSEL,2(LL1-1) $ NLINE 1 |, REGION 2A
CVSF,ALL,,1974 2/HU 520

NALL

LWRITE

DTIM=30 i, 480

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,|

LSSEL, LLI $ NLINE,1 !, REGION 1A
CVSFALL, 416 9/HU 5254
L.SSEL,2.(LL1-1) $ NLINE,!1 !, REGION 2A
CVSF.ALL,, 468 9/H1) 492

NALL

LWRITE

DTIM=50 I 530

[TM=TTM+DTIM

TIME 1 1m

NSTP=DTIM/DT

ITER,-NSTP,.}

LSSEL,LLI $ NLINE,] !, REGION 1A
CVSF ALL,, 534 3/HU 523.2
LSSEL,2,(LL1-1) $ NLINE,1 !, REGION 2A
CVSF.ALL,, 596 3/HU 450

NALL

LWRITE

DTIM=30 1 S60
TIM=TIM+DTIM
[IME, TIM
NSTP=DTIM/DT

ITER,-NSTP,, 1

LSSEL,LL1 $ NLINE.| !, REGION 1A
CVSF,ALL 580 7/H1J 5220
LSSEL, 2, (LL1-1) $ NLINE,1 !, REGION 2A
CVSFALL,, 632.7/HU 427

NALL

LWRITE

D1TIM=40 t 600

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL,LL1 $ NLINE, 1 !, REGION 1A
CVSF.ALL,. 791 O/HU.5200
LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSF,ALL,,. 1987 O/HU 512

NALL

LWRITE

2032-0001-03

ENGINEERING APPLIED SCIENCES, INC.

Page C-15 of C-25



ENGINEERING APPLIED SCIENCES, INC.

!' EN]) TRANS]RN‘TS LA AR L R R R

EXI

I, MAKE SOME PLOTS #esssssss
ISHOW 1
/NUM,2

[ERASE
IWINDOW, LEFT
PBC,ALL,
NPLOT
INOERASE
/WINDOW, RIGH
VBC,ALL 0
EPLOT

/ERASE
IWINDOW, FULL
ISHOW

/NUM

KPSEL, 1 § NKPOI $ *GET NK1,NDMN

KPSEL,21 $ NKPOI $ *GETNK21 NDMN
KPSEL,22 § NKPOI $ *GET NK22 NDMN
KPSEL,23 § NKPOI § *GETNK23 NDMN
KPSEL, 24 $ NKPO[ $ *GET NK24 NDMN
KPSEL .9 $ NKPOL § *GET NK9NDMN

KPSEL, 10 § NKPOI $ *GET NK 10 NDMN
KPSEL,27 § NKPOL $ *GET NK27 NDMN
KPSEL,28 $ NKPOI § *GET NK28 NDMN
KPSEL 19 § NKPOL § *GET NK19NDMN

NSEL, NK24
ENODE
*GET,EK24 ELMN
NSEL NK9
ENODE
*GET.EK9 ELMN
EALL

NALL

SAVE
AFWRITE
FINISH

AANPUT 27
FINISH

BRI R RN RN RO IR RS
|:oo.oo.ooooooooocoooolcottooaonooooocoo‘tooo
POST26

NUMVAR,20

DISP.2 NK23 TEMP,TK 23

DISP 3 NK27 TEMP,TK 27

DISP 4 NK24 TEMP,TK 24

DISP.S NK28 TEMP, TK 28

DISP6 NK9 TEMP,TK9
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DISP,7NK 19, TEMP,1K 19

ADD,103.2 TK27,TK23,10,-1.0
ADD 11,54, TK28TK24,10,<1.0
ADDN2,76,TK19.TKS 10,10
EXTREME,10,13,1

IGRAPH GRID, 1

/SHOW .1

NUM,2

, IWINDOW _LTOP
!, PRVAR23,10

!\, PLVAR 23,10

!, INOERASE

I, IWINDOW, _RTOP
|, PRVAR4 5,11

', PLVARAS,1]

L /WINDOW, LBOT
!, PRVAR 6,712

!, PLVAR 6,712

!, /WINDOW, RBOT
L/TITLE, TEMPERATURE HISTORY, TOP FILLET TOP
PRVARA45,11
PLVARA4.511

I, /TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD
/ERASE
/WINDOW FULL
/SHOW

/INUM

FINISH

/POST

SET,,...60

RATIO,S

PLNSTR TEMP

/RATIO

JGRAPH GRID, I

/ISHOW |

NUM,2

LTITLE, TEMPERATURE THROUGH THICKNESS
PLPATHNK24 NK2R TEMP
PRPATH NK2ANK28 TEMP
PLPATH NK9NK19 TEMP
PRPATHNK9 NK 16 TEMP
/ERASE

/WINDOW, FULL

ISHOW

NUM

SET...,.275
/RATIO S
PLNSTR TEMP
/RATIO
/GRAPH GRID, |
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JSHOW 1

/NUM,2
PLPATHNK 24 NK28 TEMP
PRPATHNK 24 NK28 TEMP
PLPATHNK9 NK 19 TEMP
PRPATHNKY9 NK 19 TEMP
'MITLE, ZION STEAM GENERATOR SHELI
TERASE

/WINDOW, FULL

ISHOW

/NUM

SET,,...560

/RATIOS

PLNSTR,TEMP

/RATIO

IGRAPH GRID, 1

/SHOW, .1

/NUM,2
PLPATH NK24 NK28 TEMP
PRPATH NK24 NK2B TEMP
PLPATH NK2NK |9 TEMP
PRPATH NK9 NK 19 TEMP
LUITITLE, ZION STEAM GENERATOR SHELI
/ERASE

/WINDOW _ FULL

ISHOW

MNUM

SET,,,,.600

/RATIOS

PLNSTR, TEMP

/RATIO

/GRAPH GRID, 1

/SHOW .|

/NUM,2
PLPATHNK 24 NK 28 TEMP
PRPATH NK24 NK28 TEMP
PLPATH NK9NK 19 TEMP
PRPATHNK9 NK 19, TEMP
L ITITLE, ZION STEAM GENERATOR SHELL
/ERASE

/WINDOW , FULL

ISHOW

/NUM

l’ AXIAL PR()I.[L}} A R R R R R R R R R R R R )
SET,,...50

LPATHNK I NK21 NK22NK23 NK24 NK 10
PDEF,INTR TID, TEMP

PBC.PATH, I

NPLOT

PBC PATH O

PVIEW PLOT.TID
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., UPPER GIRTH WELD

., UPPER GIRTH WELD

.. UPPER GIRTH WELD
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SET,,...560

