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1.0 INTRODUCTION/STATEMENT OF PROBLEM/ OBJECTIVE

The N6 A, B, and C nozzle to safe end welds at Perry are dissimilar metal welds connecting the low
alloy steel nozzle forgings to the Alloy 600 safe ends. The welds are Alloy 82/182 weld metal [2,5].
These welds were last ultrasonically inspected in 2001, and all results were acceptable per IWB-3500
criteria, requiring no further evaluation. Data from that inspection was re-examined in September, 2008,
in preparation for the upcoming refueling outage (February, 2009). This re-examination of the earlier
data identified three flaw indications (two in the N6-A weld and one in the N6-C weld) which were
determined to slightly exceed the flaw acceptance standards of IWB-3514-2 [1,3]. All of these flaw
indications were determined to be subsurface indications with no connection to the inside surface of the
welds. All were classified as fabrication-related defects.

The purpose of this calculation is to evaluate the identified flaw indications per the requirements of
IWB-3600, to demonstrate that these indications do not affect the structural adequacy of the nozzle to
safe end welds.

2.0 TECHNICAL APPROACH OR METHODOLOGY

A fracture mechanics-based evaluation of the flaws is performed per the requirements of IWB-3600.
The observed flaws are assumed to have been growing by a fatigue crack growth mechanism since the
previous inspection in 2001.  The resulting flaws after projected growth to the next refueling outage are
evaluated to demonstrate that all structural criteria are maintained.

3.0 ASSUMPTIONS / DESIGN INPUTS

1. A composite flaw was assumed, combining the greatest length, greatest through-wall dimension, and
greatest eccentricity of any of the three reported flaws. This hypothetical flaw conservatively bounds the
evaluation of all three reported flaws.

2. In a previous calculation performed by SI [2], finite element analysis of the nozzle-safe end welds
was performed to determine the weld residual stresses present in the welds following the application of a
mechanical stress improvement process (MSIP) in 1992. The bounding residual stress distribution is
shown in Figure 1, taken from [2]. Note that in that distribution, the residual stress following MSIP
varies from compressive to tensile through the thickness of the weld. In the present calculation, the weld
residual stress is conservatively taken to be the maximum tensile from that distribution, and is
considered to be a constant membrane stress across the weld thickness. Note that weld residual stress is
a steady state secondary stress which is not limited by the ASME Code. In a fatigue crack growth
calculation such as that which follows, residual stress acts only as a mean stress, since its magnitude
does not cycle with time. ‘ :

3. The N6 nozzles are assumed to experience stress cycles due to plant start-ups and shut downs, and
due to system operation in the RHR mode. RHR cycles are assumed to occur twice as frequently as
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start-up/shut down cycles, and to have the same magnitude. Over the eight year period from 2001 until
the next refueling outage in 2009, the estimated number of such combined cycles is assumed to be less
than 100 (49 cycles reported through April 2008 [6]).

4. Crack growth is calculated from 2001 until the next refueling outage, at which time the N6 nozzles
with reported flaw indications will be re-examined.

5. In the following, all applied stresses are modeled as membrane stresses (i.e., constant magnitude
across the wall thickness). This is very conservative since the stress combination PL+PB+Q includes
significant bending stresses in the PB and Q terms, and treating bending stresses as membrane is
conservative.

6. Since all reported flaws are subsurface with no connection to the weld inside surface or to the coolant
chemistry, the intergranular stress corrosion crack (IGSCC) growth mechanism is not active. This
mechanism requires reactor water chemistry to be present in the crack.

7. The fatigue crack growth law for Austenitic material in Air was taken from ASME Section XI,
Appendix C [1]. Since the flaws are subsurface and not wetted, the air law is appropriate.

4.0 FLAW CHARACTERIZATION

There are three subsurface flaws requiring further evaluation [3]. Two of these are located in the N6A
weld, and one is located in the N6C weld. These flaws are characterized as follows:
Flaw 1 (N6A): Length: 1.4, Through wall dimension: 0.35”, Separation from outside surface: 0.2”

Flaw 2 (N6A): Length:1.0”, Through wall dimension: 0.3”, Separation from outside surface: 0.4”
Flaw 3 (N6C): Length:11”, Through wall dimension: 0.3”, Separation from outside surface: 0.4”
The inspection summary sheets from [3] are attached.

5.0 CALCULATIONS

The SI fracture mechanics program pc-CRACK [4] was used to perform the crack growth calculations.
The bounding flaw from the flaw characterizations above (see assumption 1) was taken as: Length:117,
Through wall dimension: 0.35”, Separation from outside surface: 0.2”.

This flaw was used as the starting point for the fatigue crack growth calculation. The center-cracked
plate model was used to represent the flaw geometry for the crack growth calculation. This is illustrated
in Figure 2.
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Reference [5 page 2] gives the maximum stresses experienced at the weld as PL+PB+Q=55.03 ksi for
the Inconel material. This is conservatively used to bound the stress magnitude associated with the
startup-shutdown and RHR cycles.

For the purposes of the fatigue crack growth calculation, the Kmax is taken as
{PL+PB+Q-+RESIDUAL} and the Kmin is taken as RESIDUAL. Consistent with assumption 5 all
stresses are conservatively treated as membrane stresses.

The pc-CRACK crack growth results are shown in Figure 3, and the output is included in Appendix C.
It may be seen from these results that for the anticipated number of bounding cycles expected to occur
from 2001 to February 2009, only a minimal amount of growth is predicted to occur, even under the
very conservative set of assumptions contained herein. The resulting throughwall dimension of the
bounding flaw after 100 cycles is 0.366”, corresponding to less than 0.02” growth. Thls meets the
acceptance criteria of IWB-3641 [1]. ,

6.0 STRUCTURAL EVALUATION

The presence of flaws will reduce the amount of wall thickness in the weld that is available to carry load.
The ex1st1ng flaws in nozzle N6A have areas of: Flaw 1: Length (1.4) x Throughwall dimension (0. 35) =
0.49 in% Flaw 2: Length (1.0) x Throughwall dlmenswn (0.3)=0.31 1n The combined area is 0.79 i 1n
The ﬂaW1nN6C has an area of 11 x 0.3 = 3.3 in®

The cross sectional area of the weld without flaws is A=nt(OR*-IR?)=n(49.87-33.78)=50.56 in” [7]. So
the reported flaws in N6A represent less than 1% of the total area of the weld. The flaw in N6C
represents 6.5% of the total area. Removing that amount of material in either weld would increase the
stress in the remaining material by the same %. All ASME Allowable stress limits as reported in [S]
con/tinue to be met after projected flaw growth. '

7.0 CONCLUSIONS AND DISCUSSIONS

The presence of the three reported subsurface fabrication defects and their projected growth due to
fatlgue does not reduce the capacity of the welds in N6A and C below Code allowable. All Code
margins are maintained.

8.0 REFERENCES

1. ASME Section XI, 1989 Edition and 2001 Edition with Addenda through 2003

2. SI Calculation 0800439.306R0, Residual Heat Removal/Low Pressure Core Injection (RHR/LPCI)
Nozzle, N6, ID Repair Weld Residual + MSIP Analysis

3. GE Flaw Inspection Reports. SI File 0800439.215

4. SI Program “pc-CRACK for Windows”, version 3.1-98348 : '

5. CB&I Stress Report “238” BWR Vessel” Section S-13 sheet 2. SI File Number 0800439 216
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6. E-mail transmittal from D. Patten (First Energy) to Hal Gustin (SI) “Reactor and Recirculation Pipe
Heat-Up,Cool Down and Transient History™, October 2, 2008 SI File 0800439.214

7. CB&I Drawing N6 Nozzle Forging (RHR LPCI MODE),” CBI VPF No. 3521-257, Rev. 1, June
1973 SI File 0800439.208
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Figure 1. Path 1 Through-Wall Axial Stress (psi)
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REQUIRED INPUTS:
b: plate half wadth
a: maximum crack depth (a,,, < 0.9b)

Figure 2. Center-Cracked Plate Fracture Mechanics Model
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Crack Growth
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Figure 3. Crack Growth Through 200 Cycles
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APPENDIX A

PERRY PLANT CYCLE RECORDS (FROM [6])
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TABLE 1

Reactor and Recirculation Pipe Heat-Up,
Cool Down and Transient History

Date Event | FCR/ICR Measurentent Rate of Comment
Number Location change in
temperature
8/3/1986 CcD CR-86-0740. BHDN -152(°F/hr) | Event.occurred during non-nuclear heat up with reactor
pressure:at 760 psig. Bottom heed drdin temperature
recorded at 424 degrees F @ 1730 hours and 272
degrees F (@1830 hours.
2/13/1987 CD FCR-06012 ‘BHDN -190(°F/hr) | Observed cooldown rate was in the bottom head drain.
Condition enveloped by loss of fecdwater event of -
. 200°deg. F/hr
3/2/1987 <D FCR-06128 BHDN/CRDN -180(°F/hr) | Post.scram issue, bottom head drain, Recirculation
CR-87-0111 pumps:off.
CR-87-0109.
6/17/1987 €D FCR-07036 BHDN/CRDN -~160(°F/hr) ‘Bouom head drain ¢ N d 8 coold rate-of 160
CRIR7-0294 deg, F. Recirculation pumps were secured prior to the.
i scram with RWCU isolated stratification to.occurred,
10/27/1987 CD* ECR-08103 BHDN/CRDN -230(°F/hr) | Bottom head. drain
10/27/1987 HuU FCR-08103 BHDN/CRDN 130(°F/hr) | Bottom head drain
11/16/1987 | CD FCR-08264 | BHDN/CRDN ~163(°F/nr) | Bottam head drain
1729/1988:| HU. CR:88-0049 | BHDN/CRDN 290(°F/hr) | Bottam head drain. Hot startup RWCU to normal
FCR-08944 - recirculation mode.
3/10/1988 | . CD~ | CR-88-0069 | BHDN/CRDN [ . -105(°F/Mr) { Bottum head dramn. Reactor.wiler, clean upssolation..
‘ ‘FCR-09324
3/11/1988 HU CR:88-0069: | BHDN/CRDN 180{°F/hr) ‘Bottom head dram. Reactor water clean upisclation.
FCR-09324
4/28/1988 -CD- -FCR-09669 BHDN/CRDN :240(°F/hr) | Bottom 'head drain. GE recommended using the ERIS.

trend plot:for.temperamure data.

