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August 4, 2009 o

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

BELL BEND NUCLEAR POWER PLANT
SUBMITTAL OF BBNPP TURBINE
INFORMATION

BNP-2009-187 Docket No. 52-039

References: 1) M. Canova (NRC) to R. Sgarro (PPL Bell Bend, LLC), Bell Bend COLA — Request for
Information No. 22 (RAI No. 22) — CIB1-2266, email dated June 5, 2009

2) M. Canova (NRC) to R. Sgarro (PPL Bell Bend, LLC), Bell Bend COLA — Request for
Information No. 29 (RAI No. 29) — CIB1-2268, email dated June 5, 2009

3) BNP-2009-136, R. Sgarro (PPL, Bell Bend, LLC) to U. S. Nuclear Regulatory
Commission, “Submittal of BBNPP Turbine Information”, dated July 9, 2009

The purpose of this letter is to provide a redacted version of the proprietary analysis that was provided in
the draft requests for additional information (Reference 1 and Reference 2). This analysis was provided to
the staff in Reference 3.

Enclosure 1 contains an affidavit attesting to the proprietary nature of the information redacted from the
Turbine Missile Analysis provided in Enclosure 2. ALSTOM requested the redacted information be
withheld from public disclosure in accordance with 10 CFR 2.390(a)(4)-Trade Secrets.

Enclosure 2 provides the redacted Alstom Power Inc., (ALSTOM) Turbine Missile Analysis. The full
version of this analysis was provided in Reference 3.

There are no new regulatory commitments in this correspondence.

If you have any questions or need additional information, please contact the undersigned at 570.802.8102.

I declare under penalty of perjury that the foregoing is true and correct..

Executed on August 4, 2009

Respectfully,

fee. /jm
Rocco R. Sgar

RRS/kw oI q

Enclosures: As stated (NS Q’b
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CC:

Mr. Samuel J. Collins

Regional Administrator

U.S. Nuclear Regulatory Commission
Region |

475 Allendale Road

King of Prussia, PA 19406-1415

Mr. Michael Canova

Project Manager

U.S. Nuclear Regulatory Commission
11545 Rockville Pike, Mail Stop T7 E18
Rockville, MD 20852
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ALSTOM Turbine Missile Analysis



AFFIDAVIT -

COMMONWEALTH OF VIRGINIA )
CITY OF RICHMOND 3 >
1. My ﬁaﬁme'i‘sStcph@n: Reinstein. I.am the Legal Counsel for ih@zPower Systerns:
Turbomachifies Group of ALSTOM Power Inc. (“Alstoni”) and, as such, 1 am
authorized to execute this Affidayit.
2. I am familiar with. the criteria applied by. Alstom.to determine whether vcertaihz
Alstom information is proprietary. 1am familiar with the:policies established by
Alstom to qggu;gc:thé proper application of these criteria.

.3 1. ari fagiiliar with Alstom. information contained in all the.documentation
associated with the Alstom Turbine Missile Analysis Report.and referred to
herein.as “Docum’eﬁt’aﬁona * Tnformation-contained in:this Documentation has
‘been classified by Alstom. as proprietary in accordance with the policies
established by: Alstom for'the control and protection of proprietary arid
confidenitial information. |

4, This Documentation contains information of a proprietary and confidential nature.
‘and is the type:customarily held in conﬁdgnpe~’by Alstom and not-madé:available
to'the public. Based-on'my experience, 1.am aware that other companies regard
information of the kind contained in this Docurtientation as/ proprietary and

