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1 INTRODUCTION

An indication was identified during the 2005 inservice inspection of the reactor pressurizer at Point Beach
Nuclear Plant Unit 1. The indication did not meet the flaw acceptance standards of ASME B&PV Code
Section X1, IWB-3510 [1]. It is therefore necessary to conduct a flaw evaluation per Section XI IWB-
3600. This calculation evaluates the identified flaw per the guidelines of Section XI, IWB-3610, which
include acceptance criteria based on linear elastic fracture mechanics and consideration of potential flaw
growth. This calculation does not apply to other flaws which may be identified, without further
evaluation. Conservative assumptions have been used in this evaluation to demonstrate flaw acceptability
per IWB-3610. This calculation has been design reviewed in accordance with the requirements of the
Structural Integrity Associates Quality Assurance Program.

2 TECHNICAL APPROACH

Fracture mechanics methods consistent with the requirements of ASME Section XI have been applied to
this flaw evaluation. The acceptance criterion is that the applied stress intensity factor due to the observed
flaw, with consideration of flaw growth over the remaining life of the plant, remains below the material
toughness, including applicable margins from Section XI. The flaw acceptance criteria based on applied
stress intensity factor was determined based on Paragraph IWB-3612 of ASME Section XI [1]. The
material toughness for the carbon steel pressurizer shell material at operating temperature is taken to be
200 ksi-vinch, consistent with Figure A-4200-1 from ASME Section XI Appendix A for Ki.. A safety
factor of V10 is applied, as required by IWB-3610. This gives an allowable stress intensity factor of
200/N10 = 63.25 ksi-Vinch.

3 FLAW CHARACTERIZATION

The indication is a planar indication located in the Upper Shell to Upper Head weld [4]. The indication is
located in the weld material on the side of the Upper Head, and running parallel to the weld. It is a
subsurface indication with a through wall depth of 0.57 inches, a length of 0.875 inches, and surface

separation of 0.72 inches.

The observed flaw is entirely subsurface and not exposed to any fluid chemistry.

4 DESIGN INPUTS

The as-measured wall thickness is 4.41 inches for the Upper Shell to Upper Head weld (from plant UT
reports [4]).

The Upper Head material is SA216WCC, and the Upper Shell material is SA302B. Both of these are
carbon steels [2]. These components are clad with an austenitic stainless steel material on the inside
surface [6]. Such cladding is typically 3/16” thick. However, the thickness of the cladding is not

—
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considered to be load bearing (per applicable design Codes), so no credit is taken in the original design for
this material.

From Reference 2, Section 7.0, the combined direct and bending stresses at the affected weld location are
shown in the following table. To be conservative, the highest of these values is used, and conservatively
treated as an applied membrane stress

Location Meriodiona'll : Circumferential
inside | outside inside | outside
Upper Head Weld 8663 17844 | 21922 24676

In addition to the above stresses, a thermal stress at the flaw location was calculated as described in
section 6.1 of this calculation.

Welding residual stresses and cladding induced stresses at the flaw location are negligible since the vessel
is a thick walled shell that has been stress relieved, and the flaw is not adjacent to the base metal/cladding
interface.

The flaw is characterized ([4]) as being 0.875 inch long, 0.57 inch across (in the depth direction), with a
separation from the outside surface of 0.72 inch.

5§ ASSUMPTIONS

1. To be conservative, the highest of the stress values reported in Section 4.0 is used, and conservatively
treated as an applied membrane stress. This is conservative because membrane stresses are more
severe than bending stresses at equal magnitude.

The service life is assumed to be 60 years.

The material toughness Ky is taken as 200 ksi- vinch, from Section XI Appendix A [1].

In the thermal stress analysis in Appendix C, the inside surface convection coefficient is
conservatively taken as 800 BTU/hour-fi>-°F, which is much higher than actually expected in the
region of interest.

el ol

6 CALCULATIONS

6.1  Through wall transient thermal stress calculation

The referenced stress report [2] does not expressly define thermal stresses at the area of interest.

Therefore, a thermal stress calculation was performed. The SI thermal analysis program PIPE-TS2 [5] was
used. A thermal transient of a cool down at a rate of 200° F per hour from an initial temperature of 680° F
to a final temperature of 80° F was assumed. This transient is assumed to bound all thermal transients at

I
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the flaw location [8]. The resulting maximum stress at the depth of the observed flaw was determined to
be less than 5 ksi. Output from the analysis is contained in Appendix C.

6.2 Fracture mechanics evaluation

Linear elastic fracture mechanics and fatigue flaw growth evaluations of the indication were performed.
The indication was modeled as a subsurface semi-elliptical flaw in an infinite plate subjected to membrane
and bending stress as illustrated in Figure 1. This is a common fracture mechanics model applied to
subsurface flaws in thick shells. Figure 1 refers to the 1986 Edition of ASME Section XI. This is the
Edition to which the SI fracture mechanics program pc-CRACK [3] was developed. However, the flaw
definition in that figure remains the same in subsequent Editions of the Code, including the committed
Edition and Addenda for Point Beach [1]. For this subsurface flaw model, the flaw depth is defined as 2a.
Therefore, the flaw depth, a, is half of the measured flaw depth as reported in the UT reports.

For the indication the flaw parameters were calculated as follows:

Depth [4] 2a=10.57 inch
Length [4] 1=0.875 inches
Aspect ratio: a/l =0.326

a/t = .0646=6.46%
Eccentricity ratio:  2e/t = 0.543

The applied stress intensity factors for the indication above were calculated using pc-CRACK, [3]. The
aspect ratio of 0.1 was conservatively used in the evaluation for the indication. The applied stress intensity
factor Kappiied at the limiting location on the flaw face was compared to an allowable value of Ki/V10,
where K is the material toughness (assumed to be 200 ksi-Vinch for the pressurizer material at the service
temperatures, from Section XI, Appendix A, Figure A-4200-1), and the factor of V10 represents the factor
of safety that is imposed by ASME Section XI, IWB-3610 for Normal and Upset conditions. The
allowable K is therefore 63.25 ksi-Vinch. As long as the applied stress intensity factor remains below the
allowable value for the flaw size, the flaw remains acceptable by Section XI criteria. pc-CRACK output
for the fracture mechanics analysis is contained in Appendix A.

6.3  End of Life Fatigue Flaw Growth Calculation

Since the indications are subsurface and therefore not wetted, the end of life flaw size due to fatigue
growth was calculated using the fatigue growth curves for carbon and low alloy ferritic steels exposed to
air environments, Figure A-4300-1 of Appendix A of Section XI [1]. The flaw was conservatively
assumed to experience cyclic stresses corresponding to a stress range from 0 to 30 ksi. This is
conservative because the latter value corresponds to the sum of the highest reported direct plus bending
stress, plus the calculated thermal stress, rounded upward. Most actual transients will be much less severe
than this bounding transient.
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Fatigue growth results are contained in Appendix B.

7 RESULTS OF ANALYSIS

The fracture mechanics analysis presented in Appendix A shows that the current flaw is acceptable per the
criteria of ASME Section XI, IWB-3612. The calculated maximum stress intensity factor for the observed
flaw is 27.99 ksi-Vinch, as compared to the allowable value of 63.25 ksi-Vinch, which includes required
safety margins as noted in section 2 of this calculation. In fact the flaw could grow to more than twice the
current size and remain acceptable.

The fatigue growth calculation demonstrates that over more than 200 cycles from 0 to 30 ksi, the resulting
flaw growth is insignificant compared to the current size of the flaw. Therefore, growth of the flaw to an
unacceptable size over the remaining life of the plant is not predicted.

8 DEGRADATION MECHANISMS

The observed flaw is a subsurface flaw that is remote from any surface (either the wetted inside surface or
the air outside surface). Such a flaw is therefore not a result of chemistry-driven mechanisms such as
stress corrosion cracking or corrosion. Furthermore, the original fatigue analysis summarized in [7] notes
that at this general location in the pressurizer, the cumulative fatigue usage factor over the life of the plant
is less than 1.0, and so flaw initiation by a fatigue mechanism is not plausible. ASME Section III limits
fatigue usage over the life of the plant to less than 1.0, to limit fatigue damage such that fatigue cracks will
not initiate. These factors lead to the conclusion that the observed flaw is in fact an artifact of original
fabrication, and not to an active degradation mechanism. The evaluation of the hypothetical flaw growth
by a fatigue mechanism is therefore conservative.

9 CONCLUSIONS AND DISCUSSIONS

Based on the results of the evaluation presented in this calculation package, the indication found during the
inservice inspection of the pressurizer welds are acceptable and meet the requirement of ASME Code,

Section XI, IWB-3610 [1].

The indication area is about 0.5 in®. The area of the upper shell to head weld is about 1164 in%, assuming
an inside radius of 42 inches, and a wall thickness of 4.41 inches. The area reduction is less than 0.043%
of the original area. This area reduction will have no significant affect on the hoop stress in the weld.
Thus, the pressurizer stress analysis based on ASME Boiler and Pressure Vessel Code Section III in
Reference 2 is not affected. Therefore, the requirement of IWB-3610 (d) (2) is satisfied.
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= Calculated K is maximum. -
. ofK atpoints1 &2.

- Model assumesthat =

. the centerofthecrack

- ispositionedat x St/2

Co=Opnt+ 0y

. Oy = Cy+ Cy(%;) (membrane siress)
oy = -C(h) (ending stress)

'REQUIRED INPUTS!

t. wall thickness

a. - maximum crack depth

 (Buny <min[(0.95 - 2e/t)t/2, 0.325))
o, material yield stress
afl: crackaspectratio (0.1 a2/ <0.5)
Zefi: eccentricity ratio (0 < 2eit <0.6)

Figure 1: ASME B&PYV Code Section XI Subsurface Crack Model

Cp = -2\ Section A-A
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APPENDIX A

pc-CRACK OUTPUT FILES: ALLOWABLE FLAW DETERMINATION
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PZRSUB2
tm

pC~CRACK for windows

version 3 .1-98348
(€) copyright '84 - '98

structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
san Jose, CA 95118-1557
voice: 408 -978-8200
Fax: 408 -978-8964
E-mail: pccrack@structint.com

L inear Elastic Fracture Mechanics
Date: wed oct 19 15:55:50 2005

Input Data and Results File: PZRSUB2.LFM

Title: POINT BEACH PRESS URIZER

toad cases:
stress Coefficients
Case ID co cl 2 Cc3 Type
unit 10 0 0 0 cCoeff
—-———— Through wall Stresses for Load Cases with Stress Coeff-------
wall Case
Depth unit
0.0000 10
0.0750 10
0.1500 10
0.2250 10
0.3000 10
0.3750 10
0.4500 10
0.5250 10
0.6000 10
0.6750 10
0.7500 10

Crack Model: El1liptical subsurface Cracked Plate Under Membrane & Bending Stresses
Reference: ASME Boiler and Pressure vessel Code, Section XI, '86 Ed.
WARNING: The stress intensity factor (K) is the maximum of
K at point 1 and K at point 2 as identified in Section XI.

Crack Parameters:

wall thickness: 4.4100
max. crack depth: 0. 7500
Crack aspect ratio: 0.1000
Eccentricity ratio: 0.5400
Material yield strength: 38.0000

Co = Ssigma(membrane) + Sigma(bending)
Cl = -2*Sigma(bending)/t hickness

-------------------- Stress Intensity Factor-- --------c----ee- -~
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crack Case
Size unit
0.0150 2.07134
0.0300 2.93478
0.0450 3.60104
0.0600 4.16585
0.0750 4.6662
0.0900 5.12103
0.1050 5.54156
0.1200 5.93511
0.1350 6.30672
0.1500 6.66008
0.1650 6.99797
0.1800 7.32252
0.1950 7.63545
0.2100 7.93814
0.2250 8.23171
0.2400 8.51713
0.2550 8.79518
0.2700 9.06656
0.2850 9.33184
0.3000 9.59154
0.3150 9.84611
0.3300 10.0959
0.3450 10.3687
0.3600 10.6401
0.3750 10.9089
0.3900 11.1753
0.4050 11.4395
0.4200 11.7016
0.4350 11.9619
0.4500 12.2205
0.4650 12.4775
0.4800 12.733
0.4950 12.9871
0.5100 13.24
0.5250 13.4917
0.5400 13.7423
0.5550 13.998
0.5700 14.2712
0.5850 14.5442
0.6000 14.817
0.6150 15.0897
0.6300 15.3623
0.6450 15.6348
0.6600 15.9074
0.6750 16.18
0.6900 16.4526
0.7050 16.7254
0.7200 16.9982
0.7350 17.2713
0.7500 17.5445

Material fracture toughness:
Material ID: A216wCC
Depth Klc
0.0000 200.0000
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PZRSUB2
0.5000 200.0000
2.0000 200.0000
4.4000 200.0000

Load combination for critical crack size:

Load Case Scale Fac tor
unit 2.5000
unit ) 0.5000 -
Crack Total
Size K Klc
0.015 6.21401 200
0.03 8.80433 200
0.045 10.8031 200
0.06 12.4976 200
0.075 13.9986 200
0.09 15.3631 200
0.105 16.6247 200
0.12 17.8053 200
0.135 18.9202 200
0.15 19.9803 200
0.165 20.9939 200
0.18 21.9676 200
0.195 22.9063 200
0.21 23.8144 200
0.225 24.6951 200
0.24 25.5514 200
0.255 26.3855 200
0.27 27.1997 200
0.285 27.9955 200
0.3 28.7746 200
0.315 29.5383 200
0.33 30.2878 200
0.345 31.1062 200
0.36 31.9204 200
0.375 32.7267 200
0.39 33.5258 200
0.405 34,3184 200
0.42 35.1049 200
0.435 35.8857 200
0.45 36.6615 200
0.465 37.4324 200
0.48 38.1989 200
0.495 38.9613 200
0.51 39.7199 200
0.525 40.4751 200
0.54 41.2269 200
0.555 41.9939 200
0.57 42.8135 200
0.585 43.6325 200
0.6 44,4509 200
0.615 45,269 200
0.63 46.0868 200
0.645 46.9044 200
0.66 47.7221 200
0.675 48.5399 200
0.69 49,3578 200
0.705 50.1761 200
0.72 50.9947 200
0.735 51.8138 200
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PZRSUB2
0.75 52.6334 200

critical crack size not found.

End of pc-CRACK Output

Page 4



APPENDIX B

pc-CRACK OUTPUT FILE: FATIGUE CRACK GROWTH

ﬁ Sfl'llcll_fral ’ntegf”y File No.: PBCH-14Q-301 Revision: 0
Associates, Inc.




PZRFATG2
tm

pc~CRACK  for windows

version 3 .1-98348
(C) Copyright '84 - '98

Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24

San Jose, CA 95118-1557

voice: 408-978-8200

Fax: 408 -978-8964

E-mail: pccrack@structint.com

L inear Elastic Fracture Mechanics
bate: wWed Oct 19 16:23:54 2005

Input Data and Results File: PZRFATG2.LFM
Title: POINT BEACH PRESS URIZER

Load cCases:

Stress Coefficients
Case ID co cl c2 c3 Type
unit 10 0 0 0 Coeff

-—————- Through wall Stresses for Load Cases wWith Stress Coeff-------

wall Case
Depth unit
0.0000 10
0.0750 10
0.1500 10
0.2250 10
0.3000 10
0.3750 10
0.4500 10
0.5250 10
0.6000 10
0.6750 10
0.7500 . 10

Ccrack Model: Elliptical Subsurface Cracked Plate under Membrane & Bendi ng Stresses
Reference: ASME Boiler and Pressure vessel Code, Section XI, '86 Ed.
WARNING: The stress intensity factor (K) is the maximum of
K at point 1 and K at point 2 as identified din Section XI.

Crack Parameters:

wall thickness: 4. 4100

Max. crack depth: 0. 7500

Crack aspect ratio: 0.1000
Eccentricity ratio: 0.5400
Material yield strength: 38.0000
Co = sigma(membrane) + Sigma(bending)
Cl = -2*sigma(bending)/t hickness

-------------------- stress Intensity Factor-- -------=w----o-- -
Page 1
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Crack Case

Size unit
0.0150 2.07134
0.0300 2.93478
0.0450 3.60104
0.0600 4.16585
0.0750 4.6662
0.0900 5.12103
0.1050 5.54156
0.1200 5.93511
0.1350 6.30672
0.1500 6.66008
0.1650 6.99797
0.1800 7.32252
0.1950 7.63545
0.2100 7.93814
0.2250 8.23171
0.2400 8.51713
0.2550 8.79518
0.2700 9.06656
0.2850 9.33184
0.3000 9.59154
0.3150 9.84611
0.3300 10.0959
0.3450 10.3687
0.3600 10.6401
0.3750 10.9089
0.3900 11.1753
0.4050 11.4395
0.4200 11.7016
0.4350 11.9619
0.4500 12.2205
0.4650 12.4775
0.4800 12.733
0.4950 12.9871
0.5100 13.24
0.5250 13.4917
0.5400 13.7423
0.5550 13.998
0.5700 14.2712
0.5850 14.5442
0.6000 14.817
0.6150 15.0897
0.6300 15.3623
0.6450 15.6348
0.6600 15.9074
0.6750 16.18
0.6900 16.4526
0.7050 16.7254
0.7200 16.9982
0.7350 17.2713
0.7500 17.5445

Crack Growth Laws:

Law ID:  PZR Fatigue . o .
Model: ASME Section XI - ferritic steel in air environment

da/dN = C * S * dKA3.07
where
Page 2



PZRFATG2

S =25.72 * (2.88 - R')A(-3.07)
R=0 for R <O
R'= R for R>=0
dK = Kmax - Kmin
R = Kmin / Kmax

where:
C = 1.9900e-010

is for the currently selected units of:
force: kip
length: inch

Material Fracture Toughness KIC:
Material ID: A216wCC
Depth KIc
0.0000 200.0000
0.5000 200.0000

2.0000 200.0000
4.4000 200.0000

Initial crack size= 0.2850
Max. crack size= 0.7500
Number of blocks= 1
Print increment of block= 1
Cycles calc. Print crk. Grw. Mat.
subblock /Time incre. incre. Law Klc
PZR 1000 50 50 PZR Fatigue A216wcC
Kmax Kmin
subblock Case ID Scale Factor Case ID Scale Factor
PZR unit 3.0000 unit 0.0000
Ccrack growth results:
Total Subblock
Cycles Cycles DaDn
[Time /Time K max Kmin peltak R /DabDt Da a
a/thk
Block: 1 »
50 S0 2.80e+001 0.00e+000 2. 80e+001 0.00 5. 51e-006 2.76e-004 0.2853 0.06
100 100 2.80e+001 0.00e+000 2. 80e+001 0.00 5. 52e-006 2.76e-004 0.2856 0.06
150 150 2.80e+001 0.00e+000 2. 80e+001 0.00 5. 53e-006 2.76e-004 0.2858 0.06
200 200 2.80e+001 0.00e+000 2. 80e+001 0.00 5. 54e-006 2.77e-004 0.2861 0.06
250 250 2.81e+001 0.00e+000 2. 81e+001 0.00 5. 55e-006 2.77e-004 0.2864 0.06
300 300 2.81e+001 0.00e+000 2. 81e+001 0.00 5. 56e-006 2.78e-004 0.2867 0.07
350 350 2.81e+001 0.00e+000 2. 81e+001 0.00 5. 56e-006 2.78e-004 0.2869 0.07
400 400 2.81e+001 0.00e+000 2. 81e+001 0.00 5. 57e-006 2.79e-004 0.2872 0.07
450 450 2.81e+001 0.00e+000 2. 81e+001 0.00 5. 58e-006 2.7%9e-004 0.2875 0.07
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.81e+001 0.00e+000 2. 81e+001 0.00 5.59e-006 2.80e-004 0.2878
.81e+001 0.00e+000 2. 81e+001 0.00 5. 60e-006 2.80e-004 0.2881
.82e+001 0.00e+000 2. 82e+001 0.00 5. 61e-006 2.80e-004 0.2883
.82e+001 0.00e+000 2. 82e+001 0.00 5. 62e-006 2.81e-004 0.2886
.82e+001 0.00e+000 2. 82e+001 0.00 5. 63e-006 2.81le-004 0.2889
.82e+ 001 0.00e+000 2. 82e+001 0.00 5. 64e-006 2.82e-004 0.2892
.82e+001 0.00e+000 2. 82e+001 0.00 5. 64e-006 2.82e-004 0.2895
.82e+001 0.00e+000 2. 82e+001 0.00 5. 65e-006 2.83e-004 0.2897
.82e+001 0.00e+000 2. 82e+001 0.00 5. 66e-006 2.83e-004 0.29
.83e+001 0.00e+000 2. 83e+001 0.00 5. 67e-006 2.84e-004 0.2903
.83e+001 0.00e+000 2. 83e+001 0.00 5. 68e-006 2.84e-004 0.2906

End of pc-CRACK Output
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APPENDIX C

PIPE-TS2 OUTPUT: THERMAL STRESS CALCULATION
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PZR4
bate: 10-19-2005 Time: 13 :59:47 PAGE 1
e hhhhhhhhhkhhdddh hhhhhhhdhhhhhddh RkThhfhhhhhdehhd khdhhhhdhhhhhhhhd khhhkdhd

¥ % % % % PIPE-TS2 VERSION 1.01 (4/17/91 1930) * ¥ ¥ * *
=== START OF INPUT

INPUT IS FROM THE S CREEN
THIS FILE IS => PZR4.0UT

CASE INFORMATION. .. sevvevroensasson sannnnns cresacns
CASE DESCRIPTION:
THROUGHWALL THERMAL STRESS CALCULATION FOR POINT BEACH PZR

MODEL INFORMATION.. ¢ tvceevennonnsss asocssnsnoncnas soos
INSIDE RADIUS(INCHES) = 42
OUTSIDE RADIUS(INCHES) = 46.4
MATERIAL INTERFACE RADIUS(IN.) = 42.2

NUMBER OF NODES IN PIPE MODEL 20
NUMBER OF NODES FOR INNER MATERIAL 2

Date: 10-19-2005 Time: 14 :01:31 PAGE 2

dedek dededdeekdhdhekdedededede hekhhhhddehdefefehtehd fdkdededehhdehdhohdodd khdekdehhhddehdddhh khkdhkickk

¥ % % % * PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *

TEMPERATURE INFORMATION.......c0uss vesraes Cerenae aen
INITIAL PIPE WALL TEMPERATURE (F) = 680

INSIDE FLUID TEMP ERATURE HISTORY: TIME(SEC)/TEMPERATURE(F)
TIME (SEC) 0.00 T (F) +680.0

TIME (SEC) = 3600.00 T (F) = +480.0
TIME (SEC) = 7200.00 T(F) = +280.0
TIME (SEC) = 10800.00 T(F) = +80.0
TIME (SEC) = 100000.00 T(F) = +80.0