LPATHNK 1 NK2] NK22 NK23 NK24 NK10
PDEF INTR,TID,TEMP

/PBCPATH,|

NPLOT

/PBC PATHO

PVIEW PLOT.TID

FINISH

i. IR R R R A L
" R R R R R A
PREPT

RESUME

FALL

NALL

CVDELEALL

TDELE,ALL

TREF,70
TUNIF,70

ITER,) |
KANO

!, BOUNDARY CONDITIONS s#sesscssssse
NSEL,Y,YI

DALLUY 00

NALL

L, COUPLING AT TOP BOUNDARY #*tsesess
CPSIZE(D1+1)*2
KPSEL,,10,20,10
L.SKP,1

NLINE, |
*GET NI NDMN
Ni=N1

Pl

*GET NJNDMN NJ
*IFNILEQO, P2
CPAUYNINJ
*GO, Pl

P2

NALL

*CREATE LMAC

', *USE,LMAC TIM,PR

!, INTERNAL PRESSURE, INSIDE SURF

LSSEL, 2 LL)

NLINE, 1

PSFALL, ARG2

NALL

', END SURF

FAR=((R2**2)*ARG2 )2 !, AXIAL FORCE PER RADIAN
FNLFY FAR

2032-0001-03
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I, THERMAL LOAD #esessssase
TIME, ARG

KTEMP, ARGI

LWRITE

*END,LMAC

1, *GO,L2

1, *GO,L3

1, *GO, 14

!GO, LS

*GO, L6

|, TRANSIENT NO. |, HEATUP @ 100deg/hour
*USE,LMAC .00

*USE LMAC,5%3600,1020

*GO, EX2

f, TRANSIENT NO. 2, COOLDOWN @ 100deg/hour
1.2

*USE,LMAC,0,1020

*USE,LMAC,5*3600,0

*GO, EX2

!, TRANSIENT NO. 3, LARGE LOAD STEP DECREASE #**¢ssesss
L3

*USE LMAC 0,720

*USE,.LMAC 60,1091

*USE,LMAC, 180 802

*USE,LMAC 20%60,938

*GO, EX2

o. 1RANS“‘,NT N() 4‘ R'_ACI()R 'IR”) LR R R R R R R R R R R R R R
L4

*USELMAC.0,1020
*USE LMAC,0.556,1020
*USELMAC,1.111,1020
*USE.LMAC,2.222,1020
*USE,LMAC,4.444,1020
*USE LMAC 6 667,1020
*USE,LMAC,9.420,1020
*USE,LMAC, 10,1003
*USE,LMAC 20,987
*USE,LMAC 50947

*USE LMAC 125 848
*USE LMAC 230,681
*USE,LMAC 305,540
*USE,LMAC 385,422
*USE . LMAC 455326
*USE L.MAC 560,247
*USE LMAC 685,220
*GO, EX2

{, TRANSIENT NO. 5, BOUNDING FAULTED EVENT #sess0sss
L5

*USE,LMAC,0,1020

*USE LMAC 60,0
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*USE,LMAC,180,0
*USELMAC,300,0
*USE LMAC,600,0

I, TRANSIENT NO. 6, FEEDWATER CYCLING #¢¢tssssssssesss
L6
*USE.LMAC,0,1020
*USE,LMAC,10,1016
*USELMAC.20.1012
*USE.LMAC,50,1003
*USHE LMAC 60,998
*USE LMAC,75,990
*USE LMAC, 90,987
*USELMAC,110,979
*USE,LMAC 150,964
*USE LMAC,175,955
*USELMAC, 190,948
*USE LMAC,220,940
*USE LMAC, 275,920
*USE LMAC 300,904
*USE LMAC 330,900
*USELMAC 375 8RS
*USE,LMAC 385 884
*USE,LMAC 450 862
*USE.LMAC 480,852
*USE LLMAC, 530 834
*USELMAC, 560,826
*USELMAC 600812

EX2

' MAKE SOME PLOTS #tssssese
ISHOW 1
/ERASE
WINDOW LEFT
PBC,ALL,1
NPLOT
NOERASE
WINDOW RIGH
/PRC ALLD
EPLOT

/ERASE
WINDOW FUILL
ISHOW

AFWRITE

FINISH
T
R PR

ANPUT 27
FINISH

R R R R R R

R R e R ]

POST26

2032-0001-03
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ESTR.2EK24,16,5Y24
. ESTR3,EK9,16,8Y9
ESTR 4 EK24,18,5724
ESTR,S.EK9,18,829
ESTR 6, EK24,5]1 8124
ESTR.7.EK9,51 819
JGRAPH,GRID,
PRVAR.2,3,4,56.7
PLVAR,2.4.6
PLVAR3.5.7

FINISH

RES
I N e R )
’

IR e A R R R R R R R R R )

/POST
STRESS, TMP 82 88 | TEMPERATURE
/MSCALE, OFF

*CREATE, CMAC
RATIO
IWINDOW, LEFT
EDGE,, 1
PLNSTR,SI
/NOERASE
RATIO, S

. IWINDOW, RIGH
EDGE
PLNSTR,SI
RATIO
AWINDOW FULL
/ERASE
*END CMAC

*CREATE SMAC
ISHOW .|

/NUM,2
PLSECT NK24 NK2¥ -1,S]
PRSECT NK24 NK 2K -1
/ERASE

/WINDOW FULL
[SHOW

INUM

*END SMAC

*CREATE AMAC
/'SHOW |
PLSECT NK24 NK28 -1 S§Y
PRSECT NK24 NK28 -
ERASE

/WINDOW FULL

. SSHOW
SENDAMAC
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*CREATE,PMAC
/SHOW .

PLPATHNK24 NK28 5Y
PRPATHNK24 NK28 SY
/ERASE

/WINDOW FULL
/ISHOW

*END,PMAC

/MITLE, FEEDWATER CYCLING TRANSIENT

SET,,..60 $ *USE.CMAC
*USE AMAC
*USE PMAC
SET,,...75 § *USE.CMAC
*USE,AMAC
*USE,PMAC
SET,,...150 $ *USE,CMAC
*USE,AMAC
*USE PMAC
SET,,.,.175 $ *USE.CMAC
*USE,AMAC
*USE,PMAC
SET,,..275 § *USE CMAC
*USE, AMAC(
*USE ,PMAC
SET,,,.,300 § *USE CMAC
*USE AMAC
*USE PMAC
SET,,. 385 § *USE.CMAC
*USE,AMAC
*USE,PMAC
SET,,,.,450 § *USE,CMAC
*USE,AMAC
*USE,PMAC
SET,,,..560 § *USE.CMAC
*USE,AMAC
“USE PMAC
SET,,..600 § *USE CMAC
*USE,AMAC
*USE PMAC

FINISH
EOF

SET.,,,. 275

TITLE, FEEDWATER CYCLING TRANSIENT

*USE CMAC

!, *USE SMAC
*USE,AMAC
*USE PMAC
PRRFOR

SET,,.. 560

*USE CMAC
!, *USE SMAC
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*USE,AMAC
*USE PMAC
PRRFOR