‘Pagel of 8
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TABLE 1
Reactor and Recirculation Pipe 'Heat-Up,
‘Cool Down and Transient History

Date Event FCR/CR Measurement Rate of Comment
Number Location change in
tem perature
HU FCR-09669 BHDN/CRDN I'l0°F/hr) | -Bottom head drain
1/7/1990 CcD FCR-13498 Vetssel-billk -114C°F/hr) | Scram event 01-90-01. Based on ERIS reactor vessel
temperaturc temperature.
1/7/1990° HU FCR-13498 Vessel bulk ‘106(°F/hr) Scram event 01-90-01
temperature
1/3/1992 HU CR-92-001 Main Stcam 175(°F/r) | Downstrcam of inboard MSIVs
Piping —
9/11/1992 CD ‘PIF-97:1280' | All Components, -110(?F/hr) | Bottom hcad (cxcluding drain temperaturc).
- LER 97-008 - - Recirculation piping remained within imits. Daes not.
HU ) SI00CEMD). | include bottom head drain.
9/11/1992 | CD "PIF-97-1280 BHDN :245(°F/nr) | RWCLU isolation
HU 235¢Fhr)
03/26/93 CD 97-1280 BHDN -220 (°F/hr) | 115 from page 8 of FIF for one hour period..

[ReactonsCramyH DESERIRE] finjCCtiontantil :
m@m“““ .
(flowlinlrecirculalionfpipine) muﬁmm :
ranpelinstoumentsy h&@ﬁ)@mmtﬁm@

mmz@@@z@ LAY our &@p
irom| me@m Efinl0IminutesYHeas)
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TABLE1

Reactor and Recirculation Pipe Heat-Up,
Cool Down-and Transient History

Date

Event

FCR/CR
Number

Measurement
Location

Rate of

‘Comment

06/03/97 Al Compaiients . | <100.(°F/hr)

Transformer

outage

9/14/97 - €D N/A- All Companents: | <100 (°F/hr) | (Cycle 6-4 end) Cooldown manitored by SVI-B21-.

Refuel - 6: ' ‘ T1176 dated 9/13/97 with no discrcpancies. identified

"12/19/97 Loss [¢ib NiA AllComponents: | <100-CF/hr) | (Gyele-7-1-end) Cooldown monitored, hy SVI-B21-

of eléctre- . TS datcd 1202197 with no discrepancis s;xdcntzﬁed

hydriulic Recirculstion pipe:and bottoin hea X

cantrol (N32) deg. F. No SRV actuations, no:MSI'V.clasire, 1io
ECCS m_;ecnm

07-01-98. CD CR-98-1421 BHDN 32 (o?-? 'min) .| (Cycle 7:2) Following a scram;,-bottom head drain

Inadvertent : 40'(°F/min) |:cooléd down then heated:back up: SVI-' 21T 6.

RCIC: " © | dated’ 7/2198 dnidicsted vessél mamtmned[ ove 400;

Injection” - degrees:

03/27/99° ‘CD- N/A All. Components. | <100/ (°F/hr) |:(Cyele'7-3.end) SVI:B21-T'1176:dated 3/27/99 review.

Refuel Outage o - )

2 .

Pagi 3. of 8
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TABLE 1
Reactor and Recirculation Pipe Heat-Up,
. Cool Down and Transient History

Date Event FCR/ACR Measurement Rate of Comment
Number. Eaocation change in
_ ) temperature .
06/04/00 Tuel CD N/A ‘All.components | <100 (°F/hr) | (Cycle 8-1 end) SVI-B21-T 1176 dated 6/5/00
defect: Cutage .
02/17/01 CD N/A All components | <100 (°F/hr) |.(Cycle.8-2:¢nd) SVI-B21-T1176 dated 2/19/01
‘Réfuel -8 - R
03/22/01 Start HU N/A Allcamponents | <100.(°F/hr) |-(Cyele-9-1)-SVI-B21-T11 76.arder 01-006979-000

05/05/01 Start. / N/A All components .| <100 (°F/hr) | (Cycle 9-2).3VI ~-B21-T1176 order 01-8441
up
05/08/01 cD N/A | Allcomponents | <100 (°F/hr). | (eycle:9:2'end) SVI-B21-T1176 -01-0083724-000 dated
Reactor '5/9/01 :
recirculation :
scal B
r'}r 1, -
05/15/01:Start.. HU N/A All'¢omponents. | <100 (°F/hr) | (Cyele 9-3) SVI-B21-T1176.0rder 01-010571-000
Up
05/21/01.Circ cD- N/A --All.components: | <100.(°F/hr) |.(Cyele'9-3 end) SVI-321-T11:76 order 01-010778-000
water;pump-A ' ’
failure )
06/2/01 Start; HU N/A All components-. | <100 CF/Mhr) |(Cycle9:4) SVI:B21-T! 126 order 01-011026-000
Page4 of '8
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TABLE 1

Reactor and Recirculation Pipe Heat-Up,
Cool Down and Transient History

‘Date

Event.

FCR/ICR
Number:

Measurement
Location

Rate of
change in
temperature

Comment

N/A

07N 7/01 HU Allcomponents. | <100(°F/hr) | SVI-B21-771.76 order 01-012463-000 Heat-up
partia! heat up ) tenminated ot 388 degrees T
_07/30/01 Stan HU N/A Allcomponents | <100 (°F/hr) | (Cycle.9-5) SVI-B21-77176 ‘order01-012800-000

T/18/07 Start

(Cycle:9-6) B21.

‘HU N/A. -AlLCompaonents <100 ¢ 1176 ordér 01-018093-000 Vesael
up : _hent-up-began. withishell’ l'langc at 410 deg, E.
‘6/04/02:| CD ‘N/A Al Components- | -<100'CF/hr) |.(Cycle 9-6 ¢nd) Operstors reduced power to dbout 25%
“Turbine Trip prior to;trip, Steam bypass used. SVI:B21-T1176
exciter ground noted no abnormel cooldown rates.
06/12/02'Start | HU N/A All Components | < 100 CE/r) | (Cycle 9-7) SVI-B21-T1176.order 02-006681-000
Up
922102 | CD NIA All. Components_| -< 100 ("F/hr) | (Gycle 9-7 end) SVI - B21-T1176 order 02-010433-
Readtor scram 000:noted no abnormal.cooldown rates.:
during turbine
ovérspeed test
10/03/02'Start | HU N/A, All Components - | < 100.CF/hr)- | (Cycle:9-8)'SVI - B21- 1176 0rder 02-010919:000
Up )
4/05/03 Refi ucl CD N/A Al'Campanerits. | <100 ﬁlhr) {Cycle 9-8 end) SVI <“B21-T1176 order 03-003499-
10 shutdown Qu0-