INSIDE FLUID HT TRANSFER COEFFICIENT HISTORY BTU/HR-FT2-F
TIME (SEC) 0.00 H (BTU/HR-FT2-F) = +8.0000E+02
TIME (SEC) 100000.00 H (BTU/HR-FT2-F) = +8.0000E+02

OUTSIDE FLUID TEMPERATURE HISTORY : TIME(SEC)/TEMPERATURE(F) =
TIME (SEC) = 0.00 T (F) +100.0
TIME (SEC) = 100000.00 T (F) +100.0

OUTSIDE HT TRANSF ER COEFFICIENT HISTORY BTU/HR-FT2-F
TIME/HEAT TRANSFER COEFFICIENT =

TIME (SEC) = 0.00 H (BTU/HR-FT2-F) = +2.0000E-01
TIME (SEC) = 100000.00 H (BTU/HR-FT2-F) = +2.0000e-01
Date: 10-19-2005 Time: 14 :03:50 PA GE 3

Thk hhhhhddehdehdedehdehek dhdefeekdededddehdhhh khdddehdehheheddddd khhhhfehdhdhdheddedd kdkkkhhk

¥ % % % % pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
MATERIAL PROPERTIES (INNER MATERIAL) ...... ceeraee .
CONDUCTIVITY(BTU/ HR-FT-F) = 10

DENSITY (LB/FT3) X SPECIFIC HEAT (BTU/LB-F)
Page 1



PZR4
RHOCP(BTU/FT3-F) = 53.68
E - MODULUS OF ELASTICITY(KSI) = 27000
ALPHA - COEFFICIENT OF THERMAL EXPANSION(IN/IN-F) = .00001
NU - POISSONS RATIO = .3

MATERIAL PROPERTIES (OUTER MATERIAL) .:vvvvennrons e
CONDUCTIVITY(BTU/ HR-FT-F) = 26
DENSITY (LB/FT3) x SPECIFIC HEAT (BTU/LB-F)
RHOCP(BTU/FT3-F) = 55.031
E - MODULUS OF ELASTICITY(KSI) = 28500
ALPHA - COEFFICIENT OF THERMAL EXPANSION (IN/IN-F) = .0000068
NU - POISSONS RATIO = .3

STRESS-FREE TEMPE RATURE FOR BIMETALLIC CYLINDER (F)
May be any value for single material T =

TIME CONTROL INFORMATION.....cevvvt snnrasosnnsnnns
MAXIMUM STABLE TIME STEP IS APPROXIMATELY 0.64 SECONDS
NUMBER OF TIME STEP CONTROL INTERVALS = 7

FOR INTERVAL 1

END OF INTERVAL TIME (SEC) = 300 TIME STEP (SEC) = .5
PRINT/EVALUATION INTERVAL(SEC) = 50

FOR INTERVAL 2
END OF INTERVAL TIME (SEC) = 900 TIME STEP (SEC) = .5
PRINT/EVALUATION INTERVAL(SEC) = 100

FOR INTERVAL 3
END OF INTERVAL TIME (SEC) = 3600 TIME STEP(SEC) = .5
PRINT/EVALUATION INTERVAL(SEC) = 200

FOR INTERVAL 4
END OF INTERVAL TIME (SEC) = 7200 TIME STEP(SEC) = .5
PRINT/EVALUATION INTERVAL(SEC) = 600

FOR INTERVAL 5
END OF INTERVAL TIME (SEC) = 10800 TIME STEP(SEC) =
PRINT/EVALUATION INTERVAL(SEC) = 600

FOR INTERVAL 6
END OF INTERVAL TIME (SEC) = 20000 TIME STEP(SEC) = .6374549

WARNING: Time step set to stable time step = .6374549

PRINT/EVALUATION INTERVAL(SEC) = 1000

FOR INTERVAL '7
END OF INTERVAL TIME (SEC) = 100000 TIME STEP(SEC) =
PRINT/EVALUATION INTERVAL(SEC) = 5000

DATE = 10-19-2005 TIME = 14:10:59

bate: 10-19-2005 Time: 14 :11:00 PAGE 4

KR ATTERRTARER R T NN, Sdhhhhhhhhdhdhdhd khdkkhhhhddhhhhdd hhdhhhddddddddhh khhhhidd

* % % % ¥ pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
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................ .OUTPUT FOR TIME= 0.00 SECONDS.....cvveeees sanenna

-- Radii, inches - ~---- Grid stress, ksi ------ Tempe rature, F

N Grid No de hoop axial radial Grid Node

(Inside flui d) 680.0

1 42.0000 42.0500 -72.22 -72.20 +0.00 680.0 680.0
2 42.1000 42. 1500 -72.05 -72.20 -0.17 680.0 680.0
3  42.2000 42.3167 1Interface (below) -0.34 680.0 680.0
4 42 .4333 42. 5500 +3.59 +3.27 -0.32 680.0 680.0
5 42.6667 42.7833 +3.57 +3.27 -0.30 680.0 680.0
6 42.9000 43.0167 +3.55 +3.27 -0.28 680.0 680.0
7 43.1333  43. 2500 +3.53 +3.27 -0.26 680.0 680.0
8 43.3667 43. 4833 +3.50 +3.27 -0.24 680.0 680.0
9 43.6000 43.7167 +3.48 +3.27 -0.22 680.0 680.0
10 43.8333 43. 9500 +3.47 +3.27 -0.20 680. 0 680.0
11 44.0667 44.1833 +3.45 +3.27 -0.18 680.0 680.0
12 44.3000 44. 4167 +3.43 +3.27 -0.16 680.0 680.0
13  44.5333 44.6500 +3.41 +3.27 -0.14 680.0 680.0
14 44.7667 44. 8833 +3.39 +3.27 -0.12 680.0 680.0
15 45.0000 45. 1167 +3.37 +3.27 -0.10 680. 0 680.0
16 45.2333  45. 3500 +3.35 +3.27 -0.09 680.0 680.0
17 45.4667 45, 5833 +3.34 +3.27 -0.07 680.0 680.0
18 45.7000 45. 8167 +3.32 +3.27 -0.05 680.0 680.0
19 45.9333 46. 0500 +3.30 +3.27 -0.03 680. 0 680.0
20 46.1667 46. 2833 +3.28 +3.27 -0.02 680.0 680.0
21 46.4000 46. 5167 +3.27 +3.27 -0.00 680.0 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -71.88 -72.20 -0.34
FOR OUTER MATER IAL +3.61 +3.27 -0.34

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE -0.00 -0.16
HOOP MEMBRANE N/A -0.00
AVERAGE RADIAL N/A -0.16
AXIAL BENDING +9.53 +9.82

INSIDE BENDING -9.69 -9.99
OUTSIDE BENDI NG +9.37 +9.66
HOOP BENDING N/A +9.67
INSIDE BENDING N/A -9.67
OUTSIDE BENDI NG N/A +9.67

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATU RE 680.0 680.0
DELTA T1 (Total Section pelta T -0.0 _ +0.0
LINEAR INSIDE TEM PERATURE : 680.0 680.0
LINEAR OUTSIDE TEMPERATURE 680.0 680.0
DELTA T2 (Absolute of Maximum) 0.0 0.0
Date: 10-19-2005 Time: 14 :11:01 : PAGE 5

dokd etedehhdddhkhtehdedd fddeddehhteddoddekdeded hddhhdehdedehdedhdd hddkddkhdehhdddheddd hlhkkihn

¥ % % % & PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * =
................ .OUTPUT FOR TIME= 50.00 SECONDS.........vvcevuvenss

-- Radii, inches - ---- Grid Stress, ksi «----- Tempe rature, F

N Grid No de hoop axial radial Grid Node
(Inside f'lu1d) 677.2

1 42.0000 42.0500 -71.52 -71.51 +0.00 678.0 678.2
2 42.1000 42.1500 -71.53 -71.69 -0.17 678.4 678.6
3 42.2000 42.3167 1iInterface (below) -0.34 678.8 679.0
4 42.4333 42.5500 +3.72 +3.40 -0.32 679.2 679.3
5 42.6667 42.7833 +3.63 +3.34 -0.29 679.4 679.5
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6 42.9000 43. 0167 +3.56 +3.29 -0.27
7 43.1333 43. 2500 +3.51 +3.25 -0.25
8 43.3667 43.4833 +3.46 +3.23 -0.23
9 43.6000 43.7167 +3.42 +3.21 -0.21
10 43.8333 43. 9500 +3.39 +3.20 ~-0.19
11 44.0667 44,1833 +3.37 +3.19 -0.17
12 44.3000 44, 4167 +3.35 +3.19 -0.16
13 44,5333 44, 6500 +3.33 +3.19 -0.14
14 44,7667 44, 8833 +3.31 +3.19 -0.12
15 45.0000 45. 1167 +3.30 +3.20 -0.10
16  45.2333 45, 3500 +3.29 +3.21 -0.08
17 45.4667 45.5833 +3.28 +3.22 -0.07
18 45.7000 45. 8167 +3.28 +3.23 -0.05
19 45,9333 46. 0500 +3.28 +3.24 -0.03
20 46.1667 46. 2833 +3.28 +3.26 -0.02
21 46.4000 46. 5167 +3.29 +3.29 -0.00
(Above

INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -71.53 -71.85 -0.34
FOR OUTER MATER IAL +3.83 +3.49 -0.34
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING

AXIAL MEMBRANE +0.00
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXTAL BENDING +9.40
INSIDE BENDING -9.56
OUTSIDE BENDI NG +9.25
HOOP BENDING N/A
INSIDE BENDING N/A
OUTSIDE BENDI NG N/A

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATU RE

AREA WEIGHTED AVERA GING
679.7

DELTA T1 (Total Section Delta T) +0.7
LINEAR INSIDE TEM PERATURE 679.3
LINEAR OUTSIDE TEMPERATURE 680.0
DELTA T2 (Absolute of Maximum) 1.4

Date: 10-19-2005 Time: 14 :11:03

* % % % %

.OUTPUT FOR TIME= S
~--- Grid Stress, ksi

-- Rad11, inches -

N Grid No de hoop axial radial Grid
(Inside f1u1d) 674.4
1 42.0000 42.0500 -70.79 -70.78 +0.00 75.6 676
2  42.1000 42.1500 -70.92 -71.07 -0.17 676.4 676.
3 42.2000 42.3167 1Interface (below) -0.34 677.1 677.
4 42.4333 42.5500 +3.95 +3.64 -0.31 677.7 677.
5 42.6667 42.7833 +3.80 +3.51 ~-0.29 678.1 678.
6 42.9000 43.0167 +3.67 +3.40 -0.27 678.5 678.
7 43.1333 43. 2500 +3.56 +3.32 -0.25 678.8 679.
8 43.3667 43.4833 +3.48 +3.25 -0.23 679.1 679.
9 43.6000 43.7167 +3.40 +3.20 -0.21 679.3 679.
10 43.8333 43. 9500 +3.34 +3.16 -0.19 679.4 679.
11  44.0667 44,1833 +3.29 +3.13 -0.17 679.5 679.
12 44.3000 44.4167 +3.26 +3.10 -0.15 679.6 679.
13 44.5333 44,6500 +3.22 +3.09 -0.13 679.7 679.
14 44.7667 44, 8833 +3.20 +3.08 -0.12 679.7 679.
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15 45.0000 45. 1167 +3.18 +3.08 -0.10 679.7 679.7
16  45.2333 45. 3500 +3.17 +3.09 -0.08 679.7 679.7
17 45.4667 45. 5833 +3.16 +3.09 -0.06 679.6 679.6
18 45.7000 45. 8167 +3.16 +3.11 -0.05 679.6 679.6
19 45.9333 46. 0500 +3.16 +3.12 -0.03 679.5 679.5
20 46.1667 46.2833 +3.16 +3.14 -0.02 679.5 679.4
21  46.4000 46. 5167 +3.16 +3.16 -0.00 679.4 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -71.03 -71.35 -0.34
FOR OUTER MATER IAL +4.13 +3.79 -0.34

INSIDE/QUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D-01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.16
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.16
AXIAL BENDING +9.15 +9.44

INSIDE BENDING -9.30 -9.60
OUTSIDE BENDI NG +9.00 +9.29
HOOP BENDING N/A +9.29
INSIDE BENDING N/A -9.29
OUTSIDE BENDI NG N/A +9.29

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATU RE 679.1 679.1
DELTA T1 (Total Section Delta T) +2.3 +2.4
L INEAR INSIDE TEM PERATURE 677.9 677.9
LINEAR OUTSIDE TE MPERATURE 680.2 680.2
DELTA T2 (Absolute of Maximum) 2.3 2.2

Date: 10-19-2005 Time: 14 :11:04 PAGE 7

dedede fededededekhhddhhdhddd hdhdhdhhhhdhkdedd hdkhdhhddhddddh hhdhhthehhdhdekhhdh thdhkhdk

¥ % % * ¥ PpPIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * «*
................ .OUTPUT FOR TIME= 150.00 SECONDS......ccuinter voennos

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside f'|u1d) 671.7

1 42.0000 42.0500 -70.09 -70.07 +0.00 673.2 673.7
2 42.1000 42.1500 -70.31 -70.46 -0.17 674.2 674.7
3 42.2000 42. 3167 Interface (below) -0.33 675. 2 675.6
4 42.4333 42. 5500 +4.19 +3,88 -0.31 675.9 676.3
S 42.6667 42,7833 +3.98 +3.70 -0.28 676.6 676.9
6 42.9000 43,0167 +3.81 +3.54 -0.26 677.2 677.4
7 43.1333 43. 2500 +3.65 +3.41 -0.24 677.6 677.9
8 43.3667 43,4833 +3.52 +3.30 -0.22 678.0 678.2
9 43.6000 43.7167 +3.41 +3.21 -0.20 678. 4 678.5
10 43.8333 43, 9500 +3.32 +3.14 -0.18 678. 6 678.7
11 44.0667 44,1833 +3.24 +3.08 -0.16 678.8 678.9
12 44.3000 44. 4167 +3.18 +3.03. -0.14 679.0 679.1
13 44,5333 44, 6500 +3.12 +3.00 -0.13 679.1 679.2
14 44,7667 44, 8833 +3.08 +2.97 -0.11 679.2 679.3
15 45.0000 45. 1167 +3.05 +2.96 -0.09 679.3 679.3
16 45.2333  45. 3500 +3.03 +2.95 -0.08 679.3 679.3
17 45.4667 45. 5833 +3.01 +2.95 -0.06 679.3 679.3
18 45.7000 45, 8167 +3.00 +2.95 -0.05 679.3 679.3
19 45.9333 46. 0500 +2.99 +2.96 -0.03 679.3 679.2
20 46.1667 46. 2833 +2.99 +2.98 -0.02 679.2 679.2
21 46.4000 46. 5167 +3.00 +3.00 -0.00 679. 1 .0

100
(Above node is outside ﬂu1d)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
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FOR INNER MATER IAL -70.51 -70.82 -0.33
FOR OUTER MATER IAL +4.43 +4.10 -0.33

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.15
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.15
AXIAL BENDING +8.87 +9.15

INSIDE BENDING -9.01 -9.30
OUTSIDE BENDI NG +8.72 +9.00
HOOP BENDING N/A +9.01
INSIDE BENDING N/A -9.00
QUTSIDE BENDI NG N/A +9.01

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 678.3 67
DELTA T1 (Total Section Delta T) +4.1 +4 2
L INEAR INSIDE TEM PERATURE 676.2 676.1
LINEAR OUTSIDE TE MPERATURE 680.3 680.3
DELTA T2 (Absolute of Maximum) 2.9 2.9

Date: 10-19-2005 Time: 14 :11:05 PAGE 8

Fekk kkddkhdhehdhddhdohd khhkdhdhdhhhidehih ehhdddddehhhhdhhd hdhhhhdhehhkdhhdhd ohdhhhik

* % % % % PpPIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * % %
................ .OUTPUT FOR TIME= 200.00 SECONDS....:veseoens cnunsas

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 668.9

1 42.0000 42.0500 -69.40 -69.39 +0.00 670.7 671.4
2 42.1000 42.1500 -69.71 -69.85 -0.17 672.0 672.5
3 42.2000 42.3167 1Interface (below) -0.33 673.1 673.6
4 42,4333 42,5500 +4.42 +4.12 -0.30 674.1 674.5
5 42.6667 42.7833 +4.17 +3.89 -0.28 674.9 675.3
6 42.9000 43.0167 +3.94 +3.69 -0.25 675.6 676.0
7 43.1333 43. 2500 +3.75 +3.51 -0.23 676.2 676.5
8 43.3667 43. 4833 +3.58 +3.36 -0.21 676.8 677.0
9 43,6000 43,7167 +3.43 +3.24 -0.19 677.2 677.5
10 43.8333 43. 9500 +3.30 +3.13 -0.17 677.6 677.8
11 44.0667 44. 1833 +3.20 +3.04 -0.15 677.9 678.1
12 44.3000 44. 4167 +3.11 +2.97 ~-0.14 678. 2 678.3
13 44.5333 44, 6500 +3.03 +2.91 -0.12 678. 4 678.5
14 44,7667 44, 8833 +2.97 +2.86 -0.10 678.6 678.7
15 45.0000 45. 1167 +2.92 +2.83 -0.09 678.7 678.8
16 45.2333 45, 3500 +2.88 +2.81 -0.07 678.8 678.8
17 45.4667 45, 5833 +2.85 +2.79 -0.06 678.8 678.9
18 45.7000 45. 8167 +2.83 +2.79 -0.04 678.9 678.9
19 45.9333 46. 0500 +2.82 +2.79 -0.03 678.8 678.8
20 46.1667 46, 2833 +2.82 +2.81 -0.01 678.8 678.8
21 46.4000 46. 5167 +2.83 +2.83 -0.00 7 .0

678. 10
(Above node is outside flui d)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -69.99 -70.30 -0.33
FOR OUTER MATER IAL +4.71 +4.38 -0.33

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.15
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.15



PZR4

AXIAL BENDING +8.58 +8.86
INSIDE BENDING -8.72 -9.01
OUTSIDE BENDI NG +8.44 +8.72

HOOP BENDING N/A +8.72
INSIDE BENDING N/A -8.71
OUTSIDE BENDI NG N/A +8.72

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING

AVERAGE TEMPERATU RE 677.3 677.2

DELTA Tl (Total Section Delta T) +6.0 +6.1

LINEAR INSIDE TEM PERATURE 674.2 674.2

LINEAR OUTSIDE TE MPERATURE 680.2 680.3

DELTA T2 (Absolute of Maximum) 3.5 3.4

Date: 10-19-2005 Time: 14 :11:06 PAGE 9

fekdk dedeedeehehetehhfdedededede ekhihdehededededdehdededed feddheddhhedehdefededededed kddekhdeddededededehdhh khkhhikd

* % % % ¥ PpPIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ L.OUTPUT FOR TIME= 250.00 SECONDS......vvvrvees vanenss

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 666.1

1 42.0000 42.0500 -68.75 -68.73 +0.00 668.2 669.0
2 42.1000 42.1500 -69.12 -69.27 -0.16 669.6 670.3
3  42.2000 42.3167 1Interface (below) -0.33 671.0 671.6
4 42.4333 42.5500 +4.64 +4.34 -0.30 672.1 672.6
5 42.6667 42.7833 +4.34 +4.06 -0.27 673.1 673.5
6 42.9000 43.0167 +4.07 +3.82 -0.25 673.9 674.3
7 43.1333 43. 2500 +3.84 +3.61 -0.23 674.7 675.1
8 43.3667 43. 4833 +3.63 +3.43 -0.20 675.4 675.7
9 43.6000 43.7167 +3.45 +3.26 -0.18 676.0 676.2
10 43.8333 43. 9500 +3.29 +3.13 ~0.17 676. 5 676.7
11 44,0667 44.1833 +3.16 +3.01 -0.15 676.9 677.1
12 44,3000 44. 4167 +3.04 +2.91 -0.13 677.2 677.4
13 44,5333 44. 6500 +2.94 +2.83 -0.11 677.5 677.7
14 44,7667 44. 8833 +2.86 +2.76 -0.10 677.8 677.9
15 45,0000 45. 1167 +2.79 +2.71 -0.08 678.0 678.0
16 45.2333  45. 3500 +2.74 +2.67 -0.07 678.1 678.2
17 45.4667 45,5833 +2.70 +2.65 -0.05 678.2 678.2
18 45.7000 45. 8167 +2.67 +2.63 -0.04 678.2 678.3
19 45,9333 46. 0500 +2.66 +2.63 -0.03 678.3 678.2
20 46.1667 46. 2833 +2.65 +2.64 -0.01 678.2 678.2
21 46.4000 46. 5167 +2.66 +2.66 -0.00 678. 2 100.0

: , (Abov e node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3

FOR INNER MATER IAL -69.47 -69.79 -0.33
FOR OUTER MATER IAL +4.97 +4.64 -0.33
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.0000+02 +2.000D- 01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.14
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.14
AXIAL BENDING +8.30 +8.58
INSIDE BENDING -8.44 -8.72
OUTSIDE BENDI NG +8.17 +8.44
HOOP BENDING N/A +8.44
INSIDE BENDING N/A -8.44
OUTSIDE BENDI NG N/A +8.44
TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AVERAGE TEMPERATU RE 676.1 676.1
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DELTA T1 (Total Section Delta T) +7.7
LINEAR INSIDE TEM PERATURE 672.2
LINEAR OUTSIDE TEMPERATURE 679.9
DELTA T2 (Absolute of Maximum) 4.0

Date: 10-19-2005 Time: 14 :11:07

* % % % % PpPIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME= 300.00 SECONDS

-- Radii, inches - ---- Grid sStress, ksi ------

N Grid No de hoop axial radial
1 42 .0000 42. 0500 -68.12 -68.10 +0.00
2 42.1000 42. 1500 -68.56 -68.71 -0.16
3 42,2000 42.3167 1Interface (below) -0.32
4 42,4333 42,5500 +4.84 +4.54 -0.30
5 42.6667 42.7833 +4.50 +4.23 -0.27
6 42 .9000 43. 0167 +4.,19 +3.95 -0.24
7 43.1333 43,2500 +3.92 +3.70 -0.22
8 43.3667 43.4833 +3.68 +3.48 -0.20
9 43,6000 43,7167 +3.47 +3.29 -0.18
10 43.8333 43.9500 +3.28 +3.12 -0.16
11 44.0667 44. 1833 +3.12 +2.98 -0.14
12 44,3000 44. 4167 +2.98 +2.85 -0.12
13 44,5333 44. 6500 +2.86 +2.75 -0.11
14 44,7667 44. 8833 +2.76 +2.66 ~-0.09
15 45.0000 45. 1167 +2.67 +2.59 -0.08
16 45.2333  45. 3500 +2.61 +2.54 -0.07
17 45.4667 45,5833 +2.56 +2.50 -0.05
18 45.7000  45. 8167 +2.52 +2.48 -0.04
19 45.9333 46. 0500 +2.50 +2.47 -0.03
20 46.1667 46.2833 +2.49 +2.48 -0.01
21 46.4000 46.5167 +2.50 +2.49 -0.00

(Abov e
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3

FOR INNER MATER IAL -68.98 -69.28 -0.32
FOR OUTER MATER IAL +5.21 +4.89 -0.32

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02

STRESSES (KSI) BASED ON:

AREA WEIGHTED AVERAGING

AXIAL MEMBRANE +0.00
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXIAL BENDING +8.04
INSIDE BENDING -8.17
OUTSIDE BENDI NG +7.91
HOOP BENDING . N/A
INSIDE BENDING : N/A
OUTSIDE BENDING N/A
TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING
AVERAGE TEMPERATURE 674.9
DELTA T1 (Total Section Delta T) +9.4
LINEAR INSIDE TEM PERATURE 670.1
LINEAR OUTSIDE TE MPERATURE 679.5
DELTA T2 (Absolute of maximum) 4.4
pate: 10-19-2005" Time: 14 :11:09

¥ ¥ ¥ % * PpIPE-TS2 VERSION 1.01 (4/17/91 1930)
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* k % % %

Tempe rature, F
Grid Node

(Inside fluid)
0. 665

667.
668.
670.
671.
672.
673.
673.
674.
675.
675.
676.
676.
676.
677.
677.
677.
677.
677.
677.

