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IMPORTANT NOTICE RECARDING |
CONTENTS OF THIS RFPORT ,

:O Pl. EASE READ CAREFULLY :

J
,

,
,

This report was prepared by General Electric solely far the use of :

Philadelphia Electric Company. The information contained in this report is

.O delieved by General Electric to be an accurate and true representation of the i

facts known, obtained or provided to General Electric at the time this report
was prapared. 3

: O The only undertakings of the Geneial Electric Company respecting .

information in this document are contained in the contract between the j

customer.and General Electric Company, as identified in the purchase order for
this report and nothing contained in this document shall be. construed as

'O changins the contrac.t. The use of this information by anyona other than the
customer or for any purpose other than that for which it in intended, is not
authorized; and with respect to any unauthorized use, General E1cetric Company ;

makes no representation or warranty, and assumes no liability as to the ,

Q completeneas, accuracy or usefulness of the information contained in this
doewnent .
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AB!iTRACT

O A surveillance capsule was removed f rom the reach nottom unit 3
reactor during the outage following Fuel Cycle 7. The capsule contained

flux wires for neutron fluence measurement and Charpy and tensile test
specimens for material property evaluation. Flux wire testing and the Icad

O factor from previous computer analysis were used to establish the ves cl
peak flux location and magnitude. Charpy V Notch impact testing and
untaxial tensile testing were performed to establish the properties of the
irradiated surveillance materials. The irradiation effects were projected,

O based on Regulatory Guido 1.99 Revision 2 to conditions for 32 effective
full power years (EFPY) of operation. The 32 EFPY condit. ions are predicted
to be less severe than the limits in 10CFR50 Appendix 0 requiring ,

provisions for vessel thermal annealing. Pressure temperature operating

O limits curves valid to 32 ErPY were developed to 10CTR50 Appendix 0
requirements, accounting for irradiation shif t per Regulatory Guido 1.99,
Revision 2.

O in conjunction with the surveillance capsule testing, unirradiated
plate and weld Charpy specimens were tested to establish baseline curves.
The irradiated Charpy data for the Unit 3 plate and weld specimens were
compared to these unirradiatad d:ta to determine the shift in Charpy curves

'

due t irradiation. The reuutts are just above mean shift predictions, butO
below the upper bound predictions of the Regulatory Guide.

O

O
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1. INTRODUCTION

O part of the effort to assure reactor vessel integrity involves ;

evaluation of the fracture toughness of the vessel ferritic materials. The

key values which characterir.e a material's fracture toughness are the
*

reference temperature of nil ductility transition (RTNDT) and the upper
O shelf energy (uSE). These are defined in 10CrRso appendix C (Reference 1)

and in Appendix C of the ASME Boller and pressure Vessel Code, Sectiou XI

(Reference 2). These documents contain requirements used to establish the

pressure temperature operating limits which taunt be met to avoid brittle
O fracture.

'

Appendix H of 10CFR$0 (Reference 3) and ASTM E185 (Reference 4)
establish the methods to be used for surveillance of the reactor vessel

O materials. The first vessel surveillance specimen capsule required by
'

Reference 3 was removed from Unit 3 in June 1989. The capsule was sent to
the CE Vallecitos Nuclear Center (VNC) for testing after exposure to seven

fuel cycles of irradiation. The surveillance capsule contained flux wires

O for neutron flux monitoring and Charpy V-Notch innpact test specimens and
untaxial tensile test specimens fabricated from materials from, or

representative of, the vessel inatorials nearest the core (beltline). The

impact. and tencile specimens were tested to establish properties for the
,

O trradiated materials.

The results of the surveillance specimen testing are presented in this
report. The irradiated material properties are compared to unirradiated

O proporties from testing of archive specimens, also presented in this ;

report, predictions of the RTNDT and USE at 32 EFrY are mado for
comparison with allowable values in Reference 1. predictions of 32 EFPY

properties were made based on Regulatory Guide 1.99, Revision 2

O (Reference 5).

!
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Operating limits curves for the Unit 3 reactor vessel are presented in
this report. The curves account for current requirements of References 1 !

!O and 2. c ometric discontinuities and highly stressed regions, such as the ;

feedwater nozzles and the closure flanges , are evaluated separately from !

t.he core beltline region. The operating 11mits developed consider the most '

11miting conditions of the discontinuity regions and the belt 11ne region,
so as to hound all operating conditions. The operating limits developed

'

O
for the beltline region include i rradiation shift, based on Reference 5 '

methods. ,
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2. SUMMARY AND CONCl,USIONS ;

|

l
!O 2.1 SUMMARY OF RESUI.TS

!

Surveillance capsule 1 was removed from peach Bottom Unit 3 during the [
'

outage following ruel Cycle 7 and shipped to VNC. The flux wires, Charpy j

O V Notch and tensile test specimens removed f rom the capsule were tested
according to ASTM E185 82 (Reference 4). Hovised operating limits curves. }
were developed using the flux wire test results and the requirements and .j
mett,ods of 10CFR$0 Appendix 0 (Ref erence 1) and Appendix 0 of ASME Code ;

O 8 action XI (Reference 2). The methods and results or the fracture t

toughness evaluation are presented in this report as follows:
!

~

a. Section 31 Surveillance prograin background j

O
.

!
'h. Section 4: peak RpV Fluence Evaluation
>

,

c. Section 5: Charpy V Notch Impact. Testing

O
d. Sect.lon 6: Tensile Testing

,

c. Sectton 7: Develcpment of Operating 1.imits Curves
,

O
photographs of fractured Charpy specimens are in Appendix A, The

significant teaults of the evaluation are below: t

i

a Capsule 1 was removed from the 30' ar.inuth position of theg
reactor. The capsule cent nined 9 ilux vires: 3 copper (Cu),

'

3 1ron (Fe), and 3 nickel (N1). There were 36 Charpy V Notch
specimens in the capsule: 12 each of plat.e material, weld

""'*''"I """ h*"' "'#****d """" (''^*) ""**"'"I' Th' " **"" I*
O .

mpeolinens removed consisted of 3 pint.c, 2 weld and 3 IIAZ metal
s pec isnens .

.

O
,

IO |

:
__ _ _ . ._ _ - _



. .

'

O

Ib. The chemical compositions of the beltline materials were

determined from data obtained from CE QA records or from i

O correspondence with Babcock 6 wilcox (Bsw). The copper (cu) and
~

nickel (Nt) contents were determined for- all heats of plate and ;
,

weld material. The values for the limiting boltline plate are

0.15%'Cu and 0.49% Ni, The limiting beltline weld values'are

0 0.21% cu and 0.21% Ni.

,

Charpy and dropweight test results from the fabrication programc.
materials certification testing were adjusted to be equivalent to i

'O test results done to current standards. The initial RTNDT values
for locations of interest in the vessel were determined. They

are 10*F for the limiting beltline plate. 45'F for the limiting

beltline weld (with og - 16.44'F), 10*F for the closure flange |
0 reston, 50'F for the limiting nozzle and $4'F for the bottom head

region.
.

d. The flux wires were tested to determine the neutron flux at the !

O surveillance capsule location. The fast flux <>1.0 Mev) measured

n/cm sec. Based on the flux wire data, the |was 6.8x108 2

surveillance specimens received a best estimato fluence of ;

1.6x1017 n/cm2 at removal.

O
e. The vessel inside surface Icad factors were established using an

analysis performed for peach Bottom Unit 2 that combined

two dimensional and one. dimensional finite difference transport

g analysis. The flux peak occurs at an azimuthal location 25.5' i

from the vessel quadrant references. The lead factor for the

surveillance capsules is 0.95 to the peak vessel inside surface

location.

O ,

.

P

'

O
!

|
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f. The seeximure accumulated neutron fluence at 32 ErpY was deterintned

at the peak 1/4 T locatien, using the flux wire test results, the

O lead factor and the methods of Reference 5. The maxileum 1/4 T
vessel 32 EITY fluence is 5.0x1017 n/cm ,2

g. The surveillance charpy V. Notch specimens were impact tested at

O temperatures selected to define the transition of the tracture i

*

toughness curves of the plate, weld, and llAZ inatorials.
Measurernents were taken of absorbed energy, lateral expansion and

percentage shear. Tracture surface photographs of each specismen

.O a r' P r * * *"' a d I" ^P P'"di x ^ . rrom absorbed energy and lateral

expansion results for the plate and weld materials the following
values were calculated: index t einpe ra tu re s for 30.ft lb,

,

50 f t lb, and 35.m!1 lateral expansion (Hl.E) values and USE.
Similar test results were obtained for archive plate and weldO
charpy spectinens provided by pEco. The unirradiated specismen

fracture surface photographs are presented in Appendix B.

Th* ""'"* * "I I"'*d * * * *d P "t * ""d **1 d sp ec tine n charpy. impac t.Ih'O
energies were compared to the corresponding untrradiated data to
establish the 30 f t.lb, 50 f t lb and 3b Mt.E index temperature

irradiation shifts, and decreases in USE. The surveillance plate

"***''"I 'h "*# "" ****""**d 1'*" "h'#' ""d * 0* #* ***** ""
'O

USE. The wold material estiinated shif t was also 16'P, with a

decrease in USE of 9X.|
|

|
'' Th* ' "*d'''*d **"'#I* 'P**'"*"" **'* '****d ** ' * **''"*'''"''O (70'F). reactor operating temperature (5 50 * F), and es tim' :.ed

|
i onset to upper shelf temperature (160*P). The results tabulated

for each spectinen include yield and ultimate tensile strength,
uniform and total elongation, and reduction of area,

J. The irradiated plate and weld tensile test results for Unit 3

were compared to unitradiated data froin the vessel fabrication
test program records. The results generally showed increasing

.,td strength and decreasing ductility, consistent with expectations
for irradiatton embrit.tlement.

23
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k. As a part of the development of the pressure. temperature (P 7)
Ioperating limit s curves, the irradiation shifts in RTNDT were

O P'*d'***d' h***d "" 'h* **'h d' "' "*5"*** 'Y""'d*I'"'

Revision 2 (Reference S). For'information purposes, the measured
shifts for the surveillance plate and weld materials were

compared to the shif to predicted by Reference S. The measured

'h" ' *' I''" '" 'h* P *'' "*''''** ' '''*h '"d**' ' " * '*"*"**I
O

2of 1.6x1017 n/cm , is just above the predicted mean shift of
14'r, but is well below the upper limit shift. prediction of 28'P.
For the weld material, the measured shif t of 16'r is slightly.

higher than the predicted mean shif t of IS*F and well below the -
O upper bound of 30'F.

1. ' Data for prediction of most. beltline material USE values were not
available. Data for the surveillance materials and the-

'O 'longitudinal beltline welds were used to predict USE at 32 EFPY
using the methods in Reference S. The beltline transverse plate
and weld USE values were predicted to be 78 iL lb and- 82 f t 1b,

.
respectively, at 32 EPPY,

m. PT curves were developed for three reactor conditions:

hydrostatic pressure test (Curve A), non nuclear heatup and
cooldown (Curve h), and core critical operation (Curve C). The

O curves are valta up to 32 trPY of operation. The limiting

regions of the vosoci affecting the_curven' shapes are the

nor.r.le, bottom head '4nd closure flange regions. The bolt preload
and miniinum permissibic operating temperatures were determined to

O 3, 7o.r. The predict ed irradiation shif t s for t.he- Unit 3

beltline materials are low enough that the heitline is not

predicted to be limiting through 32 ErPY of operation. The PT

curves for Unit 3 are shown in Figure 21.
'O

.O'
,
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2.2 CONCulSIONS

O The requirements f Reference 1 deal basically with vessel design life
conditions and with limits of operation designed to prevent brittle ,

fracture. Based on the evaluation of nurveillance testing results, and the

associated analyses, the following conclusions are made:

O
The adjusted reference temperatures at 32 ETPY for the limitinga.

beltline material of 71'r is below the Reference 1 allowable
limit of 200'r, above which special analyses or provisions for

:O """****"8 "'* '*'"*'*d'

b. The 32 ETPY values of USE could not be calculated for all
beltline plates, but the 32 EFPY USE for the surveillance

beltline plate, 78 f t lb, and the lowest USE predicted for
O

heltline welds, 82 ft lb, are well above the Reference 1

allowable minimum of 50 ft lb. The surveillance plate USE should
be representative of the other beltline plates' USE values, so

there is no need, based on USE values, for special analyses or
O

provisions for annealing the Unit 3 vessel beltline,

c. Examinat.lon of the normal and upset operating conditions expected
for the reactor shows that the worst pressure. temperature

O conditions expected from unplanned temperature transients are

! acceptable relative to the limits in Figure 21. Therefore, the

| only operating conditions for which the operating limits are a

concern are those involving operator interaction, such as

pressure testing and initiation of core criticality.