Page S of*8
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TABLE 1

Reactor and Recirculation Pipe Heat-Up,
Cool Down and Transient History

Date Event FCR/CR Mensurcment Rate of Comment
Number Location change in
temperature
$/30/03 stant HU NIA All components | <100 (°F/hr) | (Cyele 10-1):5VI ~ B21-T1176 /oarder 03-5567
up
8/14/03 Gnid cD N/A Recirculation < 100 (°F/hr) | (Cycle 10-1 end) SVI — B21-T1176 fordér- 200047329
Instability pipe
shindowri
8/21/03 Start HU N/A All components | <100 (°F/hr) | (Cycle 10-2) SVI —B21-T1176 /order. 200047975
up
10/15/2003 N/A CR 03- N/A N/A No.temperature transient for recirculation pipe or
Inadvertent 05745 ) vessel..
SRV lifts at
power’
SID0AESW | CD N/A. All companents | <100 (°F/hr) | (Cyelc 10:2.cnd) S Vi — B21-T 1176 7order, 200097558
pump A-failure
v Reactor
shutdown
6/3/04:Start up HU - N/A Allcomponents | <100 (°F/hr) | Heat-up'terminated because:of RHR A inoperability:
‘werminated SVI~B21:T 1176 /order 200099438, Maximum vessel-
temperature recorded 145:degrees .
"6/7/03. Start:up HU N/A ‘All'components. | <.100.(°F/hr) | (Cyele10-3) SVI—B21-T1176 /order 200099931.
12723704 CD: CR 04- "~ All:components | <'100CF/Mhr} { (Cycle 10-3:end) SVI <B21-T1176 forder 200134592 -
: Reagtor Recire 06763 ’ T | Following récirc puimp shift, readtor'scrammeéd:at 2354
pumps shifted hours,-level 3. 'at 2355 hours reactor feed. pump turbine s
to.low speed tripped-on lével 8. )
12/25/04 Swant” Hu N/A All-components | <100 GFhr) |(Cycle 10-4):SVI —B21-T1176 /order 200134661,
Up ’ Hemd {lange temperature:al start was 385 dégrees F
1/06/05°| CD CR.05:0094 | Allcomponents, | < 100 (°F/r) | (Cycle 10-4:end) Reactor scram SVI— B21-T1176
Recirculation Jorder. 200135850, “Noté this évolution réferred fo,as-
pumps Cyele 105 cooldown.. Manual secram, motor fecdpump
downshifted would-not start,. RCIC injection.. ) ) :
1/30/05 Start HU N/A. All components | < 1080.(°F/hr) | (Cycle 10-5)SVI — B21-T.1176 /order 200139105.
Up

Page 6 of 8
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TABLE 1

Reactor and Recirculation Pipe Heat-Up,
Cool. Down and Transient History

Date Event FCR/CR Measurement Rate.of Comment
Number Lacation change in
temperature
2122405 (i g N/A All components | < 100 (°F/hr) ] (Cycle 10-5 end or Cycle 11 cooldown) tripped main
Shutdown turbine for RFO.10. SVI—~ B2)-T1176 /osder
Refuel 10 200143104,
5/1/05:Start up HU N/A All companents. | < 100,(°F/r) | (Cyele 11-1) SVI — B21-T1'176 /arder 2001439024 and
200149436
5/08/06 B33 | N/A- N/A N/A: N/A (Cycle 11-1) Turbine trip. Plant maintained at 5%
“hydraulic line Power i '
leak
12/13/06 P52 CcD N/A All components, | <100 (°F/hr) | '(Cycle 11-1 ends.or cy¢le. 11-2-cooldn) Scram 0354
air line rupture- howrs. SV1 —'B21-T1176 forders 200244661 and 662.
‘12/18/06 Start HU N/A ‘All components | <100°CF/Ar) | (Cycle 11-2)'SVI - B21-T 1176 /order 200245021
up:
4/02/07Refuel CcD CR 07~ Recirculation < 109:(°F/lr) | (Cycle 11 — 2 ends) SVI - B21-T.1176 Jorder.
1 17349 Pipe and other 200258535, Anachment 1 to CR identifies bounding
companents rates.
S/10/07 stant | Heat up N/A WA < 100 CFMr) | (Cycle 12-1)SVI - B21-T 1176 forder 200263389
upCyele 12 |-
SN207.| NA | NA NIA: = 100.CFMD), | (Cyele 12-) , not full power, 20% per log entry. Trpat
Turbinc trip ‘0650 hours: No:Reciréulation temperature changes:
-per Pl plot:5/12/07 - 5/14/07
. 51307 “NIA ‘N/A .All camponents: | < 100 (°F/Mhr) | (Cycle 12- J:Reactor critical at 08:28 haurs.. Per Pl plot
Turbinc trip .feactor.remain critical
5/15/07 CD N/A All componems: | < 100:(°F/hr) | (Cycle 12- 1 end) 31% power.00:58 hours. FW tuning
‘Reactor R ) ) issucs SVI —B21-T1176/order 200264161
5/17/07 Heat. | Heat.up N/A Allcomponents | <.100 (°F/hr) | (Cycle 12--2 begin) SVI — B21-T 1176 /order
up "~ | 200264205 ’
3/18/07:f N/A W/A Al camponents’ | < 100 (°F/hi)" | (Cyele 12-2 ) Reactor remains critical no thermal
Turbine trip changesito recirculation piping based:.on PI plot May
18, 2007 ] I
61220TFCV- | N/A- N/A All’Components | <100.(PF/hr) | (Cycle.12:2 end Y'scram:at 0329 SVI - B21-T1176"
lockup” Jorder 200270642 Vessel maintained at approximately

"Page7 of &
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TABLE 1

Reactor and Recirculation Pipe Heat-Up.
Cool Down and Transient -Historv

12/06/07 start

All components

Date Event. FCR/CR Mcasurcment ‘Rate of Comment
Number Location ‘chinge in
temperature
400 degrees
6/24/07 start | Heat up N/A All Components | <100 (°F/hr). | (Cycle12-3) SVI - B21-T11.76 /order 2Q0270642
up Vessel warm up from approximstely 400 degrees

6/29/07 B33: D N/A All Components | <100 (°F/hr). | (Cycle 12-3 end ) SVI —B21-T1176 forder 200270642

.motor
‘replacement:
7/23/07 start | Heat up N/A All. Components | <100 (°F/hr) | (Cycle 12-4 Y SVI — B21-T 1176 /order 200275907

S Bhrespechve B ot lomibe
St noysNOWneS cﬂﬁ‘i@
fatiiched re port)
mm-n, pasc @e@s@aﬁp@mm,
-bottomihead drain [maximumicooldown

Fdrainitem peratiirn

Vorder2002010SFA S notedhinithelGRY

f1§trom Spprosimatcly, @gﬂfm A
fppproximatelyfaSiminuicsy @:‘ID&US@E: :
mm&nﬂm

< 100 CF/hn)

S <%@[§’@Q’C@mmm})

(Cvc]e I" S)SVI —B21-T1176 forder. ..00292978

up
4/4{08, CD. A -All components | <100:(CF/hr) | (Cyclé -12-5end) Planned shutdown N2IFO513A
Plan.ncd replacement. SVT — 321 -T1 176 /forder 200317962
Maintchance
outape
4/11/08 stant HU N/A All componénts | <100.CCF/Ar) | (Cycle 12-6)— B21-T1176/order 200318633 and
up 318634.
Noles:

Highlightcd everits have recirculation tem perature rates exceeding: . 1.15 degrees F./hr.
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- APPENDIX B

INSPECTION SUMMARY SHEETS FROM [3]
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[ g Structural Integrity Associates, Inc.

eDRF-No: 0000-0091-3569 Rev..0

@ ‘ HITACHI Austenitic Piping
‘ Flaw Evaluation Sheet
Project: Perry.Unit 1 o o
- WeldD: 1B13-N6A-KB ‘Exdm Data Sheet :* 10800-01:021
Indication: 1. Sizing Data:Sheet N/A,
Measured  Rounded’ Measured” Roiinded’
Flow Through Wall = 034 035 T nominal-= 120 1.2
Flaw Length “I*= 140 1:4- T measured = 1200 1.2
Surfice Separatiorn "5 = 021 0.2
ASME Sectioh XI; 19BQ.Editidrj',«.Nd'A'dd'e’ﬁdaf
TABLE IWB-3514-2 Austenitic Sté‘élg,’v,_l‘.z.'lhch'NdrﬁiriurThif:kne'ss - Inservice
aft Surféce:% Subslrfoce.s6. . Surface % Subsurfoce %
0.00 10.5 10.5; ~ -~
0.05 . 106 10:6 ~ o~
0.10 109 109 1093 1093 Y
01s 110 11.0 . ~ ~
020 113 113 >, ~
025 ’ 114 ‘11:4- . &,
0.30, 116 116, ~. ~
035 118 ‘11.8 > ~
040 120 120 § Y ~
1045 121 121 > ~
0.50° 123 . ‘123 '~ o
Allowed. Allowed
110.93% 10.93
value= if.of ‘thenofl=5
Y= Y8/ Y > thenY=1
Flow isSubsurface;
Aloweda/t= 109%
o= 146%.
Flaw is unacceptable by Table IWB-3514-2..
. RevEed: 1/27/01
Comments: - ASME Section XI'rounding performed.in-accordance with IWA-3200:‘and ASTM E29.
Indication is circumferential in crientation.
Flow is located al.12.7° CW Trom TDC, 0.2 UpsL eﬁm TTom’ Weld’CenLelIine{Sdfe=End Side}
Evaluoted-By: Robert Healey: Reviewed By:
Level: _ 1l Dote: §9-13:2008 Level: Dotex
Page 200f-23
Page: 235 of 303,
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| g Structural Integrity Associates, Inc. .

eDRF'No. 0000-0091-3569 Rev: .0

Austenitic Piping
Flaw Evaludtion Sheet

} HITACHI

Project ! Pefry Unit 1
Weld ID: 1B13:N6A-KB
Indication: 2

Exam Data Sheét:.:'.'lQSOO-O‘l—OZI
Sizing Data Sheet:i*N/A

-Measured  Rounded. -Meastired
Flaw. Through Wall= 028 0.3 “T'nominal = 120
Flaw Length = 100 1.0z “Tmegsured = 1.20
Surface Separation “S" = 0,40 0y '

o ASME Section X, 1989 Edition, No-Addenda
TABLE IWB-3514-2 Austenitic:Steels, 1.2 InchNominal Thickness:-Inservice

a/l Suface%  Subslirfucei%  !Suifdce% Subsurface %:
0.00. 105 105, « i
0:05. 106 1056 ~ i
0.10. 109 '10.9 ~. ~
015 11.0 11:0 10.98° 10:98Y
0.20. 113 113 ~ -~
0.25 114 114 ~ ~
0.30 116 116 ~. ~
0.35 1.8 118 ~ o~
0.40 120 12,0+ o i~
0.45 131 127 ~ ~
050, 1232 123 ~ ~
- Allowed Allowed:
10:98 1098

a= 0150
oflvalue= 0150
Y= 1000

Flawsis Subsurface

,A:I'lowed‘,ql'_t:; (11".0%3:‘
oft=- 125%:

Flaw is undcceptable by Table IWB-3514-2.