677

668.
669.
670.
671.
672.
673.
674.
674.
675.
675.
676.
676.
676.
677.
677.
677.
677.
677.
677.
100

BUVIVTAN 00U N H U100 O N H O 0w~
CUTLUVIAWNONWORONUNONO AW

node 1is outsiae fTuidj

+2.000D- 01
LINEAR AVERAGING

-0.14
+0.00
-0.14
+8.32
-8.45
+8.18
+8.18
-8.17
+8.18

LINEAR6 AVERAGING

PAGE 11
Hdk HRRRRRIRRFRIRREIE RRAARRARRATRRTh Sk hd ek dhddddhdh khhhhhhdihhhdhhhd kkkhkkhhk
ok k Kk %



PZR4
................ .OUTPUT FOR TIME= 400.00 SECONDS......ceonnve cnneens

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 657.8

1 42.0000 42.0500 -66.93 -66.92 +0.00 660.6 661.5
2 42.1000 42.1500 -67.49 -67.63 -0.16 662.4 663.4
3  42.2000 42.3167 1Interface (below) -0.32 664.2 665.0
4 42.4333 42,5500 +5.19 +4.90 -0.29 665.7 666.4
5 42.6667 42.7833 +4.78 +4.52 -0.26 667.1 667.7
6 42.9000 43.0167 +4.41 +4.17 -0.23 668.3 668.9
7 43.1333 43,2500 +4.07 +3.86 -0.21 669.5 670.0
8 43.3667 43.4833 +3.77 +3.59 -0.19 670.5 670.9
9 43.6000 43.7167 +3.50 +3.34 -0.17 671.4 671.8
10 43.8333 43. 9500 +3.27 +3.12 -0.15 672.2 672.5
11  44.0667 44,1833 +3.05 +2.92 -0.13 672.9 673.2
12 44.3000 44. 4167 +2.87 +2.76 -0.11 673.5 673.7
13 44,5333 44.6500 +2.71 +2.61 -0.10 674.0 674.2
14 44,7667 44. 8833 +2.57 +2.49 -0.08 674.4 674.6
15 45.0000 45. 1167 +2.46 +2.39 -0.07 674.8 674.9
16  45.2333 45. 3500 +2.37 +2.31 -0.06 675.1 675.2
17 45.4667 45.5833 +2.30 +2.25 -0.05 675.3 675.4
18 45.7000 45. 8167 +2.25 +2.21 -0.03 675.4 675.5
19 45.9333 46. 0500 +2.21 +2.19 -0.02 675.5 675.5
20 46.1667 46. 2833 +2.20 +2.19 -0.01 675.5 675.5
21 46.4000 46. 5167 +2.20 +2.20 -0.00 675.5 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -68.02 -68.32 -0.32
FOR OUTER MATER IAL +5.63 +5.31 -0.32

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.13
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.13
AXIAL BENDING +7.57 +7.84

INSIDE BENDING -7.69 -7.97
OUTSIDE BENDI NG +7.44 +7.71
HOOP BENDING N/A +7.70
INSIDE BENDING N/A -7.70
OUTSIDE BENDI NG N/A +7.70

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE . 671 71.8
DELTA T1 (Total Section Delta T) +12.3 +12.4
L INEAR INSIDE TEM PERATURE 665.7 665.6
LINEAR OUTSIDE TE MPERATURE 678.0 678.0
DELTA T2 (Absolute of Maximum) 5.1 5.0
Date: 10-19-2005 Time: 14 :11:10 PAGE 12
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* % % % % PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *

................ .OUTPUT FOR TIME= 500.00 SECONDS........cevereennnns
-- Radii, inches - ---- Grid Sstress, ksi ------ Tempe rature, F
N Grid Node hoop axial radial Grid Node
(Inside fluid) 652.2
1 42.0000 42.0500 -65.83 ~-65.82 +0.00 655.4 656.5
2 42.1000 42.1500 -66.48 -66.62 -0.16 657.5 658.5
3  42.2000 42.3167 1Interface (below) -0.32 659.5 660.4
4 42.4333 42.5500 +5.47 +5.19 -0.28 661.2 662.1
S 42.6667 42,7833 +5.01 +4.76 -0.25 662. 8 663.6
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6 42.9000 43.0167 +4.58 +4.36 -0.22

7 43,1333  43. 2500 +4.20 +4.00 -0.20

8 43.3667 43.4833 +3.85 +3.67 -0.18

9 43.6000 43,7167 +3.53 +3.37 -0.16
10 43.8333 43. 9500 +3.25 +3.11 -0.14
11 44.0667 44,1833 +2.99 +2.87 -0.12
12 44.3000 44. 4167 +2.77 +2.67 -0.10
13 44,5333 44.6500 +2.58 +2.49 -0.09
14 44.7667 44. 8833 +2.41 +2.34 -0.08
15  45.0000 45.1167 +2.28 +2.21 -0.06
16  45.2333  45. 3500 +2.16 +2.11 -0.05
17  45.4667 45.5833 +2.07 +2.03 -0.04
18 45.7000 45. 8167 +2.01 +1.98 -0.03
19  45.9333 46. 0500 +1.97 +1.95 -0.02
20 46.1667 46.2833 +1.95 +1.94 -0.01
21  46.4000 46.5167 +1.95 +1.95 -0.00

INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -67.10 -67.40 -0.32
FOR OUTER MATER IAL +5.98 +5.67 -0.32

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING

AXTIAL MEMBRANE +0.00
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXIAL BENDING +7.15
INSIDE BENDING -7.27
OUTSIDE BENDI NG +7.04
HOOP BENDING N/A
INSIDE BENDING N/A
OUTSIDE BENDING N/A
TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING
AVERAGE TEMPERATU RE 668.6
DELTA T1 (Total Section Delta T) +14.8
LINEAR INSIDE TEM PERATURE 661.1
LINEAR OUTSIDE TEMPERATURE 675.8
DELTA T2 (Absolute of Maximum) 5.7

Date: 10-19-2005 Time: 14 :11:11
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672.
(Above node is outside fluid)

OOOWO\AOU‘IOWO’S@@\IU‘IN

664.
666.
667.
668.
669.
670.
670.
671.
671.
672.
672.
672.
672.
673.
673.

100.

+2.000D0~ 01
LINEAR AVERAGING
-0.12

+

+

+

0.00
0.12
7.42
-7.54
+7.30
7.28
-7.28
+7.28
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LINEAR AVERAGING
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............ vess «OUTPUT FOR TIME= 600.00 SECONDS....:.vcieenns saannns
-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial id Node

(Ins1de f1u1d) 646.7
1 42.0000 42,0500 -64.80 -64.78 +0.00 650.2 651.3
2 42.1000 42. 1500 -65.53 -65.67 -0.15 652.4 653.6
3 42.2000 42.3167 1Interface (below) -0.31 654.7 655.7
4 42.4333 42.5500 +5.71 +5.44 -0.28 656.6 657.5
5 42.6667 42.7833 - +5.20 +4.95 -0.24 658.3 659.1
6 42.9000 43,0167 +4.73 +4.51 -0.22 659.9 660.7
7 43.1333 43. 2500 +4.29 +4.10 -0.19 661.4 662.1
8 43.3667 43, 4833 +3.90 +3.73 -0.17 662.7 663.4
9 43.6000 43.7167 +3.55 +3.40 -0.15 663.9 664.5
10 43.8333 43, 9500 +3.23 +3.10 -0.13 665.0 665.5
11 44.0667 44.1833 +2.94 +2.83 -0.11 666.0 666.4
12 44.3000 44, 4167 +2.69 +2.59 -0.10 666.8 667.2
13 44.5333 44, 6500 +2.47 +2.38 -0.08 667.6 667.9
14 44,7667 44, 8833 +2.28 +2.21 -0.07 668.2 668.5



15  45.0000
16  45.2333
17  45.4667
18  45.7000
19 45,9333
20 46.1667
21  46.4000

. 1167
. 3500
. 5833
. 8167
. 0500
. 2833
. 5167

INDIVIDUAL MATERIAL STRESSES AT
FOR INNER MATER TAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):
STRESSES (KSI) BASED ON:

AXIAL MEMBRANE

HOOP MEMBRANE

AVERAGE RADIAL

AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE
DELTA Tl (Total Section Delta T) +16.8
LINEAR INSIDE TEM PERATURE
LINEAR OUTSIDE TEMPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

Fekd Sedkdedekdehekdehdhdedehh kdehhhdhhhdodhdehdhk eheddehdedehehhhdehhdh kddehdedhhhdhhdhhhk ehhdekhkdk
* % % % *

PIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME=
---- Grid Stress, ksi

-- Radii, inches -
Node

N Grid

1 42.0000
2 42.1000
3 42.2000
4 42.4333
S 42.6667
6 42.9000
7 43,1333
8 43.3667
9 43.6000
10 43.8333
11  44.0667
12  44.3000
13 44,5333
14 44.7667
15 45.0000
16 45.2333
17  45.4667
18 45.7000
19 45,9333
20 46.1667
21  46.4000

. 0500
. 1500
. 3167
. 5500
. 7833
. 0167

2500

. 4833

. 5167

+2.11 +2.06 -0
+1.98 +1.94 -0
+1.88 +1.84 -0
+1.80 +1.77 -0
+1.75 +1.73 -0
+1.73 +1.72 -0
+1.73 +1.73 -0

(Abov e

INT ERFACE GRID 3

-66.23 ~-66.53 -0.
+6.27 +5.96 -0.

PZR4

+8.000 D+02

AREA WEIGHTED AVERA GING

+0.00
N/A
N/A
+6.79
-6.90
+6.68
N/A
N/A
N/A

- AREA WEIGHTED AVERA GING

664.9

656.3
673.2
6.2

Time: 14 :11:12

700.00 SECONDS

hoop axial radial
-63.82 -63.81 +0.0
-64.62 -64.76 -0.15
Interface (below) -0.31
+5.91 +5.64 -0.27
+5.35 +5.12 -0.24
+4.84 +4.63 -0.21
+4.37 +4.19 -0.18
+3.94 +3.78 -0.16
+3.55 +3.41 -0.14
+3.20 +3.08 -0.12
+2.89 +2.78 -0.10
+2.61 +2.52 -0.09
+2.36 +2.29 -0.08
+2.15 +2.09 -0.06
+1.97 +1.92 -0.05
+1.83 +1.78 -0.04
+1.71 +1.68 -0.03
+1.62 +1.60 -0.02
+1.57 +1.55 -0.02
+1.54 +1.53 -0.01
+1.54 +1.54 -0.00
(Abov e

INDIVIDUAL MATERIAL STRESSES AT

INT ERFACE GRID 3
pPage 11

.06 668.8 669.0
.05 669.2 669.4
.04 669.6 669.7
.03 669. 8 669.9
.02 669.9 670.0
.01 670.0 670.0
.00 670.0 100.0
node is outside fluid)
31

31

+2.0000- 01
LINEAR AVERAGING
11

+0.00

0.12

+7.05

-7.16
+6.94

+6.91

-6.91
+6.92

LINEAR AVERAGING

A+ O
[=2]

WA NND
HWWO

1
5
7
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Tempe rature, F
Grid

(Inside fluid)
0.00 644.

647.
649.
651.
653.
655.
657.
658.
659.
661.
662.
663.
663.
664.
665.
665.
666.
666.
666.
666.

666

DOAVIWHNNOOOFHORRUVIORNONWY

Node
641.1

646
648.
650.
652.
654.
656.
657.
659.
660.
661.
662.
663.
664.
664.
665.
665.
666.
666.
666.
666.
100

OO\O’}MNLDMLDNWO\O\-PNNNO\\I@W;-J

'node is outsi&e f1u1d5



FOR INNER MATER IAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF.

STRESSES (KSI) BASED ON:
AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXIAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG
HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATU RE

DELTA T1 (Total Section Delta T)

LINEAR INSIDE TEM PERATURE

LINEAR OUTSIDE TE MPERATUR§
DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

PZR4
-65.39 -65.68
+6.51 +6.20

(BTU/HR- FT2-F):

-0.31
-0.31

+8.000 D+02

AREA WEIGHTED AVERA GING
+0.

AREA WEIGHTED AVERA GING
660.9

+18.6
651.5
670.1

6.6

Time: 14 :11:14

+2.000D- 01

LINEAR AVERAGING
-0.11
+0.00
-0.11
+6.73

-6.83
+6.62
+6.59
-6.59
+6.60

LINEAR6 AVERAGING

+1
65
67

[*2]
ANAOMHO
V1 00 00
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* k k% * %

................ .OUTPUT FOR TII‘_4E= S
---- Grid Stress, ksi

-- Radii, inches -

PIPE-TS2 VERSION 1.01 (4/17/91 1930)
800.00 SECONDS...

ok * % *

Tempe rature, F

N Grid Node hoop axial radial Grid Node
(Inside fluid) 635.6
1 42.0000 42.0500 -62.90 -62.88 +0.00 639.5 640.8
2 42.1000 42.1500 -63.76 -63.89 -0.15 642.1 643.4
3 42.2000 42.3167 1Interface (below) -0.30 644.7 645.8
4 42.4333 42.5500 +6.07 +5.80 -0.27 646.8 647.9
5 42.6667 42.7833 +5.48 +5.25 -0.23 648.8 649.8
6 42.9000 43,0167 +4.93 +4.73 -0.20 650.7 651.6
7 43.1333 43. 2500 +4.43 +4.26 -0.18 652.4 653.2
8 43.3667 43. 4833 +3.97 +3.82 -0.15 654.0 654.7
9 43.6000 43.7167 +3.56 +3.42 -0.13 655.4 656.1
10 43.8333 43. 9500 +3.18 +3.06 -0.11 656.7 657.3
11  44.0667 44. 1833 +2.84 +2.74 -0.10 657.9 658.4
12 44,3000 44. 4167 +2.54 +2.46 -0.08 658. 9 659.4
13 44,5333 44 . 6500 +2.27 +2.20 -0.07 659. 8 660.3
14 44.7667 44, 8833 +2.04 +1.99 -0.06 660.6 661.0
15 45.0000 45. 1167 +1.85 +1.80 -0.05 661.3 661.6
16 45.2333  45. 3500 +1.69 +1.65 -0.04 661.8 662.1
17 45.4667 45. 5833 +1.56 +1.53 -0.03 662.3 662.4
18 45.7000 45. 8167 +1.47 +1.45 -0.02 662.6 662.7
19 45.9333 46. 0500 +1.41 +1.39 -0.01 662.8 662.8
20 46.1667 46. 2833 +1.38 +1.37 -0.01 662.9 662.9
21  46.4000 46. 5167 +1.38 +1.38 -0.00 662.8 100.0
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3 )
FOR INNER MATER IAL -64.58 -64.87 -0.30
FOR OUTER MATER IAL +6.71 +6.40 -0.30
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.0000+02 +2.0000- 01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.10
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.11

Page 12



AXIAL BENDING +6.18 +6.44
INSIDE BENDING -6.28 -6.54
OUTSIDE BENDI NG +6.08 +6.34

HOOP BENDING N/A +6.31
INSIDE BENDING N/A -6.30
OUTSIDE BENDI NG N/A +6.31

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING

AVERAGE TEMPERATURE 656.7 656.5

DELTA T1 (Total Section Delta T) +20.1 +20.2

LINEAR INSIDE TEMPERATURE 646.5 646.4

LINEAR QUTSIDE TE MPERATURE 666.6 666.7

DELTA T2 (Absolute of Maximum) 7.0 6.9

Date: 10-19-2005 Time: 14 :11:15 PAGE 16
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¥ % % % % PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * % *
................ .OUTPUT FOR TIME= 900.00 SECONDS.........ccvtnunnnnn

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 630.0

1 42.0000 42.0500 -62.02 -62.00 +0.00 634.1 635.5
2 42.1000 42.1500 -62.92 -63.05 -0.15 636.9 638.2
3 42.2000 42.3167 Interface (below) -0.30 639.5 640.7
4 42.4333 42.5500 +6.20 +5.94 -0.26 641.8 642.9
5 42.6667 42.7833 +5.58 +5.35 -0.23 643.9 644.9
6 42.9000 43.0167 +5.01 +4.81 -0.20 645.9 646.8
7 43.1333 43, 2500 +4.48 +4.31 -0.17 647.7 648.6
8 43.3667 43. 4833 +4.00 +3.85 -0.15 649.4 650.2
9 43.6000 43.7167 +3.55 +3.43 -0.13 650.9 651.6
10 43.8333 43.9500 +3.15 +3.05 -0.11 652.3 652.9
11  44.0667 44.1833 +2.79 +2.70 -0.09 653.5 654.1
12 44.3000 44. 4167 +2.47 +2.40 -0.08 654.6 655.1
13  44.5333 44,6500 +2.19 +2.13 -0.06 655.6 656.0
14 44.7667 44. 8833 +1.95 +1.89 -0.05 656.4 656.8
15 45.0000 45. 1167 +1.74 +1.70 -0.04 657.1 657.5
16 45.2333  45. 3500 +1.57 +1.54 -0.03 657.7 658.0
17 45.4667 45, 5833 +1.43 +1.41 -0.03 658. 2 658.4
18 45.7000 45. 8167 +1.33 +1.31 -0.02 658. 5 658.7
19 45.9333  46. 0500 +1.27 +1.25 -0.01 658.7 658.8
20 46.1667 46. 2833 +1.23 +1.23 -0.01 658. g 658.3

21 46.4000 46. 5167 +1.24 +1.23 -0.00 658. 100
(Above node is outside fluid)

INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -63.80 -64.08 -0.30
FOR OUTER MATER IAL +6.87 +6.57 -0.30

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.0000+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.10
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.10
AXIAL BENDING +5.93 +6.18

INSIDE BENDING -6.02 -6.28
OUTSIDE BENDI NG +5.83 +6.08
HOOP BENDING N/A +6.05
INSIDE BENDING N/A -6.05
OUTSIDE BENDI NG N/A +6.06

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING

AVERAGE TEMPERATURE 652.3 652.1
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PZR4

DELTA T1 (Total Section Delta T) +21.3
LINEAR INSIDE TEM PERATURE 641.4
LINEAR OUTSIDE TE MPERATURE 662.7
DELTA T2 (Absolute of Maximum) 7.3
Date: 10-19-2005 Time: 14 :11:16

¥ % % % ¥ pPIPE-TS2 VERSION 1.01 (4/17/91 1930)

-~ Radii, inches - ---- Grid sStress, ksi ------

N Grid No de hoop axial radial
1 42.0000 42.0500 -60.35 -60.34 +0.00
2 42.1000 42.1500 -61.33 -61.46 -0.14
3 42.2000 42.3167 1Interface (below) -0.29
4 42.4333 42.5500 +6.39 +6.14 -0.25
5 42.6667 42.7833 +5.72 +5.51 -0.22
6 42.9000 43. 0167 +5.11 +4.92 -0.19
7 43,1333 43. 2500 +4.54 +4.38 -0.16
8 43.3667 43.4833 +4.01 +3.88 -0.14
9 43,6000 43.7167 +3.54 +3.42 -0.12
10 43,8333 43. 9500 +3.10 +3.00 -0.10
11 44,0667 44,1833 +2.71 +2.63 -0.08
12 44,3000 44 . 4167 +2.36 +2.29 -0.07
13 44,5333 44. 6500 +2.05 +2.00 -0.06
14 44,7667 44, 8833 +1.79 +1.74 -0.05
15 45.0000 45. 1167 +1.56 +1.52 -0.04
16 45.2333 45. 3500 +1.37 +1.34 -0.03
17 45.4667 45. 5833 +1.22 +1.20 -0.02
18 45.7000 45. 8167 +1.11 +1.09 -0.02
19 45,9333 46. 0500 +1.04 +1.03 -0.01
20 46.1667 46. 2833 +1.00 +0.99 -0.01
21 46.4000 46. 5167 +1.00 +1.00 -0.00

DO+

NN
NN
NooOww
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................ .OUTPUT FOR TIME= 1100.00 SECONDS....:vcveeene enmenun
Tempe rature, F
Grid Node

(Inside fluid)
623

626.
629.
631.
633.
635.
637.
639.
641.
642.
644 .
645.
646.
647.
648.
648.
649.
649.
650.
650.