O

:o
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3. SURVEILIANCE PROGRAM BACKCROUND

'O 3.1 CarSUtt RECOVERY

The Peach Bottom Unit 3 reactor was shut down in March,1987 . The

accumulated thermal power output was 9.11x106 mwd or 7.57 ETPY. The

O reactor pressure vessel (RPv) originally cont ained three - surveillance ;

capsules, at 30', 120' and 300* azimuths at the core midplane. The

specirnen capsules are held against the RPV inside surface by a spring
loaded specimen holder. Each capsule receives equal irradiation because of

:O core aymn:etry. In June 1989 Capsule 1 at 30' was removed. The capsule

was cut from its holder assembly and shipped by cask to the CE Vallecitos
Nuclear Center (VNC), where testing was performed.

O upon arrival at vNC, the capsul. was examined for identification. The

drilled hole binary code on the basket showed the reactor number of 27 and
the capsule number of 1, as shown in Figure 31. Tht, capsule contained

three Charpy specimen packets and four tensile specimen tubes. Each

O t'"all' 'Paciaan tuba cantain'd tw tenail' 'Peci"an"- Each CharPy

specimen packet contained 12 plate, weld or llAZ Charpy specimens and 3 flux i

wires (one iron, one copper and one nickel) in a sealed helium environment.

.

3.2 RPV MATERIALS AND FABRICATION BACKCROUND0

3.2.1 Fabrication llistorv

!
i

The 'l e a h Bottom 3 RPV is a 251 inch diameter BWR/4 design.O
Construction was begun by B&W to the Winter 1965 Addenda of the 1965
edition of the ASME Codo. Chicago Bridge & Iron (CB&l) completed the-
vessel, generally to the 1968 edition of the ASME Code. The shell and head

P "'* "''"i'l' "" AsME S A3 2, G rade B, low alloy stal (tAS), modinedIO
per Code Case 1339. The nozzles and closure flanges are ASTM A$08 Class 2
LAS, modified per Code Case 1332 3, and the closure flange holting

materials are ASTM A$40 Crade B23. The fabrication process employed double
quench and temper heat treatment immediately af ter h t f rming, thenO
electroslag or submerged arc welding and post weld heat treatment. The
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post veld heat treatment was typically for 30 hours at temperatures of
1125 1 25'r. The identification of pts.tes and welds in the beltline region

.O is shown in rigure 3 2,

~

3.2.2 Material Properties of RPV at Fabrication

,

g Material certification recotds were retrieved from GE Quality

Assurance (QA) records to determine chemical and mechanical properties of
the vessel materials. In addition, data on the electroslag welds was

obtained from the Unit 2 surveillance test report (Reference 6). Table 3 1
,

O sh wu the chemistry data for the Unit 3 beltline materials.

Results of certification mechanical property tests performed during
tRpV fabrication were examined, specifically Charpy V Notch and dropweight

tapact test results, pr perties f the bettiine matertals and otherO
locations of interest are presented in Table 3 2. The Charpy data

collected were used to establish the RTNDT values for each vessel
component, as described in Subsection 3.2.4.

,

0
3,2,3 Soccimen Chemieni Composition

Samples were taken f rom the surveillance plate and weld tensile

specimens after they were tested. Chemical analyses were performed using a
Spectraspan III plasma emission spectrometer. Each sample was dissolved in

an acid solution to a concentration of 40 mg steel per 40 mi solution. The
spectroacter was calibrated for determination of Mn, N1, Mo and Cu by
diluting National Institute of Standards and Technology (NIST)

_O Spectrometric Standard Solutions. The phosphorus calibration involved

anniysis of four reference materials from NIST with known phosphorus
levels. Analysis accuracies are 10.003% (absolute) for phosphorus and 15% -

(relative) for other elements. The chemical composition results are'given
O

in Tabic 3 3 for the Unit 3 surveillance plate and weld materials. The ,

results for the plate show reasonable agreement with corresponding data
from fabrication records in Table 3 1. However, the surveillance weld

chemistry results do not correspond to the results for tho beltline
;

i electroslag veld heat, as would be expected from normal B6M practices. The

surveillance weld is, however, representative of the beltline welds. .
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3.2.4 Initial Reference Temocratures |

|

O The requirements for establishing tha vessel component RTNDT values <

per the ASME Code prior to 1972 are summarized as follows: ,

n. Test specimens shall be longitudinally oriented Charpy V Notch

O specimens.

b. At the RTNDT, no impact test result shall be less than 25 ftelb,
and the average of three test results shall be at least 30 ft lb. !

O
c. Pressure testa shall be conducted at a temperature at least 60'P

above the acceptable RTHDT for the vessel.,

O The current requirements for establishing RTNDT are afsnificantly
different. For plants constructed to the ASME Code after Summer 1972, the
requirements are as follows:

O a. Charpy V Notch specimens shall be oriented normal to the rolling
direction (transverse),

b. RTNDT is defined as the higher of the dropwoight NDT or'60*P

O below the temperature at which Charpy V Notch 50 ft lb energy and
35 mits lateral expansion are met,

c. Bolt up in preparation for a pressure test or normal operation

O "h*ll h* P"f""ed a t u ab we the RTNDr or levn t urvice
temperature (LST), whichever is greater.

Reference 1 states that for vessels constructed to a version of the
ASHE Code prior to the Summer 1972 Addendum, fracture toughness data andg
data analyses must be supplemented in an approved manner. CE has developed |
methods for analytically converting fracture toughnass data for vessels I

constructed before 1972 to comply with current requirements. CE developed |

these met.h da tr m data in wR isulletin 217 (Reference 7) and from data0
collected to respond to NRC questions on FSAR submittals in the late 1970s.
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These inethods and example RTNDT calculations for vessel plate, weld, weld
HAZ, forging, and bolting material are summarized in the remainder of this

O subsection. Calculated nTuor values for selected Rev locations are given
in Table 3 2.

For vessel plate material, the first step in calculating RTNDT is to
O establish the 50 f t 1b transverse test temperature from longitudinal test

specimen data. There are typically three energy values at a given test
temperature. The lowest energy Charpy value is adjusted by adding 2*F per
ft lb energy to 50 ft lb. For example, for the limiting Unit 3 beltline

O plate the test temperature and lowest Charry energy from Table 3 2 is
44 f t lb at 410'F for Heat C2773 2. The equivalent 50 f t lb longitudinal
test temperature is:

|

0 T501. - 109 4 I(50 44) ft lb * 2'F/ft ib) - 22'r !

The transition from longitudinal data to transverse data is made by adding
30*F to the test temperature. In this case, the 50 ft lb transverse Charpy |

$ test temperature is T50T - 52*F. The RTNDT is the greater of NDT or
!

(T50T - 60'P). From Table 3 2, the NDT for llent C2773 2 is 10'P, and !

(T50T 60'F) is 8'F. Thus, the RTNDT for that beltline plate is 10'F. !

O r r vessel weld material, the Charpy v Notch results are usually ;
limiting in establishing RTHDT. The 50 ft lb test temperature is

established as for the plate material, but the 30'P adjustment to convert

longitudinal data to transverse data is not applicabic to weld metal. In
,

O Reference 6, nine sets of Charpy curves for the electroslag weld heat used

in Units 2 and 3 were evaluated to determine (T50T 60'F) of 45'F. There

are no NDT data available for the longitudinal electroslag welds. The CE

procedure requires that, when no NDT is available, the resulting RTNDT be

0 5 'F or higher. In this example, (T50T - 60'F) is 45'F, so the RTNDT 18
45'F. Since the RTNDT for the electroslag welds was based on statistical
analysis of 9 curves, the value of og discussed in Reference ) is the

standard deviation from the statistical analysis of the 9 curves, or

16,44'r.
O
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For the vessel veld }tAZ material, the RTNDT is assumed to be the same
as for the base material since ASME Code weld procedure qualification test

$ requirements and post weld heat treatment data indicate this assumption is
valid.

For vessel forging material, such as nor.zles and closure flanges the
P ata aate.rla1.lO **thod for *atabitahins RT nT is the ===* ** for ve=**1N

For the recirculation inlet nozzles N2, the lowest Charpy data at 40*F is
30 f t lb, and t.he NDT in 10* F. In this case, (T50T . 60'F) is greater than
HDT, so the RTNDT is (40 4 (50 30)*2 4 30 60), or 50'F.

6
For bolting material, the current ASME Code requireinent s define the

LST as the temperature at which transverse Charpy V. Notch energy of 45
it.lb and 25 mils lateral expansion (MLE) are achieved. If the required

O Charpy results are not mot, or are not reported, but the Charpy v. Notch
energy reported is above 30 f t.lb the requirements of the ASME Code at
construction are applied, namely that the 30 f t lb test temperature plus
60*F is the lowest service temperature (LST) for the bolting materials.

0 Charpy data for the studs did not meet the 45 ft lb, 25 MLE requirement,
but 30 f t lb energies were act at 10'F. Therefore, the bolting material

LST is 70'F.

3.3 SPECIMEN DESCRIPTIONg

The surveillance capsule contained 36 Charpy specimens: base imetal
(12), weld metal (12), and IIAZ (12) . There were 8 tensile specimens: base
imo t a l ( ), weld metal (2), and itAZ (3). The capsule contained 9 flux

O
wires: 3 tron, 3 nickel and 3 copper. The chemistry and fabrication q

history for the Charpy and tensile specimens are described in this section.
|
1

3.3.1 Charov.Specimenn.

Charpy specimen fabrication is described in the vessel purchase

specification (Reference 8). All specimen materials were specified to be
beltline materials, but the chemistry test results indicate that the weld

:O
wire heat used is not t. h e same r.s t. hat in the Unit 3 beltline. It is,

however, representative of the beltline electroslag welds.
35
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The base metal spect riens were cut froin llent C31031. The surveillance

test plates received the same heat treatment as the f abrication specimens
for llent C3103 1, including the post weld heat. treatment for 30 hours atg
1125'r 1 25'F. The method used to machine the specimens from the t e s t.

plate is shown in Figure 3 3. Specimens were machined from the 1/4 T and

3/4 T positions in the plate, in the longitudinal orientation (long axis
parallel to the rolling direction). The identifications of the base met.nlnV Charpy specimens recovered from the surveillance capsule are shown in
Tabic 3 4.

'" * * * * d " * ' " * " " d "^ * '" " ' P Y " P * * ' '' * " " " * ' * ' '' ' ' * * ' * d '' * * * d ' " 8O together two pieces of the surveillance test plate with a weld which was
specified to be identien1 to the beltline longitudinal seam welds. The

same weld procedure was used, but the actual weld wire heat and flux lot
probably were not used in the vessel bottline welds, based on the results

.,

V of the specimen chemistry tests. The walded test plate for the weld and

llAZ Charpy specimens each received stress relief heat t r e tt roe nt at
1125'F 1 25'F for 30 hours to simulate the fabrication specimen conditions.
The weld specimens and ||AZ specimens were fabricated as shown in F1 ures6

O 3 4 and 3 5, respectively. The base metal orientation in the weld and llAZ
specimens was longitudinni. The specimenu were starnped on one end with the
identifientions shown in Tabic 3 4

O 3.3.2 Tensile specimenn

Fabrication of the surycillance tensile specimens is described in

! Reference 8. The materials, and thus the chemieni cornpositions and heat
O treatments for the base, veld and llAZ tensiles are the same as those for

the corresponding Charpy specimens. The identifications of the base, weld,
and llAZ t ensile specimens are given in Tabic 3 4. A summary of the

fabrication methods follows.
,0

l The base metal specimens were machined from materini at the 1/4 T and
3/4 7 depth. The specimenn, oriented niong the plate rolling direction,

were machined to the dimensions shown in Figure 3 6. The gage section was
O tapered to a minimum dinineter of 0.250 inch at the conter. The veld metal

1
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tensile specimen materials were cut from the welded test plates, as shown
'

in Figure 3 7. The spec tinens were machined entirely from weld metal,
scrapping tanterial that al ht include base metal. The fabrication method6

for the HAZ tensile specimens is illustrated in Figure 3 8. The specimen

blanks were cut from the welded test plates such that the gage s ec t. i on

minimum diameters were machined at. the weld fusion line. The finished HAZ

specimens are approximately half weld metal and half base metal oriented
-

1

'0y along the plate rolling direction.
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Table 3-1
CHEMICAL COMPOSITION OF RPV BELTLINE MATERIA 15