Revt ed: 127408

Comments: ASME Section Xl rounding performed:in-accordance with IWA-3200.and ASTM E29.

Indication is circumferentialtin orientation.

Flaw is.located at.21.7"CW from TDC, 0.2"Upstreamifrom Weld Centerline [SafeEnd Side)

Evaluated By: Robert Hedley: ‘Reviewed By:
Level __lil Date: 09-13-2008 Level. Date:

Page; 236 of 303
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ﬁ Structural Integrity Associates, Inc.

eDRF No’ 0000:0091-3569 Rev. 0.

' HITACHI  Austenitic Piping
Flaw Evaluation Sheet

Project | Pérry Uit T

Weld ID: 1B13:N6A-KB Examn Data:Sheét.:"1Q800-01-021
Indication : 3 Sizing Data Sheet : N/A
‘ Measured  Rounded: i -Meastired :Rounded
Flaw Through Wall= 017 _T'nominal= 120 12
Flaw Length “I"= 180 “T¢ measured = 120 12

Surface Separation "S%= 0:50

N _ ASME Section'XI, 1989 Edition, No:Addenda .
TABLE IWB-3514-2'Austenitic Steels, 1:2-[nch Nominal Thickness - Inservice

ofl Sufface%  .Subsurface%  'Suifoce%  :Subsurface %.
0:00. 105 105 10.58: .1058 Y
0.05 106 106 - P i~
0.10 109 109 ~. P
015 11.0 110 ~ .~
0.20 113 413" ~ o~
0.25 114 1.4 ~ ~
0.30 116 116 ~ i~
035 118 118 ~ i
0.40° 120 5 - - -
045" 121 - -
050, 123 - S
Allowed :Allowed:
1058 1058
a= 6075
o/lvalue= 0042
Y= 1000
Flow,is SUbsurface: .

’Allcfiwed'q/t,= 106%
aft= 6.3%

Flaw i acceptable by Table IWB:3514-2. .
Revised: 1/27/0¢]

Comments:, ASME Section X! rounding performed-in accordance with IWA-3200.andASTM E29.
Indication is circumferential in orientation.

Flaw is focated at.37.6™:CW from TDC:-0.1" Upstream from Weld.Centerline {Safe:End Sidel

Evaluated By: . Robert Hegley: Reviewed By:

- Level _ 1 Date: 09-13-2008 Level.. Date:

-Page 22:0f 23

Page.237:0f 303
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| g Structural Integrity Associates, Inc.

eDRF No' 0000-0091-3568 Rev 0.

I HITACHI Austenitic Piping
Flaw Evaluation Sheet
Prgject: Perry.Unit 1
Weld 1D : 1B13-N6A-KB Exam Data 'Sheet:: :Q800-01-021
“ Indication: 4 Siiirig Data Sheet:: ‘N/A
_ v Measured Rounded. . Measitred ‘Rounded
Flaw Through Wall = 0.07 0.05 _“T'nominal = .20 12
Flaw Length ‘"= 0.80 0’8 T measured = 120 12
Surfoce Separation."S" = 0.75 075
o . ASMESection'xl, 1989 Edition, No Addenda )
TABLE IWB-3514:2 Austenitic Steels, 1.2 Inch Nominal Thickness - inservice
alt Surface % Subsurfacde % [Slrface%  Subsurfoce’%
0:00 105 105 10.56 11056
0.05. 106 106 - i~
0.10 109 109- - e
0:15 110 110 ~. -
0.20° 113 113 ~ >
0.25 114 114 ~ Y
030 116 116 ~ i~
035 118 118 ~ i~
0:40 120 120 - ~
0.45 121 121 e -
0.50 123 123 L we i~
Alowed. Alowed \
10:56 - 11056;
= 0025
oflvalue= 0031
Y= 1000
Flaw.is'Subsurface
Alowedaft = 10/69°
alt= 21%
Flaw is.acceptable by Table IWB-3514-2.
Revis ed: 1/27/06)
Comments: ASME Section Xl roundingperformed in accorddncewith IWA-3200 and ASTM E29.
Indication is circumferential in orientation.
Flaw-is located at 40.0" CW from TDC,.0:2" Upstream from Weld Centérline (Safe-End.Side)
Evaluoted By: Robert Healey Reviewed By:
Level Il Date: .'0'9’-’»‘13-2008 Level- Date:.
Page 250123
Page 238 0f 303,
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ﬁ Structural Integrity Associates, inc.

8DRF'No: 0000-0091:3568 Rev. 0.

@ ‘ HITACHI Austenitic Piping

Flaw Evaluation Sheet

Project: Periy-Unit 1

Wekd IDi 1B13N6C-KB Exam Data:Sheet ! '10800-01-027
Indication: 1 ‘Sizing Data Sheet i N/A
Measured  Rouhded Measured
Flaw Through Wali= 014 0.15 “T* nomingl = 120
Figw Length "= 060 06 © T measured'= 120
Surface Separation™S*= 058 06! ’

. ASME'SectionXi, 1989 Edition, NoAddenda
TABLE WB-3514-2 Austenitic-Steels, 1:2' Inch-Nomindl Thickness - Inservice,

aft Surface % Subsirfdce%  "Surface % Stbsurfdde %’
0.00 105 ‘105 - P
0.05 106 106 > -
010 109 '10.9 10:93 110,93y
015 11.0 11:0 ~ -~
0.20. 113 113 - ~
025 114 214 ~ =
030, 11:6. AL6 ~ o~
035 11:8 11:8 ~ ~
0.40 120 12,0 ~ ~
0.45 121 121 - ~
050. 123 123 ~. ~ .
’ Allowed Alowed;
1093 10.93.
0=
o/lvalue =
v

Flaw:is:Subsur face.

Allowedaft= -10:9%:
aft=  63%

Fiaw iS acceptable by Table IWB:3514:2..

Rev ed: 1727106

Comments: - ASME Section XI founding’performed:in gecordancewith IWA-3200-and ASTM EZ29.

Indication is circumferential in orientation:

Flaw is’ located at 4:5" CW-from TDC, 0.1" Downstream fiom Weld Centerline (Nozzle Side)

Evdlugted By: . RobertHealey: Reviewed By: .
Level _Il_. Date; 09:23:2008 Level : Dater

Page 28001303
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ﬁ Structural Integrity Associates, Inc.

eDRF'NG? 0000-0091-3569 Rev. 0’

@ ’ HITACHI

Austenitic Piping
Flaw. Evaluation Sheet.

Indication ! 2’

-Project: Perry Unit.1
Weld IDi 1B13-N6C-KB

Measiired
Fiaw Through Wall = 0.19
Flaw Length "I"= 370
Surface Separation "= 0:45

Exam Data-Shéet '1Q800-01-027
Sizing. Data Sheet? N/A

Rounded: ‘Megsured
0.2: “T*nominal= 120
37 “Timeqsured = 20
0.45

ASME SectionX], 1989 Edition, No-Addenda

TABLE IWB-3514-2 Austenitic'Steels; 1:2/inch Nomindl Thickness - Inservice.

ofl Surface % 'Subsdrface.% Surface %" Subsurfdce %
0.00 105 105 10.54 320,54
0.05 106 106 - ~
0:10. 1009 109 ~ ~
015 110 11:0 ~ P
020} 113 113 - -
0.25 114 414 - -
030: 116 116 - -
0.35 11:8 118 ~ ~
040" 120 120 ~ -
0:45 124 121 i .
050" 123 123 o ~
» ! o Allowed 'ﬂ!i’;wgd}
1054 16,54
a= 0100
oflvalue= 0027
'Y= 11000

‘Allowed o/t =

Flaw is Subsurface
10.5%:

alt=  83%

Flaw is acteptable by Table IWB-3514-2:

“Res ed: 1/27/08]

Comments:. ASME Section X founding performed-in‘accordance with IWA-3200 and'ASTM E28:

indication is circumferential in ofientation.

Flaw'is located at.8.0° CW.from TDC, 0.1" Downstream from Weld Centerling (Nozzle:Side)

Evalugted By:

Robert Hedley:

‘Reviewed By:..