confidential:
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In order to satisfy/ the réquest of the U.S. Nuclear Regui‘a’tory Coimmission to be
able to make available and release for public ¥iewitig-a portion.of the
Documentation, Alstom has preparéd a.redacted version of the Documentation
which excludes the information which Alstom considers to be proprietary. This
redacted version is designated on each page. ajs:“fNQnePto})_lfi‘etary Version”.
Alstom is hereby releasing the.redacted or non-proprietary version of the
‘Documentation to'the U.S. Nuclear Regulatory Commission free of restrictions as
to its:publication.
'The full, version of the %Documentatiionﬂ}"xas_; however, beén ,;nadeﬁa_vail‘_a\'blje to the
U.S. Nuclear Regulatory Commission in confidencewith the request that the
informétion contained in the fiill version of the Documentation be. withiheld from
public disclosure. The:request for Wi;thholéing:of proprietary informatioh is made
in accordance with 10 CFR2.390. “The information for which Withh()fl;iiﬁg‘:ffr”om
disclosure is-requested qualified under 10 CER 2:390(a)(4) “Trade secrets and
commercial or financial information.”
The following criteria are customarily applied by. Alstom to. detetthine whether
‘information should be classified as proprietary:
(a)  Theinformation.réveals-details of Alstom’s research and development
iplans and programs ‘or their results.
)  The availability-or use of any such confidential design information to. or
by a competitor of Alstom would ptovide:such. competitor with a
'substantial, improveméﬁt in the ability to make competitive proposals that

rteflect knowledge of Alstom design effectiveness that is not: otherwise
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(e)

available to: the market. This competifii/‘e‘fkno\lee;dge_: would allow:sich
competitor to propose equipment pg:rformance?wit}i a gredter than,
otherwise possible knowledge of Alstom’s expected proposals, thereby
improving,the competitor’s probability of selection and coritract award.
Thc:infofmationfinéludgg test data of analytical techniques :cor;cer‘r'ii‘ng a
process, methodology, cothporient, or. the detailed.test results; conducted
on turbing: equipment: supplied by Alstom, which would provide to.a
knowledgeable readeér, .irisights into the effectiveness of individual
elemiénts of Alstom’s designs, as well as in dépth knowledge of the actual
performance of the compléte equipment package, the application of which
results it a cotnpetitive advantage for Alstom.,

The information:reveals certain distinpuishirig aspects of a‘process,
methodology, or compoiient, the:exclusive use of which provides a,
icompetitive advantage for Alstom in product-optimization or
marketability. The use’by a competitor of such information would be to
the-detriment of Alstom through thé 16ss. of cotifract awards, future sales
and future profits. All such information is of:great value to Alstom in its
continiious design improvement process to meet the requiremmients of a

competitive marketplace.

The information is vital to a competitive advantage held by Alstom, would.

be helpful to competitots to Alstom, and would likely cause substantial
and irreparable harm to the competitive position of Alstom. The.

information: is of the type of information that Alstom zealously pursues:
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and defends as corifidential business information through;the use of highly
réstrictive confidentiality agreements that are not time lifnited ifi their
:applicability.
The:information in the full version of the Documentation.is considéred
‘:propi‘idﬁt)"fqr the reasons set forth in paragraphs 6(b), 6(c), 6(d) and 6(e): above.
8.  Inaccordancewith Alstom’s policies governing the protection and ‘cont‘ro‘l: of
infoririation, proprietary information contained in the full version of the
Documentation has been made available, on a limited basis, to others outside of
Alstoin only as required and under $tringent agreements providing for
nondisclosure and limited use of the information.
9. The fotegoing statements are'true and cofrect to the best of my knowledge;

information, and belief.

Stepheti Reinstein; Legal Counsel

Subscribed before me this 13th

dayof April,:2009.

Andrea Woods:

Notary Public

My Commission: Expires December 31, 2009
Commission No. 365754

R
Lo 1.y
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FW: Revised LBDCR # BB-09-0262 (RAI 25 Q1 Response)
Yox, Michael ]

Sent: Wednesday, July 29, 2009 3:31 PM
To: Kirkwood, Jon K
Attachments: |BDCR # BB-09-0262.pdf (1 MB)

Jon,

| have read the revised LBDCR BB-09-0262 and have no problems with the changes. Please use this email to
document my approval of the LBDCR and the associated RAI response, which | had previously reviewed on the
PPL ftp website.