SET,,,..600
*USE,CMAC

!, *USE SMAC
*USE AMAC
*USE PMAC
PRRFOR

l, AX‘AI PR("."‘ IR R R R A R R R R R A R ]
!, 8ET.,,,.50
SET,,,..50
LPATHNK I NK21 NK22 NK23 NK24 NK10
PDEF INTR.SHD,SI
PDEF,INTR SYID,SY
PDEF TR SZ1D 87
/PBC PATH, |
NPLOT
‘ /PBC PATHO
JGRAPH (IRID A
PVIEW PLOT SYIDSZID.SID

SET,,..,275
LPATHNK 1,NK21,NK 22 NK23 NK24 NK 10
PDEF INTR S 81
. PDEF INTR,SYID,SY
FDEF INTR SZID,52
PBC PATH, |
NPLOT
IPBC PATH O
JGRAPH GRID, |
PVIFW PLOT SYID,SZID SIID

SET,,..560

LPATHNK I NK21 NK22 NK23 NK24 NK 10
PDEF INTR SI1ID 8]

PDEF NTR SYIDSY

PDEF INTR,SZ1D),S7

/PBC PATH, )

NPLOT

PBC PATHO

IGRAPH,GRID,)

FVIEW PLOT SYID.SZID.SID

', SET,,.. 685

SET,,,..600

LPATHNK I NK2 I NK22 NK23NK24 NK10
PDEF INTR SI1D SI

PDEF INTR SYID SY

PDEFINTR SZ1D SZ

. PHC PATH, ]
NPLOT

PHCPATHO
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PVIEW PLOT SYID,SZID,SID

IGRAPH,GRID, 1
‘EX3
*STATUS
FINISH
EOF
sw-r«t=- | rhm
aw-r--r-- | thm
“qwer-<-- | rhm
“rwer-+r-- | rhm
sW-r--r=- | rhm
aWer-«f- | rhm
srw=r=r-- | rhm
AW-r--r== | rhm
rw-r--r-- | thm
swWo--r= | rhm
“rwer=+r+- | rthm
AWr-«r- | rhm
rw-r--t-- | thm
aWr--« | thm
TW-r+-1+= | thm
Wt | thm
H

rhm

W Lo oo

2032-0001-03

1128087 Oet 30 19:50 fweycelel 33

1204146 Nov 8 14:11 fweyclel . 33add
521235 Nov B 10:3) fweyelel 33rev

50066 Nov 8 12:04 fweyclel 5
395136 Oct 30 13:02 fweyclel 6
397605 Oect 30 19:50 fweyelel 6a
342994 Nov R 10:31 fweyclel 6b
219200 Nov 8 12:08 fweyelel 6ic
74602 Nov 8 15:18 fweyclel mpt
1069038 Oct 30 12:32 rirpl .33
696924 Oct 30 13:46 rirp! 33post]
52036 Oct 30 16:10 rtrpl 5
405302 Oct 30 12:32 rtrpl 6
197717 Oct 30 12:56 rirp) 6post
29395 Oct 30 1616 rrpl rpt
42436 Oct 24 14:43 sgeniil 5
247126 Oct 24 14:52 sgennl 6
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|, File = nirpl 5 copied from sgeniil §, copied from nsgen5.5
/SHOW file33 dat

RESUME
/INPUT fileparm,dat
*GO, RES

/PREP?

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, rtrpl §
l'PARAMETERS SRR R L A R R ]

R1=64 69 ! INSIDE RADIUS, LOWER SHELL

R2=84255 | INSIDE RADIUS, UPER SHELL

Tw=3352 |, THICKNESS OF WALL

RF=2*TW ! RADIUS OF FILLETS (EST)

Y2=1567 !, REGION 4/5
Y3=3200 ! LOWER WELD
Y4=5138 ! REGION 3/4
Y5=7532 !, REGION 2/3
Y6=84.47 | REGION 172

Y 7=94.26 , REGION 0/]
Y8=10875 !, UPPER WELD
Y9=121.13 ! REGION 1A/2A
Yi0=15500 !, TOP

!, EXTEND MODEL LENGTH ***
YIi=Y3.63
Y10=YR+71]

ANGR=ATAN((YB-Y3)/(R2-R1))
PI=ACOS(-1)
ANGR=(P1/2)-ANGR
ANGD=ANGR*(180/P])

HU=3600*144 !, HF UNIT CONVERSION

DI=10 ', THRU THICKNESS
D2=R !, LOWER SHELL
Mi=6 {, CONE

Dé=10 !, UPPER SHELL
DS=R

D=4

D7=4

D8=R

N9=§

D10=15

DF=3 !, DIV IN FILLET
Hi=$§ ', BIAS THRU THICKNESS
B10=4

P COORDINATE SYSTEMS #etssasssvssssnsscsnes
LOCAL 110 R1.Y3, -ANGD

LOCAL 12 0R1Y3 -(ANGD/2)
LOCAL13,0R2, Y8, (ANGID/2)
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LIVS,11,DF
1,9,10,D16,B10
*GET . 1.1, LSMX

L11,12,2
1,12,13,D03
L,13,14,D4
LFILLT 14,15 RF
L.DVS,14,D3
LDVS,15.D4
LDVS, 16, DF
114,155
[.,15,16,D6
L.16,17.D7
L1718 D8
L8199
LFILLT, 2021 {RF+TW)
LDVS,20, D8
LDVS21,D9
LLDVS22, DF
1.,19,20D10B16

L,2,12D1B]
1.,21,25D1,B1
22,26 D1 B1
A14D1 81
43,15 D1,BI
J6,16D1.81
17.D1.B1
.23.27.D1 Bi
24,28 D1 ,B1
.9.19.D1 Bi
L020D1B)
SAVE

o g Gt g g o g g

l' AR[.AS LR R R R R R R

ALLLLI22
A2,122521
A21,25,26.22
A2226,144
Ad 14,155
AS 15166
A6,16177
AT172723
A2327.2824
A2428199
A9.192010
SAVE

l. ‘ Ypr MA“ R}.Al AR AR R A R A R R R R

KAN -1

ENGINEERING APPLIED SCIENCES, INC.