Composition by Weirht Percent

Identification Heat /let No. C Mn P 5 Si Ni Mo Cu

Iower Shell Plates:
6-146-1 C4689-2 0.21 1.27 0.011 0.016 0.25 0.56 0.60 0.12
6-146-3 C4684-2 0.22 1.41 0.013 0.016 0.24 0.58 0.55 0.13
6-146-7 C4627-1 0.22 1.32 0.015 0.026 0.25 0.57 0.56 0.12

Lower-Intermediate Shell Plates:
6-139-10 C2773-2 0.22 1.30 0.012 0.018 0.24 0.49 0.48 0.15
6-139-11 C2775-1 0.21 1.34 0.010 0.018 0.19 0.46 0.46 0.13
6-139-12 C3103-1 0.21 1.35 0.011 0.016 0.24 0.60 0.47 0.14

Intermediate Shell Plates:
6-146-5 C4608-1 0.23 1.30 0.011 0.015 0.24 0.55 0.55 0.12

y 6-146-4 C4689-1 0.21 1.27 0.011 0.016 0.25 0.56 0.60 0.12
m 6-146-2 C4654-1 0.23 1.38 0.010 0.015 0.24 0.55 0.56 0.11

Surveillance Plate:
C3103-1 see above

longitudinal Welds:
D1.D2,D3, 37C065 0.17 1.41 0.015 0.013 0.09 0.21 0.53 0.21
El,E2,E3,F1,F2,F3

Lower to Iower-Intermediate Girth Veld:
LE 3P4000 Linde 124 0.066 1.37 0.015 0.014 0.36 0.96 0.46 0.02

Flux Iot 3932

Intermediate to Iower-Intermediate Girth Weld:
EF IP4217 Linde 124 0.051 1.37 0.017 0.018 0.45 0.96 0.47 0.11

Flux Iet 3929

Surveillance Veld:
- 1.56 0.009 - 0.19 0.41 0.51 0.11
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Table 3 2
MECilANICAL PROPERTIES OF BELTLINE AND OTHER SELECTED RPV MATERIALS

O
Test Charpy

T 60 * RTIdent, llent Temp. Energy NDT $0T NDT
Location .Egmber_ Number ,(,'Il (ft lb) G (*F) _( ' F.)

Beltline:

Lower Shell Plates 6 146 1 C4689 2 10 101,78,69 10 20 10
6 146 3 C4684 2 10 63,60,60_ 20 20 20
6 146 7 C4627 1 10 68,82,90 20 20 20

Lower Intermediate 6 139 10 C2773 2 10 44,56,46 10 8 100 Shell Plates 6 139 11 C2775 1 10 58,66,68 10 20 10
6 139 12 C3103 1 10 57,66,76 10 20 10

Intermediate 6 146 5 C4608 1 10 82,108,90 10 20 10
Shell Plates 6 146 4 C4689 1 10 60,96,105 10 20 10

6 146 2 C4654 1 10 55,77,78 10 20 10

Longitudinal Velds D1,D2,D3 370065 see Reference 6 (a -16.44'F) 45
3El,E2,E3

F1.F2,F3

Lower to Lower Int.
$ Cirth Wold DE 3P4000 10 97,96,90 N/A 50 -50

Lower Int, to Int.
Cirth Weld EF IP4217 10 56,71,60 N/A 50 50

0 Non-Beltline:
i

Upper Shell Plate 15 146 2 C4598 1 10 42,80,80 10. 4 10 j
Vessel Flan 6e 48 146 1 ACN97 10 96,109.127 10 20 10

O llead Flange 209 139 2 AAL95 10 81,87,94 10 20 10

Top llend Torus 202 139 11 C1982 1 10 45,60,90 10 10 10 ,

Bottom llead Torus A2 146 4 B7255 2 40 81,28,64 40 54 54

Q Recirc Inlet N2 A7 139 15 EV9934 40 30,40,31 10 50 50

0
NOTE: N/A - not available

1
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Table 3 4

O 2DexTiricATion or UntT 3 sUnvcittuce spec 1 Mens

'
,.

Charov Specingna a
-0

1rradiated Unirradiated irradiated Unitradiated Irradiated
Rat.n RAAB Wild WAld Illd

O 71 1 7Pc 7Ta 7Te A27
s

7tU 7LY 7TL 7U1 Ale
7T6 7MT 7UA 706 A1E

77B 7MY 7TK 7U2 Alb
O 7MU 7P4 700 7U3 Aix

7M5 7M3 7TU 7TP A3A

7PP 7H2 7UP 7TM' A22

7M7 7P7 7TD 7U4 A?E

$ 7P2 7MD All 7TT A23

7MJ 7PB A15 705 A1D

7MB 7MM 7YD '- 7TY. A1J

7PY 7PD 'A14 7U7 A2T

O

Igngile Soceimenn 8

O
itradiated Irradiated Irradlated

1A10. W. tid : ll6Z
'

-Q A41 :A4P A62

A4A A54 A5M

A46 A5E

'O
8 All specimen identifications include two doen.
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4. PEAK RPV FLUENCE EVALUATION

i

!

O Flux wires were analyzed to determine flux and fluence received by the
surveillance capsule. An analysis combining.two dimensional and

one dimensional flux' distribution computer calculations done for Peach Bottom
Unit 2 (Reference 6) was evaluated to establish the location of peak vessel

O fluence and the lead factor of the Unit 3 surveillanco capsule relative to the

peak vessel location.

4.1 FLUX WIRE ANALYSIS

O
4.1.1 Procedure

The Unit 3 surveillance capsule contained 9 flux wires: three-iron,

O three copper and three nicket. Each wire was removed from the capsule ,

cleaned with dilute acid, weighed, mounted on a counting card,: and analyzed
for its radioactivity content by gamma spectrometry. Each iron wire was

analyzed for Mn 54 content and each copper wire for Co 60 at a calibrated 4-cm

0 source-t detect r distance with 100 ce and 80 ce ce(Li> detector systems. The
nickel wire's radioactivity had decayed to such a low level that a meaningful
analysts could not be done.

T properly predict the flux and fluence at: the surveillance capsuleO
from the activity of the flux wires, the periods of full and partial power

irradiation and the zero power decay periods were considered. Operating days

: for 'ench fuel cycle and the reactor average power fraction are shown in

i Table 4 1. Zero power days between fuel cycles are listed as well.g

From the flux wire activity measurements and power history, reaction

rates for Fe-54 (n.p) Mn 54 and Cu-63 (n,a) Co 60 were calculated. The >l MeV
1

f"*' fl"* ****'i " r 88 8e ti n8 f r th Ir n and pper wires were estimatedi0-
'

to be 0.212 barn and 0.00374 barn, respectively. These values were obtained
- from measured cross section functions determined at GE's Vallecitos Nuclear |

|

Center from more than 65 spectral determinations for BWRs and for the General
Electric Test Reactor using activation monitors and spectral unfolding

O
| techniques. These data functions are applied to BWR pressure vessel locations
|
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based on water gap - (fuel' to vessel wall) distances. The cross sections for
# '1 **"'#1"* **'* #*'*""I"*d '' " 'h* "**'"' # l'* ~ '* "*" "" ** '' "

O- i
ratio of 1.6.

.

4.1.2 Results
I

I

:O The measured activity. reaction rate and determined full power. flux- |
results for the surveillance capsule are given in Table 4 2. The >1 MeV flux 1

8 2value of 6.8x10 -n/cm s f rom the . flux wires was calculated by dividing ~ the
reaction rate. measurement data by the appropriate' cross sections. The

corresponding fluence r e s'ul t s , 1,6x1017 n/cm2 (>l MeV) was.obtained by 1

multiplying the full power flux density values by the product of the' total'

time of irradiation and the full power fraction, shown in Table 4-1.

O. concrally, for long term irradiations,- dosimetry: results from copper

flux wires are considered thc, most accurate because of Co.60's long half life.
(5.27 years). The iron flux monitor reaction yielding the shorter half life

(312.1 day) Mn-54 gave results about 20%' lower than the copper reaction,
k Because of the long decay period of this surveillance capsule, the nickel wiro

Co.58 activity (70.8 day half life) was too low to'be utilized.- The major

difference between the copper and iron wire results is duccto differences '

between the local core power distribution' near the surveillance capsule and j

0- the average core power, especially during,the last.two cycles. 1 Therefore, tho.

flux and fluence above are based only on the copper flux wire results, !

!
!

>

The accuracles of the values in Tables 4 2 for a 20-deviation are
O estimated to be: j,

1 5% for dpn/E (disintegrations por second por gram')
, i 12% for dps/nucloun (saturated)

,

O 1.30% for flux and fluenco >1 Mov |
1 40% for flux and fluence >0,1 MoV

:'r
'

O
1

'
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Flux wires from Unit 3 were evaluated by General Electric in 1978. The ;

>l MeV flux value was 9.8x108 2n/cm .s. l. re evaluation in February 1980, using
O

data from full neutron spectral determinattee at t'.c Browns Ferry 3 _ vessel,
2resulted in a revised >1 MeV flux of 7.1x108 n/cm -a. Evaluation.of the ;

Unit 3 flux wire results from.1978 using current cross section information

results in a flux of 8.2x108 2n/cm .s. The results from this study are lower, i

O indicating that higher flux was incident on the vessel wall early in plant
operation. Due to the accumulation of several cycles of typical ~ operation and
core power shape, the results from the copper flux wires analyzed in this
report provide a reasonabic, but conservative prediction of 32 EFPY fluence.

4.2 DETERMINATION OF LEAD FACTORS

'

,

The flux wires detect fita at a single location. The wires will
O therefore reflect the power riuctuntums associated with the operation of the

plant, lloweve r , the flux wires are _ not necessarily at the location of peak
vessel flux. Lead factors are required to relate the flux at the wires'

location to the peak flux. These lead factors are a function of the core and
n
v vessel geometry and of the distribution of bundles in the core. Lead factors

were generated for the Unit 2 geometry in 1988, using a typical fuel cycle to
determine power shape. Based on a review of core management and the

similarity of the Unit 2 and 3 flux wire results (within 10%), it-is .

O approprince to use the lead factors calculated in Reference 6 to compute the

peak location flux for Unit 3. The methods used to calculate the lead factors
in Reference 6 are discussed below.

C 4.2.1 Procedure

Determination of the lead factor for the RpV inside wall was made using

a combination of one-dimensional and two dimensional finito difference

O computer analysis. The two dimensional analysis established the relative

fluence in the azimuthal direction at the vessel surface. A series of

one dimensional analyses were dr ne to determine the core height of the axial
flux peak and its relationsh'.p to the surveillance capsule height. The

O combination of azimuthat and r.xial distri'oution results provides the ratio of
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|C

, _



. ,

O ,

flux, or the lead factor, between the surveillance capsule location and the
peak flux location.

O )

The two dimensional DOT IV computer program was used to solve the
Boltzman transport equation using the discrete ordinate method on an (R,#)
geometry, assuming a fixed source.. Eighth core symmetry was.used with

O reflective boundary conditions at O' and 45*. Neutron cross sections were
!determined for 26 energy groups, with angular scattering approximated by a

third-order Legendre. expansion. A schematic of the two dimertional vessel
model is shown in Figure 4-1. A-total of 113 radial intervals and 45

O azimuthal intervals was used. The model consists of an inner and outer core
region, the shroud, water regions inside and outside the . shroud', the vessel t

'

wall and the drywell. Flux as a function of azimuth was calculated,

establishing the azimuth of the peak flux and its magnitude - relative to the ,

- O fl"*'at th* 8"rv ill*nca c"P8"l* **i""th f 30*-

:

The one dimensional computer code- (SN1D) was used to calculate radial
flux distribution at several core elevations at the azimuth angle of 25.5*,_

n where the azimuthal peak was determined to exist. The elevation-of the peak
v

flux was determined, as well as its magnitude relative to:the flux at'the i

surveillance capsule elevation,

4.2.2 Resultsp.
J

The two-dimensional calculation in Reference 6 indicated the flux to be
a maximum 25.5' past the RPV quadrant references (0*, 90', etc.). The peak

cl 808t t th 3*1 *ti n f the 8urveillan e 8Paules reinoved iu ' at 25.5* .
' O

The distribution calculations establish the lead f ac tor' be tween the ,

surveillance capsule location and the peak location at the inner vessel wall.
This lead factor is 0.95. The fracture-toughness analysis is based on a 1/4 T
d pth flaw in the beltline region, so the attenuation of the flux to that

O
depth is considered. This attenuation is calculated according to the

requirements in Regulatory Guide 1.99, Revision 2 (Reference 5), as shown in
the next-subsection.