Level Il -

Date: 09:23-2008

Level: Date:,

Page'281-0f 303

-Page 25i0t 28
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ﬁ Structural Integrity Associates, Inc.

eDRF'NGY 0000;0091-3569 Rev. 0'

‘ HITACHI ~Austenitic Piping
| Flaw Evaluation Sheet

Project: Periy-Unit 1

Weld ID: 1B13-N6C:KB Exatn Ddta Sheet 1Q800-01-027
indication : 3 ' Sizing Ddta Sheet: N/A
Meosuréd  Rounded -Measired Rotinded
Flaw Through Wali = 0.31 03 “T*nominal-= 1.20 12
Flaw Length "= 11.00 110 T measured = 1.20 12
Surface Separation “S"= 0.42 0

ASME Section'XI,1889 Edition, No Addenda

TABLE 1WB -3514-2" Austeriitic Steels; 1.3 Inch Nomindl Thickness - inservica, -

afl Surfoce % JSubsirfatéi% Siirface %' Subsiifoge %.
000 . 105 105 1051 110,51 Y-
0.05 106 106 - -
0.10, 109 109 ~ -
015 110 11.0 ~ -
0.20 113 113 - ~
025 114 114 - ~.
0.30: 116 116 - ~
0.35 118 118 .y —~
0.40 120 120 - -
0.45 2% ’ 421 ~ ~
050 123 123 e -

' ’ Allowed Alowed,

1051 1051

.= 6150
o/lvalye =
Y= 1000

Flaw-is SUbsurface

‘Aliowed aft= 10.5%;
olt=  125%.

Flaw i$ uncicceptable by Table IWB-3514-2.

“Revéed: 1i27/06

Comments: .ASME Section X founding performed:in:accorddnce with IWA-3200 and ASTM E29:

Iridication is circumferential in orientation..

Flaw.is’ lo¢dted at 15.1CW from TDC, at'the Weld Céenterline

Evaluated By: . Robert Healey: ‘Reviewed By:
Level __lIl Date; 09-23-2008 Level: . Date::

Page7§2-0f 303.

-Page 26 of 28:
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ﬁ Structural Integrity Associates, Inc.

&DRF No. 0000:0091-3569 Rev::0

' HITACHI Austenitic Piping

Flaw: Evdluation Sheet

Project: Perry-Unit T

Weld 1D 1B13:N6C-KB Exari Ddta Shéet.: 10800-01-027
indication.; 4 «Sizifig-Data Sheet? N/A'
Meosured  Rounded Measured - Roiinded
Flaw Through Wajl= 024 0:25 “T*nominat = 120 12
Flaw Length "= 200 2.0 “T"meqsured = 1.20 12
Surface Separation “S*= 0.48 ‘05

_ ASMESectionXi, 1989 Edition, NoAddenda
TABLE'IWB -3514-2: Austenitic:Steels, 1:2'Inch Nomindl Thickness - nservice,

afl Suffoce%  ‘Subsirface % Surface %: ‘Subsurftice %

0.00 105 105 y -

0.05 106 106 1067 ‘10.67 Y

0.10 10.9 10,9 ~ ~

015 11.0 ‘120 ~ ~

020 113 113 ~ -

0.25 114 = ~

0.30 116 ~ ~

035 118 < .

0:40 120 ~ ~

045 121 ~ ~

050 133 = ~
Allowed Allg;w‘eg,
1067 . 10767

‘g= 0125

o/lvalue=  [0.063

Y= 11000
Flaw-is Subsurface,

Alowed'd/t=  10.7%:
o= 10/4%;

Flaw is dcceptable by, Table IWB-3514-2.

Comments: ASME Section XI rounding'performed in-gccordance with IWA-3200-ard:ASTM E29:. s
Indication is circumferential in oriéntation.
Flaw is.located at 25.2" CW from TDC, 0.1" Upstream from Weld Cénterline {Safeé:End Side}
Evaluated By: Robert Healey: . ‘Beviewed By::
Level Il Date 09:-23-2008 Level: Date:..
» Page2/-01 261

bage 283101303
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ﬁ Structural Integrity Associates, Inc.

eDRF NG 0000°0091-3569 Rev. {0

‘ HITACHI Austenitic Piping

Flaw. Evaluation Sheet

-Projecti Perfy:Unit 1

o .. ASMESectionXi, 1989 Ediion. NoAddenda
TABLE IWB-3514-2: Austenitic:Steels, 1.2/ Inch.Nominal Thickness - Inservice

o/ Surface€%  iSubsurface:% Surface % Subsurface %.
0.00 105 105 - -
0.05 106 106 1071 1071y
010 109 109 > -~
015 11.0 ‘110 o ~
0.20 i13 113 ~ ~
025 114 114 ~ -
0.30 116 116 - ~
035 1138 11.8 ~ ~
040 120 120 ~ ~
0.45 2% 124 ~ -
0.50 133 123 ~ B

Allowed Alowed’
1071 1671
a= 0125

oflvalue= 0069
Y= 1060

Flawis:Subsurface.

‘Allowed o/t =
a/t=

Fiaw i§ dicceptable by Tabie IWB-3514:2.

Weld ID;: '1B13-N6C-KB Exam Ddta Sheet ! '1Q800-01-027
indication:; ‘5 :Sizing Data Sheet | N/A
-Measured  Rounded. ‘Measured :Roiinded
Flaw Through Wall.= 023 025 B noming| 120 12
Flaw Length “I": .80 18 “T"measured = £20 12
Surface Separation *S*= 037 0:35

Revis e 1727406}

Comments:- ASME Section XI 'r'oun’d'i-hgp'erformed‘in-occordoncé with IWA-3200 andASTMEZ29..

Indication is circumferential in orientation.

Flaw is located at.31.9" CW from TDC,.0.1" Upstream from Weld Centerline (Safe-End Side)

Evaluated By: Robert Healey ) Reviewed By:
Level. Il Date: 09:23-2008 _ Level Date:-
"PagE 26:01 28
Page 28401 303
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PC-CRACK OUTPUT
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PLPBQ, OUT

tm
pc-CRACK  for windows
© version 3.1-98348
(C} Copyright '84 - '98
Structural Integrity Associates, Inc.
3315 Almaden. Expressway, Su1te 24
San Jose, CA.95118-1557
voice: 408-978-3200
Fax: 408-978-8964
g-mail: pccrack@strictint.com

Linear Elasti¢ Fracture Mechanics:
Date: Thu Oct 02 13:22:16 2008
Input Data and Resuits File: PLPBQ,LFM
Title: 0800439: N6 A and ¢ Flaw Evaluation
Load Cases:

stress coefficients

Case ID co <1 c2 C3 Type
unit Membrane 10 0 0O 0 coeff
0 Coeff

Residual consta 20 0 0

—————— Through wall stresses for toad cases With stress coeff-------
wall ‘Case Case
Depth  uUnit Membr Residual’c

0.0000 10 20
0:0300 10 20
0.0600 10 20
0.0900 10 20
0.1200 10 20
0.1500 10 20
0.1800 10. 20
10.2100 10 20
0.2400 10 20
-0. 2700 10. 20
0.3000 16 20

crack model: cCenter cCricked Plate 'undéer Remote Tension istress

Crack Parameters: N

Plate Half width: 0:6000

Crack depth: 0.3000

Co = Remote Tension stress

A1l other stress coefficients are: neg1ected

R e CEE LT R stress Intensity Factor-----ww-e----e--eeee-
Crack Case ; Case .
Size Unit Membr Reésidual c

0.0060. 1.37302 2. 74604
0.0120 1.94209 :3.88417 B
.Page ‘1
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L . . PLPBQ.OUT
0.0180 3.37926' 4.75853 g
0.0240 2.74848 5.49605
0.0300 3.07453 6.14906
'0.0360 3.37018 6.74036
0.04820 3:64303 7.28605
0.0480 3.89804 7. 79608
0.0540 4,13869 '8.27738
0.0600 4.36752" 8.73503
0.0660 4.58645 9.17291
0.0720 4.79701 '9.59403
0.0780 5.00041 10,0008
0.0840 5.19763 10.3953
0.0900 5.38951 10,779
0.0960 5.57675 11.1535
0.1020 5.75995 11.5199
0.1080 5.93964 11.8793
0.1140 6.11628 12.2326
0.1200 6.29028 12.5806
0.1260 6. 462 12.924
0.1320 6.63178 13.2636
0.1380 6.79992 135998
0.1440 6.96671 ‘13.933%
0.1500 7.1324 14,2648
0.1560 7.29724 14,5945
0.1620 7.46146 14,9229,
0.1680 7.62527 152505
0.1740 7.78889 15.5778
0’1800 7.95251 15905
0.1860 8.11632 16.2326
0.1920 8.28053 16.5611
0.1980 8.44531 16.8906
0.2040. 8761084 17.2217
0.2100 8.77732 17.5546
0.2160 '8.9449 -17..8898
0.2220 9.11379 182276
0.2280 9.28416 18:5683
0.2340 9.4562 18,9124
02400 9763009 19.2602
0.2460 9.80602 719612
0.2520 9.9842 19.9684
0.2580 10.1648 20.3296
0.2640  10.3481. 20.6962
.0.2700 10; 5342 21.0684
0. 2760, 10.7235 21.4469
-0.2820 10.916- 21.832
0.2880 11.1121 - 22.2242
0.2940: 11.3121 226241
0.3000 11.5161 23.0322

Crack Growth Laws:

Ltaw ID: Sect XI Aus Air
Model: ASME Section XI - austenitic. sta1n1ess steel in air environment

da/dN = € # 10AF * S * dKA3.3:

for-R < 0
1. 0 + 1.8 %R for'0 < R < 0,79
-43.5 + 57.97 8 R for 0.79 <R < 1
code specified function.of température
dK = Kmax.- Kmin
R = Kmin / Kimax:

where
S

s

‘ll

Page 2.
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Structural Integrity Associates, Inc.

where:
C * 10AF =

1.8403e-010

is for the currently selected units of:

force: kip
length: 1inch
temperature:

550.0000 Fahrenheit

Material ID: Alloy 182

pepth KIc
0..0000 200.0000
0.5000 200,0000
1.0000 -200. 0000
1.5000. ,200.0000

Initial crack

‘Material Fracture Toughnéss KI¢:

size= 0.1750,

PLPBQ.OUT’

Max. crack size= : 0.3000
Number . of blocks= 1
Print increment of hlock= 1
Cycles calc. Print Crk. Grw. Mat..
subblock /Time incre. incre. Law’ Klc
Perryl 200 1 1 Sect.XI ‘Aus Air Alloy 182
Kmax . Kmin
subblock - Case ID Scale Factor Case: ID Scale Factor
Perryl Residual constant 1.5000° Residual ‘constant 1.5000
Un1t Membrane S. 5000
crack growth results:
Total Subblock
Cycles Cycles. ol y DaDn
//Time /Time Kmax Kmin Deltak R /babt Da <a
a/thk i
Block: 1 . . . -
1 1 6.64e+001 2.:34e+001 4.30e+001 0.35 7. 39¢-005 7. 39e—005f0.1751 0.29
2. 2 6.65e+001 2:35e+001 4.30e+001 0.35 7.39e-005 7.3%e-005 0.1751 '0.29
3 3 '6.65e+001 2.35e+001 4.30e+001 0.35 7.40e-005 7. '40e-005 0.1752 0.29
4 4 6.65e+001 2.35e+001 4;30e+001 0.35 7.41e-005 7.41e-005 0.1753 .0.29
5 5 6.65e+001 2.35e+001 4;30e+001 0.35 7.41e-005 7.41le-~-005. 0.1754 .0.29
6- 6 6.65e+001 2.35e+001 4.30e+001 0.35 7.42e-005 7.42e-005 0.1754 .0.29
7 7 6,65e+001 2.35e+001 4ﬁ31e+001 0.35 7.43e-005 7.43e-005 0,1755 0.29
8 .8 -6.66e+001 2.35e+001 4g31e+001‘0;35 7.43e-005 7. ‘43e- -005 0.1756. 0.29
9 9 6: 666+001 2::35e+001 4;31e+001 0:35 7..44e-005 7.44e-005 0.1757 .0:29
10 10 6:66e+001 2.356+001 4&31e+001,0535 7.45e-005 7.45e-005 0.1757 0.29
11 11 6.66e+001 2.35e+001 4.31e+001 0.35 7.45e-005 7.45e-005 0.1758 0.29
12 12 6.66e1001 2.35e+001 4.31e+001 0.35 7.46¢-005 7. 46e-005 0.1759 '0.29
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13 13 6.66e+001 2.35e+001 4.31e4001 0.35 7.46e-005 7.46e-005 0.176 0.29
14 14 6.67e+001 2.35e+001 4.31€+001 0.35 7.47e-005 7.47e-005 0:176 0.29
15 15 6.67e+001 2.35e+001 4.31e+001 0.35 7.48e-005 7.48e-005 0.1761.0.29
16 16 6.67e+001 2.35e+001 4.32e+001 0.35 7.48e-005 7.48e-005. 0.1762 0.29
17 17 6.67e+001 2::35e+001 4.32e+001 0.35 7.49e-005 7.49e-005 0.1763 :0.29
18 18 6.67e+001 2.36e+001 4.32e+001 0.35 7.50e-005 7.50e-005 0.1763 i0.29
19 '19 6.67e+001 2.36e+001 4.32e+001 0.35 7.50e~005 7.50e-005 0.1764 0,29
20 20 6.68e+001 2:366+001 4.32e+001 0.35 7:51€-005 7.51€-005 0.1765 .0:29
21 "21 '6.68€+001 2.366+001 4.32e+001 0.35 7..52e-005 7.52€-005 0.1766 0.29
22 22 6.68e+001 2.36e+001 4.32e+001 0.35 7.52e-005. 7.52€-005. 0.1766. 029
23 23 6.68e+001 2.36e+001 4.326+001 0.35 7.53e-005 7.53e-005 0.1767 0.29
24 24 6.68e+001 2.36e+001 4.32e+001 0.35 7,54e-005 7.54€-005 0,1768 0.29
25. 25 6.696+001 2.36e+001 4.33e+001 0.35 7.54€-005 7.54e-005 0.1769 0.29
26 26 6.69e+001 2.36e+001 4.33e+001 0.35 7.556-005 7.55e-005 0.1769 0.29
27 27 6.69e+001 2.36e+001 4.33e+001 0.35 7.56e-005 7.56e-005 0.177 ©0.30
28 28 '6.69e+001 2.36e+001 4.33e+001 0.35 7.56e-005 7.56€-005 0.1771 0.30
29 29 6.69e+001 2.36e+001 4.33e+001 0.35 7.57e-005 7.57e-005 0.1772 0.30
30 30 6.69e+001 2.36e+001 4.33€+001 0.35 7.57e-005 7.57e-005 0.1772 '0.30
31 31 6.70e+001 2.36e+001 4.33e+001 0.35 7:58e-005 7.58e-005 0.1773 '0.30
32. 32 6.70e+001 2.36e+001 4.33e+001 0.35 7.59e-005 7.59e-005 0.1774 0.30
33 33 6.70e+001 2.366+001 4.33e+001 0.35 7.59e-005 7.59e-005 0.1775 0.30
34 34 6.70e+001 2.37e+001 4.34e+001 0.35 7.60e-005 7.60e-005 0.1775 0.30
35 35 6.70e+001 2.37e+001 4.34e+001 0:35 7.61e-005 7.61e-005 0.1776 0.30
36 36 6.70e+001 2.37e+001 4.34e+001 0.35 7.61e-005 7.61e-005 0.1777 0.30
37 37 6.71e+001 2.37e+001 4.34e+001 0.35 7.62e-005 7.62e-005 0.1778 0.30
38 38 6.71e+001 2.37e+001 4.34e+001 0.35 7.63e-005 7.63e-005. 0.1779 0.30
39: 39 6.71e+001 2.37e+001 4.34e+001 0,35 7.63e-005 7.63e=005 0.1779 0.30
40 40 6.71e+001 2.37e001 4.346+001 0:35 7.64e-005 7.64e-005 .0.178 0.30
41 41 '6.71e+001 2.37e+001 4.34e+001 0.35 7.656-005 7.65e<005 0.1781 0.30
42 42 6.72e+001 2.37e+001 4.35e+001 0.35 7.65e-005 7.65e-005 0.1782 0.30
43 43 6.72e+001 2.37e+001 4.35e+001 0.35 7./66e-005 7.66e-005 0.1782 0.30
43, 44 6.72e+001 2.37e+001 4:35e+001 O.. , 7.67€-005 0.1783 '0:30
45 45 6.72e+001 2.37e+001 4.35e+001 0. - 7.%67e-005 0.1784 -0.30
46 46 6.72e+001 2.37e+001 4:35e+001 0. ' 7.68e-005 0.1785 10:30
a7 47 '6.72€3001 2.37e+001 4.35e+001 0.35 7 7.69e-005' 0.1785 0,30
48 48 6.73e+001 2.37e+001 4.35e+001 0.35 7.69e 7.692-005 0.1786 030
49 49 6.73e+001 2.37e+001 4.35e+001 0.35 7.702-005 7.70€-005. 0.1787 0.30
50 50. 6.73e+001 2.38e+001 4.35e+001 0.35 7.71€-005 7.7le-005 0.1788 0.30
51 51 6.73e+001 2:38e+001 4.36e+001 0.35 7.71e-005 7.71e-005 0.1789 0.30
52, 52 6.73e+001 2.38e+001 4.36e+001 0.35 7.72e-005 7.72e-005 0.1789 0.30
53 53 6.73e+001 .2.38e4001 4.36e+001 0.35 7.73e-005 7.736-005 . 0.179 0.30
54 54 6.74e+001 2.38e+001 4.36e+001 0.35 7.73e-005 7.73e-005 0.1791 0.30
55 55 6.74e+001 2.3B8e+001 4.36e+001 0.35 7.74e-005 7.74e-005 0.1792 '0.30
56- 56 6.74e+001 2.38e+001 4.36e+001 0:35 7.75e-005 7.75e-005 0.1792 (0.30
57 57 '6.74e+001 2.38e+001 4.36e+001 0.35 7.76e-005 7.76e-005 0.1793 0.30
58 58 6.74e+001 2.38e+001 4.36e+001 0.35 7.76e-005 7.76e-~005: 0.1794 -0.30