ET,L77 ', 2ND ORDER QUADRATIC THERMAL ELEMENT

KEYOPT,13,1

l' l)tN-\’ lY AR AR AL R R R R R R R
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DEN=4%0 1, DENSITY (ib/fi**3)
MP,DENS,1,DEN/1728 !, DENSITY (Ib/in**3)

, HEAT CAPACITY & CONDUCTIVITY #¢eeesssscsssess
MPTEMP 1,70,100,150,200,250,300

MPTEMP, 7,350,400 ,450 500,550 600

TK=231 {, T=70 CONDUCTIVITY (Biuw/hr-ft-degh)
TD=0 455 L, T=70 DIFFUSIVITY (ft**2/hr)
TDR=TD*(144/3600) ! DIFF REF (in**2/sec)
TC=TK/ADEN*TD) ', SPECIFIC HEAT (Btu/lb-degF)
MPDATAC 11, TC

C1=3600%]2 1,

MPDATA KXX, 1,1, TK/CI

TK=236 3§ TD=045]1 ! T=100
TC=TKADEN*TD) !, SPECIFIC HEAT (Btw/lh-degF)
MPDATAC,1.2,TC $ MPDATAKXX,1,2,TK/C)

TK=241 8 TD=0 444 ! T=150
TC=TK/ADEN*TD) !, SPECIFIC HEAT (Bwu/lb-degF)
MPDATAC13,TC § MPDATA KXX,13,TK/C1

TK=24 4 § TD=0437 ', T=200
TC=TKADEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATAC.1 4TC § MPDATA KXX,1 4, TK/C1

TK=246 $ TD=0429 !, T=250
TC=TKADEN*TD) !, SPECIFIC HEAT (BtuNb-degF)
MPDATAC,15TC $§ MPDATA KXX, 1,5 TK/CI

TK=247 8 TD=0420 !, T=300
TC=TKADEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATAC 1,6 TC $ MPDATA KXX, 1,6 TK/CI]

K=247 % TD=0409 |, T=350
[C=TKADEN®*TD) !, SFECIFIC HEAT (Buw/lb-degF)
MPDATAC1,7,TC $ MPDATA KXX,1,7,TK/C)

TK=246 $ TD=0398 ! T=400
TC=TK/DEN*TD) !, SPECIFIC HEAT (Btu/lh-degF)
MPDATAC1.8TC § MPDATAKXY - TK/CI

TE=244 8 TD=0388 ! T=450
TC=TKADEN*TD) !, SPECIFIC HEAT (Bu/lb-degF)
MPDATAC.1.9TC $ MPDATAKXX,1,9TK/C]

TK=242 8 TD=0377 ! T=500

TC=TKADEN®*TD) !, SPECIFIC HEAT (Btu/ib-degh)
MPDATAC.1,10,TC $§ MPDATAKXX,i,10.TK/CI
IK=239 % TD=0364 !, T=550

TC=TK/ADEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATAC,L11.TC $ MPDATA KXX,1,11,TK/C1

TK=235 % TD=0353 !, T=600
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TC=TKADEN*TD) !, SPECIFIC HEAT (Btu/lb-degF)
MPDATAC,",12,TC $ MPDATA KXX,1,12, TK/C]

{, ELASTIC MODULUS & POISSON RATI() #¢veesesere
MPTEMP

MPTEMP, 1,70,200,300,400, 500,600
MPDATAEX,1,1,29.2E6,28 5E6,28 0E6,27 4E6,27 0E6,26 4E6

MPTEMP
MPNUXY, 1,029

I, THERMAL EXPANSION COEFICIENT #®¢e¢tesssssssss
MPTEMP,1,70,100,150,200,250,300
MPTEMP,7,350,400,450,500,550,600

MPDATA ALPX,1.1,702E-6,7 06E-6,7 16E-6,7 25E-6,7 34E-6,7 43E-6
MPDATAALPX,1,7.7 50E<6,7 S8E-6,7 63E-6,7 70E-6,7 TTE-6,7 83E-6

/SHOW .1

/GRAPH,GRID, |

MNUM,2

fIWINDOW LTOP

TITLE, ZION STEAM GENERATOR SHELL, HEAT CAPACITY Btu/lb-degF
MPPLOTC,]

t INOERASE

LAWINDOW, RTOP

[TITLE, ZION STEAM GENERATOR SHELL, THERMAL CONDUCTIVITY Btu/1n-sec-degF
MPPLOT KXX. 1

' /WINDOW LBOT

TITLE, ZION STEAM GENERATOR SHELL, ELASTIC MODULUS Ib/in**2
MPPLOT.EX, |

L/WINDOW, RBOYT

/TITLE, ZION STEAM GENERATOR SHELL, THERMAL EXPANSION COEFFICIENT infin-degF
MPPLOT ALPX, I

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, rtrpl 5
/ERASE

/WINDOW FULL

ISHOW

/NUM

R,

l. N()l)‘.s & ‘,l}WNIQ AR R L R R R R R R R R R ]
ELSIZE, 2

AMESH ALL

WSORT

|' .' Sr}.{P Sl/}: LR TR ]
DT=(TWADI*B1))**2

DT=DTK10*TDR)

PBOUNDARY CONDITHINS tresssssetsstvttscssnns
TREF .70

L GO, 82
1, *GO,.83
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(GO, S84
{, *GO,: 85
1, %GO, $6

1, TRANSIENT NO 1, HEATUP @ 100degF/hr *#sossssses
FTITLE, TRANSIENT NO. 1, HEATUP @ 100degF/hr

$1

TIM=0

TIME,TTM
LSSEL..2L.LI
NLINE, 1
NT.ALL,TEMP,70
ITER,-10,,10
KRBC,

NALL

LWRITE

DTIM=5*3600
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME,TIM
LSSEL,2,LL]
NLINE.]

NT ALL, TEMP 547
ITER NSTP |
KBC0

NALL

LWRITE

DTiM=10%60
TIM=)"M+DTIM
NSTP=)TIM/DT
TIME,TIn®
LLSSEL, 21 L1
NLINE 1

NT ALL. TEMP 547
ITERNSTP,.1
NALL

LWRITE
*GO,EX)

!, TRANSIENT NO. 2, COOLDOWN @ 100degF/hr **¢oes0es

/TITLE, TRANSIENT NO. 2, COOLDOWN @ 100degF/hr

82
TIM=0
TIME,TIM
LSSEL,2.LLI
NLINE 1
NT,ALL. TEMP 547
ITER,-10,,10
KRC 1
NALL
LWRITE

DTiM=5*3600
TiM=TIM+DTIM

2032-0001-03
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NSTP=DTIM/DT

TIME,TIM
LSSEL,2,LLI1
NLINE, 1

NT ALL,TEMP,70
KBC,0

ITER,-NSTP, 1
NALL

LWRITE

DTIM=10%60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,21L1
NLINE, |
NT,ALL,TEMP,70
ITER-NSTP, I
NALL

LWRITE
*GOEX]

!, TRANSIENT N7 3, LARGE STEP LOAD DECREASE *%#%**
[TITLE, TRANSIENT NO. 3, LARGE STEP LOAD DECREASE
83

TIM=0(

TIME, TIM

LSSEL,2 L}

NLINE,1

NT,ALL, TEMP 506

ITER.-10,,10

KBC,1

NALL

LWRITE

DTIM=60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME TIM
LSSEL,.2,L1.1
NLINE,]