Let me know if you need’anything further from me to complete processing of this RAI set.
Thanks,
Mike

Michael Yox

Director - Licensing

UniStar Nuclear Energy/Regulatory Affairs
410 474-8587

From: Woodring, Kathryn L [mailto:KFitzpatrick@ppiweb.com]
Sent: Tuesday, July 28, 2009 3:49 PM

To: Sgarro, Rocco; Yox, Michael J

Subject: Revised LBDCR # BB-09-0262 (RAI 25 Q1 Response)

Rocky / Mike,

Please see attached revised LBDCR # BB-09-0262. If you have any questions, please contact me or Jon
Kirkwood. Thank you.

Katie

Katie Fitzpatrick (Woodring)
Administrative Assistant

PPL Nuclear Development

38 Bomboy Lane, Suite 2
Berwick, PA 18603

(570) 802-5638

The information contained in this message i1s intended only for the per

confidential use of the recipient(s) named above. If the reader of thi

https://owa.constellation.com/owa/?ae=Item&t=IPM.Note&id=RgA AAADhx60qStQnT4... 7/30/2009
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UNISTAR PROJECT

TURBINE MISSILE ANALYSIS

1 Summary.

This:report describes ALSTOM Power's method \fo'r the d‘et'ermin'atidn‘ ofthe tuibine missile generation’
probability P(T) for LP'(Low Pressure) and HIP (High'Intermediate Pressure) rotors in ‘nuclear power
plants.

The dominant mechanism is assumed to be stress corrosion cracking (SCC). o )
The probability of a rotor failure:due to SCC consists of the probability of crack'initiation and the
;probaibility ‘of crack growth up fo-the critical crackisize. _ o

The analysis: cafried out for theé UNISTAR: pieliminary desigh of'the: LP and HIP rotors; shows .a very
favorable low probability of missile generation. The mainreasons.are: ‘

a ALSTOM Power have not experienced any cracks:in any rotor of welded constriction in. the
wselevant radial-axial plane where they might have the ‘potential to- develop: and release a
‘missile :

s Use of rotormaterial with a high resistance to-8€C initiation-and growth

= Lowstresses at the locations.where: SCC cracks could initiate.. 4

For the. LP and HIP rotors, the. cumulative: probability. of missile generation over the time has; been
‘computed-considering the: “worst™ material properties in the acceptance band (i.e. highest Rpo2(68°F)
#1402 ksi for L.P:fotors and 1107 Ksi for HIP fotor)-and the. unfavorably: orientation: of plant layout (i.e.
the-NCR: value of 1.E° has to be considered as minimum 1imit for missile generation probability). It
resulted: that the maximum ‘inspection interval that corresponds to the NRC specified iprobability, is
18,1 years for the: LP rotors: anid 21.3 years for the HIP rotor. ‘Considering iristead, the recommended
rotor inspection interval equal to 10 years of operation, the. cumulative: missile:generation probability is
1:0E°and:0:9E." respectively for-the LP and HIP rotors.
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3. Summary .of requirements of the U.S. Nuclear Regulatory Commission (NRC)

3.4  Introduction N
The primary saféty. objectivé of the NRC is'the prevéntion: of unacceptable-doses 10.the publicfrom the
releases ‘of radioactive contaminants that could be caused: by damage to plant safety-related
structures, systems:and components resulting from: missile-generating turbine failures.