650

618.9
624.
627.
630.
632.
634.
636.
638.
640.
642.
643.
644.
646.
647.
647.
648.
649,
649.
649.
650.
650.
100

s O N OO N D L1 N 00 W N O O 00 W = N W
ORMOOHONOO 0 00O~ W~ 00

(Above node is outside fluid)

INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -62.29 -62.56 -0.29
FOR OUTER MATER IAL +7.10 +6.81 -0.29

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING
AXIAL MEMBRANE +0.00
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXIAL BENDING +5.50
INSIDE BENDING -5.58
OUTSIDE BENDI NG +5.41
HOOP BENDING N/A
INSIDE BENDING N/A
OUTSIDE BENDI NG N/A
TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING
AVERAGE TEMPERATU RE 642.9
DELTA T1 (Total Section Delta T) +23.3
LINEAR INSIDE TEM PERATURE 631.1
LINEAR OUTSIDE TE MPERATURE 654.3
'DELTA T2 (Absolute of Maximum) 7.7
Date: 10-19-2005 - Time: 14 :11:17

* % % % * PpIPE-TS2 VERSION 1.01 (4/17/91 1930)
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+2.000D- 01
LINEAR AVERAGING
-0.09

+0.01
-0.10
+5.74
-5.83
+5.65
+5.62
-5.61
+5.62

LINEAR AVERAGING

A+ O

VW iN
N WN
AL ONIN
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PZR4
................ .OUTPUT FOR TIME= 1300.00 SECONDS.....ceeveeeneevanns

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 607.8

1 42.0000 42. 0500 -58.79 -58.77 +0.00 612.4 614.0
2 42.1000 42. 1500 -59.82 -59.95 -0.14 615.5 617.0
3  42.2000 42.3167 1Interface (below) -0.28 618.5 619.8
4 42.4333 42,5500 +6.50 +6.26 -0.24 621.0 622.2
5 42.6667 42.7833 +5.81 +5.60 -0.21 623.4 624.6
6 42.9000 43,0167 +5.16 +4.98 -0.18 625.6 626.7
7 43,1333 43. 2500 +4.56 +4.41 -0.15 627.7 628.7
8 43.3667 43. 4833 +4.01 +3.88 -0.13 629.6 630.5
9 43.6000 43.7167 +3.50 +3.40 -0.11 631.3 632.2
10 43.8333 43. 9500 +3.04 +2.96 -0.09 632.9 633.7
11  44.0667 44.1833 +2.63 +2.56 -0.07 634.4 635.1
12 44.3000 44.4167 +2.26 +2.20 -0.06 635.7 636.3
13 44.5333 44.6500 +1.94 +1.89 -0.05 636.8 637.3
14 44,7667 44, 8833 +1.65 +1.61 -0.04 637.8 638.2
15 45.0000 45. 1167 +1.41 +1.38 -0.03 638.6 639.0
16 45.2333  45. 3500 +1.21 +1.19 -0.02 639.3 639.6
17 45.4667  45. 5833 +1.05 +1.03 -0.02 639.9 640.1
18 45.7000 45. 8167 +0.93 +0.92 -0.01 640.3 640.5
19 45.9333 46. 0500 +0.85 - +0.84 -0.01 640.6 640.7
20 46.1667 46. 2833 +0.81 +0.81 -0.00 640.7 . 640.7
21 46.4000 46. 5167 +0.81 +0.81 -0.00 640. 7 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -60.83 -61.10 -0.28
FOR OUTER MATER IAL +7.25 +6.97 -0.28

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXTIAL MEMBRANE +0.01 -0.08
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.09
AXIAL BENDING +5.14 +5.38

INSIDE BENDING -5.22 -5.46
OUTSIDE BENDI NG +5.06 +5.29
HOOP BENDING N/A +5.25
INSIDE BENDING N/A -5.25
OUTSIDE BENDI NG N/A +5.26

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 633.0 632.8
DELTA T1 (Total Section Delta T) +24.7 +24.8
LINEAR INSIDE TEM PERATURE 620.5 620.4
LINEAR OUTSIDE TEMPERATURE 645.1 645.2
DELTA T2 (Absolute of Maximum) 8.1 8.0
Date: 10-19-2005 Time: 14 :11:19 PAGE 19
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* % % % % PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 1500.00 SECONDS.....civcvuee vnonans

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F

N Grid No de hoop axial radial Grid Node
(Inside fluid) 596.7

1 42.0000 42.0500 ~-57.29 -57.28 +0.00 601.4 603.0
2 42.1000 42. 1500 ~58.37 -58.49 -0.14 604.6 606.2
3 42.2000 42.3167 Interface (below) -0.28 607.7 609.0
4 42.4333 42.5500 +6.57 +6.33 -0.24 610.3 611.6
5 42.6667 42,7833 +5.85 +5.64 -0.20 612.8 614.0
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6 42.9000 43.0167 +5.
7 43.1333  43. 2500 +4.
8 43.3667 43,4833 +3
9 43.6000 43.7167 +3.
10 43.8333 43. 9500 +2.
11  44.0667 44,1833 +2.
12 44.3000 44. 4167 +2.
13 44.5333 44. 6500 +1.
14 44.7667 44, 8833 +1.
15 45.0000 45.1167 +1.
16 45.2333 45, 3500 +1
17  45.4667  45. 5833 +0.
18 45.7000 45. 8167 +0.
19 45.9333  46. 0500 +0.
20 46.1667 46. 2833 +0
21 46.4000 46. 5167 +0.
INDIVIDUAL MATERIAL STRESSES AT
FOR INNER MATER IAL -59
FOR OUTER MATER IAL +7.

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):

STRESSES (KSI) BASED ON:
AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXTAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG
HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATURE
DELTA T1 (Total Section Delta
LINEAR INSIDE TEM PERATURE
LINEAR OUTSIDE TE MPERATURE

PZR4

O ONANUONWNIO NN WN

18 +5.01 -0.17 615.1 616
56 +4.41 -0.14 617.2 618
.99 +3.87 -0.12 619.2 620
46 +3.36 -0.10 621.0 621
99 +2.91 -0.08 622.7 623
56 +2.49 -0.07 624.2 624
17 +2.12 -0.05 625.5 626
83 +1.79 -0.04 626.7 627
54 +1.50 -0.03 627.7 628
29 +1.26 -0.03 628.6 629
.08 +1.06 -0.02 629.4 629
91 +0.90 -0.02 629.9 630
79 +0.78 -0.01 630.4 630
71 +0.70 -0.01 630.7 630
.66 +0.66 -0.00 630.8 630
66 +0.66 -0.00 630.8 100.
(Above node is outside fluid)
INT ERFACE GRID 3
.42 -59.68 -0.28
34 +7.06 -0.28
+8.000 D+02 +2.000D- 01
AREA WEIGHTED AVERA GING LINEAR AVERAGING
+0.01 -0.08
N/A +0.01
N/A ~-0.08
+4.83 +5.06
-4.91 -5.14
+4.76 +4.99
N/A +4.95
N/A -4.,94
N/A +4.95
AREA WEIGHTED AVERA GING LINEAR AVERAGING
22.8 622.6
hD) +25.7 +25.8
609.8 609.7
635.4 635.5
8.3 8.2

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005 Time: 14 :11:20 20

PA
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¥ * * % % PTPE-TS2 VERSION 1.01 (4/17/91 1930) * % * * *
........... +esas OUTPUT FOR TIME= 1700.00 SECONDS......vennsueencncnn

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial id Node
(Ins1 de flui d) 585.6

1 42.0000 42.0500 -55.85 -55.84 +0.00 .4 592.1
2 42.1000 42.1500 -56.96 -57.08 -0.13 593. 7 595.3
3  42.2000 42.3167 1Interface (below) -0.27 596.8 598.2
4 42.4333 42. 5500 +6.59 +6.36 -0.23 599.5 600.8
5 42.6667 42.7833 +5.86 +5.66 -0.19 602.0 603.3
6 42.9000 43.0167 +5.17 +5.01 -0.16 604.4 605.5
7 43,1333 43. 2500 +4.54 +4.40 -0.14 606.6 607.6
8 43.3667 43.4833 +3.95 +3.84 ~-0.11 608.6 609.6
9 43.6000 43.7167 +3.42 +3.32 -0.09 610.5 611.4
10 43.8333 43, 9500 +2.93 +2.85 -0.08 612.2 613.0
11 44.0667 44. 1833 +2.49 +2.43 ~0.06 613.7 614.5
12 44.3000 - 44. 4167 +2.09 +2.04 -0.05 615.1 615.8
13  44.5333 44. 6500 +1.74 +1.70 -0.04 616.3 616.9
14 44,7667 44, 8833 +1.44 +1.41 -0.03 617.4 617.9
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15 45.0000 45.1167 +1.18 +1.16 -0.02 618.3 618.7
16 45.2333  45. 3500 +0.97 +0.95 -0.02 619.1 619.4
17  45.4667  45. 5833 +0.80 +0.78 -0.01 619.7 619.9
18 45.7000 45, 8167 +0.67 +0.66 -0.01 620.1 620.3
19 45,9333 46. 0500 +0.58 +0.58 -0.01 620.4 620.5
20 46.1667 46. 2833 +0.54 +0.54 -0.00 620.6 620.6
21 46.4000 46. 5167 +0.54 +0.54 -0.00 620.6 _100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -58.04 -58.29 -0.27
FOR OUTER MATER IAL +7.38 +7.11 -0.27

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.0000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.07
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.08
AXIAL BENDING +4.56 +4.79

INSIDE BENDING -4.63 -4.86
OUTSIDE BENDI NG +4.49 +4.72
HOOP BENDING N/A +4.67
INSIDE BENDING N/A -4.67
OUTSIDE BENDI NG N/A +4.68

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 612.3 612.1
DELTA T1 (Total Section Delta T) +26.4 +26.6
LINEAR INSIDE TEM PERATURE 598.9 598.8
L INEAR OUTSIDE TE MPERATURE 625.3 625.4
DELTA T2 (Absolute of Maximum) 8.5 8.4

Date: 10-19-2005 Time: 14 :11:21 PAGE 21

fkddedkkhkhehhdhddehhdd khkhkkhhhhdedddhded hhddhkhhhdhlhhdhhk khkkhhtehhddhhihdh khkhkhkhd

* % % % % PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * ¥ =*
................ .OUTPUT FOR TIME= 1900.00 SECONDS.......cicvevn cannnns

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 574.4

1 42.0000 42.0500 -54.44 -54.43 +0.00 579.4 581.1
2 42,1000 42.1500 -55.57 -55.69 -0.13 582.7 584.3
3 42.2000 42. 3167 Interface (below) -0.26 585.9 587.3
4 42.4333 42. 5500 +6.60 +6.37 - -0.22 588.6 589.9
5 42.6667 42.7833 +5.85 +5.66 -0.19 591.2 592.4
6 42.9000 - 43.0167 +5.15 +4.99 -0.16 593.6 594.7
7 43.1333  43.2500 +4.51 +4.38 -0.13 595.8 596.9
8 43.3667 43.4833 +3.91 +3.80 -0.11 597.9 598.9
9 43.6000 43.7167 +3.37 +3.28 -0.09 599.8 600.7
10 43.8333 43, 9500 +2.87 +2.80 -0.07 601.5 602.3
11 44.0667 44,1833 +2.42 +2.36 -0.06 603.1 603.8
12 44.3000 44. 4167 +2.02 +1.97 -0.04 604.5 605.2
13 44,5333 44.6500 +1.66 +1.63 -0.03 605.7 606.3
14 44,7667 44, 8833 +1.35 +1.33 -0.03 606.8 607.3
15 45.0000 45. 1167 +1.09 +1.07 -0.02 607.8 608.2
16 45.2333  45. 3500 +0.87 +0.85 -0.01 608.5 608.9
17 45.4667 45. 5833 +0.69 +0.68 -0.01 609.2 609.4
18 45.7000 45. 8167 +0.56 +0.56 -0.01 609.6 609.8
19 45.9333 46. 0500 +0.48 +0.47 -0.00 609.9 610.0
20 46.1667 46. 2833 +0.43 +0.43 -0.00 610.1 610.1
21 46.4000 46. 5167 +0.43 +0.43 -0.00 610.1 100.0

(Above node is outside f1u1‘d5
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
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PZR4
FOR INNER MATER IAL -56.67 -56.92 -0.26
FOR OUTER MATER IAL +7.40 +7.13 -0.26

INSIDE/OQUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.07
HOOP MEMBRANE : ‘ N/A +0.01
AVERAGE RADIAL N/A -0.08
AXIAL BENDING +4.32 +4.54

INSIDE BENDING -4.39 -4.61
OUTSIDE BENDI NG +4.25 +4.47
HOOP BENDING N/A +4.43
INSIDE BENDING N/A ~4.42
OUTSIDE BENDI NG N/A +4.43

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 601.7 601.4
DELTA T1 (Total Section pelta T) +26.9 +27.1
LINEAR INSIDE TEM PERATURE 588.0 587.9
LINEAR OUTSIDE TEMPERATURE 614.9 615.0
DELTA T2 (Absolute of Maximum) 8.6 8.5

Date: 10-19-2005 Time: 14 :11:22 PAGE 22
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¥ % * % * PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 2100.00 SECONDS......ccecnce eusnnns

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 563.3

1 42.0000 42.0500 -53.06 -53.05 +0.00 568.3 570.0
2 42.1000 42.1500 -54.21 -54.32 -0.13 571.6 573.3
3 42.2000 42.3167 1Interface (below) -0.26 574.9 576.3
4 42.4333 42.5500 +6.58 +6.36 -0.22 577.7 579.0
5 42.6667 42.7833 +5.82 +5.64 -0.18 580.3 581.5
6 42.9000 43,0167 +5.12 +4.97 -0.15 582.7 583.9
7 43.1333 43, 2500 +4.47 +4.34 -0.12 585.0 586.0
8 43.3667 43, 4833 +3.86 +3.76 -0.10 587.0 588.0
9 43.6000 43.7167 +3.31 +3.23 -0.08 589.0 589.9
10 43.8333 43.9500 +2.81 +2.74 -0.07 590.7 591.6
11  44.0667 44.1833 +2.35 +2.30 -0.05 592.3 593.1
12 44 .3000 44 . 4167 +1.94 +1.90 ~0.04 593. 8 594.4
13  44.5333 44,6500 +1.58 +1.55 -0.03 595.0 595.6
14 44,7667 44, 8833 +1.27 +1.25 -0.02 5906.1 596.6
15 45.0000 45. 1167 +1.00 +0.99 -0.02 597.1 597.5
16 45.2333  45. 3500 +0.78 +0.77 -0.01 597.9 598.2
17 45.4667 45. 5833 +0.60 +0.60 -0.01 598.5 598.8
18 45.7000 45. 8167 +0.47 +0.47 -0.01 599.0 599.1
19 45.9333 46. 0500 +0.38 +0.38 -0.00 599.3 599.4
20 46.1667 46. 2833 +0.34 +0.33 -0.00 599.4 599.5
21 46.4000 46.5167 +0.33 +0.33 -0.00 599.4 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -55.32 -55.57 -0.26
FOR OUTER MATER IAL +7.39 +7.13 -0.26

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AXTAL MEMBRANE +0.01 -0.07
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.07



PZR4

AXIAL BENDING +4.10 +4.31
INSIDE BENDING ’ -4.16 -4.38
OUTSIDE BENDI NG +4.03 +4.25

HOOP BENDING N/A +4.20
INSIDE BENDING N/A -4.20
OUTSIDE BENDI NG N/A +4.21

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING

AVERAGE TEMPERATU RE 590.9 590.7

DELTA T1 (Total Section Delta T) +27.2 +27.5

LINEAR INSIDE TEM PERATURE 577.0 576.9

LINEAR OUTSIDE TEMPERATURE 604.3 604.4

DELTA T2 (Absolute of maximum) 8.7 8.6

Date: 10-19-2005 Time: 14 :11:24 PAGE 23

Tk dekhhddfehhhhkhdddd khdhdehhhhhhdededehed hhddehhhehddhhddh khhdhhhkhhdehhhdddk khkkhhhd®

* ¥ % * ¥ PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 2300.00 SECONDS.....ceritons cnnasns
-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature,
Grid No de hoop axial radial Grid No

(Inside fluid) 552.2
42.0000 42.0500 -51.70 -51.68 +0.00 557 559.

N
1 .3
2 42.1000 42. 1500 -52.86 -52.97 -0.12 560.6 562.
3 42.2000 42,3167 1Interface (below) -0.25 563.9 565.
4 42.4333 42.5500 +6.55 +6.34 -0.21 566.7 568.
5 42.6667 42.7833 +5.79 +5.61 -0.18 569.3 570.
6 42.9000 43.0167 +5.08 +4.93 -0.15 571.7 572.
7 43.1333 43, 2500 +4.42 +4.30 -0.12 §574.0 575.
8 43.3667 43, 4833 +3.81 +3.71 -0.10 576.1 577.
9 43,6000 43,7167 +3.25 +3.18 -0.08 578.1 579.
10 43.8333 43. 9500 +2.75 +2.69 -0.06 579.8 580.
11 44.0667 44.1833 +2.29 +2.24 -0.05 581.5 582.
12 44.3000 44. 4167 +1.88 +1.84 -0.04 582.9  583.
13 44,5333 44, 6500 +1.51 +1.48 -0.03 584.2 584.
14 44.7667 44. 8833 +1.20 +1.18 -0.02 585.3  585.
15 45.0000 45. 1167 +0.93 +0.91 -0.01 586.3 586.
16  45.2333  45. 3500 +0.70 +0.69 -0.01 587.1 587.
17 45.4667 45. 5833 +0.52 +0.51 -0.01 587.7 588.
18 45.7000 45. 8167 +0.39 +0.38 -0.00 588.2  588.
19 45.9333 46. 0500 +0.30 +0.29 -0.00 588.5 588.
20 46.1667 46. 2833 +0.25 +0.25 -0.00 588. g 588.

21 46.4000 46. 5167 +0.25 +0.25 -0.00 . 588. 100.
(Above node is outside fluid)

INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -53.99 -54.22 -0.25
FOR OUTER MATER IAL +7.36 +7.11 -0.25

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

F

de

ONOAOAHROBLNOOIANNOHROUVIOWWO

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.06
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.07
AXTAL BENDING +3.89 +4.10

INSIDE BENDING -3.95 -4.16
OUTSIDE BENDING +3.83 +4.03
HOOP BENDING N/A +3.99
INSIDE BENDING N/A -3.98
OUTSIDE BENDI NG N/A +4.00

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING

AVERAGE TEMPERATURE 580.0 579.8

Page 19



PZR4

DELTA T1 (Total Section Delta T) +27.5 +27.7
LINEAR INSIDE TEMPERATURE 566.0 565.9
LINEAR OUTSIDE TE MPERATURE 593.5 593.7
DELTA T2 (Absolute of Maximum) 8.8 8.6
Date: 10-19-2005 Time: 14 :11:25 PAGE 24
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* ¥ ¥ & ¥ pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 2500.00 SECONDS......c.ivueee aunesnn

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 541.1

1 42.0000 42.0500 -50.34 -50.33 +0.00 546.2 547.9
2  42.1000 42,1500 -51.52 -51.62 -0.12 549.,5 551.2
3 42.2000 42.3167 1Interface (below) -0.24 552.8 554.3
4 42.4333 42.5500 +6.51 +6.30 -0.20 5556.6 557.0
5 42.6667 42.7833 +5.74 +5.57 -0.17 558.3 559.5
6 42.9000 43.0167 +5.03 +4.89 -0.14 560.7 561.9
7 43.1333 43. 2500 +4.37 +4.25 -0.11 563.0 564.1
8 43.3667 43.4833 +3.76 +3.66 -0.09 565.2 566.2
9 43.6000 43.7167 +3.20 +3.12 -0.07 567.1 568.1
10 43.8333 43. 9500 +2.68 +2.63 -0.06 568.9 569.8
11 44,0667 44, 1833 +2.22 +2.18 -0.04 570.5 571.3
12 44.3000 44. 4167 +1.81 +1.78 -0.03 572.0 572.7
13 44.5333 44. 6500 +1.44 +].42 -0.02 573.3 573.9
14 44,7667 44, 8833 +1.12 +1.11 -0.02 574.4 574.9
15 45.0000 45. 1167 +0.85 +0.84 -0.01 575.4 575.8
16 45,2333  45. 3500 +0.63 +0.62 -0.01 576.2 576.5
17 45.4667 45.5833 +0.44 +0.44 -0.01 576.8 577.1
18 45.7000 45. 8167 +0.31 +0.31 -0.00 577.3 577.5
19 45.9333 46. 0500 +0.22 +0.22 -0.00 577.6 577.7
20 46.1667 46. 2833 +0.17 +0.17 -0.00 577.8 577.8
21  46.4000 46. 5167 +0.17 +0.17 -0.00 577.8 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -52.66 -52.89 -0.24
FOR OUTER MATER IAL +7.33 +7.08 -0.24

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D-01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.06
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.06
AXIAL BENDING +3.69 +3.89

INSIDE BENDING -3.74 -3.95
OUTSIDE BENDI NG +3.63 +3.83
HOOP BENDING N/A . +3.79
INSIDE BENDING N/A -3.78
OUTSIDE BENDI NG N/A +3.79

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 569.1 568.8
DELTA T1 (Total Section pelta T) +27.7 +27.9
LINEAR INSIDE TEM PERATURE 555.0 554.9
LINEAR OUTSIDE TEMPERATURE 582.7 582.8
DELTA T2 (Absolute of Maximum) 8.8 8.7

pate: 10-19-2005 Time: 14 :11:26 PAGE 25
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* % & % ¥ pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
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PZR4
................ .OUTPUT FOR TIME= 2700.00 SECONDS.......vivevvs vvneens

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid Node hoop axial radial Grid Node
(Inside fluid) 530.0

1 42.0000 42.0500 -49.00 -48.99 +0.00 535.1 536.8
2 42.1000 42.1500 -50.18 -50.29 -0.12 538.5 540.1
3 42.2000 42.3167 1Interface (below) -0.24 541.8 543.2
4 42.4333 42.5500 +6.46 +6.26 -0.20 544.6 545.9
5 42.6667 42.7833 +5.69 +5.53 -0.16 547.2 548.5
6 42.9000 43.0167 +4.98 +4.84 -0.13 549.7 550.9
7 43,1333 43. 2500 +4.31 +4.20 -0.11 552.0 553.1
8 43.3667 43. 4833 +3.70 +3.61 -0.09 554.2 555.2
9 43.6000 43.7167 +3.14 +3.07 -0.07 556.1 557.1
10 43.8333 43.9500 +2.62 +2.57 -0.05 557.9 558.8
11 44.0667 44. 1833 +2.16 +2.12 -0.04 559.6 560.3
12 44.3000 44. 4167 +1.74 +1.71 -0.03 561.0 561.7
13  44.5333 44. 6500 +1.37 +1.35 -0.02 562.3 562.9
14 44.7667 44. 8833 +1.05 +1.04 -0.01 563.5 564.0
15 45.0000 45. 1167 +0.78 +0.77 -0.01 564.4 564.9
16 45.2333 45. 3500 +0.55 +0.55 -0.01 565.2 565.6
17 45.4667 45.5833 +0.37 +0.37 -0.00 565.9 566.2
18 45.7000 45. 8167 +0.24 +0.23 -0.00 566.4 566.6
19 45.9333 46. 0500 +0.14 +0.14 -0.00 566.7 566.8
20 46.1667 46. 2833 +0.10 +0.10 -0.00 566.9 566.9
21  46.4000 46.5167 +0.09 +0.09 -0.00 9 0

566. 100.
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -51.33 -51.56 -0.24
FOR OUTER MATER IAL +7.29 +7.05 -0.24