NT ALL TEMP, 546
KBC,0
ITER,-NSTP,.1
NALL

LWRITE

DTIM=120
TIM=TIM+DTIM
NSTP=DTIM/D]
TIMETIM

LSSEL, 2,LL]
NLINE, |
NTALL.TEMPS51C
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ITER,-NSTP,,
NALL
LWRITE

DTIM=(20*60)-TIM
TIM=TIM+DTIM
TIME,TIM
LSSEL,2,LL)
NLINE, 1

NT ALL TEMP 537
ITER -NSTP,.1
NALL

LWRITE

DTIM=10%60

T A=TIM+DTIM
TIME,TIM
LSSEL, 2 LL1
NLINE, I
NTALL.TEMP 537
ITER-NSTF 1
NALL

LWRITE

*GO, EXI

!, TRANSIENT NO 4, REACTOR TRIP
/TITLE, TRANSIENT NO 4, REACTOR TRIP

54
TIM=0
TIME,TIM

LSSEL,2 § NLINE,|
CVSFALL,,1208/HU 547
LSSEL,3,5 $ NLINE,!
CVSFALL,,1208/HU 547
I.SSEL.6 $ NLINE,I
CVSFALL,, 1208/HU,547
LSSEL,7 $ NLINE,i
CVSF,ALL ,1208/HU 547
LSSEL,8  $ NLINEI
CVSF ALL,, 5000/HU 547
LSSEL,9,12 $ NLINE,|
CVSFALL,, 10000/HU 547

ITER,-10,,10
KBC,|
NALL
LWRITE

*CREATE HMAC

', REGION §
!, REGION 4
', REGION 3
!, REGION 2
', REGION 1

!, REGION 0

ENGINEERING APPLIED SCIENCES, INC.

R R R L R R R R

L, 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 B=T5 9=H3S

LSSEL,2  $ NLINE,)
CVSFALL, ARGYHU ARGS
LSSEL.3.5 $ NLINE|I
CVSFALL,, ARG7/HU ARG6
LSSEL.6 S NLINE]
CVSFALL ,ARGS/HU ARG4

2032-0001-03

', REGION 5
', REGION 4

!, REGION 3
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LSSEL,7 $ NLINE,1 !, REGION 2
CVSFALL, ARG3HU ARG2

LSSEL,8 §$ NLINE,l !, REGION I
CVSF ALL,,5000/HU,160

LSSEL,9,12 $ NLINE,! !, REGION O
CVSF,ALL,,, 10000/HU ARG ]

KBC,0

NALL

LWRITE

*END HMAC

DTIM=] 0 10

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,,]

L, 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS
*LUSE HMAC 547, 547 1208, 547,1208, 547,1208, 5471208

DTIM=0.1 1,11

I'M=T.M+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,,1

5 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 R=T5 9=HS
*USE HMAC 547, 200,1208, 5471208, 547,1208, 547 1208

DTIM=10 1, 2.1

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER -NSTP,,|

s 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS
*USE,HMAC 547, 200,1208, 2341208, 547,1208, 547,1208

DTIM=1.1 1,32

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER -NSTP,, 1

L, 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 B=T5 9=HS
*USE HMAC 547, 200,1208, 234 1208, 292,1208, 5471208

DTIM=22 1 54

TIM=TIM+DTIM

TIME TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

! 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS
*USE HMAC 546, 2001208, 234 12CK, 292,1208, 3701208

DTIM=50 ! 104

TiM=TIM+DTIM
TIME, TIM

2032-0001-03
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NSTP=DTIN/TIT

ITER,-NSTP ,»

1, 1=19 2=T2 3=H2 4=T3 5=H3 6=T4 T7=H4 8=T5 9=H3
SUSEHN AC,546, 200,1208, 234,1208, 292,1208, 370,1208

DTIM<«06 !, 11.0

TIM=TIM+DTIM

TINE,TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

5 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS
*USE HMAC 545, 226, 761, 258, 662, 402, 578, 357, 502

DTIM=114 ! 1250

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP, 1

4 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=H5
*USE HMAC 525, 221, 761, 250, 662, 290, 578, 341, 502

DTIM=105 !, 2300

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/D1

ITER -NSTP, 1

ke 1=T0 2=72 3=H2 4=T3 5=H3 6=T4 7=H4 8=T5 9=HS5
*USE HMAC 500, 216, 761, 243, 662, 280, 578, 326, 502

DTIM=225 !, 4550

TIM=TIM+DTIM

TIME. TIM

NSTP=DTIM/DT

ITER,-NSTP 1

i 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 B=T5 9=H5
*LUUSEHMAC 425, 206, 761, 227, 662, 257, 578, 295, 502

DTIM=108 !, 5600

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP 1

# 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 7=H4 B=T5 y=HS
*UUSE HMAC 400, 201, 761, 220, 662, 247, 578, 280, 502

DTIM=125 |, 6850

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP, |

f® 1=T0 2=T2 3=H2 4=T3 5=H3 6=T4 T=H4 8=T5 9=HS
*USE_HMAC,390, 195, 761, 211, 662, 234, 578, 263, 502

*G0O, EX]

2032-0001-03
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!, TRANSIENT NO. 5, BOUNDING FAULTED EVENT ¢¢e¢sees
FTITLE, TRANSIENT NO. 5, BOUNDING FAULTED EVENT, STATE 1
85

TIM=0

TIME,TIM

LSSEL,2LL]

NLINE, |

NT,ALL TEMP,547

ITER,-10,,10

KBC,]

NALL

LWRITE

DTIM=60
TIM=TIM+DTIM
NSTP=DTIM/DT
[ME, TIM
L.SSEL,2,LL1
NLINE,1

NT ALL TEMP.70
KBC0

ITER -NSTP,,1
NALL

LWRITE

DTIM=10%60
TIM=TIM+DTIM
NSTP=DTIM/DT
TIME, TIM
LSSEL,2.LLI
NLINE,1
NT,ALL,TEMP,70
KBC0

ITER -NSTP,,1
NALL

LWRITE

I, TRANSIRNT NO 6, FEEDWATER CYCLING EVENT ¢¢eses
S6

TIM=0

I'IME,TIM

ITER,~10,10

KRBC,1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF,ALL, 24/H1) 547

LSSEL,2(LL1-1) $ NLINE.1 ', REGION 2A
CVSF ALL, 76/HU 547

NALI

LWRITE

DTIM=|0 L10
TIM=TIM+DTIM
I'IME, TIM
NSTP=DTIM/DT
ITER,-NSTP,. 1
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KBC,0

L.SSEL LLI $ NLINE,1 !, REGION 1A
CVSFALL,,270.9/H1 546 5
LSSEL,2,(LL1<1) $ NLINE,l !, REGION 2A
CVSFALL,, 322 9/H1] 538

NALL

LWRITE

DTIM=10 1, 20

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/D1

ITER -NSTP,1

LSSEL,LL] $ NLINE1 !, REGION 1A
CVSF ALL,, 323 9/HU 546
LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSF,ALL, 3759MU 530

NALL

LWRITE

DTIM=30 i, 50

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/MY

ITER,-NSTP,,1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF ALL,, 422 4/HU 545

LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSFALL,,472 4/HU 502

NALL
LWRITE

DTIM=25 1,75
TIM=TIM+DTTM
TIME,TIM
NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL, LL1 $ NLINE,} ! REGION 1A
CVSFALL.,. 806 2/HU 543 6
LSSEL,2,(LL1<1) $ NLINE,1 !, REGION 2A
CVSF.ALL,,2002 2/H17,534

NALL

LWRITE

DTIM=15 f, 90

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/1T

ITER,-NSTP,1

LSSELLL) $ NLINE,1 !, REGION 1A
CVSF,ALL, 360 6/HU 543
LSSEL,2(LL1-1) $ NLINE 1 !, REGION 2A
CVSFALL,, 412 6/HU 522

NAILI

LWRITE

2032-0001-03
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DTIM=20 {, 110

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF,ALL,,434 2/HU 542
LSSEL,2(LL1-1) $ NLINE1 |, REGION 2A
CVSFALL,, 486.2/HU, 504

NALL

LWRITE

DTIM=40 !, 150

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER -NSTP,.1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSF,ALL,,,532 0/HU,540 2
LSSEL,2(LL1-1) $ NLINE,1 {, REGION 2A
CVSF,ALL,, 584 0/HU 468

NALL

LWRITE

DTIM=23 L 175

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/D]

ITER,-NSTP,]

LSSEL,.LLI $ NLINE,] !, REGION 1A
CVSFALL,, 792 0/HU 539 1
LSSEL,2(LL1-1) $ NLINE 1 !, REGION ZA
CVSF.ALL,, 1988 0/HU 531

NALL

LWRITE

DTIM=15 ', 190

TIM=TIM+DTIM

TIME, TIM

NETP=DTIM/MT

ITER -NSTP, 1

LSSEL 1L $ NLINE,1 !, REGION 1A
CVSF,ALL,,,357 4/HU 538 4
LSSEL,2(LL1-1) $ NLINE 1 ', REGION 2A
CVSFALL,, 409 4/HU 518

NALL

LWRITE

DTIM=30 1, 220

TIM=TIM+DTIM

TIME, TIM

NSTP=DTIM/DT

ITER,-NSTP,.1

LSSEL,LLI $ NLINE,1 !, REGION 1A
CVSFALL 464 6/HU 537 ]

2032-0001-03
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LSSEL,2,(LL1-1) $ NLINE,1 !, REGION 2A
CVSFALL,, 516 6/H!J 490

NALL

LWRITE

DTIM=55 1,275

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER,-NSTP,.1

LSSEL,LL] $ NLINE,l !, REGION 1A
CVSFALL, 553 2/HU 534 6
LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSF.ALL,,, 605 2/11),453

NALL

LWRITE

DTIM=25 1, 300
TIM=TIM+DTIM
TIME, TIM
NSTP=DTIM/DT

ITER,-NSTP,,1

LSSEL,LL] $ NLINE,l !, REGION 1A
CVSF,ALL, BO53/HU, 333 5
LSSEL,2(LL1-1) $ NLINE,] !, REGION 2A
CVSFALL,,2001 3/HU 524

NALI

LWRITE

DTIM=30 1,330

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER -NSTP 1

LSSEL,LL] $ NLINE,l !, REGION 1A
CVSF ALL, 423 5/HU,532 1
LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSFALL,,, 475 5/H11 497

NALI

LWRITE

DTIM=45 t, 375

TIM=TIM+DTIM

TIME,TIM

NSTP=DTIM/DT

ITER -NSTP, |

LSSEL,LL1 $ NLINE, 1 !, REGION 1A
CVSF ALL,, 529 4/HU 5301
LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSFALL,, 581 4/H1J 459

NALL

LWRITE

DTIM=75 '\ 450
ITM=TIM+DTIM

2032-0001-03
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TIME,TIM

NSTP=DTIM/]

ITER,-NSTP,,|

LSSEL,LL] $ NLINE,] f, REGION 1A
CVSF.ALL,, 778 2/H1) 526 8
LSSEL,2(LL1-1) $ NLINE,! !, REGION 2A
CVSF,ALL,, 1974 2/HU 520

NALI

LWRITE

DTIM=30 ', 4RO
TIM=TIM+DTIM
[TME,TIM
NSTP=DTIM/DT
ITER,-NSTP,,1

LSSEL,LLI $ NLINE,! ', REGION 1A
CVSF,ALL,.416 9/HU 5254
LSSEL,2,(LL1-1) $ NLINE,l !, REGION 2A
CVSF,ALL,, 468 9/H1 492

NALI

LWRITE

DTIM=50 ' 530

IIM=TIM+DTIM

T'ME. TIM

NSTP=DTIM/DT

ITER,-NSTP,1

LSSEL,LL] $ NLINE,1 !, REGION 1A
CVSF ALL, 534 3/H1U,5232
LSSEL,2(LL1-1) $ NLINE,1 !, REGION 2A
CVSFALL,,, 596.3/HU 450

NALI

LWRITE

DTIM=30 ' 560
IIM=TIM+DTIM
I''ME, TIM

NSTP=DTIM/D1

ITER-NSTP, |

LSSEL, LL1 $ NLINE,l !, REGION 1A
CVSF ALL,, 580 7/HU 5220
LSSEL,2,(LL1-1) § NLINE,1 !, REGION 2A
CVSF ALL,, 632 7/HU 427

NALI

LWRITIE

DTIM=40 1, 600

TIM=TIM+DTIM

I'IME, TIM

NSTP=DTIM/TY]

ITER,-NSTP,. |

LSSEL, LLI $ NLINE 1 ' REGION 1A
CVSFALL .79 0/HU 5200
LSSEL,2.(LL1-1) $ NLINE,1 ', REGION 2A
CVSFALL 1987 0/HU 512
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NALL
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ENGINEERING APPLIED SCIENCES, INC.

0‘ EN‘) IRANS“.N"S LR R R R R R R R A )

EX]1

I, MAKE SOME PLOTS #%etessasse
/SHOW |
/NUM,2

/ERASE
/WINDOW LEFT
/PBCALL,I
NPLOT
/NOERASE
/WINDOW, RIGH
/PBC,ALL O
EPLOT

/ERASE
/WINDOW  FULL
/SHOW

/NUM

KPSEL,,1 § NKPOI § *GET NK 1 NDMN

KPSEL,21 § NKPOI § *GET NK21 NDMN
KPSEL, 22 § NKPOI § *GET ,NK22 NDMN
KPSEL.23 $ NKPOI § *GET NK23 NDMN
KPSEL,24 $ NKPOI § *GET NK24 NDMN
KPSEL,9 § NKPOI § *GET NK9NDMN

KPSEL,,10 § NKPOI $ *GET NK10NDMN
KPSEL,27 $ NKPOI § *GETNK27 NDMN
KPSEL,28 § NKPOI § *GET NK28 NDMN
KPSEL, 19 $ NKPOI § *GETNK19NDMN