O

4-4
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4.3 ESTIMATE OF 32 EFPY FLUENCE

(f urf) at 32 ErPY is determined from theTh' 1"'id* ""rf" * fl"*n eO s

best estimate of the measured flux from Table 4 2, using the lead factor in
Section 4.2. The time period 32 EFPY, typically assumed for 40 year op'eration
(80% capacity factor) is 1,01x109 seconds. The resulting 32 EFPY fluence-

"*1" "' th* "****1 1"'id* ""'f" * l'
O

n/cm .,)(1,oixio9 s)/0.9528fsurf - (6.8x10

17 2fsurf - 7.2x10 n/cm , ,

g

The 1/4 T fluence (f) is calculated according to the following equations
from Reference 5:

O'
f - fsurf(e 0.24x) (4 1)

I
where x - distance, in inches, from the inside surface to the

1/4 T depth.

The- vessel beltline consists of the : lower intermediate and lower shell, both

with a thickness of 6.125 inches. For the thickness of 6.125 inches, the

corresponding depths x is 1.53 inches. Equation 4-1 evaluated for Unit 3 is:
tO

,

f - 0.6925 f urfs

The 1/4 T value of 32 EFPY fluence is as follows:

f - 5,0x1017 n/cm2

i

|C

,

|

O I
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Table 4 1
;

O SUMMARY OF DAILY POWER llISTORY

Operating Fraction of- Days Between

Cycle Cvele Dates Days Full Pgygr Cveles

0
1 9/1/74 12/24/76 846 0.603

108

2 4/12/77 4/1/78 355- 0,779

.O 48

3 5/20/78 9/15/79 484 0.844

51-,

4 11/6/79 3/7/81- 488 0,793

0 229

5 10/23/81 2/13/83 479 0,903
'

243-

6 10/15/83 - 7/15/85 640 0.772

O 228.

.

7 3/1/86 3/31/87 3 39 . 6 0,64Q

3688 0.750'(average) .1

0-
.

.

, -

I
!

.

|C

1
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Table 4-2
SURVEIIJANCE CAPSULE FLUX AND FIlIENCE
FOR IRRADIATION FROM 9/1/74 TO.3/31/87

Full Po$ r Flux * FluengeWire dps/g Element Reaction Rate
Wire Weight '(at end of [dps/ nucleus (n/cm -s) (n/cm )

(Element) (r) Irradiation) (saturatedil >1 MeV >0 1 MeV >l MeV >0.1 MeV.

Copper 65156 0.3630 7.63x10 2.46x10
3

Copper 65157 0.3697 8.15x10 2;63x10,1g3
Copper 65158 0.3691 7.86x10 2.53x10

-8 1 1
Average - 2.54x10 6.8x10 1.1x10' 1.6x10 2.6x10

1.15x10,"f6Iron 65156 0.1286 3.97x103
Iron 65157 0.1314 4.18x10 1.21x10,yg3
Iron 65158 0.1331 3.93x10 1.14x10p

-6 17 1
. Average - 1.16x10 5.5x10 8.8x10 1.3x10 2.1x10

-

8 9 17 1
Values from this report (copper only) - 6.8 :10 1.1x10 1.6x10 2.6x10

' * - Full power of 3293 MW .

.

k aw y:-,% .w95-_y -=,__.ep._wm g,g=,wg_=s.===ww_2.--%. 3g= h_qt:mne: _w._ - ---e_s.m -,e.a_m__=m_44w meev_c-_i-------.--%m.em--mm-- _+g. y, .w -*;-- v' e-' _ "-4 __9 - - -__:__2_.__.e_.w-g.-- '
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,

O
Figure 4-1. Schematic of Model for Two-Dimensional Flux- ;

Distribution Analysis
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5. CHARPY V NOTCH IMPACT TESTING

Q, The 36 Charpy specimens recovered from the Unit 3 surveillance capsuleI ''

were impact tested at temperatures selected to establish the toughness
transition and upper shelf of the irradiated RPV raterials. Testing was

<

conducted in accordance with ASTM E23 82 (Reference 9).
O

,

5.1 IMPACT TEST PROCEDURE-

The testing machine used was a Richle Model PL 2 impact machine
O serial number g.89916. The pendulum has'a maximum velocity of 15.44 ft/see

and a maximum available hammer energy of 240 ft lb.

.

The test apparatus and operator were qualified using NIST standard
O reference material specimens. The standards are designed to fati both at

70.5 f t lb and 11. 5 f t lb at a test temperature of -40'F. According to

Reference 9, the test apparatus averaged results must reproduce the NIST-
standard values within an accuracy of 15% or il .0 f t lb, whichever is

O sreater. The qualification of the Richle machine and operator is

summarized in Table - 5 1. The calibration results for the low energy

specimens are 0.4 ft lb higher than the allowable variation in Reference 9.
This is due to the occasional " kickback" of a broken-specimen-half

O contacting the hammer, which is only significant to the Charpy results at
very low energies. Since the kickbacks have little effect on the rewits,

-

[ especially compared to the typical scatter in the data, no correction to
'

l
'

the test results was made.
'

O
1

Charpy V-Notch tests were conducted at temperatures betwson -40*F and
300*F. For tests below 70'F methanol was used as the cooling fluid.

Between 70*F and 212*P, water was used as the temperature conditioning

10 fluid. The specimens were heated in oil above 212'F. Cooling of the

conditioning fluids was done with liquid nitrogen, and heating by an

immersion heater. The fluids were mechanically stirred to maintain uniform
temperatures. The fluid temperature was measured with-a calibrated

|O thermocouple. Once at test temp e ra tu re , the specimens were manually
transferred with centering tongs to the Richle machine and impacted within
5 seconds.

5-1
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For each Charpy V-Notch specimen the test temperature, energy.

absorbed, lateral expansion, and percent shear were evaluated. In

O
| addition, photographs were taken of each fracture surface pair. Lateral
, .

expansion and percent shear were measured according to Reference 9 methods. |
Percent shear was determined with method one - of Subsection 11.2.4.3 of
Reference 9, which involves measuring the length and width of the cleavage

r) surface and locating the percent shear value from Tables 1 or 2 of'-

Reference 9. |
t

5.2 IMPACT TEST RESULTS
O

'

Twelve Charpy V Notch specimens each of base, weld, and ilAZ . material
were tested a t te mpe ra tures (-40'F to 300*P) selected to define the
toughness transition and upper shelf portions of the fracture toughness

O The absorbed energy, lateral expanaton, and percent shear data arecurves.

listed for each material in Table 5 2. - Plots of absorbed energy data for
base, weld and ilAZ materials are presente d in Figures 5 l' through 5 3,
respectively. -Lateral expansion plots for base, weld and ilAZ materials are

8 presented in Figures 5 4 through 5 6, respectively. The fracture surface

photographs and a summary of the test results for each-specimen are

contained in Appendix A.

!O The plate and weld data sets are fit with the hyperbolic tangent
'

function developed by Oldfield for the EPRI Irradiated Steel llandbook

(Reference 10): ,

I

|O Y - A + B * TANil ( ( T - To ) /C ) , -;
'

i

where Y - impact energy or lateral expansion

| T - test temperature, and |
1

|O A, B. T0 and c are determined by non linear' :l
I !

| regression. ]
,

,

! i

l 1

| The TANil function is one of the few continuous functions with a shape
r |

|C characteristic of tow alloy steel fracture toughness transition curves.
.

5-2
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5.3 1RRADIATED VERSUS UNIRRADIATED CilARPY V NOTCH PROPERTIES

4 As a part of the RPV surveillance test program, some Charpy V Notch
testing was p e r f o rin e d . Data for the plate material specimens

(Heat C3103 1) were recovered from QA records, but consisted only of three
specimen tests at 10'F. For the surveillance weld, positive identification

V of the weld wire heat was not obtained from B6W. Therefore, unirradiated

archive surveillance specimens were obtained from PECO and tested to
establish the baseline needed to determine the irradiation shift.

4 To minimize personnel exposure,-the unirradiated specitsens were tested
on the Tinius Olsen Charpy test apparatus in San Jose (serial number
119037) . with available hammer energy of 264 f t lb and impact velocity of

16.8 ft/sec. The machine was calibrated with HIST opecimens in May 1990.
O The calibration results, shown in Table 5 3, were within specifications.

Twelve each of plate and- weld material specimenn were tested at

temperatures between -40'F and 300*F, Impact energy, lateral expansion and
O percent shear were determined with the same methods used for the irradiated

specimens. The results are. presented in Table 5 4. - Photographs of

specimen fracture surfaces are in Appendix B.

!O The impact energy and MLE data for the unirradiated materials were fit
with the TANH function in the same manner as the irradiated data. The

results for plate and weld impact energy are plotted in Figures 5 7 and

58, respectively, along with the corresponding irradiated data described

!O in Section 5.2. The results for lateral expansion are plotted in Figures

| 5 9 and 5 10 for the plate and weld material, respectively.'

| The irradiated and unirradiated Charpy V-Notch data were used to

?lb,LO estimate the values given in Table 5-5: 30 ft 50 ft lb and 35 HLE

index temperatures, and the USE for both irradiated materials and

unirradiated materials, where available. Transition temperature shift

values are determined as the change in the temperature at which 30 f t-lb

O impact energy is achieved, as required in Reference 4. Values were not

determined for HAZ material because of the amount of scatter in the Charpy

data, which is typical for that material.

5-3
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$4 COMPARISON TO PREDICTED SHIFT
|
1

Q The measured transition temperature shif ts. for 'the plate and weld
materials were compared to the predictions calculated according to
Regulatory Guide 1.99, Revision 2 (1.99). The 1.99 methods used to

calculate shift are described in Sectioi 7.6. The inputs for the

Q surveillance plate and weld materials are as follows:
1

1

Plate: (based on Table 3 3 values)
Copper: 0.13%

Q Nickel: 0.63%
2fluence: 1.6 x 1017 n/cm

Ecid: (based on Table 3 3 values)

O Copper: 0.11x

Nickel: 0.41% !

fluence: 1.6 x 1017 n/cm2

n The chemistry f actors (CF) are 91.8 for the plate and 102.5 for the vold.
-v

The fluence factor is 0.1495. The predicted shifts are, therefore, as

follows:
,

J

*

ARTNDT ARTNDT + Margin Actual Testg

Plate 13.7'F 27.4*F 16'F

Wold 15.3*F 30.6*F 16*F
,

O
The measured shif ts of 16*F for both the plate and weld materials are

slightly more than the mean prediction, and conside rably less than the

upper bound predictions of- 1.99,
.

O

|

o
|

|
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Table 5 1- |
)
:

() VALLECITOS RIEHLE CHARPY MACHINE 3

5QUALIFICATION TEST RESULTS USING

NIST STANDARD REFERENCE SPECIMENS
,

i(TESTED 3/5/90)

O
Test- , Energy . Acceptable

Specimen Bath Temperature Absorbed Range
'

Identification Medium ('F) (ft-lb) (ft-lb1

O
MM 15 086 Methanol- 40- -70.0

' 9.0640MM 15 503 "

MM 15'364 -40 71.0"

-40 67.5(1 MM 15 244 "

41 66.0MM 15 326 "

Average' 68.7 70 5 1 3.5

$
LL 18 105 Methanol 40 12.5

40 13.5LL 18 246 a

41 13.5LL 18 496 "

40 12.5LL 18 1012 "

()
40 12.5LL 18 040 "

Average 12~.9 11.5 i 1.0

- ()

.

i.

O
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Table 5 2 ,

CHARPY V-NOTCil IMPACT TEST.RESULTSnv
FOR IRRADIATED RPV, MATERIALS IN UNIT 3--

Test Fracture Lateral Percent Shear
Specimen Temperature Energy Expansion' '(Method 1)

.O ' Identification (*F) (ft lb) (mils) (%)

Base: ~

7P1 -40 8.0 6 3

7LU 30 8.0 11 ' 7 '. |
"

7T6 -20 13.5 13 9

Q 7TB 10 15.5 14 8'
7MU 0 43.5 34 16
7MS- 20 46,0 42 22-
7PP 40 65.0 50 23
7M7 80 112.0 88 .73

'

7P2 120 102.5- 70 67-

10 7MJ 160 129.0 86 100
7MB 200 121.0 ~89 100
7PY 300 128.0 88 100, ,

Weld:
7TJ 40 11.0 9 4
7TL 20 18.0 16 30
7UA -10 21.5 20 6,

7TK 0 12.0 14 3

7UU 10 20.0 20 15
7TU 20 38.5 35 11'
7UP 40 50.0 42 23
7TD 80 61.5 56 .32g''
All 120 80.5 73 75
A15 160' 96.5 74 84'

7YD 200 100.5 85 '100
A14 300 98.0 81 100

HAZ:4 A27 40 16.5 16 2

A1C 30 23.5 ,20 12
j A1E 20 37.5 34 .8
'

A1L -10 41.5 31 16
AIK 0 21.5 21 19
A3A 20 83.0 60 40

=7

O- A22 40 111.5 83 47
A2E 80 125.0 91 82
A23 120 99.0 70 81
A1D 160 103.0 87 100 ,

A1J 200 107.0 88 100 1

A2r 300 162.0 86 100 !
O

5-6 .1
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Table 5 3' .

|

|0 SAN JOSE TINIUS OLSON CllARPY MACllINE.