59 59 6.75e+001 2.38e+001 4.36e+001 0.35 7.77e-005 7.77e-005 0.1795 0.30
60 60 6.75€+001 2.38e+001 4.37e+001 0.35 7.78e-005 7.78e-005 0.1795 0.30
61 61 6.75e+001 2.38e+001 ‘4.37e+001 0.35 7.78e-005 7.78e-005 0.1796 0.30
62 62 6,75e+001 2.38e+001 4.37e+001 0.35 7.79e-005 7.79e-005 0.1797 0.30
63 63 6.75e+001 2.38e+001 4.37e+001 0.35 7.80e-005 7.80e-005 0.1798 0,30
64 64 6.75¢+001 2.38e+001 4.37e+001 0.35 7.80e-005 7.80e-005 0.1799 0.30
65 65 6.76e+001 2.386+001 4.37e+001 0.35 7.81e-005 7.81e-005 0.1799 0.30
66 66 6.76e+001 2.39e+001 4.37e+001 0.35 7.82e-005 7.82e-005  0.18 0.30
67 67 6.76e+001 2.39e+001 4.37e+001 0.35 7.82e-005 7.82e-005 0.1801 O.30
68 68 676e+001 2.39e+001 4.38e+001 0.35 7.83e-005 7.83e-005. 0.1802 (.30
69 69 6.76e+001 2.39e+001 4.38e+001 0.35 7.84e-005 7.84e-005 0.1803 .0.30°
70 70- 6.77e+001 2.39e+001 4:38e+001 0.35 7.84e-005 7.84e-005: 0,1803 0.30
71 71 6.77e+001 2.39e+001 4.386+001 0.35 7.85e-005 7.85e-005' 0.1804..0:30
72 72 6.77e+001 2.39e+001 ‘4.38e+001 0.35 7.866-005 7-.86e-005 0.1805 0.30
73 73 6.77e+001 2.39e+001 4:386+001 0:35 7.87&-005 7.87e-005 0.1806, 0.30
74 74 6.77e+001 2.39e+001 4.38e+001 0.35 7.87e-005 7.87e-005. 0.1806 0.30
75 75 6.77e+001 2.39¢+001 4.386+001 0.35 7.88e-005 7.882-005 0.1807 :0.30
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76 76 6.78e+001 2.39e+001 4.38e+001 0.35 7.89e-005 7.89e-005 0.1808 0.30
77 77 6.78e+001 2.39e+001 4.39e+001 0.35 7.89e-005 7.8%e-005 0.1809 0.30
78 78 6.78e+001 2.39e+001 4.396¢+001 0.35 7.90e-005 7.90e-005 0.181. 0.30
79 79 6.78e+001 2.39e+001 4.3%9e+001 0.35 7.91e-005 7.91e-005 0.181 0.30
80 80 6.78e+001 2.39e+001 4.39e+001 0.35 7.91e-005 7.91e-005 0.1811 -0.30
81 81 6.79e+001 -2.39e+001 4.39%e+001 0.35 7.92e-005 7.92e-005 0.1812 0.30
82 82 6.79e+001 2.40e+001 4.39e+001 0.35 7.93e-005 7.93e-005 0.1813 0.30
83 83 6.79e+001 2.40e+001 4.39e+001 0.35 7.94e-005 7.94e-005 0.1814 0.30
84 84 '6.79e+001 2.40e+001 4.39e+001 0.35 :7.94e-005 7.94¢-005 0.1814 0.30
85 85 6.79e+001 2.406+001 4. 40e+001 0.35 7.95e-005 7.95e-005 0.1815 0.30
86 86 6.79e+001 2.40e+001 4.40e+001 0.35 7.96e-005 7.96e-005 0.1816 0.30
87 87 6.80e+001 2.40e+001 4.40e+001 0.35 7.96e-005 7.96e-005 0.1817 0,30
88 88 6.80e+001 2.40e+001 4.40e+001 0.35 7.97¢-005 7.97¢-005- 0.1818 0.30
89 89 6.80e+001 2.40e+001 4,40e+001 0,35 7.:98e-005 7.98e-005 0,1818 i0.30
20 90 '6.80e+001 2.406+001 4.406x001 0.35 7.99e-005 7.99e-005 0.1819 0:.30
91 91 6.80e+001 2.40e+001 4.40e+001 0.35 7:99e-005 7.99e-005 0.182 0.30
92 92 6.81e+001 2.40e+001 4.40e+001 0.35 8..00e-005 8.00e-005 0.1821°0.30
93 93 6.81e+001 2.40e+001 4.41e+001 0.35 8.01le-005 8. ‘01e-005 0.1822 0.30
94 94 6.81e+001 2.40e+001 4.41e+001 0.35 8.02e-005 8.02e-005 0.1822 :0.30
95 95 6.81e+001 2.40e+001 4.41e+001 0.35 8..02e-005 8.02e-005 0.1823 0.30
96 96 6.81e+001 2.406+001 4.41e+001 0.35 8:03€-005 8.03€-005 0.1824 0.30
97 97 6.82e+001 2.41e+001 4.41e+001 0.35 8..04e-005 8.04e-005 0.1825 0.30
98 98 6.82e+001 2.41e+001 4.41¢+001 0.35 8.04e-005 8.04e- 005 0.1826 .0:30
99. 99 6.82e+001 2:41e+001 4.41ex001 0.35 8..05e-005 8. 05e-005: 0.1826 0,30
‘100 100 6.82e+001 2.41e+001 4.41€+001 0.35 8:06e-005 8.06e-005 0.1827 0.30
101 101 6.82e+001 2.41e+001 4.41e+¥001 0.35 8.07é-005 8.07e-005 0.1828 0.30
102 - 102 '6.82e+001 2.41e+001 4.42ei001 0.35 8..07€-005 8. 07e-005 0.1829 '0.30
-103 103 6.83e+001 2.41e+001 4.42e+001 0.35 8.08e-005 8. ‘08e-005. * 0.183 '0.30
104 104 6,83e+001 2.41e+001 4.42e+001 0.35 8.09e<005 8.09e-005 0.183 0.31
105 105 6.83e+001 2.41e+001 4,42e+001 0.35 8.10e-005 8.10e-005 0.1831 0.31
106 106 6.83e+001 2:41e+001 4.42e+001 0:35 8-10e~005 8.10e-005 0.1832 .0.31.
107 107 '6.83e+001 2.41e+001 4. 42e+001 0.35 8.11e-005 8.11e-005 0.1833 0.31
108 108 6.84e+001 2.41e+001 4.42e+001 0.35 §.12e-005 8.12e-00S: 0.1834 0.31
109 109 6.84e+001 2.41e+001 4:42e+001 0.35 8.12e-005 8.12e-005, 0.1834:0.31
110 110 6.846+001 2.41e4001 4.43e:+001 0.35 8.13é-005 8.13e-005 0.1835 0.31
111 111 6.84e+001 -2.41e+001 4.43e+001 0.35 8.14e-005 8.14e-005 0.1836 0.31.
112 112 6.84e+001 -2.42e+001 4.43e+001 0.35 8.15¢-005 8.15e-005. 0.1837 0.31
113 113 6.85e+001 2.42e+001 4:43e+001 0.35 8.15e-005 8.15e-005 0.1838 0.31
114 114 6.85e+001 2.42e+001 4.43e+001 0.35 8.16e-005 8.16e-005 0.1839 ‘0.31
1158 115 6.85e+001 2.42e+001 4.43e+001 0.35 8:17e-005 8.17e-005 0.1839 0.31
116 116.6.85e+001 2.42é+001 4.43e+001 0.35 8.18¢-005 8.18e-005 . 0.184 :0.31
117 117 6.85e+001 2.42e+001 4.43e+001 0.35 8.18¢-005 8.18e-005: 0.1841 0.31
118 118 6.85e+001 2.42e+001 4.44e+001 0.35 8.19e-005 8.19e-005 0.1842 .0.31
119 119 6.86e+001 2.42e+001 4.44e+001 0.35 8.20e-005 8.20e-005 0.1843 0.31"
-120. 120 6.86e+001 2.42e+001 4.44e+001 0.35 8.21e-005 8.21e-00S. 0.1843 0.31
121 121 6.86e+001 2.42e+001 4.44e+001 0.35 8.21e-005 8.21e-005. 0.1844 0.31
122 122 6.86e+001 2:42¢+001 4.44e+001 0.35 8:22e-005 8.22e-005 0.1845 .0.31"
123 123 6.86e+001 2.42e+001 4.44e+001 0.35 8.23e-005 8.23e-005 0.1846 0.31
124 124 6.87e+001 2.42e+001 4.44e+001 0.35 8.24e-005 8.24e-005 0.1847 0.31
125 125 6.87e+001 2.42e+001 4.44€+001 0.35 8.24e-005 8.24e-005 0.1848 0.31
126 126 6,.87e+001 2.42e+001 4.45e+001 0.35 8,25e-005 8.25e- 005 0.1848 0.31
127 - 127 6.87e+001 2.43e+001 4.45e+001 0.35 8.26e-005 8.26e-005 0.1849 0.31
128 128 6.87e+001 2.43e+001 4.45e+001 0.35 8.27¢-005 8.27e-005 0.185 0.31
129 129 6.88e+001 2.43e+001 4.45e+001 0.35 8.27e-005 8.27e-005 0.1851 0.31