NSEL,NK24
ENODE

*GET EK24 ELMN
NSEL,NK9
ENODE
*GET EK9 ELMN
EALL

NALL

SAVE
AFWRITE
FINISH

/INPUT 27
FINISH

T R R
T P
POST26

NUMVAR, 20

ISP 2NK23, TEMP,TK23

DISP3NK27TTEMP,TK27
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DISP 4 NK24 TEMP,TK 24
DISP,5 NK28 TEMP, TK28
DISP,6 NK9 TEMP,TK9

DISP,7NK19, TEMP, TK 19

ADD,103,2,TK27,TK23,,10.-1.0
ADD,11,5,4, TK28,TK24,,1.0,-1.0
ADD 12,76, TK19TKY ,1.0,-1.0
EAXTREME, 10,13,1

/GRAPH GRID, |

/SHOW,,,1
NUM,2

I IWINDOW LTOP
!, PRVAR,23,10
!, PLVAR.2,3,10
!, INOERASE
L, /WINDOW RTOP

', PRVAR 4,511

', PLVAR 4,511

L IWINDOW, LBOT

', PRVARG,7,12

!, PLVAR6,7.12

L /WINDOW RBOT

/TITLE, TEMPERATURE HISTORY, TOP FILLET TOP

PRVARA.S5 11

PLVAR 45,11

/TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD, rtrpl 5
/ERASE

IWINDOW FULL

/SHOW

NUM

FINISH

POSTI

SET.....50

/RATIOS

PLNSTR, TEMP

/RATIO

/GRAPH GRID, |

/SHOW .1

NUM,2

LTITLE, TEMPERATURE THROUGH THICKNESS, rirpl .5 @ 50sec
PLPATHNE 24 NK2R TEMP
PRPATH NK24 N 2K TEMP
PLPATH NK9NK 19 TEMP
PRPATHNEK9 NK 19 TEMP
FRASE

WINDOW, FUILL

SHOW

NUM

SET,,,,. 180
RATIO, S
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PLNSTR, TEMP

/RATIO

/GRAPH,GRID,1

/SHOW 1

/INUM .2
PLPATH NK24 NK28 TEMP
PRPATH NK24 NK 28, TEMP
PLPATHNK9 NK 19, TEMP
PRPATHNKS NK 19 TEMP
UATITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD
ERASE

/WINDOW FULL

ISHOW

NUM

SET,,.,.300

RATIO,S

PLNSTR TEMP

/RATIO

/GRAPH GRID, |

/SHOW .|

/NUM,2

PLPATH NK24 NK2R TEMP
PRPATHNK 24 NK28 TEMP
PLPATH NK9 NK 19 TEMP
PRPATHNK9 NK19 TEMP
TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD
/ERASE

/WINDOW FULI

/SHOW

/NUM

SET,,,..560

/RATIOS

PLNSTR TEMP

/RATIO

/GRAPH,GRID, L

/ISHOW |

NUM,2

PLPATH NK 24 NK28 TEMP
PRPATHNK24 NK21R TEMP
PLPATH NK9NK 19 TEMP
PRPATH NK 9 NK 19 TEMP
TITLE, ZION STEAM GENERATOR SHELL, UPPER GIRTH WELD
/FRASE

/WINDOW _ FULI

/SHOW

INUM

0. AX[A‘ PR(]}."} LA AR LR R R R R R R Y
SET,,,..50

LPATHNK I NK2I NK22NA23INK24 NK 10
PDEF INTR TID TEMP

PBC PATH,I

NPLOT
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PBC PATH0
PVIEW PLOT,TID

SET.....560

LPATHNKI NK2I NK22NK23 NK24 NK 10
PDEF,INTR,TID, TEMP

/PBC PATH,]

NPLOT

/PBC PATH,0

PVIEW PLOT TID

FINISH

". LR R R R R R )
l' LA AR AR R R R R R R R R R R R R R R R )
/PREP7

RESUME

EALL

NALL

CVDELEALL

TDELEALL

TREF,70
TUNIF,70

ITER,1,,1
KANDO

|, BOUNDARY CONDITIONS #%essssseasse
NSEL,Y.Y1

DALLUY 00

NALL

1, COUPLING AT TOP BOUNDARY #ssscsss
CPSIZE(D141)*2
KPSEL,10.20,10
1LSKP,|

NLINE, 1
*GET NI NDMN
NJ=N|

Pl

*GET NJINDMN NJ
*IFNJEQO, P2
CP,LUY NI NJ
(), Pl

P2

NALL

*CREATE LMAC

', *USE,LMAC TIM PR

!, INTERNAL PRESSURE, INSIDE SURF
LSSEL,2LL]

NLINE,)

PSFALL,ARG2

NALL
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!, END SURF

FAR=((R2**2)*ARG2 )2 !, AXIAL FORCE PER RADIAN
FNLFYFAK

1. THERMAL LOKAI) tessesstass

TIME ARG

KTEMP, ARG

LWRITE

*END,LMAC

1, *G0O: L2

LeGOLS

*GO L4

LGOS

!, *GO, L6

!, TRANSIENT NO. |, HEATUP @ 100deg/hour
*USE,LMAC .00

*USE.LMAC 5%*3600,1020

*GO, EX2

!, TRANSIENT NO. 2, COOLDOWN @ 100deg/hour
L2

*USE,LMAC.0,1020

*USELMAC,5*3600.0

*(O, EX2

!, TRANSIENT NO. 3, LARGE LOAD STEP DECREASE ®%%e¢ssess
L3

*USEJLMAC 0,720

*USE,LMAC 60,1091

*USE,LMAC, 180 802

*USELMAC20%60,938

*GO, EX2

!, TRANSIENT NO. 4, REACTOR TRIP #tetsesstnsesstntsisesss
1.4

*USELMAC.0,1020

*USE LMAC 0.556,1020
*USELMAC,1.111,1020
*USELMAC,2.222,1020
*USE,LMAC 4 444,1020

*USE LMAC,6 667,1020
*USELMAC 9420,1020
*LISE,LMAC, 10,1003
SUSEJLMAC 20 987

*USELMAC 45955 ', ADDED
*USE,LMAC 50,947
*USELMAC 125 84R
*USELMAC, 230,681

*USE LMAC 305,540

*USELMAC 385422

*USE LMAC 455,326

*USE LMAC 560,247

SUSELMAC 600235 1, ADDED
*USE.LMAC 685,220

GO, EX2
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I, TRANSIENT NO. §, BOUNDING FAULTED EVENT ¢#sossess
LS