QUALIFICATION TEST RESULTS USING-

NIST STANDARD REFERENCE SPECIMENS

(TESTED 5/14/90)

O
Test Energy Acceptable

.

Specimen Bath Temperature Absorbed' Range

Identification Medium ('F) (ft.11d (ft-lb)

:O
'

MM 16 307 Methanol 40 -71.0
!40 72.0MM 16,465. "

40 75.0MM 16 509 +"

" 40 71.50 MM.16 552

-40 73.0- !MM.16 915 "

Average 72.5 69.4 i 3,5
.

O :
LL-19 124 Methanol -40 11,5

40 11.5-LL 19 354 "
,

40 12.0 !LL 19 411 "

.40: 10.59 LL 19 702 "

40. .11.5'LL 19 925 "

Average 11.4 11.9 * 1.0

to :

i

!

VO j

|
| !

|

0

1'
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Table 5 4

L() CHARPY V NOTCH IMPACT' TEST RESULTS

FOR UNIRRADIATED RPV MATERIALS IN UNIT 3
,

Test Fracture _ Lateral Percent Shear
Specimen Temperature , Energy Expansion- (Method 1)

() Identification. ('F) (ft-lbi- (mils) (1)

Base:
7PC 40 10.5 8.5 0

7LY- 40 24.5 16.5 CF

,7MT 20 18.5 16.0 16;

C) 7MY O' 34.0 26.0 15-

7P4 20 60.5 43.5 27
7M3- 40 85.0 62.0 39
7M2 60 72.0 '51.5 38
7P7 80 98.5 70.0 67
7MD 120 117.5 86.5 83

C} 7PB 160 130.0 -81.0 100
7MM 200 130.0 80.0 100
7PD 300 .143.5 83.0 100

Weld: '

7TE. -40 6.5 3.0 -0
' () 7U1 -20 17.5 15.5 6

7U6 0 29.0- 20.5 11
7U2 0 48.0 -41.5 15
7U3 20 39.5 30.5- 14
7TP 40 56.5 46.0 22
7TM 60 44.0 39.0 39

() 7U4 80 54.0 40.5 41
7TT 120 92.0 70.0 77
7US .160 101.0 77.0 100
7TY 200 106.5 80.0 100
7U7 300 104.0 79.0 100

' () .

'
C)

-!

| C)| )

1'
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Table 5 5
~ i

[) SIGNIFICANT RESULTS OF IRRADIATED AND 'j

UNIRRADIATED CllARPY V. NOTCH DATA FOR UNIT 3 ,

t

,

Upper Shelfa

Index Temocrature ('FI Energy:() . ,

(ft lb)

Materini .E-30 fr-lb E-50 ft-lb MLE-35 mil' L/T

-!
t

() :!

Unitradiated Plate 14 17 12 137/ 89
'

1rradiated Plate __2_ _11 .jl - 123/ 80

Difference 16 6 1 14/ 9 (10%)

O

Unirradiated Weld 2 47- 34 110

Irradiated Weld 11 ,,jili ,,,22 1QQ

Difference ~16 7 1 10.(9%)()
-

,

() >

|

I
1 .

|

|C)

L
' Longitudinal (L) USE is from the data shown in Fi ures 5 7 and 5 8.a

B

Transverse (T) plate USE is taken as 65% of tho'
7

longitudinal USE, according to Reference 11. L/T.USE values are
equal for veld metal, which has no orientation effect.

|

.

.
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6. TENS 11.E TESTING

r

O Eight round bar tensile specimens were recovered from the reach nottom |

Unit 3 surveillance capsule and tested. Uniaxial tensile tests were t

I
conducted in air at room temperature (70'F), RPV operating temperature

(550'F), and onset of upper shelf temperature (160*F). The tests were

O conducted in accordance with AsTx Es.81 (Reference 12).

6.1 PROCEDURE

'O All tests were conducted using a screw driven Instron test frame

equipped with a 20 kip load cell and special pull bars and grips. Heating

was done with a Satec resistance clamshell furnace centered around the -

specimen load train. The test temperature was monitored and controlled by a
,

,0 chromel alumel thermocouple spot welded to an inconel clip that was j
friction. clipped to the surface of the specimen at its midline. Before the ;

elevated temperature tests, a profile of the furnace was conducted at the

test temperature of interest using an unirradiated steel specimen of the

O same geome t ry . Thermocouples were spot welded to the top, middle, and

bottom of a central 1 inch gage of this specimen. In addition, the clip on
'thermocouple was attached to the midline of the specimen. When the target

temperatures of the three thermocouples were within 15'F of each other, the
O temperature of the clip on thermocouple was noted and subsequently used as ;

the target temperature for the irradiated specimens.

All tests were conducted at a calibrated crosshead speed of |
'0 0.005 inch / min until vell past yield, at which time the speed was increased

to 0.05 inch / min until fracture.

,

O

;

;

T

O
:

:
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The test specimens were machined with a minimum diameter of 0.250 inch
at the center of the gage length. The yield strength (YS) and ultimate

O tensile strenzth (UTS) were calculated by dividing the nominal area
2(0.0491 in ) into the 0.2% of fset load and into the maximum test load,

respectively. The values listed for the uniform and total elongations were

obtained from plots that recorded load versus specimen extension and are

;O based on a 1.0 inch gage length. Reduction of area (RA) values were
determined f rom post test inensurements of the necked specimen diameters
using a calibrated blade micrometer and employing the following formula:

,

,O RA - 1001 * (Ao - Ag)/Ao

After testing, each broken specimen was photographed end on, showing the
fracture surface, and lengthwise, showing the fracture location and necking.

O
6.2 RESULTS

Irradiated tensile tast properties of Yield Strength (YS), Ultimate

Tensile Strength (UTS), Reduction of Area (RA), Uniform Elongation (UE),.andO
Total Elongation (TE) are presented in Table 61. A stress strain curve

for a 550'F base metal irradiated specimen is shown in Figure 61. This

curve is typical of the stress strain characterist.ics of all the tested ,

specimens. The data in Table 61 are shown graphically in Figures 6 2 and,O
63. As can be seen from Figures 6 2 and 6 3, the boso, weld and HAZ

materials generally follow the trend of decreasing properties with

increasing temperature. Photographs of the fracture surfaces and necking
'*h*"* * ''* 8'"*" *" "#8"'** ''' 'h' "8h ''''O

6.3 IRRADIATED VERSUS UNIRRADIATED TENSILE PROPERTIES

|O
Unitradiated tensite test data, shown in Tabic 6 2, were recovered from

|
QA records for surveillance plate Heat C3103 1. The unirradiated data

provide average values of YS, UTS, RA, and TE at room temperature. These
'

were compared to the irradiated plate specimen RT data to determine the
irradiation effect. The trends of increasing YS and UTS and of decreasingm

U
RA, characteristic of irradiation embrittlement, are seen. The increasing ,

TE seen may be due to different reference gage lengths for the tests.
62
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Table 6 1

[) TENSILE TEST RESUL.TS FOR IRRADIATED RPV MATERIALS

FOR UNIT 3 ;

!
,

Test Yield" Ultimate Uniform Total Reduction

- ()
Specimen Temp Strength Strength Elongation Elongation of Area ,

' Number G Jk a ll,,,,, (kni) (%) (%) (1 ) _ __ _ ;
,

Base .

t

A41 68 74.0 96.0 14.5 29.5 66.6 ;

A4A 160 68.9 90.4 13.0 27.3 69.9
() A46 550 67.3 95.6 14.0 26.9 59.6

,

Weld:
.

I
A4P 66 64.2 86.9 15.0 29,7 68.6
A54 550 60.0 83.4 12.5 24.5 60.7 !

.)
RAZ: -|

A62 68 67.0 88.5 13.8 27.4 67.6
'

A5M 160 63.6 84.2 13.5 23.8 68.3
A5E 550 61.5 83.8 10.6 23.0 64.2 |. )

" Yield Strength is determined by 0.2% offset.

,

I

,

.

O
;

1
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|
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Table 6 2 :

'

COMPARISON Of UNIRRADIATED AND IRRADIATED
O TENsitt PR0rtRTits AT Roon TenrtRATURt

-

00R UNIT 3 ;

Yield Ultimatt- Total Reduction ,

'

Strength Strength Elongation of Area
f(kni) (kni) (1) (1)

,

;

Plate: .

I

O Unitradiated 71.3 91.5 28.1 71.6
,

Irradiated 74.0 96.0 29.5 66.6

Ditference a 3.8% 4.9% 5.0% 7.0% |O

'O

;

;O
( '

a Difference = [(Irradiated Unirradiated)/Unirradiated) * 100%

;

'

|O

i

O :

:

O
,
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7. DEVEthpMENT OF OPERATING LIMITS CURVES

7.1 BACKCROUND

Operating limits for pressure and temperature are required for three
categories of operation (a) hydrostatic pressure tests and leak tests,
referred to as curve A; (b) non. nuclear heatup/couldown and low level
physics tests, referred to as Curve B; and (c) core critical operation,

referred t u as curve C. There are three vessel regions that af fect the

operating limits: the clocure flange region, the core beltline region, and
the remainder of the vessel, or non beltline regions. The closure flange
region limits are controlling at lower pressures primarily because of
Reference 1 requirements. The non beltline and beltline region operating
limits are evaluated according to procedures in References 1 and 2, with the
beltline region minimum temperature limits increasing as the vessel is
irradiated.

7.2 NON. BELT 1.INE REGIONS

Non. beltline regions are those locations that receive too little
fluence to causo any RTNDT increano. Non boltiine components include the
nozzles, the closure flangen, some shell plates, top and bottom head plates

,

and the control rod drive (CRD) penetrations. Det.alled stress analyses of
the non beltline components, considering operating transients with
relatively high pressures and low temperatures, were performed for the
BWR/6, specifically for use in developing pressuro* temperature (p T) limits.
The analyses bounded all mechanical loadings and t he rmal transler.is,

anticipated. Detailed stresses were used according to Reference ? to
develop plots of allowahlo pressure (P) versus temperature relative to the
reference temperature (T RTNDT). These results are applicable to the

Unit 3 vessel components, since the non beltline geometries are not
significantly different from BWR/6 configurations and the mechanical and-

thermal loadings are comparable.

71
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The non beltline region results were established by adding the highest

RTNDT for the non beltline discontinuities to the P versus (T RTHDT)

O curves for t.he most limiting BWR/6 components, which are the CRD penetration
and feedwater nozzle. Table 3 2 has the limiting RTNDT values applicable to
the feedwater nozzle limits and to the CRD penetration limits. They are

$0'F for the feedwater nozzle limits, based on the RTNDT of the

, C) recirculation inlet nozzles, and 54'r for the CRD penetration limits, based

on the RTNDT of the bottom head torus plates.

7.3 CORE BELTLINE REGION

O
As the beltline fluence increases during operation, the beltline P.T

limit curves shif t. to the right by an amount discussed in Subsection 7.6.
Depending on the amount of shift, the beltline curves may or may not become

g more limiting than the non beltline curves at some time during plant life.

The stress intensity factore calculated for the beltline region according.to

Reference 2 procedures are based on a combination of pressure and thermal
stresses. The pressure stresses were eniculated using thin walled cylinder

g equations. Therani stresses were calculated assuming the through wall

temperature distribution of a flat plate subjected to a 100'F/hr thermal

gradient. The adjusted RTypt (ART) values calculated in Subsection 7.6 for
the limiting beltline materints were used to adjust the P versus (T RTNDT)

i values from Figure G 22101 of Reference 2. ART is the initial RTNDT P "8l

\nJ
the shift. in RTNDT due to irradiation.

7,4 CthSURE FLANGE REGION

10
| References 1 and 2 have several requirements that affect the P.T
1

curves, based on the RTNDT values in the closure flange region. As stated

in Paragraph G 2222(c) of Reference 2, for application of full bolt preload

and ten t r pressure up t 20x of preservice hydrostat.ic test pressure (312
O

ps i g) , the closure flange region metal temperature must be at RTNDT or
greater. The GE practice, however, is to recommend (RTNDT + 60'F) for bolt
preload, for two reasons:

'O
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1

I
1The original ASME Code of construction required (RTNDT + 60'F) *a.

and 1

O i

b. The highest stressed region during boltup is the closure flange !

region, and the flaw size assumed in that region (0.24 inches) is
less than 1/4 T, This flaw size is detectable using ultrasonic

10 testing (UT) techniques. In fact, References 13 and 14 report

that a flaw in the closure flange region of 0.09 inches can be '

reliably detected using UT.