3:2  Criteria that:must be: met to Demonstrate:Compliance with Regulations:
According to. Generat Design: Criterion: 4 of Appendix A to 10 Code: of Federal Regulatioris Part 50
inucléar- power. plant structures, systems-and components important to safety shall be-appropriately
pprotected against dynamic effects, including the ‘effects:of missiles:
Failiires: of the large steam turbines of the main turbine generator have: the. potential for ejecting large
‘high-energy- missiles that can damage plant structures, systems:and components. The overall safety
objectivé: is to énsure that striictiires, Systems and components.important to safety are adequatély
protected from potential turbine missiles.
- The probability of::unacceptable damage resulting from turbine missiles (P4). is-:expressed: as the
product.of.
o P1: the probability of turbine failure: resulting in the ejection of turbine rotor (or internal
istructure) fragments thirough the turbiné casing;
= P2; the 'probability of ejected missiles perforating intervening barriers and 'striking safety.
related structures; systems or components; o
u. P3: the probability of struck structures, systems: or 'components failing to perform‘their saféty
function. - o
According to: NRC guidelines: stated in Section 3.5:1.3 of the Standard Review' Plan:,(NUREQ:OQQO),»
and Reguilatory Guide: 1.115, the probability:of unacceptable. damage from turbine ‘missiles should be
less than: or'equal to‘about: 1.chance in 10:million per yearfor:an individual turbine unit, that is :
P4 = P1 x'P2:x P3 .10 ;per unit per year:

3:3  Procedure for Demonstrating Compliance:with Regulations
The present approach jplaces on the applicant; the responsibility for demonstrating and maintaining
NRC-specified turbine reliability by -appropriate in-service inspection and testing throughoit plant Jife.
The -applicant show ‘capability’ to ‘have ‘volumetric (uitrasonic) -€xaminations: performed which are
‘suitable for in-service inspection ofturbirie disks and: shaft arid to provide reports for NRC review- and
approval which describe-his methods for determiriing tur'b_'inej missile:generation probabilities.
Because of the:uncertainties involved in: calculating P2, the. NRC :concluded that P2 analyses are “Ball
Park” or "6rder. of maghitude" only. On the basis of simple-estimates for‘a variety of plant layouts, the
staff further -concluded that the 'strike -and damage ‘probability product can be: reasonably taken: to fall
in & characteristic :narrow .range which’ js dependent; on ‘the. gross- features of turbiie generator
orientation: L ,

@ For favorably ‘oriented turbine-generators, P2:x P3 tend to lie in the range 10*to 10?. }

= For unfavorably:otientéd turbine generators, P2 x P3'tend to lie in‘the range 10° to 10
For these: reasons (and ‘because of inadequate data, controvérsial asstimptions: and, ‘modeling
difficulties) in. the-evaluation of P4, the NRC gives credit for the product :of the strike and ‘damage
iprobabilities (P2 x P3)-of 10° foia favorably oriented plant layout and 102 for an unfavorably oriented
plant layout and does; not-encourage calculations of’.the_m‘. ) i
The NRC! safety objective with regard to turbine: missilés is expresseéd in terms of two sets of criteria;
applied to the missile generation probability (P1), seé/Table 1.
‘One:-sét of critefia is;to be-applied to favorably oriented turbines, arid:the.otheris t6 be applied to
unfavorably oriented turbines., S
Turbine manufacturers have to prepare reports: describing theif methods, and procedures for
calculating turbine rissile-generation probabilities:(P1) for review and:acceptance by the NRC!
Following the submittal of such reports to the NRC for review and :approval, the manufacturer will
provide applicants; and licensees with tables: of missile generation probabilities verstis time (in-service:
volimetric disk: inspection interval for design speed failuré. and: in-service valve testing interval for
destructive over 'speed: failure) for théir particular turbines; which are then fo: be used. to establish
inspectionand tesst schedules-which meet NRC safety objectives.

notice, No repregantation or warranty i given or to b impliodas 1o'tha complutdnéss-of information of fitnessifor.any panicufar pur o \;usa of disel

D ALSTOM 2007. Al fights sessrved. Infoifriation conidined in thls documant is providad without liabilty faf informiation, purpicsés only aiifis Subject to hange without
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This: report considers possible: failure: modes:-at rated speed and at design overspeéd. It has: to be
pointed out that the probability of failure at gross overspeed (and thus at destructive overspeed) is
Iargely dictated’ by the probability of reaching gross overspeed, which is function.of the governing and
protection:system. This is dealt within Chapter 4 of the preserit docuiment.