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000 D+QZ +2.000D-01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.06
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.06
AXIAL BENDING +3.49 +3.69

INSIDE BENDING -3.54 -3.75
OUTSIDE BENDI NG +3.44 +3.64
HOOP BENDING N/A +3.59
INSIDE BENDING N/A ~3.58
OUTSIDE BENDI NG N/A +3.59

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 558.1 557.9
DELTA T1 (Total Section Delta T) +27.9 +28.1
LINEAR INSIDE TEM PERATURE 543.9 543.8
LINEAR OUTSIDE TE MPERATURE - 571.8 571.9
DELTA T2 (Absolute of Maximum) 8.8 8.7

pate: 10-19-2005 Time: 14 :11:27 PAGE 26

Fedede edekdhdededehhdededhhhd hhhhhhdededehedededdded fekhkddededehelededededeteh khhtehhdddehhdededhehd dhhhiddk

¥ % % % % PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * =

................ .OUTPUT FOR TIME= 2900.00 SECONDS...:vvvvveers sannnns
-- Radii, inches - ---- Grid Stress, ksi -~ ---- Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 518.9
1 42.0000 42.0500 -47.67 -47.65 +0.00 524.0 525.7
2 42.1000 42. 1500 -48.85 -48.96 -0.11 527.4 529.0
3  42.2000 42.3167 Interface (below) -0.23 530.7 532.1
4 42.4333 42.5500 +6.41 +6.22 -0.19 533.5 534.9
5 42.6667 42.7833 +5.64 +5.48 -0.16 536.2 537.5
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6 42.9000 43.0167 +4,92 +4.79 -0.13 538.7 539.9
7 43.1333 43, 2500 +4.,26 +4.15 -0.10 541.0 542.1
8 43.3667 43. 4833 +3.64 +3.56 -0.08 543.1 544.2
9 43.6000 43.7167 +3.08 +3.01 -0.06 545.1 546.0
10 43.8333 43.9500 +2.56 +2.51 -0.05 546.9 547.8
11 44,0667 44.1833 +2.09 +2.06 -0.04 548.5 549.3
12 44.3000 44. 4167 +1.68 +1.65 -0.03 550.0 550.7
13 44.5333 44.6500 +1.31 +1.29 -0.02 551.3 551.9
14 44,7667 44,8833 +0.99 +0.97 -0.01 552.5 553.0
15 45.0000 45.1167 +0.71 +0.70 -0.01 553.4 553.9
16  45.2333 45. 3500 +0.48 +0.48 -0.00 554.2 554.6
17  45.4667 45. 5833 +0.30 +0.30 -0.00 554.9 555.2
18  45.7000 45. 8167 +0.17 +0.16 -0.00 555.4  555.6
19 45.9333 46. 0500 +0.07 +0.07 -0.00 555.7 555.8
20 46.1667 46.2833 +0.03 +0.03 -0.00 555.9 555.9
21  46.4000 46. 5167 +0.02 +0.02 -0.00 555.9 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -50.01 -50.23 -0.23
FOR OUTER MATER IAL +7.24 +7.01 -0.23

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.05
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.06
AXIAL BENDING +3.30 +3.50

INSIDE BENDING -3.35 -3.55
OUTSIDE BENDI NG +3.25 +3.44
HOOP BENDING N/A +3.40
INSIDE BENDING N/A -3.39
OUTSIDE BENDI NG N/A +3.40

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATU RE 547.1 546.9
DELTA Tl (Total Section Delta T) +28.0 +28.2
LINEAR INSIDE TEM PERATURE 532.9 532.7
LINEAR OUTSIDE TEMPERATURE 560.9 561.0
DELTA T2 (Absolute of Maximum) 8.9 8.7

pate: 10-19-2005 Time: 14 :11:29 PAGE 27

hedek fedkkdefhhhdehhdetehd dekhhkfeddhedhdhhddhd khkfhhdhhdhddfehhd khdhkhdhhthdihdehhdh hkfdkkik

* % % & % PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
.............. .OUTPUT FOR TIME= 3100.00 SECONDS.....ccuorevessonncen

ZZ'Radii , inches -  ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axiai radial Grid Node
(Inside f'lu1d) 507.8

1 42.0000 42.0500 -46.34 -46.32 +0.00 .9 514.6
2 42.1000 42. 1500 -47.53 -47.63 -0.11 516. 3 518.0
3  42.2000 42.3167 1Interface (be'low) -0.23 519.6 521.1
4  42.4333 42.5500 +6.36 +6.17 -0.19 522.4 523.8
5 42.6667 42.7833 +5.59 +S.43 -0.15 525.1 526.4
6 42.9000 43.0167 +4.87 +4.74 -0.12 527.6 528.8
7 43.1333  43.2500 +4.20 +4.10 -0.10 529.9 531.0
8 43.3667 43. 4833 +3.58 +3.50 -0.08 532.1 533.1
9 43.6000 43.7167 +3.02 +2.96 -0.06 534.1 535.0
10 43.8333 43,9500 +2.50 +2.45 -0.04 535.9 536.7
11  44.0667 44.1833 +2.03 +2.00 -0.03 537.5 538.3
12 44.3000 44.4167 +1.61 +1.59 -0.02 539.0 539.7
13 44.5333 44,6500 +1.24 +1.23 -0.01 540.3 540.9
14 44.7667 44, 8833 +0.92 +0.91 -0.01 541.4 542.0
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15 45.0000 45. 1167 +0.65 +0.64 -0.01 542.4 542.9
16  45.2333 45. 3500 +0.42 +0.41 -0.00 543.2 543.6
17  45.4667 45.5833 +0.23 +0.23 -0.00 543.9 544.2
18 45.7000 45. 8167 +0.10 +0.10 +0.00 544.4 544.6
19 45.9333 46. 0500 +0.00 +0.00 +0.00 544.7 544.8
20  46.1667 46. 2833 -0.04 -0.04 +0.00 544.9 544.9
21 46.4000 46. 5167 -0.05 -0.05 +0.00 544.9 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -48.69 -48.90 -0.23
FOR OUTER MATER IAL +7.19 +6.96 -0.23

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D-01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.05
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.06
AXTAL BENDING +3.12 +3.30

INSIDE BENDING -3.16 -3.35
OUTSIDE BENDI NG +3.07 +3.25
HOOP BENDING N/A +3.21
INSIDE BENDING N/A -3.20
OUTSIDE BENDI NG N/A +3.21

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATU RE 536.1 535.8
DELTA T1 (Total Section Delta T) +28.1 +28.3
LINEAR INSIDE TEM PERATURE 521.8 521.7
LINEAR QUTSIDE TE MPERATURE 549.9 550.0
DELTA T2 (Absolute of Maximum) 8.9 8.8

Date: 10-19-2005 Time: 14 :11:30 PAGE 28

Ydek hhhhhkhdedhhhhkdd hhkdedehedhddehdeteteh kdhdekbehhhdhhhdedh khhddhedhhhhhhdddh khhdhhhk

*¥ % % % % PpIPE~TS2 VERSION 1.01 (4/17/91 1930) * * * * =*
................ .OUTPUT FOR TIME= 3300.00 SECONDS.......ccvevs cunnase

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 496.7

1 42.0000 42.0500 -45.01 -45.00 +0.00 501.8 503.5
2 42,1000 42.1500 -46.21 -46.30 -0.11 505.2 506.9
3 42.2000 42. 3167 Interface (below) -0.22 508. 5 510.0
4 42.4333 42. 5500 +6.30 +6.12 -0.18 511.4 512.7
5 42.6667 42.7833 +5.53 +5.38 -0.15 514.0 515.3
6 42.9000 43.0167 +4.81 +4.69 -0.12 516.5 517.7
7 43.1333 43, 2500 +4.14 +4.05 - -0.09 518.9 520.0
8 43.3667 43.4833 +3.52 +3.45 -0.07 521.0 522.0
9 43.6000 43.7167 +2.95 +2.90 -0.06 523.0 523.9
10 43.8333 43. 9500 +2.44 +2.40 -0.04 524.8 525.7
11 44.0667 - 44,1833 +1.97 +1.94 -0.03 526.5 527.2
12 44.3000 44. 4167 +1.55 +1.53 -0.02 527.9 528.6
13  44.5333 44. 6500 +1.18 +1.17 -0.01 529.3 529.9
14 44.7667 44. 8833 +0.86 +0.85 -0.01 530.4 530.9
15 45.0000 45. 1167 +0.58 +0.58 -0.00 531.4 531.8
16 45.2333  45. 3500 +0.35 +0.35 -0.00 532.2 532.6
17 45.4667 45. 5833 +0.17 +0.17 +0.00 532.9 533.2
18 45.7000 45. 8167 +0.03 +0.03 +0.00 533.4 533.6
19 45.9333 46. 0500 -0.06 -0.06 +0.00 533.7 533.8
20 46.1667 46. 2833 -0.11 -0.11 +0.00 533.9 533.9
21 46.4000 46.5167 -0.11 -0.11 +0.00 533.9 100.0

(Above node is outside f'lu1'd5
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
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PZR4
FOR INNER MATER IAL -47.37 -47.58 -0.22
FOR OUTER MATER IAL +7.13 +6.91 -0.22

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D-01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.05
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.05
AXIAL BENDING +2.93 +3.11

INSIDE BENDING -2.98 -3.16
OUTSIDE BENDI NG +2.89 +3.07
HOOP BENDING N/A +3.02
INSIDE BENDING N/A -3.02
OUTSIDE BENDI NG N/A +3.03

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE . 524.8
DELTA T1 (Total Section Delta T) +28.2 +28.4
LINEAR INSIDE TEM PERATURE 510.7 510.6
L INEAR OUTSIDE TE MPERATURE 538.9 539.0
DELTA T2 (Absolute of Maximum) 8.9 8.8
Date: 10-19-2005 Time: 14 :11:31 PAGE 29

dedede dodeheddehhhddehddedhh fedhhhhddedehdedhtdd hdhhhdhthhlfhded khdhhdehdehdehdhdded ekdhddki

¥ % % % * pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 3500.00 SECONDS......vvevenscesnnss

-- Radii, inches - ~---- Grid stress, ksi ------ Tempe rature, F

N Grid No de hoop axial radial id Node

(Inside ﬂu1d) 485.6

1 42.0000 42.0500 -43.68 -43.67 +0.00 490.7 492.4
2 42.1000 42. 1500 -44.89 -44 .98 -0.11 494.1 495.8
3 42.2000 42.3167 1Interface (below) -0.21 497.4 498.9
4 42,4333 42.5500 +6.25 +6.07 -0.17 5S00.3 501.6
5 42.6667 42.7833 +5.47 +5.33 -0.14 502.9 504.2
6 42.9000 43. 0167 +4.75 +4.64 -0.11 505.4 506.7
7 43.1333 43, 2500 +4.08 +3.99 -0.09 507.8 508.9
8 43.3667 43.4833 +3.46 +3.39 -0.07 509.9 511.0
9 43.6000 43. 7167 +2.89 +2.84 -0.05 511.9 512.9
10 43.8333 43. 9500 +2.37 +2.34 -0.04 513.8 514.6
11 44.0667 44,1833 +1.91 +1.88 -0.03 515.4 516.2
12 44.3000 44. 4167 +1.49 +1.47 -0.02 516. 9 517.6
13 44,5333 44,6500 +1.11 +1.10 -0.01 518.2 518.8
14 44,7667 44, 8833 +0.79 +0.79 -0.00 519.4 519.9
15 45.0000 45. 1167 +0.51 +0.51 -0.00 520.3 520.8
16 45.2333 45. 3500 +0.28 +0.29 +0.00 521.2 521.5
17 45.4667 45, 5833 +0.10 +0.10 +0.00 521.8 522.1
18 45.7000 45. 8167 -0.04 -0.04 +0.00 522.3 522.5
19 45.9333 46. 0500 -0.13 -0.13 +0.00 522.7 522.8
20 46.1667 46. 2833 -0.18 -0.18 +0.00 522.8 522.9
21 46.4000 46. 5167 -0.18 -0.18 +0.00 522.8 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -46.06 -46.26 -0.21
FOR OUTER MATER IAL +7.07 +6.86 -0.21

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.04
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.05
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AXIAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE

PZR4
+2.75
-2.79
+2.71
N/A
N/A
N/A

AREA WEIGHTED AVERA GING
513.9

DELTA T1 (Total Section Delta T) +28.2
LINEAR INSIDE TEM PERATURE 499.6
LINEAR OUTSIDE TEMPERATURE 527.8
DELTA T2 (Absolute of Maximum) 8.9

Date: 10-19-2005

TEXTRUTRRNAATREAAAER AAAEA AR hdd At hdedhedhd e dhdeddhhdededd dhdebeeddd

* % % % % pIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME= 3600.00 SECONDS

-- Radii, inches -
Grid No de

42.0000 42.0500
42.1000 42. 1500
42,2000 42, 3167
42.4333  42. 5500
.6667 42,7833

42,9000 43.0167

43.1333 43, 2500

43,3667 43,4833

43.6000 43.7167
10 43.8333 43.9500
11 44,0667 44.1833
12 44.3000 44. 4167
13 44,5333 44.6500
14 44.7667 44. 8833
15 45.0000 45.1167
16 45.2333  45. 3500
17  45.4667 45. 5833
18 45.7000 45.8167
19 45,9333 46. 0500
20 46.1667 46. 2833
21 46.4000 46. 5167

VNV WNRE 2
H
N

Time: 14 :11:32

---- Grid stress, ksi ------

hoop axial radial Grid Nod
(Inside fluid) 480.0

-43.02 -43.01 +0.00 485.1 486.
-44.23 -44.32 -0.10 488.5 490.
Interface (below) -0.21 491.9 493,
+6.22 +6.04 -0.17 494.7 496.
+5.44 +5.30 -0.14 497.4 498.
+4.72 +4.61 -0.11 499.9 501.
+4.05 +3.96 -0.09 502. 2 503.
+3.43 +3.36 -0.07 504.4 505,
+2.86 +2.81 -0.05 506.4 507.
+2.34 +2.31 -0.03 508.2 509.
+1.87 +1.85 -0.02 509.9 510.
+1.45 +1.44 -0.01 511.4 512,
+1.08 +1.07 -0.01 512.7 513.
+0.76 +0.76 -0.00 513.8 514.
+0.48 +0.48 +0.00 514.8  515.
+0.25 +0.25 +0.00 515.6 516.
+0.07 +0.07 +0.00 516.3 516.
-0.07 -0.07 +0.00 516.8 517.
-0.16 -0.16 +0.00 517.1 517.
-0.21 -0.21 +0.00 517.3 517.
-0.21 -0.21 +0.00 517.3 100

(Above node is outside fluid)

INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3

FOR INNER MATER IAL
FOR OUTER MATER TAL

INSIDE/OUTSIDE HT TX COEF.

STRESSES (KSI) BASED ON:
AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXTIAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG
HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE

-45.40 -45.60 -0.21
+7.05 +6.84 -0.21

(BTU/HR- FT2-F): +8.000D+02

AREA WEIGHTED AVERA GING

+0.01
N/A
N/A
+2.66

-2.70

+2.62
N/A

N/A

N/A

AREA WEIGHTED AVERAGING
508.4
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+2.93
-2.97
+2.88

+2.84
-2.83
+2.84

LINEAR AVERAGING

vid+
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* %k % *

¥*

Tempe rature, F

+2.000D-

01

e

ChARhWONOWAWHNFHWARRNFRWNO

LINEAR AVERAGING
-0.04

+0.01
-0.05
+2.83
-2.88
+2.79
+2.75
-2.74
+2.75

LINEAR AVERAGING
508.2



PZR4

DELTA T1 (Total Section Delta T) +28.3
LINEAR INSIDE TEM PERATURE 494.0
LINEAR OUTSIDE TEMPERATURE 522.3
DELTA T2 (Absolute of Maximum) 8.9
Date: 10-19-2005 Time: 14 :11:34

¥ * % % % PpIPE-TS2 VERSION 1.01 (4/17/91 1930)

-- Radii, inches - ---- Grid Stress, ksi ------
N Grid No de hoop axial radial
1 42.0000 42.0500 -39.05 -39.04 +
2 42.1000 42,1500 -40.27 -40.36 -0.09
3 42.2000 42.3167 1Interface (below) -0.19
4  42.4333 42,5500 +6.04 +5.88 -0.15
5 42.6667 42.7833 +5.26 +5.14 -0.12
6 42.9000 43. 0167 +4.54 +4.44 -0.10
7 43.1333 43. 2500 +3.87 +3.79 -0.07
8 43.3667 43. 4833 +3.25 +3.19 -0.05
9 43.6000 43, 7167 +2.68 +2.64 -0.04
10 43.8333 43.9500 +2.16 +2.13 -0.02
11 44.0667 44,1833 +1.69 +1.67 -0.01
12  44.3000 44. 4167 +1.27 +1.26 -0.01
13 44,5333 44, 6500 +0.89 +0.89 +0.00
14 44.7667 44. 8833 +0.57 +0.57 +0.00
15 45.0000 45. 1167 +0.29 +0.30 +0.01
16 45.2333  45. 3500 +0.06 +0.07 +0.01
17 45.4667 45. 5833 -0.12 -0.12 +0.01
18 45.7000 45. 8167 -0.26 -0.26 +0.01
19 45.9333 46. 0500 -0.36 -0.35 +0.00
20 46.1667 46.2833 -0.41 -0.40 +0.00
21  46.4000 46. 5167 -0.41 -0.41 +0.00

(Above node is outsi& e flui dj

INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -41.46 -41.64 -0.19
FOR OUTER MATER IAL +6.87 +6.68 -0.19

INSIDE/QUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING

AXTIAL MEMBRANE +0.01
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXIAL BENDING +2.12
INSIDE BENDING -2.15
OUTSIDE BENDI NG +2.09
HOOP BENDING N/A
INSIDE BENDING N/A
OUTSIDE BENDI NG N/A
TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING
AVERAGE TEMPERATURE 475.2
DELTA T1 (Total Section Delta T) +28.4
LINEAR INSIDE TEM PERATURE 460.7
L INEAR OUTSIDE TE MPERATURE 489.2
DELTA T2 (Absolute of Maximum) 8.9
Date: 10-19-2005 Time: 14 :11:35

Fedel hhh ke hhdhdekh khhhhhhdddhlhhdhd khhdhdhhhhddhdhdh khdhhfehhdhtehddd hddhdhts

* * % % % pIPE-TS2 VERSION 1.01 (4/17/91 1930)
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* * * * *

................ .OUTPUT FOR TIME= 4200.00 SECONDS.....cvcevver cesacns
Tempe rature, F

Grid Nod
(Inside fluid)
0.00 451

455,
458.
461.
464.
466.
469.
471.
473.
475.
476.
478.
479.
480.
481.
482.
483.
483,
484,
484.

484

446.7

NHOORMAMOIOUVHONORKMHOOMNHAONO

100

+2.000D0- 01
LINEAR AVEgéGING

+0.01
-0.04
+2.28
-2.31
+2.25
+2.20
-2.19
+2.20

e

453.5
456.
460.
462.
465.
467.
470.
472.
474.
475.
477.
478.
480.
481.
482.
482.
483.
483.
484.
484.

ONEFHOOLORNREOOMORNE00MOOW

LINEAR AVERAGING
474.9

+2
46
48

WO
QW
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PZR4
................ .OUTPUT FOR TIME= 4800.00 SECONDS......ocvveee veennns

-- Radii, inches - ---- Grid stress, ksi ~----- Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 413.3

1 42.0000 42.0500 -35.09 -35.08 +0.00 418.5 420.2
2 42.1000 42. 1500 -36.32 -36.40 -0.08 421.9 423.6
3  42.2000 42,3167 Interface (below) -0.17 425.3 426.7
4 42.4333 42,5500 +5.85 +5.72 -0.14 428.1 429.5
5 42.6667 42,7833 +5.08 +4.97 -0.11 430.8 432.1
6 42.9000 43.0167 +4.35 +4.27 -0.08 433.3 434.6
7 43,1333 43, 2500 +3.68 +3.62 -0.06 435.7 436.8
8 43.3667 43. 4833 +3.06 +3.02 -0.04 437.9 438.9
9 43.6000 43.7167 +2.49 +2.46 -0.02 439.9 440.8
10 43.8333 43.9500 +1.97 +1.96 -0.01 441.7 442.6
11 44.0667 44.1833 +1.50 +1.49 -0.00 443.4 444.2
12 44,3000 44. 4167 +1.08 +1.08 +0.00 444.9 445.6
13  44.5333 44.6500 +0.70 +0.71 +0.01 446.2 446.8
14 44,7667 44. 8833 +0.38 +0.39 +0.01 447.4  447.9
15 45.0000 45. 1167 +0.10 +0.11 +0.01 448.4 448.8
16 45.2333 45. 3500 -0.13 -0.12 +0.01 449.2 449.6
17 45.4667 45.5833 -0.32 -0.31 +0.01 449.9 450.2
18 45.7000 45. 8167 -0.46 -0.45 +0.01 450.4 450.6
19 45.9333 46. 0500 -0.55 -0.54 +0.01 450.7 450.9
20 46.1667 46. 2833 -0.60 -0.60 +0.00 450.9 451.0
21 46.4000 46. 5167 -0.60 -0.60 +0.00 451.0 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -37.52 -37.68 -0.17
FOR OUTER MATER IAL +6.68 +6.51 -0.17

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: 'AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.02
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.03
AXIAL BENDING +1.58 +1.73

INSIDE BENDING -1.60 -1.75
OUTSIDE BENDI NG +1.56 +1.70
HOOP BENDING N/A +1.65
INSIDE BENDING N/A -1.65
OUTSIDE BENDI NG N/A +1.66

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATU RE : 441.9 441.7
DELTA T1 (Total Section Delta T) +28.5 +28.7
LINEAR INSIDE TEM PERATURE - 427.4 427.3
LINEAR OUTSIDE TE MPERATURE 456.0 456.1
DELTA T2 (Absolute of Maximum) 8.9 8.8

Date: 10-19-2005 Time: 14 :11:37 PAGE 33

dedede ket fokdedtkdddedhdh hhhhhhddhhddhhih ddeddededdkdhhdededed khhkhhdhhhhhdhhdhd edhdkdkhhd

% k % % & PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *

........... eees +OUTPUT FOR TIME= 5400.00 SECONDS.....vtveneve svonnss
-~ Radii , inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axial - radial id Node
' (Ins1de f'lu'ld) 380.0
1 42.0000 42.0500 ~-31.13 -31.12 +0.00 .2 386.9
2 42.1000 - 42. 1500 -32.37 -32.44 -0.08 388 6 390.3
3 42.2000 42.3167 1Interface (below) -0.15 391.9 393.4
4 42.4333 42,5500 +5.67 +5.55 -0.12 394.8 396.2
5 42.6667 42.7833 +4.89 +4.80 -0.09 397.5 398.8
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6 42.9000 43.0167 +4.17 +4.10 -0.06 400.1 401.