.O For Unit 3, (RTNDT 4 60'F) of the closure region materials is 70'F, because
the RTNDT values for the upper shell plates, top head plates and flanges are
all 10*F,, and the LST of the closure stude is 70'F. Therefore, t.he bolt

preload temperature used in developing the P T curves.was 70'F.

O
Reference 1 Paragraph IV A.2, sets requirements on minimum temperature

when pressure is above 312 psig. The requirements are based on the RTNDT **f

the closure region, Curve A temperature must be no less than (RTNDT + 90*F)
'

and curve B temperature no less than (RTNDT + 120'F). The Curve A9
requirement causes a 30'r shif t at 312 peig on the P-T curves. The curve B r

requirement is not seen on curve B, because the non beltline part of the
Icurve is more limiting.

>

'

7,5 CORE CRITICA1. OPERATION REQUIREMENTS OF 10CFR$0, APPENDIX C

curve C, the core critical operation curve, is developed from the

requirements of Reference 1, paragraph IV,A,3. Essentially paragraph IV.A,3
O ,

l requires that Curve C be 40'F above any Curve A or B limits, Curve B is

more limiting than Curve A, so Curve C is Curve B plus 40'F, Curve C [

initiates at zero pressure at (RTNDT + 60'F), based on an exception for BWRs,

|
in Paragraph IV.A,3, allowing critical operation at temperatures below the

;0
1 hydrostatic pressure (Curve A at 1100 psig) test temperature. This

exception is valid only when water level is within the normal range and >

pressure is below 312 psig, i

|O
.

~
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7.6 EVAll!ATION OF RADIATION EFFECTS

O The impact on adjusted reference temperature (ART) due to irradiation (
in the beltline materials is deterreined according to the methods in
Iteference 5, as a function of neutron fluence and the element contents of <

copper (Cu) and nickel (N1). The specific relationship from Reference 5 is: *

O
ART - Initial RTNDT 4 Shift 4 Margin (7 1)

,

,

where:

O
Shift - [CF]*f(0.28 0.10 log f) (7 2)

oA )l/2 (7 3)22Margin - 2*(o1 4

O Cr - chemistry factor from Tables 1 or 2 of Reference 5,
f - 1/4 T fluence (n/cm ) divided'by 1019,2

og - standard deviation on initial RTNDT.
oA - standard deviation on R'4NDT shift, is 20'F for welds

and 17'F for base material, except that og need not9
exceed 0.50 times the Shift value.

The limiting beltline plate and weld are determined based on the Cu Ni

content and initial RTNDT of the materials. Calculations to determine 32g
EFPY ART values, and thus the limiting beltline materials, are summarized in -

Table 7 1. The results show that a lower intermediate shell plate, licat

C2773 2, is the most limiting beltline material,

lO
one input to the Reference 5 calculations not shown in Table 7 1 is oI.

,

As determined in Reference 6, the longitudinal electroslag welds have

a1 - 16.44*F. For all the other beltline ti.aterials, where RTNDT values were
determined from measured Charpy data, og - O'F. The basis for using

og - O'F is discussed in more detail in Appendix C.

,

10 ,
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7.6.1 Measured Vertits Predieted Surve111ance.Shi[L

8**** " * "' 'h'* **P '' * "P*''' 'h* ****"'*d "hi'' ' ' 'h* P "'*IO
surveillance specimens with predicted shifts for the surveillance plate

material based on the method shown in Equation 7 2. Reference $ states that.
surveillance data may be used in place of Equations 7 2 and 7 3 when hit

sets of credibic data are available. This is only the first set of data forO
Unit 3. Therefore, determinations of ART for the purposes of developing p.T
curves are based on Reference $ predictions.

7.6.2 , ART Versus FrPY

Equations 7 1 through 7 3 were evaluated for t.he beltline plat.c and
weld metals. Table 7 1 shows the 32 EFpY fluence at the vessel 1/4 T
locations to be 5 ox1017 n/cm . Calculations of the plate and weld ART2

O values at 32 ETPY show that. llent C2773 2 is the most limiting material
!t.h roughou t plant life. Figure 71 shows the ART for llent C2773 2 as a '

function of full power years of operation, througb 32 ErpY.
-

O 7.6.3 Tracture ToughntEA C.nnditions at 32 IsrPY
!

Paragraph IV.B of Reference 1 sets limits on the ART and on the upper
shelf energy (USE) of the beltline materials. The ART must be less than

0 200 r, and the uSE must be above 50 ft.1b, ansed on Table 7 1, the ART

values at 32 EPPY of 71'r or less are acceptable.

Calculations of 32 EFPY USE, using Reference 5 methods, were dono for
O the survet11ance plate and the beltline velds, and are summarized in

Table 7 2. The fabrication data for the ut.her beltline plates did not |

include USE data, so general conclusions for those plates are drawn based on
the results for the surveillance plate. The surveillance plate data are

O longitudinal so the equivalent tran. verse uSE of the plate material is taken
,

as 65% of the longitudinal USE, according to Reference 11. The veld metal i

USE has no transverse / longitudinal correction because weld metal has no
orientation e ff ect. The longitudinal weld initial- USE was computed in

O Reference 6, based on data for nine weld prolongations. The girth weld

initial USE is based on Charpy data taken at only 10'F so the girth weld
75
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results are conservative. Extrapolating to the 32 EFPY fluence according to
Ref erence 5, the lowest predicted transverse USE values for the plate and

O weld materials are 78 f t.lb and 82 f t.lb, respectively. While there may be
some variation in the initial USE values of the beidine plates, the

'

moderate copper levels and the reintively low fluence at 32 EFPY, considered
in conjunction with the results f or lleat C31031, indicate that the 32 EFPY

O USE will de at>on 50 ft.1b for 11 i>eltiine plato.

Based on the above results, it is expected that the beltline materials
will have 32 EPPY USE above 50 ft lb, as required in Reference 1. Since USE

""d^"'**9"''***"'""'***'' '"*d**** " ' "**'" "'* " ' **"*'* *" "Sh'O
necessitate additional analyses or preparations for RPV annealing.

7.7 OPERATING LIMITS CURVES VALID TO 32 EFPY
i

O
Figure 7 2 shows P.T curves for Unit 3, valid to 32 EFPY. The P.T

curves are developed by considering the requirements applicable to the
non beltlino, beltline and closure flange regions. In reviewing the shifted

beltline curves, it was determined that the non beltline curves are still
9

limiting at ?! EPPY, Therefore, barring any changes due to future

surveillance data or revisions to regulations, the P.T curves shown in
;

Figure 7 2 will apply for operation through 32 EPPY,

O
7.8 REACTOR OPERATION VERSUS OPERATING LIMITS

i

For most reactor operating conditions, pressure and temperature are at
saturation conditions, which are well into the acceptabic operating area (to

O
the right of the r.T curves). The most severe unplanned transient relative
to the P.T curves is an upset condition consisting of several transients
which resalt in a SCRAM. The worst combination of pressure and temperature
during this postulated event is 1180 psig with temperatures in the lower

O head of 250'F. In this case, the core is not critical, so the non-nuclear !

heatup/cooldown curve applies (Curve B). As seen for Curve B in Figure 7 2,
Iat 1180 psi the minimum transient temperature of 250*F lies in the

acceptabic operating area. Therefore, violation of the P.T curves is only a
O concern in cases where operator interact. ion occurs, such as during pressure

testing and initiation of criticality.
76
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Table 7-1

BELTLINE EVALUATION FOR FEACH BOTTOM 3
.

Shell Fluence:

Thickness - 6.125 inches Peak I.D. flus *w e - 7.2E+17
Peak 1/4 T flus.._e - 5.0E+17

Initial 32 EFPY 32 EFFY 32 EFFY
COMPONE!rr I.D. HEAT OR HEAT /IDT .ICu INi CF FTndt. Delta RTndt Margin Shift ART

___________ ....__ ......___. _. .. ___ ... ___. .._____ ----___.___ ______ _._____ _______

PIATES:

Lower Shell 6-146-1 C4689-2 0.12 0.56 82.2 -10 24.0 24.0 48.0 38.0

lower Shell 6-146-3 C4684-2 0.13 0.58 90.4 -20 26.4 26.4 52.8 32.8

lower Shell 6-146-7 C4627-1 0.12 0.57 82.4 -20 24.1 24.1 48.2 28.2{
low-Int Shell 6-139-10 C2773-2 0.15 0.49 104 10 30.4 30.4 60.8 70.8

low-Int Shell 6-139-11 C2775-1 0.13 0.46 86.8 10 25.4 25.4 50.7 . 60.7

Low-Int Shell 6-139-12 C3103-1 0.14 0.6 100 10 29.2 29.2 59.5 68.5

Intermediate 6-146-5 C4608-1 0.12 0.55 82 10 24.0 24.0 47.9 57.9

Intermediate 6-146-4 C4689-1 ~0.12 0.56 82.2 10 24.0 24.0 48.0 38.0

Intermediate 6-146-2 C465411 0.11 0.55 73.5 10 21.5- 21.5 43.0 53.0

VELDS:

lower long. D1,D2,D3' 37C065 0.21 0.21 '109.3 -45 31.9 45.8 77.8 '32.8

low-Int Long. E1.E2,E3 37C065 0.21 0.21 109.3 -45- 31.9 45.8 77.8 32.8

Intermediate F1.F2,F3 37C065. 0.21 0.21- 109.3 -45 31.9 45.8 77:,8 32.8

lower to DE 3P4000,Linde 124 0.02 0.96 27 -50 - 7.9- 7.9 15.8 -34.2

Low-Int Cirth Flux Iot 3932

low-Int to EF IP4217,Linde 124 0.11 0.96 147.2 - 50 -- 43.0 43.0 86.0 36.0
Intermed. Girth Flux lot 3929

<

.
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Table 7 2.

ESTIMATE OF UPPER SHELF ENERGY FOP. BELTLINE MATERIALS
"

O' l

1

32 EFPY a Upper Shelf (ft lb)

Decrease bngitudinal/ Transverse

Q Identification 1_Qg in USE _ Unirradiated 32 EPPY-

'I
!

Surveillance Plate:

Q- C3103 1 0.14 11% 137/89 122/79 -

i

i

Baltline Plate (highest copper):

O: 0.15 12% 137/89 '120/78
i

Longitudinal Welds: i

37C065 0.21 17.50 99 82'g

Lower to Lower Intermediate Girth Weld:
P4 . 2. 81 97 b' 89.O

i

|

Lower Intermediate to Intermediate Girth Weld:
IP4217 0.11 12.5x 71 b 62O

O

8 USE decrease percentages based on 32 EFPY fluence of 5.0x1017 n/cm2
b Values are highest Charpy energy from tests at 10'F.
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APPENDIX A

IRRADIAfED CHARPY SPECIMEN FRACTURE SURFACE P110TOCRAPilS

'O Photographs of each Charpy specimen fracture surface were taken per|

the iequirements of ASTM E185 82. The pages following show the fracture
surface photographs along with a summary of the Charpy test results for
each specimen. "_r... ces are arranged with the materiala in the order .

|'O or base, weld and llAZ.
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APPENDIX B |
)

UNIRRADIATED C}!ARPY SPECIMEN PRACTURE SURPACE Pl?OTOCRAP}|S
t

Q l

Photographs of each Charpy specimen fracture surface were taken per [

the requirements of ASTM E18$.82. The pages following show the fracture
surface photographs along with a summary of the Charpy test results' for 4

0 each specimen. The picture. are arranged with the materials in the order
of base and weld,

i

.'

.O
i

!
e

T

.O
.

9
:
!

;

O
:

'o ,

,

-i

O

i

!

O ;

:

B1

(O i
'

:

,



_ _ _ . . _ _ . . . . _ _ _ _ . _ _ _

,

I

|
s e

iO
|

| ,

| g. ,,rp m~ n.,. .m. },~ 3 3,v;;. -
c m

,

J "
,4

1 in. ,

| ; |-vj _ 6, ,. ,, .
,

E.43 ,.

'

* C.' p f ,, 't.
~

r'.,.- |O

K 'A L. . - . *
'

| .o- i, ;

t l'
,

- .' 1
'

. ,> +

| L , 1,
, . ,

, r ,, t7,,
,

',- j 4s 6

! !- 3 ., C T, f '- % gu .' - .
-

. , w ., )
- t

| , '/'.. c r ,AQ f,y " .q ' .: V,g |

.

- - + <.s

[ ,pR . '' ], e
' .