; Probability [ periunityear:] .. . Recommended licensee action
|Case :Favorably | Unfavorably.
1. . | oriented'turbine | oriented turbine { ... . . . , i
A P1<10? P1<10” This is the general, minimum reliability requirement for
b .. lloading the turbine and bringing the systemonline.
"B 10°<P1<10™ | 10°<P1<10° [if this condition is reached during operation, the

turbine- may be kept in service until the next schedule
outage, at:which time the licensee must take action to
reduce P1 to meet the. appropriate. A criterion. before
[ retuming the turbine to, service. .

[ C 1~ 10°<P1<10% | 10~ <P1<10° |If this condition is reached during operatlon “the
' turbine is; to be isolated from the steam ‘supply within
60 days, ‘at: which time the licensee is to take.action-to
reduce P1 to meet the :appropiiate: A criterion: before
retuming the turbine fo seérvice.

D 10%<P1 ; 10~°<P1 If this condition is- reached at any time -during

; operation, the turbine must be isolated from- the. steam
supply within-6 days, at‘which time' the licensee must
take action to reduce P1 fo meet the appropriate A
..... ' | criterion before returning the:turbine to-service.

Tablé 1 : Turbine: System Rellabmty Criteria
4 Governing and overspeed protéction systeiris

41 Description of the governing and overspeed protection systems

“The probability -of reachmg destructive .overspeed, i.e. the probablllty of releasing a missile, is. largely
dictated by the probability to have :a failure of the governing ‘and: ovérspeed protection system. Thus;
the shaft-line- overspeed risk is the most importarit everit taken into account in the ‘turbine: governing
and protection: strategy.
Following topics.are’ safety oriented to match:a probablllty of reaching an overspeed higher than 120%
of the: rated speed, better than 5x10°,per year:
o 'Valve, design :
& Two independent valves, in efies on eachxsteam inlet, :
o Steamiinlet'valve designed in‘order to reduce:the efforts and avoid;j jamming; risk:.
o Fail'safe hydraulic actuators: closing by mechanical spring.
o Valve full stroke tests: performed monthly.
¢ -Speedfgovemor désigh ;
o Speed.governor: rehablhty basedona duty stand: -by controller and 3 speed sensors.
o Speed:governor:is actlng on'the: governing vaives.
o Speed:sénsor supervision.
& Speed-limiterat 107 %, within goveriing systefi.
o Accelerafion limiter and power unbalance function, within: :governing: system
o Protection system design.:
o Independent protection system, failsafe, acting on.all the:steam mlet valves.
o Triple.redundant overspeed protection with SIL3 -certification; -according to IECB1508
;standard.
& ‘First and second:overspeéd protections made with different; technologies.

o Protectioi system action and tripping ‘capability test, performed daily, in: an automatic
way.

QALSTOM: 2007, ANl rights resarvad, Informat tainad in this.d 18 providied without fiabillty for infarmation purpdaes-onfy and is-subject to.changa vilfiout
noﬂco No reprasentzmon orwarranty is givan of to be Implied as 1o the. comp!emvmss of infermation o, fitness for. any panticular:purpose, Reproduction,'use or distiosusa
to third parties; withou! express.written authofity, is stncuy prohibited.
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o Reverse power relay::
‘0. Reverse: power relay used 1o keep: the circuit breaker .closed, as. long -as the
mechanical power:is not cancelled.

42  Recommended periodic tests in relation ‘with governing system and -overspeed
protection

4.24 Overspeed protection'system.
The probability to ‘have a fallure of the governing:and: overspeed protection: system is linked to the: in-
service ingpections and exércising inteérvals.
Thetrécommended inspection and exercising of turbine valves and protection system.are :
o Ateach refueling, (does not require arly dlsmantllng)

o HP stop valve tightness: tested. )

.o Valve and 'servomotor -assembly behavior checked : ‘fravel fime, stroke :and travel.
effort.

@ Hydraulic protection circiiit functional tested..