130 130 6.88e+001 2.43e+001 4.45e+001 0.35 8.28e-005 8.28e-005 0.1852 0.31
131 131 6:88e+001 2.43e+001 4.45e+001 0.35 8.29e-005 8.29e-005. 0.1853 0.31
132 132 6.88e+001 2.43e+001 4.456+001 0.35 8.30e-005 8.30e-005 0.1853 .0.31
-133 133 6.88e+001 2.43e+001 4:45e+001 0.35 8.31e-005 8.31e-005. 0.1854.0.31"
134 134 6.89+001 2.43e+001 4.46é+001 0.35 8.31e-005 8.31e-005 0.1855 0.31
135 135 6:89e+001 2.43e+001 4.46e+001 0.35 8.32e-005 8. 32e~005 0. 1856,0,31
136 136 6.89e+001 2.43e+001 4:46e+001 0.35 8.33e-005 8.33e-005 0.1857 0.31
137 137 6.89e+001 2.43e+001 4.46€+001 0.35 8.34e-005 8.34e-005 0.1857 -0.31
138 138 6.89e+001 2.43e+001 4.466+001 0.35 8.34e-005 8.342-005 0.1858 0.31
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139 139 6.89e+001 2.43e+001 4.46e+001 0.35 8.35e-005 8.35e-005' 0.1859 0,31
140 140 6.90e+001 2.43e+001 4.46e+001 0.35 8.36e-005 8.36e-005 0,186 0.31
141 141 6.90e+001 2.43e+001 4.46€+001 0.35 8.37e-005 8.37¢-005 0.1861 0.31°
142 142 '6.90e+001 2.44e+001 4.47e+001 0.35 8.37e-005 8.376-005 0.1862 0.31
143 143 6.90e+001 2.44e+001 4.47e+001 0.35 8.38e-005 8.38e-005 0.1863 0.31
144 144 '6.90e+001 2.44e+001 4.47e+001 0.35 8.39e-005 :. 39e-005 0.1863 0.31
145 145 6.91e+001 2.44e+001 4.47e+001 0.35 8.40e-005 8.40e-005 0.1864 0.31
146 146 6.91e+001 2.44e+001 4.47e+001 0.35 8.41e-005 8.41e-005: 0.1865 :0.31
147 147 6.91e+001 2.44e+001 4.47e+001 0.35 8.41e-005 8.41e-005 0.1866. 0.31
148 148 6.91e+001 2.44e+001 4.47e+001 0.35 8.42e-005 8.426-005 0.1867 0.31
149 149 6.91e+001 2.44e+001 4.47+001 0.35 8.43e-005 8.43¢-005. 0.1868 .0.31
150 150 6.92e+001 2.44e+001 4.48e+001 0.35 8.44e-005 8.44e-005 0,1868 0,31
151 151 6.92e+001 2.44e+001 4.48e+001 0.35 8.456-005 8.45e-005 0.1869 0.31
152 152 6.92e+001 2.44e+001 4.48e+001 0.35 8.45e-005 8.456-005 .0.187 0.31
153 153 6.92e+001 2.446+001 4.48e+001 0.35 8.46e-005 8.46e-005. 0.1871 0.31
154 154 6.92e+001 2.44e+001 4.48e+001 0.35 8.47e-005 8.47e-005 0.1872 :0.31
155 155 6.93e+001 2.44e+001 4.48e+001 0.35 8.48e-005 8.48e-005 0.1873 0.31
156 156 6.93e+001 2.45e+001 4.48e+001 0.35 8.49e-005 8.49e-005 0.1873 0.31
157 157 6.93e+001 2.45e+001 4.48e+001 0.35 8.49¢-005 8.49e-005 0.1874 0.31
158 158 6.93e+001 2.45e+001 4.49e+001 0.35 8.50e-005 &.50e-005 0.1875 '0:31
159 159 6.93e+001 2.45e+001 4.49e+001 0.35 8.51e-005 8.51e-005 0.1876 0.31-
160 160 6.94e+001 2.45e+001 4.49e+001 0.35 8.52e-005 8.52e-005 0.1877 0.31
161 161 6.94e+001 2.45e+001 4.49e+001 0.35 8.53e-005 8.536-005 0.1878 ‘0,31
162 162 6.94e+001 2.4564001 4.49e+001 0.35 8.53e-005 8.53e-005 0.1879 0.31
163 163 6.94e+001 2.45€+001 4.49e+001 0.35 8.54e-005 8.54e-005 0.1879 :0:31
164 164 6.94e+001 2.45¢+001 4.49e+001 0.35 8.556-005 &.55¢-005 0.188 0,31
165 165 '6.95e+001 2.45¢+001 4,49e+001 0.35 8.56e-005 8.56e-005 0.1881 0,31
166 166 6.95e+001 2.45e+001 4.50e+001 0.35 8.57e-005 8.576-005 0.1882 ‘0.31
167 167 6.95e+001 2.45e+001 4.50e+001 0.35 8.57e-005 8:57e-005 0.1883 0:31
168 168 6.95e+001 2.45e+001 4.50e¥001 0.35 8.58e-005 8.58e-005 0.1884 0.31
169 169 6.956+001 2.45e+001 4.50e+001 0.35 8,59e-005 8.59e-005' 0.1885 0.31
170 170 6.966+001 2.46e+001 4.50e+001 0.35 8.60e-005 8:606-005 0.1885 ‘0.31
171 171 '6.96e+001 2.46e+001 4.50e+001 0.35 8.61e-005 8.61e-005 0.1886 0.31.
172 172 6.96e+001 2:46e+001 4.50e+001 0.35 8.61e-005 8.61e-005 0.1887 :0.31
173 173 6.96e+001 2.466+001 4.506+001 0.35 8.62e-005 8.62e-005 0:1888 :0.31
174 174 6.96e+001 2.46e+001 4.51e<001 0.35 8.63e-005 8.63€-005 0.1889 :0:31
175 175 6.97e+001 2.46+001 4.516+001 0.35 8:646-005 8.646-005 0.189 -0:31
176 176 6,97e+001 2.46e+001 4.51e+001 035 8.65e-005 8.65e-005 0.1891 ‘0,32
177 177 6.97¢+001 2.46e+001 4.516+001 0.35 8.66e-005 8.66e-005 0.1891 '0.32
178 178 6.97e+001 2.46e+001 4.51e+001 0,35 8:66e-005 8.66e-005 0.1892 0.32
179 179 6.97e+001 2.46e+001 4.51e+001 0.35 8:67e-005 &8.67e-005 0.1893 ‘0.32
180- 180 6.98¢+001 2.46e+001 4.51e+001 0.35 8.68e-005 8.68e-005 0.1894 0,32
181 181 6.98e+001 2.46e+001 4.52e+001 0.35 8.69e-005 8.69e-005 0.1895 C.32
182 182 6.98e+001 2.46e+001 4.52e+001 0.35 8.70e-005 8.70e<005 0.1896 0.32
183 183 '6.98e+001 2.46e+001 4.52e+00 0,35 8.71e-005 8.71e-005. 0.1897 0.32
182 184 6.98e+001 2.47e+001 4.52e+001 0.35 8.71e-005 8.71e-005 0.1898 0.32
185 185 6.99e+001 2.47e+001 4.526+001 0,35 8.72e-005 8.72e-005 01898 032
186 186 6.99e+001 2.47&+001 4.52e+001 0.35 8.73e-005 8.73e-005 0.1899 0:32
187 187 6.99e+001 2.47e+001 4.52e+001 0.35 8:74e-005 8.746-005 0.19 0:32
188 188 6.99+001 2.476+001 4.52é+001 0.35 8.756-005 8.756-005 0,1901'0.32
189 189 '6.99¢+001 2:47e+001 4.53€+001 0.35 8.766-005 8.76e-005 0.1902 ‘0.32
190, 190 7.006+001 2.476+001 ‘4.53e+001 0.35 8.766-005 8.766-005 0.1903 0.32
191 191 7.00e+001 2.47e+001 4,53e+001 0.35 8.77e-005 8.77e-005 0.1904 0.32
192 192 7.00e+001 2.47e+001 4.53e+001 0.35 8.78e-005 8.786-005 0,1905 0.32
193 193 7.00e+001 2.476+001 4.53e+001 0.35 8.79e-005 8.79e-005 01805 0.32
193, 194 7.00e+001 2.47e+001 4.53e+001 0:35 8:80e-005 8:80e-005 0.1906 0,32
195 195 7.01e+001 2.47e+001 4.53e<001 0:35 8.81e-005 8.81e-005 0.1907 0.32
196 196 7.01e+001 2:47e+001 4.54e+001 0.35 8.81e-005 B8.81e-005 0.1908 0.32
197 197 7.01e+001 2.47e+001 4.54&+001 0.35 8.82e-005 B.82e-005 0,1909 0.32
198 108 7.01e+001 2.48e+001 4.54e+001 0.35 8.83e-005 8:83e-005' ,0;1910.32
199 199 7.01e4001 2.48¢+001 4.54e4001 0:33 8.83¢-005 8.84e- 005. 0.1911 0.32
200 200 7.02e+001 2.48e+001 4.54e+001 0.35 8.85e-005 8.85¢-005 0.1912 0.32
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