' s' , || ' % |.. N ' & g~.,, ' ?t

01.'p'h'}' - * '| ,

|Q
< . , . , m, .,

- ,

,| * . ' , N'' h ,

' - T s.. + i .. 31 e. ~,5 5 -a >

,

-

h ' ''- ,
,

t . ;
.

.

, < . , ,

ts ! < .'

.
> '

;, ,
+, , , .,

1 -

|
-

,

ca.o;, we.W . ., w '4 +U'

. y ,, .

4 .'

! gAsti 7PC MLE: 8 I

Q TI MP. -40'i % SHfAll: 0 |
. ,

f E Nt fiGY 10.6 f t ib
|1

.

| 1

j,
gm., , g -n m . , v~ > r 3,77 . . ,e * ;f T",' || > i

u y r
,.c. e > s

' _
,u , ,

' < < s,,
, ,,

.

1

('[ ' M 5 ,( ?, '' V % $ f, ' ,". - }:

1
- .a p ., .. ... . s. . ..

4 .. eiF1

.T S [ 4

*
3,, . , ,

p <' . '

>
p* *

y _t ,,' ., ' t.r .. j

O 9 5. 4 'E' O * i5
A A >; -s, .! :

- & . p.
,p}g,> +% $-_ |sk 5'.5 & f h

't% - / .= /,; I

o
'

rk'
' '

'

,.,
. ,,

1I, I( ..

;

\ ,

| t |
, , , ,1 .. e .. ,

|O .Asc, voy utt; 17

1(MP. - 40*r % SHL Aft: 0

( NIF4GY. 24 6 f t Ib

O

O

.:_.____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ = _ _ _ _ _ _ _ _ _ _ . - - . - - - - . . . . - . - . - . . .



.. . . _ . .- - ~ . . . _ . .- . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ _ _ _ _ . . _ _

. .

O

. . .
. , ys _. ._

Q -

'

' , .
'" i '

.

'

' 9 -.*45 '

g. , .
.. f;s

- k. .) ,
. . _. . [ . /' . y |

'
,

=, .,; - '' |*
t. s

.,

0 . . . 1 -,n+
.

.-

. g 4. .g
. . , . . . ,,. , : .: n: .

.;. ,
. . gm .s - j ,,,

|7" p/ M -?
' 9- \

.J
e-

' c., j 8 ,.4
., f ',*| \ ' ?.' | J,$, #

.,

14 '4 ( ,

.|,f

'
! 4 , , .

.

*< q
'-

.,

. ,

' !

h .>? Y NhYk 0$ ?b 6
T g g?scaanw w@1w e g g y% s$p$ip

n,

-

=wwd,

< .

SAll 7MT MLt 16
0 , , y ,, .,o., g snia,4 1.

( Nilt0V ill b tt Ib

Q ih& hI !

jfyMfs' 'pgghjp[gy{g
- i

*
..

. g __
-

. .
. - e4 ,,

'
'

. __ 4-
-

.ti
'

-

'

,. _

,,

[
- mg..," " 7.c -

"
-

.uA , , '.

h, h> _
i

! ~ ~ . h b.' '

u ..

O
,,. ."

".r, jt * i.
'

e. .. i
+e~-

. .-
4 -

' b . '1 <
j .Q *5&' $' '

vi t1 '' 'A
t

. s . * 4 4.i ,,

N . A '*- '' (I ' '

- feh} V| 4f,'
, ' ,a -

,

% /r ' ',

t '& [h , n . ,.y4gG .

O i
.

, - . - - . . . . .

-

'
' i_;.|-|f( _ y y'

, p . . ,.% 1R.i #;:MbW '}
C r/U.'. , *> ,.4 c

. . .iit.[ i 4E 4Ah,9;g).Md
O

SA$f 7My MLl 26

1i MI' 0'f % LHI Ali l ie

i M F)OY 3 4 f t it.

O '

:

1

'O

1



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

. .

~O

_

I
'

? . ,, -
*
-

. 'g. ,
.

y.. - ._. 9,4 ..y g. y- y ,, .,gr , +

Q .

.

- *y. . . . . -

*-
-

y ,

4

.. ,3 jN ..b .. - O

4 ,. .

t . v. n.M. ' .. .

,
). 3* ' .w . ' '-

-1 .+- (.h;r
- g.

j[,: . ~~ ' j ., . . / ;*s, b.

.

?,p .
Ag h t* -

: ''
. , . , ,

-fit _j
^ |&

'

c"y

7 ..' - >
. .,g y g pg. .. .. y

, ,

O BASE: 7P4 MLE: 44

TEMP. 20*F % SHEAR: 27

ENEROY 60.6 tt Ib

& *%qqnaryveeqyew3Q.f||@y
ri? r, c 7**TWitWV**7 WMr

.enGbw{iQ:W & hf
+{QQ;n s J""Q'l

- W |12}% &MW / '
: Lb ?Q

f)ffy
LN , _ ' wrm , y | * s ' 5 ' ' "" O % *8k_ ;; . ' s

, .; };. ' , .
''' "T"

''

__ y ~ - . . . . -.
. . , . .t . e s,,..x- .,a,. ;.

- -
" *

' .I',' * ,- p i.,; s

.: .:. 1 ; t ' - e, . 4 4.g , 'g

"[,f
,o " g & . ,g

. [ ,.

n
; [.-

'

* . . y.

U
. . .

I. M [ T $ [ g Y-h ,g g; .
*-

4 |t. p. .; +t w +r 3. ,
.; .

, . .

r ee +
n., ;3

.

, , '#Rr|# ~ . j.5
> t y . , W,g g,, . g Iz .y a c /,. I

|
.

I ,
,

' "'
' #. y,

1
, .,

- W--e- : ;. p ^
-

-
.

k\ . w j$ .[

,

o
.,|,; % $ %:I -

' -

,

, h. .
,

. e- + .. . . -. . . -

- :. ~ ,%;. b . g e r:;: y.. . , ; - -

Og'[:'. m, ' 3yyp , g'M L- y;7 --M
m:ghQuf.

* D' M ,'.' . t4 a.t

s py-c :pi .:h ; q:' , ;>% ' Q g[ .) ,; 7

:,
'

' ; .,b. f. ? g
w,, ,.s . ;o i _ .. . v . m

dig L GQ;y;pMc&Js;gh, c .1-,:A1DAg M,,
>

BASE- 7M3 MLE: 62

TEMP. 40'F % SHE AR. 39

ENIRGY: 86 ft ib

|

|O

O



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

e .

.O

O -

') 4* , J4 '' - **
. ,,

'

T
,.

I < gk
# 'i

,. i

j. gj'
- - !. .

- ;,e i,-
. ,

, hY .[.,
'

,
,

* '
(4

- tt& .,
,

*$ 5 - i'd.' .YQ . F ,% i
'

i 3
* ;

k 'ed o. I'd( # .i 4 dj~*

. . . . .

., f. '.
~

-h. gk *
*

< ,
,

~

,,.

4... ?.$ M A.;.
k 4--* j'\ I + '4

'
', m.' . ..4

| b
..

; qve.

E,%? A.

. |*

o ; . |y $'\ b^
.

,' h p&.\ 't;; L,b.j,b,q ,hba.dYj\/ ''k,veg(n;Qd{ jf;gyJyeger {j)%|Q*q|,'%} Q.g}j5| |;
- , , . i*ak pJ : f{gj'

-

<.a
- ;t,

Y. % ', i4 n. - {;j :',a'
i s q

fW O).A,. 93, e .- i c i w o c - 're t4 g S .T; 43

. |,k ;$?h $h$$NN A5: *
,

BAST : 7M2 MLE: 62

O trMe- eo r s sHE AR. se

ENERGY. 72 ft lb

&je4I%%/'.$b'7B|QQQ+W;:t'5%TR
~. , WT***fyT|t !;9:?ty % ,c ., ,

JL .gg:3-fg%4 jyg,, ._| / .M i

3
, ;

.M| 4j ..pp n L yjpfM w'*.41o
fjgj ,; .,tm ey y 3-

# 3

,
.!%

Igs ,g o
6 ' +

|Q & -

_ ,;;
sp

.,+4, ,..

.jle,

1.e

1o ,

o

hjf jn;b; g1ph,.g.tm.gj 1,)phhi

v.s|{./ ts:]|.
j)g

;&fqggg og h,|Gy;9 8f ||: i;,

d3MI-;c|U;if(,Mn*MS
|O nast. 7e7 utt: 7o

T(MP. 80*F % SHEAR 67

INEROY. 98.6 ft ab

O

O



. _ _ _ _ _ _ _ .__ __ . _ . . _ _ __

'
l

. .

:O
l

' Q W K}}s'Y"'}""~~
''

(W '
' '

t-

,. ;Ah _ Qc?, 'F' ,p ' ; Q
' '

> > ,

'

s.&?WN ;). Y'
"" '

.|O #-
|
,

'

. ,

1 1

I
3

O |,

|

o ;

-i. i

't.

h

vb s t'

SASE ?MD ML : 87
I0 true. iso F s annan so

BNtROY i17.6 h-Ib
I

I
'

, <
' 4 *;i e v a , , q 3, , , ," '-

j[0f ''. 4.E " -
- '

s

r

..v ?v : ,.
'

v L .w
,, ,
',.yh.O *-

,gmye, +i?
4.;

I

.

|0 .

;
?

u;e

I
,

|
s.,,,

,

|
.,

!

a:
O ,,3t m utt: si

TEMP. iS0*F % SHE AM 100
{INLRGY 3 30 0 ft Ib

O
,

|
|

!

O
|

|

|
. ,



_ _
_ ___ ___ _ _ _ _ _ _ _ _ _ ___ __ _ __ _ _________._.

. .

O;
!

e m ,. r, ._ (. fip , y ,c& k[. w[ 7" ^, V
., .,e-. -

.

' . if }g,: -|f ,i
, ,

.

/ffyg' t

'*
.J

o d',
u-. ' n . '|

"-
g |,

4

,,, pw

y

f '. . . tg

N 'a j' |

.')- i, F, .1 lA
3

, .

iI :
'

O
'

*~

n

|

'
i.

|0 .'3,

,, .. M. ,
> > \

,ik $ - ' i i),
'

uy mp )? .

. ', @y?Qg'. ! iI
.

*

, wO,3 y ~ 'd1,A
;,

,ddi.ao. w ,,

SA$t : 7MM MLE. 80

TEMP. 200* F % SHE AR: 100

ENEMOY 130 0 ft lb

. . ..,,me,-.. . . - , , , ,

6 ' .
' '

j./ g r.,-
'[|9 h , , , A.
d OMQ ; 's .. ','

>
,

- y, ,
, .%

v m ,y",s -
>

s. <
' ' ' '

. . ' | ', _ , - .y c -
.

- ,

,f,
. . . . .

-1 : * .
-.. . . . . q . , ,., s -+; 4, , , , . , .

0 - - +#'

I;
k

}$e4' -.P,g

' ..p-;Q $,
'

:4
~4

t
'

:'fi , .y
_

,a _

. . .

' ' ''

. .

10
BASE 7PD MLE. 83

TEMP 300* F % SHEAR: 100

ENERGY 143 6 ft Ib

l

l

|

O |
,

1.



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

r

ii . e

'

|O j.

.

i

. ewe 4*M y W 9 *Q*y 1

..

'

,', W<Y} % Y -'i,~ *
> %.. . a.. }

.

.s nj ,.

i
'

( f- 4 ,,''
,

' , . - 4; ,* .- -
-,

b 4% 4i
* , i <p.

..

|
. S- t

'- ,
7 / 9} }

N*> ,, %-)i ?
t 2 " ' ' ':s %p . ,. .. , < ;7 I 4 .]"'. w-

O '' ' '- i '*'t-
>

-

.'.'c.o !-e
%1.

p .y r., .\, , ,,; . y, *a y!!
i

,

|,
; ).' ,e ,'S

'

. 'p
. p p'.;s,s 3 o

'

, 5 s , ',. : f . ; 'i,,
t - -

. . .pt y. 'Ic . p. - g iv t
. ,s U .[ |!4 s ,1, ,,, ,1

6

, ,. . ;- .) , ;. .. p . :* *
I'O ' " . / * <> *=,;' % .i.;' . e v ';,- .

..

-

,, W a h x..'.dwa -
. I

..s. .

,

-

|

|*

WELO: 77E MLE: '3 i,

,O TEu,; 4o.r * SWEAR: o - ij
'

'

ENEROY: 8.6 ft lb

I
.

l
|tv ' 97wgiyw r- wa ?g tre g g px7mr mggmp*g .~ ' ~ '''

O y' ; p' 2 ; y' 3 g"gg'y' :g" ;g* ;.4 ;

' * ''

,

t.v.; Z y'.en. F
"

- L | |u , , .
y, .. -

, ,

.4 ** '^ ~ , [ j'
i

, s.
'

0 -4
,

,

. .