7 43.1333 43, 2500 +3.50 +3.45 -0.04 402.4 403,

8 43.3667 43. 4833 +2.87 +2.85 -0.03 404.6  405.

9 43.6000 43.7167 +2.30 +2.29 -0.01 406.6 407.
10 43.8333 43. 9500 +1.78 +1.78 -0.00 408.4  409.
11 44,0667 44.1833 +1.31 +1.32 +0.01 410.1 410.
12 44.3000 44. 4167 +0.89 +0.90 +0.01 411. 6 412.
13 44,5333 44.6500 +0.51 +0.53 +0.02 413.0 413.
14 44.7667 44.8833 +0.19 +0.21 +0.02 414.1 414.
15 45.0000 45. 1167 -0.09 -0.07 +0.02 415.1  415.
16 45.2333 45. 3500 -0.32 -0.30 +0.02 416.0 416.
17 45.4667 45.5833 -0.51 -0.49 +0.01 416.7 417.
18 45.7000 45. 8167 -0.65 -0.64 +0.01 417.2 417.
19 45.9333 46. 0500 -0.74 -0.73 +0.01 417.5 417.
20 46.1667 46. 2833 -0.79 -0.79 +0.00 417.7 417.
21 46.4000 46. 5167 -0.79 -0.79 +0.00 7

417. 100.
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -33.58 -33.73 -0.15
FOR OUTER MATER IAL +6.50 +6.35 -0.15

INSIDE/OUTSIDE HT TX COEF., (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

CONAOLOANOAWOWOHSILTW

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.01
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.02
AXIAL BENDING +1.05 +1.17

INSIDE BENDING -1.06 -1.19
OUTSIDE BENDI NG +1.04 +1.16
HOOP BENDING N/A +1.11
INSIDE BENDING N/A -1.11
OUTSIDE BENDI NG N/A +1.12

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING

AVERAGE TEMPERATU RE 408.7 408.
DELTA T1 (Total Section Delta T) +28.6 +28.8
LINEAR INSIDE TEM PERATURE 394.1 394.0
L INEAR OUTSIDE TE MPERATURE 422.7 422.8
DELTA T2 (Absolute of Maximum) .8.9 8.8
Date: 10-19-2005 Time: 14 :11:38 PAGE 34
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* % % % & PpPIPE-TS2 VERSION 1.01 (4/17/91 1930) * * % * *

............. eee sOUTPUT FOR TIME= 6000.00 SECONDS..¢:veceesses ansnnes
-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node

(Inside fluid) 346.7
1 42.0000 42. 0500 -27.16 -27.16 +0.00 351.9 353.6
2 42.1000 42. 1500 -28.42 -28.48 -0.07 355.3 357.0
3 42.2000 42.3167 1Interface (below) -0.13 358.6 360.1
4 42.4333 42.5500 +5.49 +5.38 -0.10 361.5 362.9
5 42,6667 42.7833 +4.71 +4.63 -0.07 364.2 365.5
6 42.9000 43.0167 +3.98 +3.93 -0.05 366.8 368.0
7 43.1333 43,2500 +3.31 +3.28 -0.03 369.1 370.3
8 43.3667 43, 4833 +2.69 +2.67 -0.01 371.3 372.4
9 43.6000 43. 7167 +2.12 +2.12 -0.00 373.3 374.3
10 43.8333 43. 9500 +1.59 +1.60 +0.01 375.2 376.1
11 44,0667 44. 1833 +1.12 +1.14 +0.02 376.9 377.6
12 44,3000 44. 4167 +0.70 +0.72 +0.02 378.4 379.1
13 44,5333 44, 6500 +0.33 +0.35 +0.02 379.7 380.3
14 44,7667 44,8833 -0.00 +0.02 +0.02 380.9 381.4
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15 45.0000 45. 1167 -0.28 -0.26 +0.02 381.9 382.4
16  45.2333 45. 3500 -0.51 ~-0.49 +0.02 382.7 383.1
17 45.4667 45. 5833 -0.70 -0.68 +0.02 383.4 383.7
18 45.7000 45. 8167 -0.84 -0.82 +0.01 383.9 384.2
19 45.9333 46. 0500 -0.93 -0.92 +0.01 384.3 384.4
20 46.1667 46.2833 -0.98 -0.98 +0.00 384.5 384.6
21  46.4000 46. 5167 -0.99 -0.99 +0.00 384.5 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -29.64 -29.77 -0.13
FOR OUTER MATER IAL +6.32 +6.18 -0.13

INS IDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- '01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 -0.00
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.01
AXIAL BENDING +0.51 +0.62

INSIDE BENDING -0.52 -0.63
OUTSIDE BENDI NG +0.51 +0.62
HOOP BENDING N/A +0.57
INSIDE BENDING N/A -0.56
OUTSIDE BENDI NG N/A +0.57

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 375.4 375.2
DELTA T1 (Total Section Delta T) +28.7 +29.0
LINEAR INSIDE TEM PERATURE 360.8 360.7
LINEAR OUTSIDE TE MPERATURE 389.5 389.6
DELTA T2 (Absolute of Maximum) 8.9 8.8

pate: 10-19-2005 Time: 14 :11:40 PAGE 35

FRE KAARAA AR AT AN RTTT AAAR AR ARLTATNNAl AR TR A AR AR A TR Ad AR AL AR TR TR h bt dd WA tddd

¥ % % % ¥  pPTPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * ¥
................ .OUTPUT FOR TIME= 6600.00 SECONDS......ccovveecsucass

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid Node hoop axial radial Grid Node
(Inside fluid) 313.3

1 42.0000 42.0500 -23.20 -23.20 +0.00 318.5 320.3
2 42.1000 42.1500 ~24.47 -24.52 -0.06 322.0 323.7
3 42.2000 42, 3167 Interface (below) -0.12 325.3 326.8
4 42.4333 42, 5500 +5.30 +5.22 ~-0.08 328.2 329.6
5 42.6667 42.7833 +4.52 +4.47 -0.06 330.9 332.2
6 42.9000 43.0167 +3.80 +3.76 -0.03 333.5 334.7
7 43.1333 43. 2500 +3.12 +3.11 -0.01 335.8 337.0
8 43.3667 43.4833 +2.50 +2.50 +0.00 338.0 339.1
9 43.6000 43.7167 +1.93 - +1.94 +0.01 340.0 341.0
10 43.8333 43.9500 +1.41 +1.43 +0.02 341.9 342.8
11 44.0667 44.1833 +0.94 +0.96 +0.03 343.6 344.4
12 44.3000 44.4167 +0.51 +0.54 +0.03 345.1 345.8
13  44.5333 44. 6500 +0.14 +0.17 +0.03 346.4 347.1
14 44.7667 44.8833 -0.19 -0.16 +0.03 347.6  348.2
15  45.0000 45. 1167 -0.47 ~0.44 +0.03 348.6 349.1
16 45.2333  45. 3500 - -0.70 -0.67 +0.03 349.5 349.9
17 45.4667 45.5833 -0.89 ~-0.86 +0.02 350.2 350.5
18 45.7000 45. 8167 -1.03 - -1.01 +0.02 350.7 350.9
19 45.9333 46. 0500 - =1.12 -1.11- +0.01 351.1 351.2
20 46.1667 46. 2833 -1.17 -1.17 +0.01 351.3 351.3
21 46.4000 46. 5167 -1.18 -1.18 +0.00 351. 3 00.0

100.
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
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FOR INNER MATER IAL -25.71 -25.82 -0.12
FOR OUTER MATER IAL +6.13 +6.02 -0.12

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 +0.00
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A -0.00
AXIAL BENDING -0.02 +0.07

INSIDE BENDING +0.03 -0.07
OUTSIDE BENDI NG -0.01 +0.08
HOOP BENDING N/A +0.03
INSIDE BENDING N/A -0.02
OUTSIDE BENDI NG N/A +0.03

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 342.1 341.
DELTA T1 (Total Section Delta T) +28.8 +29.0
LINEAR INSIDE TEM PERATURE 327.5 327.4
LINEAR OUTSIDE TE MPERATURE 356.3 356.4
DELTA T2 (Absolute of Maximum) 8.9 8.8
Date: 10-19-2005 Time: 14 :11:41 PAGE 36
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¥ % % * % PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 7200.00 SECONDS.....vcoeeeens snusans

-- Radii, inches - ---- Grid sStress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 280.0

1 42.0000 42.0500 -19.24 -19.24 +0.00 285.2 286.9
2 42.1000 42. 1500 -20.52 -20.56 -0.05 288.7 290.4
3 42.2000 42.3167 Interface (below) -0.10 292.0 293.5
4  42.4333 42.5500 +5.12 +5.05 -0.07 294.9 296.3
5 42.6667 42.7833 +4.34 +4.30 -0.04 297.6 298.9
6 42.9000 43. 0167 +3.61 +3.59 -0.02 300.2 301.4
7 43.1333 43. 2500 +2.94 +2.94 -0.00 302.5 303.7
8 43.3667 43.4833 +2.31 +2.33 +0.01 304.7 305.8
9 43.6000 43.7167 +1.74 +1.77 +0.02 306.8 307.7
10 43.8333 43. 9500 +1.22 +1.25 +0.03 308.6 309.5
11 44.0667 44.1833 +0.75 +0.78 +0.04 310.3 311.1
12 44.3000 44. 4167 +0.32 +0.36 +0.04 311. 8 312.6
13 44.5333 44, 6500 ~0.05 -0.01 +0.04 313.2 313.8
14 44.7667 44,8833 -0.38 -0.34 +0.04 314.4 314.9
15  45.0000 45. 1167 -0.66 -0.62 +0.04 315.4  315.9
16  45.2333 45. 3500 -0.89 -0.86 +0.03"° 316.3 316.6
17 45.4667 45. 5833 ~1.08 -1.05 +0.03 316.9 317.3
18  45.7000 45. 8167 -1.22 -1.20 +0.02 317.5 317.7
19 45.9333 46. 0500 ~1.31 -1.30 +0.01 317.8 318.0
20 46.1667 46. 2833 -1.36 -1.36 +0.01 318.1 318.1
21 46.4000 46. 5167 -1.37 -1.37 +0.00 318.1 100.0

(Above node is outsi&e fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3

FOR INNER MATER IAL -21.77 -21.86 -0.10
FOR OUTER MATER IAL +5.95 +5.85 -0.10
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.0000+02 +2.0000-01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 +0.01
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A +0.01
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AXIAL BENDING -0.55 -0.48
INSIDE BENDING +0.57 +0.49
OUTSIDE BENDI NG -0.54 -0.46

HOOP BENDING N/A -0.51
INSIDE BENDING N/A +0.52
OUTSIDE BENDI NG N/A -0.51

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING

AVERAGE TEMPERATU RE 308.9 308.

DELTA T1 (Total Section Delta T) +28.9 +29.1

LINEAR INSIDE TEM PERATURE 294.2 294.1

L INEAR OUTSIDE TE MPERATURE 323.1 323.2

DELTA T2 (Absolute of Maximum) 9.0 8.8

Date: 10-19-2005 Time: 14 :11:42 PAGE 37
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*¥ % % % %  pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 7800.00 SECONDS.......ivvvevovannnn

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid Node hoop axial radial Grid Node
(Inside fluid) 246.7

1 42.0000 42,0500 -15.28 -15.28 +0.00 251.9 253.6
2 42.1000 42. 1500 -16.57 -16.61 -0.04 255.3 257.0
3 42.2000 42.3167 1interface (below) -0.08 258.7 260.2
4 42.4333 42, 5500 +4.93 +4.88 -0.05 261.6 263.0
5 42.6667 42.7833 +4.15 +4.13 -0.02 264.3 265.6
6 42.9000 43,0167 +3.43 +3.42 -0.00 266.9 268.1
7 43,1333 43. 2500 +2.75 +2.76 +0.01 269. 3 270.4
8 43.3667 43. 4833 +2.13 +2.15 +0.03 271.5 272.5
9 43.6000 43. 7167 +1.56 +1.59 +0.04 273.5 274.5
10 43.8333 43. 9500 +1.03 +1.08 +0.04 275.4  276.2
11  44.0667 44.1833 +0.56 +0.61 +0.05 277.0 277.9
12 44 .3000 44. 4167 +0.14 +0.18 +0.05 278.6 279.3
13 44,5333 44. 6500 -0.24 -0.19 +0.05 279.9 280.6
14 44,7667 44. 8833 -0.57 -0.52 +0.05 281.1 281.7
15 45.0000 45. 1167 -0.85 -0.81 +0.04 282.1 282.6
16 45.2333 45, 3500 -1.08 -1.04 +0.04 283.0 283.4
17 45.4667 45.5833 -1.27 -1.24 +0.03 283.7 284.0
18 45.7000 45. 8167 -1.41 -1.39 +0.02 284.2 284.5
19 45.9333 46. 0500 -1.50 -1.49 +0.02 284.6 284.8
20 46.1667 46. 2833 -1.56 -1.55 +0.01 284.8 284.9
21 46.4000 46. 5167 -1.56 -1.56 +0.00 9 0

284. 100.
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -17.83 -17.91 -0.08
FOR OUTER MATER IAL +5.76 +5.69 -0.08

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-~FT2-F): +8.000D+02 +2.000D0- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 +0.02
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A +0.02
AXIAL BENDING -1.09 -1.03

INSIDE BENDING +1.11 +1.05
OUTSIDE BENDING -1.06 -1.00
HOOP BENDING N/A -1.06
INSIDE BENDING N/A +1.06
OUTSIDE BENDI NG N/A -1.05

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING

AVERAGE TEMPERATURE 275.6 275.4
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DELTA T1 (Total Section Delta T)

LINEAR INSIDE TEM PERATURE
LINEAR OUTSIDE TE MPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

 * % % %

-- Radii, inches -

N Grid Node

1 42.0000 42.0500
2 42.1000 42. 1500
3  42.2000 42. 3167
4 42.4333 42.5500
5 42.6667 42,7833
6 42.9000 43.0167
7 43.1333 43, 2500
8 43.3667 43. 4833
9 43.6000 43. 7167
10 43.8333 43. 9500
11 44.0667 44,1833
12 44.3000 44. 4167
13  44.5333 44.6500
14 44.7667 44, 8833
15 45.0000 45, 1167
16 45.2333 45. 3500
17 45.4667 45. 5833
18 45.7000 45. 8167
19 45.9333 46. 0500
20 46.1667 46. 2833
21 46.4000 46.5167

Time:
Thkhkhhhdedehhdehhehhdh dhkhddehledehhddhhd hhhdhhddhehhehddd kfhdehhhhdhdedehhdded kkdkdhkk
PIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME= 8400.00 SECONDS

PZR4

+29.0

260.9
289.9

14 :11:44

9.0

---- Grid stress, ksi ---

INDIVIDUAL MATERIAL STRESSES AT
FOR INNER MATER IAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF. (BTU/HR- FT2-F):

STRESSES (KSI) BASED ON:

AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDING

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE

DELTA T1 (Total Section Delta T)

LINEAR INSIDE TEMPERATURE
LINEAR OUTSIDE TE MPERATURE

DELTA T2 (Absolute of Maximum)

pate: 10-19-2005

Tk hhhkhddhhehtthhthd hhdhdhehdehddhhhhd khhdhhhhhhddhdhdhh kbkddhdefehhddedehdedhd khkdhthdkk

PIPE-TS2 VERSION 1.01 (4/17/91 1930)

* k k % *

NN+

ONN
OO
OONN

PAGE 38

* % % % *

Tempe rature, F

hoop axial radial Grid Node
(Inside fluid) 213.3
-11.32 -11.32 +0.00 218. 6 220.3
-12.62 -12.65 -0.03 222.0  223.7
Interface (below) -0.06 225.4 226.9
+4.75 +4.72 -0.03 228.3 229.7
+3.97 +3.96 -0.01 231.0 232.3
+3.24 +3.25 +0.01 233. 6 234.8
+2.57 +2.59 +0.03 236.0 237.1
+1.94 +1.98 +0.04 238.2 239.2
+1.37 +1.42 +0.05 240, 2 241.2
+0.85 +0.90 +0.05 242.1 243.0
+0.37 +0.43 +0.06 243. 8 244 .6
-0.05 +0.01 +0.06 245.3 246.0
-0.43 -0.37 +0.06 246.7 247.3
-0.76 -0.70 +0.05 247.9 248.4
-1.04 -0.99 +0.05 248. 9 249.4
-1.27 -1.23 +0.04 249.8 250.2
-1.46 -1.42 +0.03 250. 5 250.8
-1.60 -1.57 +0.03 251.0 251.2
-1.70 -1.68 +0.02 251.4 251.5
-1.75 -1.74 +0.01 251.6 251.7
-1.75 -1.75 +0.00 251.7 100.0
(Above node is outside fluid)
INTERFACE GRID 3 .
-13.89 -13.95 -0.06
+5.58 +5.52 -0.06
+8.000 D+02 +2.000D- 01
AREA WEIGHTED AVERAGING LINEAR AVERAGING
+0.01 +0.03
N/A +0.01
N/A +0.03
-1.62 -1.58
+1.65 +1.61
-1.59 -1.54
N/A -1.60
N/A +1.60
N/A -1.59
AREA WEIGHTED AVERA GING LINEAR AVERAGING
242.3 42.1
+29.1 +29.3
227.5 227.4
256.7 256.8
9.0 8.9
Time: 14 :11:45 PAGE 39
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PZR4
................ .OUTPUT FOR TIME= 9000.00 SECONDS......vvovuver vernenn

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside f'lu1d) 180.0

1 42.0000 42.0500 -7.36 -7.36 +0.00 185.2 187.0
2  42.1000 42.1500 -8.68 -8.69 -0.02 188.7 190.4
3 42.2000 42.3167 1Interface (below) -0.04 192.1 193.6
4 42.4333 42.5500 +4.56 +4.55 -0.01 195.0 196.4
5 42.6667 42.7833 +3.78 +3.79 +0.01 197.7 199.0
6 42.9000 43.0167 +3.05 +3.08 +0.03 200.3 201.5
7 43.1333 43, 2500 +2.38 +2.42 +0.04 202.7 203.8
8 43.3667 43, 4833 +1.76 +1.81 +0.05 204.9 206.0
9 43.6000 43.7167 +1.18 +1.24 +0.06 206.9 207.9
10 43.8333 43. 9500 +0.66 +0.72 +0.07 208.8 209.7
11 44.0667 44. 1833 +0.18 +0.25 +0.07 210.5 211.3
12 44.3000 44. 4167 -0.24 -0.17 +0.07 212.0 212.8
13  44.5333 44, 6500 -0.62 -0.55 +0.06 213.4 214.1
14 44,7667 44. 8833 -0.94 -0.88 +0.06 214.6 215.2
15 45.0000 45. 1167 -1.23 -1.17 +0.05 215.7 216.1
16 45.2333 45. 3500 -1.46 -1.41 +0.05 216.5 216.9
17 45.4667 45, 5833 -1.65 -1.61 +0.04 217.2 217.5
18 45.7000 45. 8167 -1.79 -1.76 +0.03 217.8 218.0
19 45.9333 46. 0500 -1.89 -1.87 +0.02 218.2 218.3
20 46.1667 46.2833 -1.94 -1.93 +0.01 218.4 218.5
21 46.4000 46. 5167 -1.95 -1.95 +0.00 4 100.0

218.
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -9.96 -10.00 -0.04
FOR OUTER MATER IAL +5.40 +5.35 -0.04

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D0- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 +0.04
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A +0.04
AXIAL BENDING -2.16 -2.13

INSIDE BENDING +2.20 +2.17
OUTSIDE BENDI NG -2.11 -2.09
HOOP BENDING N/A -2.14
INSIDE BENDING N/A +2.15
OUTSIDE BENDI NG N/A -2.13

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 209.1 208.8
DELTA T1 (Total Section Delta T) +29.2 +29.4
LINEAR INSIDE TEM PERATURE 194.2 194.1
LINEAR OUTSIDE TE MPERATURE 223.4 223.6
DELTA T2 (Absolute of Maximum) 9.0 8.9

pate: 10-19-2005 Time: 14 :11:47 PAGE 40

dedode e dedededddehhhhhhdhdd hkkkhdhhdehdhhhhdhk khkhhdehddhhhdhd khdkhhhhhhhhehefehdr edkhkdhh®

* % % % ¥ PpIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * *
................ .OUTPUT FOR TIME= 9600.00 SECONDS.....vcceuvus vnconnn

-- Radii, inches - ---- Grid Stress, ksi ------ Tempe rature, F

N Grid No de hoop axial radial id Node
(Inside f1u1d) 146.7

1 42.0000 42.0500 -3.40 -3.40 +0.00 9 153.7
2 42.1000 42,1500 -4.73 -4.73 -0.01 155 157.1
3  42.2000 42.3167 1Interface (below) -0.02 158. 8 160.3
4 42.4333 42.5500 +4.38 +4.38 +0.00 161.7 163.1
5 42.6667 42,7833 +3.60 +3.62 +0.03 164.4 165.7
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6 42.9000 43.0167 +2.87 +2.91 +0.04 167.0 168.2

7 43.1333 43, 2500 +2.19 +2.25 +0.06 169.4 170.5

8 43.3667 43, 4833 +1.57 +1.63 +0.07 171.6 172.7

9 43.6000 43,7167 +0.99 +1.07 +0.07 173.7 174.6
10 43.8333 43. 9500 +0.47 4+0.55 +0.08 175.5 176.4
11  44.0667 44.1833 -0.00 +0.07 +0.08 177.2 178.1
12 44.3000 44. 4167 -0.43 -0.35 +0.08 178.8 179.5
13  44.5333 44. 6500 -0.80 -0.73 +0.07 180.2 180.8
14 44.7667 44. 8833 -1.13 -1.07 +0.07 181.4 181.9
15  45.0000 45. 1167 -1.41 -1.36 +0.06 182.4 182.9
16  45.2333  45. 3500 -1.65 -1.60 +0.05 183.3 183.7
17 45.4667  45. 5833 -1.84 -1.80 +0.04 184.0 184.3
18 45.7000 45. 8167 -1.98 -1.95 +0.03 184.5 184.8
19 45.9333 46. 0500 -2.08 -2.06 +0.02 184.9 185.1
20 46.1667 46,2833 -2.13 -2.12 +0.01 185.2 185.2
21 46.4000 46. 5167 -2.14 -2.14 +0.00 185.2 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -6.02 -6.04 -0.02
FOR OUTER MATER IAL +5.21 +5.19 -0.02