*USE,LMAC 0,1020

*USE LMAC 60,0

*USE LMAC 1800

*USE,LMAC,300,0

*USE 1LMAC 6000

!, TRANSIENT NO. 6, FEEDWATER CYCLING #tsssssssrssecs
L6

*USE,LMAC 0,1020
*USE LMAC, 10,1016
*USELMAC, 20,1012
*USE LMAC 50,1003
*USE LMAC,75,990
*USELMAC 90 987
*USE,LMAC,110,979
*USE LMAC,150,964
*USE,LMAC, 175,955
*USELMAC, 190 948
*USE LMAC 220,940
*USE,LMAC 275,920
*USE,LMAC,300 %04
*USE,LMAC 375 885
*USELMAC 450 862
*LUSE,LMAC 480 852
*USE LMAC 530,834
*USELMAC 560 826
*USELMAC 600,812

EX2

l- MAKF S( )Mf. ;)l( )ls (AL R
SHOW, )
/ERASE
WINDOW _LEFT
/PBC ALL,I
NPLOT
MNOERASE
/WINDOW _RIGH
/PBC ,ALL0
EPLOT

ERASE
/WINDOW FULI
SHOW

AFWRITE
FINISH
|, A T T T T, )

A

/INPUT 27
FINISH

R A A A R A R R R R R )
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POST26
ESTR,2,FK24,16,8Y24
ESTR,3EK9.168Y9
ESTR 4 FK24,18 8724
ESTR,5EK9,18 829
ESTR,6,EK 24,51 8124
ESTR,7,EK9.51 819
IGRAPH,GRID, |
PRVAR234,567
PLVAR2A46
PLVARJ3,57

FINISH

RES
"“....l‘.“...00'..........l...‘.........‘.

R R A R R R A R A

POSTI
STRESS, TMP 82 8% ! TEMPERATURE
/DSCALE, OFF

*CREATE,CMAC
/RATIO
IWINDOW, LEFT
EDGE )
PLNSTK.31
/NOERASE
/RATIOS
/WINDOW, RIGH
FDGE
PILNSTR 8!
/RATIO
/WINDOW_FULI
/ERASE
*END.CMAC

*CREATE SMAC
ISHOW 1

/NUM,2

PLSECT NK24 NK28.-1,8]
PRSECTNK24 NK28 -1
/ERASE

SWINDOW FUILI

SHOW

/NUM

*END, SMAC

*CREATE AMAC
SSHOW 1

NUM,2

PLSECTNK24 NK28 -1 8Y
PRSECT NK24 NK2R -§
/ERASE

WINDOW FULL
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/SHOW
/NUM
*END,AMAC

*CREATE FMAC
/ISHOW, .|

NUM,2

PLPATHNK24 NK28 SY
PRPATH . NK24 NK28 8Y
/ERASE

/WINDOW, FULL
/SHOW

/NUM

*END PMAC

SET,1

!, /TITLE, TRANSIENT NO. 1, HEATUP @ 100deg/hour, STATE |

!, [TITLE, TRANSIENT NO. 2, COOLDO'WI @ 100deg/hour, STATE 1|

L, /TITLE, TRANSIENT NO. 3, LARGE STEP LOAD DECREASE STATE |
/TITLE, TRANSIENT NO. 4, REACTOR TRIP

! ITITLE, TRANSIENT NO. 5, BOUNDING FAULTED EVENT, STATE 1
*USE,CMAC

!, *USE SMAC

*USE,AMAC

*USE PMAC

PRRFOR

SET,2

L /TITLE, TRANSIENT NO. 1, HEATUP @ 100deg/hour, STATE 2
LMITLE, TRANSIENT NO. 2, COOLDOWN @ 100deg/howr, STATE 2

!, 7TITLE, TRANSIENT NO_ 3, LARGE STEP LOAD DECREASE STATE 2
TITLE, TRANSIENT NO. 4, REACTOR TRIP

LTITLE, TRANSIENT NO. 5, BOUNDING FAULTED EVENT, STATE 2
*USE,CMAC

!, *USE SMAC

*USE,AMAC

*USE PMAC

PRRFOR

|, *GO, EX3

. SETA

SET.....

L /TITLE, TRANSIENT NO 3, LARGE STEP LOAD DECREASE STATE 3
/TITLE, TRANSIENT NO. 4, REACTOR TRIP

L TITLE, TRANSIENT NO. 5, BOUNDING FAULTED EVENT, STATE 3
*USE,CMAC

!, *USE SMAC

*USE AMAC

*USE PMAC

PRRFOR

', SET 4
SET.,,...560
! TITLE, TRANSIENT NO. 3, LARGE STEP LOAD DECREASE STATE 4
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A a4 B

fTITLY, TRANSIENT NO 4, REACTOR TRIP
L, MITLE, TRANSIENT NO. 8§ BOUNDING FAULTED EVENT, STATE 4

*USE CMAU
I, *LISE,SMAC
*USE AMAC
*USE ,PMAC
PRRFOR

MTTLE, ZION STEAM GENERATOR SYUELL, rtrpl.5

SET,.,.685

LTIELE, TRANSIENT NO. 3, LARGE STEP LOAD DECREASE STATE 4
/TITLE, TRANSIENT NO. 4, REACTOR TRIP
LTITLE, TRANSIENT NO. 5, BOUNDING FAULTED EVENT, STATE 4

*USE,CMAC
!, *USE . SMAC
*UUSE. AMAC
*USE PMAC
PRRFOR

/MITLE, ZION STEAM GENERATOR SHELL, rtrpl 5

l' Ax,Al PR(”': L LR R AR R R R R R )
|, BET,....50

SET,)
LPATHNKINK2I NK22 NK23 NK24 NK10
PDEF INTR SIID,S1

PDEF INTR.SYIDSY

PDEF INTR SZID.SZ

/PBC PATH, 1

NPLOT

/PBC PATH O

IGRAPH GRID,!

PVIEW PLOT SYID,SZ1D,SHD

PVIEW PRIN SYID.SZ1D SIID

SET,,..275

LPATHNK I NK21 NK22 NK23 NK24 NK 10
PDEF,INTR,SIID,SI

PDEF,INTR SYID,SY

PDEF INTR,SZID,SZ

/FPBC PATH, I

NPLOT

/PBC PATH,0

JGRAPH GRID, 1

PVIEW PLOT SYIDS7Z1D,S11D

SET,,,, 560

LPATHNKINK2INK2Z NIT2INK24 NK 1D
FDLEF INTR SIID,SI

PDEFINTRSYIDSY

PIZEF INTR SZ21D . S7

PBC PATH.I

NPLOT

PBC PATH.O

GRAPH GRID.

PVIEW PLOT . SYID,SZID SID
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SET,,,..685
!, 8ET,,,, 600

LPATHNK I NK2? 3% " NK23 NK24 NK 1|

PDEF INTR,SHD %1
POEFINTR SYID.87

PDEF INTR,SZ1D 82

/PBC PATH.I

NPLOT

PRC,PATH,0

MGRAPH,GRID 1

PVIEW PLOT SYID,SZID SHD

EX3
*STATUS
FINISH

/’}()}

*GET,YC23INY NK23
*GET,YCONYNKY
NSEL,Y,YC9,Y(C23
ENODE,
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