' ' { |; !

. ,

* 4;. j 4 ,.3 v:' ' 'O 4 '- - _ .4 4 '. '
' ' ' a !

' '

$|
- - ;- t'

i'

,
! - 5

b .'(.y q,
,'1 . .' W .!s ./ .j

)o 1;8 .o . A
-. ,,

,?b

w. L' . f''.&.a
_),- y[( b* i 9 *

A(,@.>g,,&,Ar
c .... .

.,

4 s,, k. c | | -
n

i ",1 r/'o - 2
-

e , *- n, .* 2 '. ; 9 gy }.4y. NF ' - ig ,,. ? - ,
,>-

a' *w , , g a.x .v;t,, ;;4
*

* -

; ) ;; , % z:._. *
' ,

"- gyg,f 'm ' Myt pjy - 4,1)
. , , . ' 9 3p:a w+.

-

,- , -

v.

h.4dai.bv OdN 'ML .af .,, ;.m L .. e

O WELD: 7U1 MLE: 16

TEMP: - 2 0'F % $ HEAR: 'S
ENERGY; 17.5 ft lb

!O

,

i

O i

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



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

. .

O
I

|

|

mg *? e r,ype y J pqy?"q';T"d,t}. . , Jm./gFSW . *|:p y'* t".# ' ' ',wk r;pg
.;z( 4.jm # g- .p.

.. ,'ea,.+, -
-, m .

n-,

' ; , ,' d,a.c4:5 - ' j. e,g0

" W . ;[ ^ '.:L
; j, y- 1

y. ,r

,f ph;L pq;s,yy ypn, jl ; yr .u
_

dy;.] U,$h .

j g .M
,

"

'

f 'rff'i[,4/,ggisi,y;' ji [ . h,,d@?{ .;.

h, j[F ;S' . . :

. J.h : '*?% '' d ,h/.-N k b - -E
'

,

f_~ !

h _ y. . gj .
~y'.f -

t,1 . N, " Q {ge . .; . . . ;;;,.-

$ ',Nkh ; h' :. 4.4, _,
.

,

"'. '

'

('

.b -0:
; . . . - _ . ,

:'L'[ih % y % g- 4.g,'| ::*
'

. yny >

- u U ;r? ,
,

qe ,g;;#9. g ," , 7.ugg '
,i{ 4.;' , , m, .

r't
+

,
, ,* =e + p, L s - ., aw'

,
. ,

-

% 1, ,.'\+ev''--m. . e.m,c, *, u u a u,a,. -z .

. o,
4 . .a , s

1
WELD; 7U6 MLE: 21

O TEMe. 0.r s swtAn: si

ENERGY: 20.0 fie 1

i
1

Ni [U $ i ; t
.

asun
.

'|kJ,; ,II+ m q ~i,j ; ,hpJA[#l*o"wa s x.
'*'

~

Okh..
O ; #s i[n - . . . . . . ": -H

-

t,

" AA 5-
. . . c ....

4. . t >e,
J -y . g4

' '*
I

.

[
| !. k [ '

'
r (.a : ,- g

g .,g R + pr . %. :: . ;> s,,, t -y
t

. . q..,. ., -

4 . ., g
- - . .

# . gs.

. ;4.. p )4ggw 4 t; .
,g 4'D* -

t

. O t.. s

9 m ., a4 - yy, , . y. ;.

:
. < $,N.N$fb . .f,fi?: <.

N fr %. O[ \
|}%.|k%.3Q. .,s

g }kR q h h. ,., gk *I.&s+{>> ;f,.T
, ww

; W' 3 .f. [f[ .

. f .,?
- Q

.-

* *. &. ' , | .,
( . , & ;S.*s,,4($Q~,, ., p

.

. :. ' . . b+.<; / Vov
..

'\..<*
~, ,; -p . ,.,

, egp,g(
,

. . . y;
e*ei , ,

,

'pp .;> > ;;
a.,...;.y,,

| ,
. ., ,

y4' ' r4- w . $p11
-

J ,x2
i n
v WELD. 7U2 MLE: 42|

TEMP. O'F % SHE AR 15

ENERGY. 480 h th

O

O

1
_. 1



| !

| 1* *

O

l

'

N
'

$. .i. .f
' '.k . ; . #.

'
,,

**: ~ _ , , - q ,
. , .

i
*...3 ,e ,,-

Ay,,s;. ., n; ; ~ { a*T N('
m'o .

.

f
._ ~1 _ ' - -

_

9
,.- 1-., a a ;o;4{,g ?gjgc;,.

'

^
-. 3[,

'

-

. b; .. . r
_ _, _

_

a, ,q. .. .
-

ps..- -g ,- -; y...

| .y', gs *P '
d' . -

}#'p<y$ 9gj |

, W.M .i

- .. w
- ' {*

.,. .
i..,(. *

.

o . 4 .-

|h}Q'gagw9 . . .
. ~,

..,n h; f.Si.~ n.w aa M|'& S E'NdabNa. .-
- u,

NELD. ?U3 MLE: 31
O vaur. :o.r s sa:4H 54

,

ENEROY 39.6 ft-Ib |

!.
5m*'mqqy ,1 , .-

', yd NY,I '
p#pr.. . <g1 > y., pn 7. n 4- n

.

,t ;, *
'

; ;
.

0 s
^ '

' , , J m q itg- , ~: . <*

' g ' .3Q ', i;4lh rj '
.

'

* ' - v 16.' ,

|

,
1

*

|*

'0 ti
#,!i.

' |
[

i. .

.t I,

'

L t.1O '

.

'

A4 ;

1
i

s.

O WELD 7TP MLt 46
T(MP 40'F % $ HEAR 22
ENERGY 66 6 ft Ib

O

1

1

1



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

|

e .

10
|

*"'5 ggQ' {kg
jw :gpm m ,.

4

( k" g,
.

, {ai;[?j+i; ' I fi;p;@ QMi!' 'n,

.

,

**, , m, v. sn.. ..., - ,.
? LIA ,dv +If, $ ' ) [$ . . .Nr 9 r( ,* 4

.

Q -y,v y . . ~ gn -.x
ev

2
y -4

. ?

- g), 1 j

'

{

O . * t

,,

#f.

f .*
;

\' if 4 t

O
'

5
. [I,

,
.4' c

@ :
:k
?!$

' ;, '-- '. o , , n L. . '
,

.f jp ,t /

'

. , .. q ,1,
-

, . ./.f. % b ; j g3g
'

c ., ,,,>. g;v,
, , , , , . . .N ,t.. e,AvmMA--MM,

WLLD; 71M MLE: 38
|0 3t ur, so.r . * satan: se

IN( MOY. 44.0 ft Ib i

.I4

! 1

:~ q |
. ,ymmemmy'{%:h;;(

Mf,y ; N
4 .. M; ( ,g % '

. $N1.), ;h !,g[ o; U,Q @M s?t- . !,
'

7, '

i

w , y< ~ > ,;;; ., .mo f4
,

+n. a

3 )1

| 4

.
4

;>, . . + ,

0
'}- 1

- ! l
.l !

, - t )
,,c. 1 i

o.

f
. g.

'\q Jj.

O . a
-

10
% j

.' / *'3- 'I >, , I
' ' '

;
,

13:, ,gf
' >

8 4

y, ,
*

|1 3;;4 -

;

4 = 1 m uoos ~&~ " ~ 4- dr , , s ,:, *
1

O wno: vu. utt: 45 1

31MP. 90'F % SHIAH 41

(Nt ROY; 64.0 h Ib

O

|O'
!

. ._,.__,._ .~. -..,_... _ .-_ . __....... .._.,, . _ _ . . , . _ . _ . _ . _ . _ _ _ _ . . . _ _ _ _ . _ _ _ . _ . _ _ - . . . . _ . _ _ _ - _ . . _ .



e .

i
I

e . e ,

:-

* '
F -

|O %9pgyp . g , ; ,,;,_ . . ;4 : <
*: ' ' ' 'ag

,

.[: -
.

. th~f_ - .. y ,}.
.e. ,

*.

i ,; y W_J-
p .$g} 3 ;s . --

. . . f .
s

. s . .. .

,. .j, ' . s <?' -' -
:, ,

,

. . , , 7-

j) ' ' ' ' ' / - . }|y y N i.p.;. ;

g . * :
| "

|O -

w . },. \ g' ' .'I p,.

't [{ , *p $' '}f'
-

c

.. .
.

. d . ,g", ,. ., .

O .;
~ j .};. . ;_ . ...

.
4. , . ..

-' pu , . ,, .

-

,

.k, ..
' W-$ . g ; f(),,d

'

. ' .,' t'[ ~'

>

;- ' , f:mia > ' ;.-

d - |,j3 IM . M.{%,,. 4 !.
.

. ,

WELD: 7TT MLE: 70g
TEMP. 120'F % SHEAR: 77

SNEROY. 92.0 h e

i'' - fi --a p| y .. E .

m.g g : g:g.py,:Q ..
lO

I;:. ~ ~ w, . . , . ,

*a
$Yb

'

^

,O
. . .

,

| |

O lL
i ;

Q$*
t

*O
WELD 7US MLE: 77

TEMP. 160'F % SHEAR 100
ENE RGY. 101.0h4

:O

O



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

|

|e <

O

1

h?h {hk *

$%
,}N)htiM/;|.f,2] f Q't ;)(o;f*ij. M [4 |iv,f*' I .'| , f(f|kj, S.1 fA 5Nf!

. \ , . \

* '

u.t wt t i ve ' . yo u.uO
,'.;

7

I

'O

,

lO
t

'

1 ' " . L M-

.;
,

|
,

,-r ,.

' *
r . .; , .

'

!
+ '- , ,

,.

*''D- 7'Y "'' *O
TIMP. 200*F % SHEAR. 100

INEMOY 106.6 ft-lb
I

l

4_}f"'Mf71'qft9]
'" - ~ ~ - '

O
- -- '

ri ~_; p .
.. .-

I

;
:, ;

!
'

*
;

O iy.
A
["!

i &

f f,V

'$
'Q (n,

)...

l

e if ,y y

,,s A .lN,o
WILD 7U7 MLE: 79

TI MP. 300* F % SHEAR 100

ENEROY 104 0 ft Ib

O

1
1

0 1

_



. -

-

*
a

3 2-

APPENDIX C
,

BASIS FOR CONSERVATIVE RTNDT

) ,

The v.'.ues of initial RTNDT used in this analysis were, in most cases,
based on 30 f t lb impact energy verification testing, with longitudinal -

Charpy specimens used for plate, as was standard practice at the time of T

) vessel fabrication. The calculations of initial RTNDT values in Section 3 I
are based on a CE procedure which establishes conservative values of RT

NDT '

from the fabrication test data. These RTNDT values are expected to be
l conservative compared to results that would be obtained from current test

,

) methods. -

For beltline materials, the methods of calculating adjusted RTNDT in
Regulatory Guide 1.99, Revision 2 (Rev 2) include a Margin term to be added

_

) to the calculated value, ARTNDT. The Margin term includes a component for
uncertainty in initial RTNDT 01 Rev 2 discusses determination of og for
two categories of initial RTNDT, measured values and generic mean values.
For generic mean values, og is simply the standard deviation calculated for "

the data set used to compute the mean. For measured values, requirements
for determination of og are somewhat vague. Rev 2 states, "If a measured

value of initial RTNDT for the material in question is availabic, og is to -

be estimated from the precision of the test method..a CE's position for

RTypy values derived from measured data, as is the case for the Unit 3
)

beltline materials, is that og is zero, as explained in the next paragraph.
-

-

h

)
a In the Rev 2 draft which was circulated after editing to incorporate
public comments, the text stated, "ai, the standard deviation for the -

initial RTNDT, may be taken as zero if a measured value of initial RT
NDT

for the material in question is available."
)
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The Charpy curves fit to surveillance data, which ultimately provided
the ARTNDT data for development of Rev 2, were besteestimate fits. An

'

Q idealized example is provided as Curve 1 in Figure C 1. However, the ASME

Code approach to determining RTHDT is based on the lowest value of three
specimens exceeding the required limits of impact energy and laterni
expansion. A visualization of a Charpy curve drawn on the basis of the

O Code RTNDT approach 1. ahown as curve 2 in rigur. c.1. In comparing Curves

1 and 2, it is clear that curve 2, which is based on the lowest value

rather than the mean value, provides a conservative estimate of initial

RTNDT. Therefore, the current ASH 1: Code method of determining RTNDT from
measured data is conservative, since the method used in section 3 toO
calculate RTNDT values is conservative compared to current ASME methods,
og - 0'F,is appropriate.
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