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 +0.05
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A +0.04
AXIAL BENDING -2.69 -2.68

INSIDE BENDING +2.74 +2.73
OUTSIDE BENDI NG -2.64 -2.63
HOOP BENDING N/A -2.68
INSIDE BENDING N/A +2.69
OUTSIDE BENDI NG N/A -2.68

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE 175.8 175.6
DELTA T1 (Total Section Delta T) +29.3 +29.5
LINEAR INSIDE TEM PERATURE 160.9 160.8
LINEAR OUTSIDE TE MPERATURE 190.2 190.3
DELTA T2 (Absolute of Maximum) 9.0 8.9

pate: 10-19-2005 Time: 14 :11:48 PAGE 41

fedek hdkhhhhehkkdhkkthkd khkkhkhhkhkhhdwhik ***;t*********** Tkt ek dtdhd ehhkiik®

¥ % % ® ¥ pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * ¥ *

cecsnosesnrannse LOUTPUT FOR TIME= %10200.00 SECONDS.......0vee vavnsenns
-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid Node hoop axial radial Grid Node
(Inside fluid)  113.3
1 42.0000 42.0500 +0.56 +0.56 -0.00 118.6 120.3
2 42.1000 42.1500 -0.78 -0.78 -0.00 122.1 123.8
3 42,2000 42.3167 Interface (below) -0.00 125.5 127.0
4  42.4333 42.5500 +4.19 +4.21 +0.02 128.4 129.8
5 42.6667 42,7833 +3.41 +3.45 +0.04 131.1 132.4
6 42.9000 43.0167 +2.68 +2.74 +0.06 133.7 134.9
7 43.1333 43,2500 +2.01 +2.08 +0.07 136.1 137.2
8 43.3667 43.4833 +1.38 +1.46 +0.08 138.3 139.4
9 43.6000 43.7167 +0.81 +0.89 +0.09 140.4 141.4
10 43.8333 43, 9500 +0.28 +0.37 +0.09 142.3 143.2
11 44.0667 44, 1833 -0.19 ~-0.10 +0.09 144.0 144.8
12 44.3000 44. 4167 -0.62 -0.53 +0.08 145.5 146.2
13  44.5333 44. 6500 -0.99 -0.91 +0.08 146.9 147.5
14 44.7667 44,8833 -1.32 -1.25 +0.07 148.1 148.7



PZR4

15 45.0000 45. 1167 -1.60 -1.54 +0.07 149.2 149.6
16 45.2333 45, 3500 -1.84 -1.78 +0.06 150.0 150.4
17 45.4667 45,5833 -2.03 -1.98 +0.05 150.8 151.1
18 45.7000 45. 8167 -2.17 -2.14 +0.03 151.3 151.5
19 45.9333 46. 0500 -2.27 -2.24 +0.02 151.7 151.9
20 46.1667 46. 2833 -2.32 -2.31 +0.01 151.9 152.0
21 46.4000 46. 5167 -2.33 -2.33 +0.00 152.0 100.0
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -2.08 -2.09 -0.00
FOR OUTER MATER IAL +5.03 +5.02 -0.00
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D-01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.01 +0.06
HOOP MEMBRANE N/A +0.01
AVERAGE RADIAL N/A +0.05
AXIAL BENDING -3.22 -3.23
INSIDE BENDING +3.28 +3.29
OUTSIDE BENDI NG -3.17 -3.17
HOOP BENDING N/A -3.22
INSIDE BENDING N/A +3.23
OUTSIDE BENDI NG N/A -3.22

TEMPERATURES (F) BASED ON:

AREA WEIGHTED AVERA GING
142.5

LINEAR AVERAGING

AVERAGE TEMPERATURE . 142.3

DELTA T1 (Total Section Delta T) +29.4 +29.6

LINEAR INSIDE TEM PERATURE 127.6 127.5

L INEAR OUTSIDE TE MPERATURE 157.0 157.1

DELTA T2 (Absolute of Maximum) 9.0 8.9
pate: 10-19-2005 Time: 14 :11:50 PAGE 42

Fedede dededeehodededekedededodedoded hedkdedededededehedohhddehdc hkddkdedhhdedehdiddh hkddhhhhhhdehdkddh hhhdkdi

* % % % * pIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * & *
................ .OUTPUT FOR TIME= %10800.00 SECONDS.....cccver svnneenee
-- Radii, inches - ---- Grid stress, ksi Tempe rature, F

N Grid No de hoop axial radial Grid Node
(Inside fluid) 80.0
1 42.0000 42.0500 +4.52 +4.52 -0.00 85.3 87.0
2 42.1000 42. 1500 +3.17 +3.18 +0.01 88.7 90.5
3 42 .2000 42 . 3167 Interface (below) +0.02 92.1 93.6
4 42.4333 42. 5500 +4.01 +4.05 +0.04 95.1 96.5
5 42.6667 42.7833 +3.23 +3.29 +0.06 97.8 99.2
6 42.9000 43,0167 +2.50 +2.57 +0.07 100.4 101.6
7 43.1333 43, 2500 +1.82 +1.91 +0.09 102.8 104.0
8 43.3667 43.4833 +1.20 +1.29 +0.09 105.0 106.1
9 43.6000 43, 7167 +0.62 +0.72 +0.10 107.1 108.1
10 43.8333 43. 9500 +0.10 +0.20 +0.10 109.0 109.9
11 44.0667 44, 1833 -0.38 -0.28 +0.10 110.7 111.5
12 44.3000 44, 4167 -0.80 -0.71 +0.09 112.3 113.0
13  44.5333 44, 6500 -1.18 -1.09 +0.09 113.6 114.3
14 44.7667 44, 8833 -1.51 -1.43 +0.08 114.9 115.4
‘15 45.0000 45, 1167 -1.79 -1.72 +0.07 115.9 116.4
16 45.2333 45, 3500 -2.03 -1.97 +0.06 116.8 117.2
17 45.4667 45, 5833 -2.22 -2.17 +0.05 117.5 117.8
18 45.7000 45. 8167 -2.36 -2.32 +0.04 118.1 118.3
19 45,9333 46. 0500 -2.46 -2.43 +0.03 118.5 118.6
20 46.1667 46, 2833 -2.51 -2.50 +0.01 118.7 118.8
21 46.4000 46. 5167 -2.52 -2.52 +0.00 118.8 100.0
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
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FOR INNER MATER IAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF.

STRESSES (KSI) BASED ON:
AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXIAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG
HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATURE

DELTA T1 (Total Section Delta T) 2

LINEAR INSIDE TEM PERATURE

LINEAR OUTSIDE TE MPERATURE 12
DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

PZR4
+1.85 +1.87
+4.84 +4.86

(BTU/HR~ FT2-F):

+0.02
+0.02

+8.000 D+02

AREA WEIGHTED AVERAGING

+0.01
N/A
N/A
-3.76

+3.83

-3.69
N/A

N/A

N/A

AREA WEIGHTED AVERA GING

9.3
9.5
94.3
3.8
9.0

Time: 14 :11:51

+2.000D- 01

LINEAR AVERAGING
+0.07
+0.01
+0.06
-3.78

+3.85

-3.76

LINEAR AVERAGING
109.0
+29.7

94.2
123.9
8.9

PAGE 43

Yekdededeedefehhnhhtedddedek hhteddhdedtddhhhdd khdhdhhdtehhhhhd kddhhhhhhdkdkhdk dhhdhkikk

* % k % *

-- Radii, inches -

PIPE-TS2 VERSION 1.01 (4/17/91 1930)
.OUTPUT FOR TIME= %11800.00 SE CONDS
---- Grid stress, ksi

* %k * k %

Tempe rature, F

N Grid No de hoop axial radial Grid Node
(Inside f'lu1d) 80.0
1 42.0000 42,0500 -0.13 -0.13 +0.00 .9 81.1
2 42.1000 42,1500 -0.35 -0.35 -0.00 81. 4 81.7
3 42.2000 42.3167 1Interface (below) -0.00 82.0 82.2
4 42.4333 42.5500 +0.82 +0.82 +0.00 82.5 82.7
5 42.6667 42.7833 +0.68 +0.69 +0.01 83.0 83.2
6 42.9000 43.0167 +0.55 +0.56 +0.01 83.4 83.7
7 43.1333 43, 2500 +0.42 +0.44 +0.01 83.9 84.1
8 43.3667 43.4833 +0.30 +0.32 +0.02 84.3 84.5
9 43,6000 43, 7167 +0.19 +0.21 +0.02 84.7 84.9
10 43.8333 43.9500 +0.09 +0.10 +0.02 85.1 85.3
11  44.0667 44.1833 -0.01 +0.01 +0.02 85.4 85.6
12 44.3000 44. 4167 -0.10 -0.08 +0.02 85.7 85.9
13 44.5333 44, 6500 -0.18 -0.16 +0.02 86.0 86.2
14  44.7667 44, 8833 -0.25 -0.23 +0.01 86. 3 86.4
15 45.0000 45. 1167 -0.31 -0.30 +0.01 86.5 86.6
16 45.2333  45. 3500 -0.36 -0.35 +0.01 86.7 86.8
17 45.4667 45. 5833 -0.40 -0.39 +0.01 86.9 86.9
18 45.7000 45. 8167 -0.44 -0.43 +0.01 87.0 87.1
19 45,9333 46. 0500 ~-0.46 -0.45 +0.00 87.1 87.1
20 46.1667 46. 2833 -0.47 -0.47 +0.00 87.1 87.2
21 46.4000 46. 5167 -0.47 -0.47 +0.00 87.2 100.0
(Above node is outside ﬂu1d)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3 .
FOR INNER MATER IAL -0.57 -0.57 -0.00
FOR OQUTER MATER IAL +0.96 +0.96 -0.00
INSIDE/OUTSIDE HT TX COEF. (BTU/HR~FT2-F): +8.000D+02 +2.000D- 01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 +0.01
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A +0.01
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AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AREA WEIGHTED AVERAGING

AVERAGE TEMPERATURE 5.2
DELTA Tl (Total Section Delta T) +5.8
LINEAR INSIDE TEM PERATURE 82.3
LINEAR OUTSIDE TE MPERATURE 88.1
DELTA T2 (Absolute of Maximum) 1.4

Date: 10-19-2005

Yedede dededededededededhededehe vk kddededehhdeddehhdodedode dededededehedehedehohkdhk kdfehdhdhdehddehddhk dhklhid

* % % % %

................ .OUTPUT FOR TIME= %12800.00 SE CONDS

Time: 14 :11:52

LINEAR

AVERAGING
85.2
+5.9
82.2
88.1
1.4

PAGE 44

PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * *

-- Radii, inches -
No de

N Grid
1 42.0000
2 42.1000
3 42.2000
4 42 .4333
5 42.6667
6 42.9000
7 43,1333
8 43.3667
9 43,6000
10 43.8333
11  44.0667
12 44,3000
13 44.5333
14 44,7667
15  45.0000
16 45.2333
17 45.4667
18  45.7000
19  45.9333
20 46.1667
21 46.4000

. 0500
. 1500
. 3167
. 5500
. 7833
. 0167
. 2500
. 4833
. 7167
. 9500
. 1833
. 4167
. 6500
. 8833
. 1167
. 3500
. 3833
. 8167
. 0500
. 2833
. 5167

---- Grid stress, ksi ---

INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL
FOR OUTER MATER IAL

INS IDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):
STRESSES (KSI) BASED ON:

AXIAL MEMBRANE

HOOP MEMBRANE

AVERAGE RADIAL

AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE

*

Tempe rature, F

hoop axial radial Grid Node
(Inside fluid) 80.0
-0.99 -0.99 +0.00 80. 80.2
-1.03 -1.03 -0.00 80. 3 80.3
Interface (below) -0.00 80.4 80.4
+0.20 +0.20 -0.00 80.5 80.5
+0.17 +0.17 -0.00 80.5 80.6
+0.15 +0.15 -0.00 80.6 80.7
+0.13 +0.13 -0.00 80.7 80.8
+0.10 +0.10 -0.00 80. 8 80.8
+0.08 +0.08 +0.00 80.9 80.9
+0.06 +0.06 +0.00 80.9 81.0
+0.04 +0.05 +0.00 81.0 81.0
+0.03 +0.03 +0.00 81.1 81.1
+0.01 +0.01 +0.00 81.1 81.1
-0.00 +0.00 +0.00 81.2 81.2
-0.01 -0.01 +0.00 81.2 81.2
-0.02 -0.02 +0.00 81.2 81.3
-0.03 -0.03 +0.00 81.3 81.3
-0.04 -0.04 +0.00 81.3 81.3
-0.04 -0.04 +0.00 81.3 81.3
-0.05 -0.05 +0.00 81.3 81.3
-0.05 -0.05 +0.00 81. 100.0
(Above node is outside fluid)
-1.06 -1.07 -0.00
+0.23 +0.22 -0.00
+8.000 D+02 +2.000D- 01
AREA WEIGHTED AVERA GING LINEAR AVERAGING
+0.00 -0.00
N/A +0.00
N/A -0.00
+0.01 +0.01
-0.01 -0.01
+0.01 +0.01
N/A +0.01
N/A -0.01
N/A +0.01
AREA WEIGHTED AVERAGING LINEAR AVERAGING
81.0 81.0
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DELTA T1 (Total Section Delta T)
LINEAR INSIDE TEM PERATURE
LINEAR OUTSIDE TE MPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

* % * ¥ %

PIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME= %13800.00 SECONDS

-- Radii, inches -

N Grid No de
1 42.0000 42,0500
2 42.1000 42.1500
3  42.2000 42, 3167
4 42.4333 42. 5500
S 42.6667 42.7833
6 42 .9000 43, 0167
7 43.1333 43. 2500
8 43,3667 43. 4833
9 43.6000 43,7167
10 43.8333 43. 9500
11  44.0667 44. 1833
12  44.3000 44. 4167
13  44.5333 44. 6500
14 44,7667 44. 8833
15 45.0000 45, 1167
16 45.2333  45. 3500
17 45.4667 45. 5833
18 45.7000 45. 8167
19 45.9333  46. 0500
20 46.1667 46. 2833
21 46.4000 46. 5167

Time:

14 :11:54

00 00 +
ORO
wunh

~--- Grid Stress, ksi ------

INDIVIDUAL MATERIAL STRESSES AT
FOR INNER MATER IAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):

STRESSES (KSI) BASED ON:

AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE
DELTA T1 (Total Section Delta T)
LINEAR INSIDE TEM PERATURE
L INEAR OUTSIDE TE MPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

* k k % %

PIPE-TS2 VERSION 1.01 (4/17/91 1930)

radial

0000 +
OO
[SYRV, I
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* % % % %

Tempe rature, F

Grid

(Inside fluid)
. 80

+0.00
-0.00
-0.01
-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

8 100.
(Above node is outside fluid)

-0.01

hoop axial

-1.14 -1.14
-1.15 -1.15

Interface (below)
+0.09 +0.08
+0.08 +0.08
+0.08 +0.07
+0.07 +0.07
+0.07 +0.07
+0.06 +0.06
+0.06 +0.06
+0.05 +0.05
+0.05 +0.05
+0.05 +0.05
+0.04 +0.04
+0.04 +0.04
+0.04 +0.04
+0.04 +0.03
+0.03 +0.03
+0.03 +0.03
+0.03 +0.03
+0.03 +0.03
INT ERFACE GRID 3

-1.15 -1.16
+0.10 +0.09

-0.01
+8.000D+02

AREA WEIGHTED AVERA GING
+0.00
N/A

N/A

+0.12

-0
+0

.13
.12

N/A

N/A
N/A

AREA WEIGHTS'SDZAVERA GING

Time:

14 :11:55

Page 38

+0.
80.
80.

0.

2
1
3
1

80.0

WWWWWWWNNNNNNNRRR R RSO
00 00
o0
OWWWWWWWNNNNNNNR P RRO

+2.000D- 01

LINEAR AVERAGING
-0.00

LINEAR

+0.00
-0.00
+0.13
-0.13
+0.13
+0.13

AVERAGING
80.2
+0.2
80.1
80.3
0.0
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................ .OUTPUT FOR TIME= %14800.00 SE CONDS

-- Radii, inches -

N Grid
1 42.0000
2 42.1000
3 42.2000
4 42.4333
5 42.6667
6 42.9000
7 43.1333
8 43.3667
9 43.6000
10 43.8333
11  44.0667
12  44.3000
13  44.5333
14 44.7667
15  45.0000
16 45.2333
17  45.4667
18 45.7000
19 45.9333
20 46.1667
21  46.4000

No de

42. 0500
42. 1500
42. 3167
42. 5500
42.7833
43. 0167
43, 2500
43. 4833

PZR4

---- Grid stress, ksi ------

INDIVIDUAL MATERIAL STRESSES AT
FOR INNER MATER IAlL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):

STRESSES (KSI) BASED ON:
AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDING

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE
DELTA T1 (Total Section Delta T)
L INEAR INSIDE TEM PERATURE
LINEAR OUTSIDE TEMPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

Fedete hedededekdhtedtedtehhhed Whhhkddhdehhhdhdhhdk hhddhhhdhhhdedededethdh kdhdehbhhhhhhkdhhh hhhdhdd®

* % k % %

-- Radii, inches -

Grid

42.0000
42.1000
42.2000
42.4333
42.6667

NHhWNH 2

No de
42, 0500

42,1500

42. 3167
42. 5500
42,7833

Tempe rature, F

hoop axial radial Grid Node
(Inside fluid) 80.0
-1.17 -1.17 +0.00 80. 80.0
-1.17 -1.17 -0.00 80.0 80.0
Interface (below) -0.01 80.0 80.0
+0.07 +0.06 -0.01 80.0 80.0
+0.07 +0.06 -0.00 80.0 80.0
+0.07 +0.06 -0.00 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.1
+0.06 +0.06 -0.00 80.1 80.1
+0.06 +0.06 -0.00 80.1 80.1
+0.06 +0.06 -0.00 80.1 80.1
+0.06 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.04 +0.04 -0.00 80.1 80.1
+0.04 +0.04 -0.00 80.1 80.1
+0.04 +0.04 -0.00 8§0.1 100.0
(Above node is outside fluid)
INT ERFACE GRID 3
-1.17 -1.17 -0.01
+0.07 +0.07 -0.01
+8.000 D+02 +2.000D- 01
AREA WEIGHTED AVERA GING LINEAR AVERAGING
+0.00 -0.00
N/A +0.00
N/A -0.00
+0.14 +0.15
-0.15 -0.15
+0.14 +0.15
N/A +0.15
N/A -0.15
N/A +0.15
AREA WEIGHTED AVERA GING LINEAR SXEEAGING
+0.1 +0.1
80.0 80.0
80.1 80.1
0.0 0.0
Time: 14 :11:57 47

-=-- Grid Stress, ksi -=~«-~--

PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * =
................ .OUTPUT FOR TIME= ¥15800.00 SE CONDS

*

Tempe rature, F

hoop axial radial Grid Node

- (Inside fluid) 80.0
-1.17 -1.17 +0.00 80.0 80.0
-1.17 -1.18 ~-0.00 80.0 80.0
Interface (below) -0.01 80.0 80.0
+0.07 +0.06 -0.01 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
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6 42.9000 43.0167 +0.06 +0.
7 43.1333 43, 2500 +0.06 +0.
8 43.3667 43.4833 +0.06 +0.
9 43.6000 43.7167 +0.06 +0.
10 43.8333 43. 9500 +0.06 +0.
11  44.0667 44. 1833 +0.06 +0.
12 44.3000 44. 4167 +0.06 +0.
13  44.5333 44.6500 +0.05 +0
14 44,7667 44.8833 +0.05 +0.
15 45.0000 45. 1167 +0.05 +0.
16 45.2333 45. 3500 +0.05 +0.
17 45.4667 45. 5833 +0.05 +0.
18 45.7000 45. 8167 +0.05 +0.
19 45,9333 46. 0500 +0.05 +0.
20 46.1667 46. 2833 +0.05 +0.
21 46.4000 46. 5167 +0.05 +0.
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE
FOR INNER MATER IAL -1.17 -1.
FOR OUTER MATER IAL +0.07 +0.

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):
AREA WEIGHTED AVERA GING

STRESSES (KSI) BASED ON:

06 -0.00
06 -0.00
06 -0.00
06 -0.00
06 -0.00
05 -0.00
05 -0.00
.05 -0.00
05 -0.00
05 -0.00
05 -0.00
05 -0.00
05 -0.00
05 -0.00
05 -0.00
05 -0.00
(Abov e
GRID 3
18 -0.01
06 -0.01
+8.000 D+02

AXIAL MEMBRANE +0.00
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXIAL BENDING +0.15
INSIDE BENDING -0.15
OUTSIDE BENDI NG +0.14
HOOP BENDING N/A
INSIDE BENDING N/A
OUTSIDE BENDI NG N/A

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATU RE

AREA WEIGHTED AVERAGING
80.0

DELTA T1 (Total Section Delta T) +0.1
LINEAR INSIDE TEM PERATURE 80.0
LINEAR OUTSIDE TE MPERATURE 80.1
DELTA T2 (Absolute of Maximum) 0.0

Date: 10-19-2005 Time: 14 :11:58

8
node is outside f1u1d)

+2.000D-

LINEAR

LINEAR

HHHHHHHHHOOOOOOO
0 00
oo
ORRRRRHRHO00000

100

01
AVERAGING
00

+0.00
-0.00
+0.15
-0.15
+0.15
+0.15
-0.15
+0.15

AVERAGING
80.0
+0.1
80.0
80.1

0.0

48

Khk hhhfdhkhhdehfdfhk hhhhdhhhhhhhhdeddk kdhhfhdehhehdedhhddd khhhhdhhhhhhdhhhh ehkkhhks

* f % f %

-- Radii, inches -

N Grid No de hoop axial
1 42.0000 42.0500 -1.17 -1.17
2 42.1000 42. 1500 -1.17 -1.18
3  42.2000 42.3167 1Interface (below)
4 42.4333 42.5500 +0.07 +0.06
5 42.6667 42.7833 +0.06 +0.06
6 42.9000 43. 0167 +0.06 +0.06
7 43.1333  43. 2500 +0.06 +0.06
8 43.3667 43. 4833 +0.06 +0.06
9 43.6000 43. 7167 +0.06 +0.06
10 43.8333 43.9500 +0.06 +0.06
11 44.0667 44,1833 +0.06 +0.05
12 44.3000 44.4167 +0.06 +0.05
13 44.5333 44. 6500 +0.05 +0.05
14 44,7667 44,8833 +0.05 +0.05
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.OUTPUT FOR TIME= %16800.00 SE CONDS
~-~- Grid Sstress, ksi

-

radial

* * k %

*

80.0

HOOOOOOCOOOOOO
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o
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15  45.0000
16 45.2333
17  45.4667
18  45.7000
19  45.9333
20 46.1667
21  46.4000

INDIVIDUAL MATERIAL STRESSES

. 1167
. 3500
. 5833
. 8167
. 0500
. 2833
. 5167

FOR INNER MATER IAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):
STRESSES (KSI) BASED ON:

AXTAL MEMBRANE

HOOP MEMBRANE

AVERAGE RADIAL

AXIAL BENDING

INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING

INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:

AVERAGE TEMPERATURE

DELTA T1 (Total Section Delta T)

LINEAR INSIDE TEM PERATURE
LINEAR OUTSIDE TEMPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

Fedede dedehedehekdehedehedeheddeded fehdehhhhdehfedehtekdd Shhdkdehhhhdhhdtehd kdkdhhdhddhhhddededd khdhkdddd
* k k %k %

 k %k & %

-- Radii, inches -

N Grid
1 42.0000
2 42.1000
3 42.2000
4 42.4333
5 42.6667
6 42.9000
7 43.1333
8 43.3667
9 43,6000
10 43.8333
11 44.0667
12 44.3000
13 44,5333
14 44.7667
15 45.0000
16 45.2333
17  45.4667
18 45.7000
19 45.9333
20 46.1667
21 46.4000

Node

42. 0500
42.1500
42. 3167
42. 5500
42,7833
43. 0167
43, 2500
43. 4833
43,7167
43. 9500
44,1833
44, 4167
44, 6500
44. 8833
45. 1167
45. 3500
45. 5833
45. 8167
46. 0500
46. 2833
46. 5167

+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 100.0
(Above node is outside fluid)
AT INTERFACE GRID 3
-1.17 -1.18 -0.01
+0.07 +0.06 -0.01
+8.000 D+02 +2.000D- 01
AREA WEIGHTED AVERA GING LINEAR AVERAGING
+0.00 -0.00
N/A +0.00
N/A -0.00
+0.15 +0.15
-0.15 -0.16
+0.15 +0.15
N/A +0.15
N/A -0.15
N/A +0.15
AREA WEIGHTED AVERA GING LINEAR AVERAGING
80.0 80.0
+0.1 +0.1
80.0 80.0
80.1 80.1
0.0 0.0
Time: 14 :12:00 PAGE 49

PIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME= %17800.00 SE CONDS
---- Grid stress, ksi

Tempe rature, F

hoop axial radial Grid Node
(Inside fluid) 80.0
-1.17 -1.17 +0.00 80. 80.0
-1.17 -1.18 -0.00 80.0 80.0
Interface (below) -0.01 80.0 80.0
+0.07 +0.06 -0.01 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
+0.06 +0.06 -0.00 80.0 80.0
+0.06 +0.05 -0.00 80.0 80.0
+0.06 +0.05 -0.00 80.0 80.0
+0.05 +0.05 -0.00 80.0 80.0
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 80.1 80.1
+0.05 +0.05 -0.00 . 80.1 100.0
(Above node is outside fluid)
INT ERFACE GRID 3

INDIVIDUAL MATERIAL STRESSES AT
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FOR INNER MATER IAL
FOR OUTER MATER IAL

INSIDE/OUTSIDE HT TX COEF.

STRESSES (KSI) BASED ON:
AXIAL MEMBRANE
HOOP MEMBRANE
AVERAGE RADIAL
AXIAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG
HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATURE

DELTA T1 (Total Section Delta T)

LINEAR INSIDE TEMPERATURE

LINEAR OUTSIDE TE MPERATUR§
DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

* kh k * %

PZR4

~1.17 -1.18 -0.01
+0.07 +0.06 -0.01
(BTU/HR- FT2-F): +8.0000+02

AREA WEIGHTED AVERAGING
+0.00
N/A

AREA WEIGHTEDOAVERA GING
80

+0.1
80.0
80.1

0.0

Time: 14 :12:01

+2.000D0- 01
LINEAR AVERAGING
00

LINEAR

+0.00
-0.00
+0.15
-0.16
+0.15
+0.15
-0.15
+0.15

AVERAGING
80.0
+0.1
80.0
80.1
0.0

PAGE 50
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PIPE-TS2 VERSION 1.01 (4/17/91 1930)

t % * % *

................ .OUTPUT FOR TIME= %18800.00 SECONDS.....00vver cennnnsns

~- Radii, inches -

---- Grid Stress, ksi

- Tempe rature, F

N Grid Node hoop axial radial Gri Node
(Inside fluid) 80.0
1 42,0000 42,0500 -1.17 -1.17 +0.00 80.0 80.0
2  42.1000 42. 1500 -1.17 -1.18 -0.00 80.0 80.0
3 42.2000 42.3167 1Interface (below) -0.01 80.0 80.0
4  42.4333 42,5500 +0.07 +0.06 -0.01 80.0 80.0
5 42.6667 42.7833 +0.06 +0.06 -0.00 80.0 80.0
6 42.9000 43.0167 +0.06 +0.06 -0.00 80.0 80.0
7 43.1333 43, 2500 +0.06 +0.06" -0.00 80.0 80.0
8 43.3667 43, 4833 +0.06 +0.06 -0.00 80.0 80.0
9 43.6000 43,7167 +0.06 +0.06 -0.00 80.0 80.0
10 43.8333 43, 9500 +0.06 +0.06 -0.00 80.0 80.0
11 44.0667 44. 1833 +0.06 +0.05 -0.00 80.0 80.0
12 44 .3000 44 . 4167 +0.06 +0.05 -0.00 80.0 80.0
13 44,5333 44, 6500 +0.05 +0.05 -0.00 80.0 80.0
14 44.7667 44. 8833 +0.05 +0.05 -0.00 80.1 80.1
15 45.0000 45, 1167 +0.05 +0.05 -0.00 80.1 80.1
16 45.2333 45, 3500 +0.05 +0.05 -0.00 80.1 80.1
17 45.4667 45. 5833 +0.05 +0.05 -0.00 80.1 80.1
18 45.7000 45. 8167 +0.05 +0.05 -0.00 80.1 80.1
19 45.9333 46. 0500 +0.05 +0.05 -0.00 80.1 80.1
20 46.1667 46. 2833 +0.05 +0.05 -0.00 80.1 80.1
21 46.4000 46. 5167 +0.05 +0.05 -0.00 80.1 100.0
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -1.17 -1.18 -0.01
FOR OUTER MATER IAL +0.07 +0.06 -0.01
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXTIAL MEMBRANE +0.00 -0.00
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.00



AXIAL BENDING
INSIDE BENDING
OUTSIDE BENDI NG

HOOP BENDING
INSIDE BENDING
OUTSIDE BENDI NG

TEMPERATURES (F) BASED ON:
AVERAGE TEMPERATURE

DELTA T1 (Total Section Delta T)

LINEAR INSIDE TEM PERATURE
L INEAR OUTSIDE TE MPERATURE

DELTA T2 (Absolute of Maximum)

Date: 10-19-2005

* k% % % %

-- Radii, inches -

AREA WEIGHTED AVERA GING
80.0

+0.1
80.0
80.1

0.0

Time: 14 :12:03

PIPE-TS2 VERSION 1.01 (4/17/91 1930)
................ .OUTPUT FOR TIME= %19800,00 SE CONDS
---- Grid Sstress, ksi

LINEAR

+0.15
-0.16
+0.15

+0.15
-0.15
+0.15

AVERAGING
80.0
+0.1
80.0
80.1
0.0

PAGE 51
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* % %k *

%*

Tempe rature, F

N Grid No de hoop axial radial Grid Node
(Inside fluid) 80.0
1 42.0000 42.0500 -1.17 -1.17 +0.00 80.0 80.0
2 42,1000 42.1500 -1.17 -1.18 -0.00 80.0 80.0
3 42.2000 42.3167 1Interface (below) -0.01 80.0 80.0
4 42.4333 42.5500 +0.07 +0.06 -0.01 80.0 80.0
5 42.6667 42.7833 +0.06 +0.06 -0.00 80.0 80.0
6 42.9000 43.0167 +0.06 +0.06 -0.00 80.0 80.0
7 43.1333 43. 2500 +0.06 +0.06 -0.00 80.0 80.0
8 43.3667 43. 4833 +0.06 +0.06 -0.00 80.0 80.0
9 43.6000 43.7167 +0.06 +0.06 -0.00 80.0 80.0
10 43.8333 43.9500 +0.06 +0.06 -0.00 80.0 80.0
11 44.0667 44,1833 +0.06 +0.05 -0.00 80.0 80.0
12 44.3000 44. 4167 +0.06 +0.05 -0.00 80.0 80.0
13 44.5333 44. 6500 +0.05 +0.05 -0.00 80.0 80.0
14 44.7667 44. 8833 +0.05 +0.05 -0.00 80.1 80.1
15 45.0000 45.1167 +0.05 +0.05 -0.00 80.1 80.1
16  45.2333  45. 3500 +0.05 +0.05 -0.00 80.1 80.1
17 45.4667 45. 5833 +0.05 +0.05 -0.00 80.1 80.1
18 45.7000 45. 8167 +0.05 +0.05 -0.00 80.1 80.1
19 45.9333 46. 0500 +0.05 +0.05 -0.00 80.1 80.1
20 46.1667 46.2833 +0.05 +0.05 -0.00 80.1 80.1
21 46.4000 46. 5167 +0.05 +0.05 -0.00 80.1 100.0
(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3 '
FOR INNER MATER IAL -1.17 -1.18 -0.01
FOR OUTER MATER IAL +0.07 +0.06 -0.01
INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D~ 01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.00
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.00
AXIAL BENDING +0.15 +0.15
INSIDE BENDING -0.15 -0.16
OUTSIDE BENDING +0.15 +0.15
HOOP BENDING N/A +0.15
INSIDE BENDING N/A -0.15
OUTSIDE BENDING N/A +0.15
TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AVERAGE TEMPERATU RE 80.0 80.0
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PZR4

DELTA T1 (Total Section Delta T) +0.1 +0.1
LINEAR INSIDE TEM PERATURE 80.0 80.0
LINEAR OUTSIDE TE MPERATURE 80.1 80.1
DELTA T2 (Absolute of Maximum) 0.0 0.0
Date: 10-19-2005 Time: 14 :12:04 PAGE 52

Tehh hhdohhhhkthhhdddd hhdhdhhhkhhhhhhhh khhddhhhhkhhdehkdh kdhhhhhdhddeddhhekd khkhkhkk

* k % * % PIPE-TS2 VERSION 1.01 (4/17/91 1930) * * * * =*
................ .OUTPUT FOR TIME= %20000.00 SECONDS....0teveur coeennnes

-- Radii, inches - ---- Grid stress, ksi ------ Tempe rature, F
N Grid No de hoop axial radial Grid Node
(Inside fluid) 80.0

1 42.0000 42. 0500 -1.17 -1.17 +0.00 80.0 80.0
2 42.1000 42,1500 -1.17 -1.18 -0.00 80.0 80.0
3  42.2000 42.3167 1Interface (below) -0.01 80.0 80.0
4  42.4333 42,5500 +0.07 +0.06 -0.01 80.0 80.0
S 42.6667 42.7833 +0.06 +0.06 -0.00 80.0 80.0
6 42.9000 43.0167 +0.06 +0.06 -0.00 80.0 80.0
7 43,1333 43, 2500 +0.06 +0.06 -0.00 80.0 80.0
8 43.3667 43. 4833 +0.06 +0.06 -0.00 80.0 80.0
9 43.6000 43.7167 +0.06 +0.06 -0.00 80.0 80.0
10 43.8333 43. 9500 +0.06 +0.06 -0.00 80.0 80.0
11 44.0667 44.1833 +0.06 +0.05 -0.00 80.0 80.0
12 44.3000 44. 4167 +0.06 +0.05 -0.00 80.0 80.0
13 44,5333 44. 6500 +0.05 +0.05 -0.00 80.0 80.0
14 44.7667 44. 8833 +0.05 +0.05 -0.00 80.1 80.1
15 45.0000 45. 1167 +0.05 +0.05 -0.00 80.1 80.1
16 45.2333 45. 3500 +0.05 +0.05 -0.00 80.1 80.1
17 45.4667 45. 5833 +0.05 +0.05 -0.00 80.1 80.1
18 45.7000 45. 8167 +0.05 +0.05 -0.00 80.1 80.1
19 45.9333 46. 0500 +0.05 +0.05 -0.00 80.1 80.1
20 46.1667 46. 2833 +0.05 +0.05 -0.00 80.1 80.1
21 46.4000 46. 5167 +0.05 +0.05 -0.00 80.1 100.0

(Above node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INTERFACE GRID 3
FOR INNER MATER IAL -1.17 -1.18 -0.01
FOR OUTER MATER IAL +0.07 +0.06 -0.01

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.000D+02 +2.000D- 01

STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.00
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.00
AXIAL BENDING - +0.15 +0.15

INSIDE BENDING -0.15 -0.16
OUTSIDE BENDI NG +0.15 +0.15
HOOP BENDING N/A +0.15
INSIDE BENDING N/A -0.15
OUTSIDE BENDI NG ) N/A +0.15

TEMPERATURES (F) BASED ON: AREA WEIGHTED AVERAGING LINEAR AVERAGING
AVERAGE TEMPERATU RE 80.0 o 80.0
DELTA T1 (Total Section Delta T) +0.1 +0.1
LINEAR INSIDE TEM PERATURE 80.0 80.0
LINEAR OUTSIDE TEMPERATURE 80.1 80.1
DELTA T2 (Absolute of Maximum) 0.0 0.0
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PZR4

................ .OUTPUT FOR TIME= %25000.00 SE CONDS

-~ Radii, inches - ---- Grid Stress, ksi

Tempe rature, F

N Grid Node hoop axial radial Grid Node
(Inside fluid) 80.0
1 42.0000 42,0500 -1.17 -1.17 +0.00 80.0 80.0
2 42.1000 42.1500 -1.17 -1.18 -0.00 80.0 80.0
3 42.2000 42.3167 1Interface (below) -0.01 80.0 80.0
4 42.4333 42.5500 +0.07 +0.06 -0.01 80.0 80.0
5 42.6667 42.7833 +0.06 +0.06 -0.00 80.0 80.0
6 42.9000 43. 0167 +0.06 +0.06 -0.00 80.0 80.0
7 43.1333 43, 2500 +0.06 +0.06 -0.00 80.0 80.0
8 43.3667 43.4833 +0.06 +0.06 -0.00 80.0 80.0
9 43.6000 43. 7167 +0.06 +0.06 -0.00 80.0 80.0
10 43.8333 43. 9500 +0.06 +0.06 -0.00 80.0 80.0
11 44.0667 44, 1833 +0.06 +0.05 -0.00 80.0 80.0
12  44.3000 44. 4167 +0.06 +0.05 -0.00 80.0 80.0
13  44.5333 44.6500 +0.05 +0.05 -0.00 80.0 80.0
14 44.7667 44. 8833 +0.05 +0.05 -0.00 80.1 80.1
15 45.0000 45, 1167 +0.05 +0.05 -0.00 80.1 80.1
16  45.2333  45. 3500 +0.05 +0.05 -0.00 80.1 80.1
17 45.4667 45.5833 +0.05 +0.05 -0.00 80.1 80.1
18 45.7000 45. 8167 +0.05 +0.05 -0.00 80.1 80.1
19 45.9333 46. 0500 +0.05 +0.05 -0.00 80.1 80.1
20 46.1667 46. 2833 +0.05 +0.05 -0.00 80.1 80.1
21 46.4000 46. 5167 +0.05 +0.05 -0.00 80.1 100.0
(Abov e node is outside fluid)
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE GRID 3
FOR INNER MATER IAL -1.17 -1.18 -0.01
FOR OUTER MATER IAL +0.07 +0.06 -0.01
INS IDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F): +8.0000D+02 +2.000D- 01
STRESSES (KSI) BASED ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AXIAL MEMBRANE +0.00 -0.00
HOOP MEMBRANE N/A +0.00
AVERAGE RADIAL N/A -0.00
AXTIAL BENDING +0.15 +0.15
INSIDE BENDING -0.15 -0.16
OUTSIDE BENDI NG +0.15 +0.15
HOOP BENDING N/A +0.15
INSIDE BENDING N/A -0.15
OUTSIDE BENDI NG N/A +0.15
TEMPERATURES (F) BASED. ON: AREA WEIGHTED AVERA GING LINEAR AVERAGING
AVERAGE TEMPERATURE . 80.0
DELTA T1 (Total Section Delta T) +0.1 +0.1
LINEAR INSIDE TEM PERATURE 80.0 80.0
LINEAR OUTSIDE_TEMPERATURE 80.1 80.1
DELTA T2 (Absolute of Maximum) 0.0 0.0
pate: 10-19-2005 Time: 14 :12:08 PAGE 54
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* k % % %

.OUTPUT FOR TIME = %30000.00_ SE CONDS
---- Grid Stress, ksi

-- Radii, inches -
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* % k %

*

Tempe rature, F

N Grid No de hoop axial radial Grid Node
(Inside fluid) 80.0

1 42.0000 42.0500 -1.17 -1.17 +0.00 80.0 80.0

2 42.1000 42.1500 -1.17 -1.18 -0.00 80.0 80.0

3  42.2000 42.3167 1Interface (below) -0.01 80.0 80.0

4  42.4333 42.5500 +0.07 +0.06 -0.01 80.0 80.0

5 42.6667 42.7833 +0.06 +0.06 -0.00 80.0 80.0



6 42.9000 43. 0167 +0.06 +0.
7 43,1333  43. 2500 +0.06 +0
8 43.3667 43.4833 +0.06 +0.
9 43.6000 43.7167 +0.06 +0.
10 43.8333 43.9500 +0.06 +0.
11 44.0667 44,1833 +0.06 +0.
12 44.3000 44.4167 +0.06 +0
13  44.5333 44. 6500 +0.05 +0
14 44,7667 44,8833 +0.05 +0.
15 45.0000 45.1167 +0.05 +0.
16 45.2333 45. 3500 +0.05 +0.
17 45.4667 45. 5833 +0.05 +0
18 45.7000 45. 8167 +0.05 +0.
19 45.9333 46. 0500 +0.05 +0.
20 46.1667  46. 2833 +0.05 +0.
21  46.4000 46. 5167 +0.05 +0.
INDIVIDUAL MATERIAL STRESSES AT INT ERFACE
FOR INNER MATER IAL -1.17 ~-1.
FOR OUTER MATER IAL +0.07 +0.

INSIDE/OUTSIDE HT TX COEF. (BTU/HR-FT2-F):

STRESSES (KSI) BASED ON:

.00

.01
.01

+8.000 D+02

AREA WEIGHTED AVERA GING

AXIAL MEMBRANE +0.00
HOOP MEMBRANE N/A
AVERAGE RADIAL N/A
AXIAL BENDING +0.15
INSIDE BENDING -0.15
OUTSIDE BENDI NG +0.15
HOOP BENDING N/A
INSIDE BENDING N/A
OUTSIDE BENDI NG N/A

TEMPERATURES (F) BASED ON:

AREA WEIGHEEDOAVERA GING

AVERAGE TEMPERATU RE 0

DELTA T1 (Total Section Delta T) +0.1
LINEAR INSIDE TEMPERATURE 80.0
L INEAR OUTSIDE TEMPERATURE 80.1
DELTA T2 (Absolute of Maximum) 0.0

Date: 10-19-2005 Time: 14 :12:11
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................ .OUTPUT FOR TIME= %35000.00 SE CONDS
-- Radii, inches - ---- Grid stress, ksi ------

N Grid No de hoop axial radial
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-0.00
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0.0
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APPENDIX D
DESIGN INPUT MEMOS (REFERENCES 7 & 8)

ﬁ Structural Integrity File No.: PBCH-14Q-301 Revision: 0
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Hal L. Gustin

From: Kemp, Brian [Brian.Kemp@nmcco.com]

Sent: Wednesday, October 19, 2005 9:30 AM

To: Hal L. Gustin

Subject: PBNP design input

Attachments: design paramters.doc; load cycles.doc; Pzr Fatigue Usage.doc; SG Design Information.doc;

Transition Cone Region Figure.doc; Transition Cone Region Figure - Thicknesses.doc

design load cycles.doc (68 Pzr Fatigue SG Design Transition Cone  Transition Cone

aramters.doc (70 KE KB) Usage.doc (43 KB)formation.doc (37 . Region Figure.... Region Figure ... Hal
al,

The attached information should be used as design inputs for the UlR29 SG & PZR structural
evaluations that SIA is performing.

This information is non-proprietary exerpts from the Westinghouse Report titled "PBNP
Power Uprate Project

NSSS Engineering Report Volume 1."

Please call with questions.

Brian Kemp



PBNP Pressurizer Fatigue Usage

Component Calculated Fatigue Usage

Surge Nozzle [<0.62]>°
Spray Nozzle [<0.92]"*
Safety and Relief Nozzle [<0.15]°°
Lower Head, Heater Well [<0.01]*
Lower Head, Preformation [< 0.091°*
Upper Head and Shell [<0.78>°
Support Skirt/Flange [<0.017>
Manway Pad [0.01>°

Manway Cover [0.0]

Manway Bolts [0.0]>

Support Lug [<0.05]>
Instrument Nozzle [<0.11]%*
Immersion Heater [<0.017>*
Valve Support Bracket [0.01>*

Bracketed [ ]"’c information designates data that is Westinghouse Proprietary, as discussed in Section 1.5 of this
report.
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Hal L. Gustin

From: Kemp, Brian [Brian.Kemp@nmcco.com]
Sent:  Friday, October 14, 2005 7:58 AM

To: Turner, Russell

Cc: Hal L. Gustin

Subject: RE: Transients

Russell,

I believe that 200F/hour is a very conservative cycle range for plant startup and shutdown cycles. | would suspect
that the plant would see no more than 100-200 of these during the plant lifetime (the FSAR has assumed cycles).
Operating temperature cycles at that location would be very small in temperature and probably can be negiected.
As | mentioned yesterday, Dave Gerber's team at SIA have the numbers. | understand he may be on vacation.
At PBNP, the owner of the fatigue program and the FatiguePro sofiware is Jason Hawman & someone else
(forgot his name) in Hawki's group. They can validate assumptions also.

Brian K.

From: Tumer, Russell

Sent: Friday, October 14, 2005 5:11 AM
To: Kemp, Brian

Subject: FW: Transients

Brian, can you answer this, or is it something | have to dig for?

From: Hal L. Gustin [mailto:Hgustin@Structint.com]
Sent: Thursday, October 13, 2005 5:35 PM

To: Turner, Russell

Subject: Transients

Russell:

Is a thermal transient of 200 F / hour representative of the pressurizer upper shell region, or did | miss something.
Il need to ask the same question for the SGs also, when we getto it.

Thanks,
Hal

10/24/2005