<. During each refueling, one: of the valves is inspected ;

o, Visual and suffdce éxaminations (seats, stems and internal: part of the HP valves,

bearings:and sealings ‘of the:|P valves)
's.  Onloadtests :

o Overspeed system and Hydraulic tiip: block tested daily (in an automatic way).,

‘o Valvesifull stroke test : monthly. for each’ valve (it.is recommended that this test will be-
preceded by .a. limitation .at ‘97% load in order to anticipate this load reduction
associated with oné valve closing).

o Extraction.non-return:valve : power:closing assistance checked.

422 Rotor couplings
Since -a, rupture of the- couplmgs between the: turbifie, rotor's: participates in: thé ‘probability .of reaching

destructive overspeed, the: coupling bodies and coupling bolts are inspected: dunng gach full
mairitenance-overhadl, i.e. aboiit every. 10 years.

B ALSTOM 2007, Alt tights teseived, mformabon coritained ithis document is providad without liobility for information plirpdses Giily ond i Subject t6 ¢hange without
nofice, No mpmsemanon or wan'anty is given or to bo jmplied as-to tha completanass. of information-or fitness (or any particudar purpese, Reproduction, use;or.disciosure
io.third parues vithoul express writtan- aulhorﬁy. 18°svrictiy prohibited.
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5 Description of ALSTOM Power welided rotors

5.1 Welded Rotor Design

The rotor design used by ALSTOM Power for large LP- (Low Pressuré). and HIP (ngh Intermediate.
Préssure) rotors. is the: welded type : 9 welds: for:the: LP rotor and 3.welds for the HIP rotor (HP in‘one
forged part and IP iin 3 forged. parts).. Figure 1 shows a cross sectlon of a LP rotor. Figure 2. shows a.
cross: section of 'a HIP rotor:

Figure 1 3 Cross:section-of the:welded LP rotor for UNISTAR

’

B ALSTOM:2007, Allights reserved. {nforation coritained in this:document is: provsdud wﬁhoul liability. for information purposes only ond i sub;ect to change without
notice, No reprasentation or  warranty is givenor io be implied a8 to the complater nformation.or fitness for any particular prpase. Rep N, use,or disch
to-third partigs, without expriss whitten authority, i siiclly prohibitad, N
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Figure.2: Cross section of the'weided HIP rotor for UNISTAR.

A rotor consists of separate: relatively small forgings welded: together to form the complet'e rotor. The
welds are positioned at the circumference and ‘are-of:submerged:arc type.
‘The main design features with:respect to the turbine missile generation probability 6f the welded fotor
are :
= Low stressilevels which allows the use ofilow‘vield strength material with high stress corrosion
résistance.
= No shrink fits,; no key-ways and no central bore.
s The small forgrngs used are easy to forge and achieve: homogenous :matenal: propertles
throiighéit the rotor.
= The small-forgings: used permit high resolution:during ultrasonic inspection to be achieved.
= The weldmg procedure provides an inert gas atmosphere insidé the -cavities and around the
center of the discs, where the net stresses are hlghest dunngr operation. The cavities are
Closéd after the: wetdmg, procedure to: prevent-anysteam. exposure.

5‘ "2" Description of Rotor Materiats
accordance withthe followmg ALSTOM Power materrat detlvery mstruct;ons
o LP rotors : SBV.MF1009 < ALSTOM Power desrgnatron BB5AS—see. Appendix 1 6f this dociment.

o IHIP rofor : SBV MF1023 - ALSTOM Power designation STM528 - .seé Appendix 2 of ‘this
document

turbrne rotor discs: and wheels The steel BGSAS i8 equrvalent to, the other ALSTOM {Power steel

designed St565S, and is :differing mainly from STM528 by lower Nit content. These: steels ‘were
" developed for good ‘weldability and were introduced in. welded rotor desrgn i 1967 for B65AS and

1986'for STM528S:

Table 2 summarizes the mechanical properties of the LP and HIP rotor materials.

It must be pointed out hére that: research by ALSTOM Power clearly.shows that the yield: strength of

the :material is one of the key factors in SCC initiation :and growth The: hrgher the yield strength, the-

lower the resistance to- SCC initiation and-the- higher the growth rate.

Matefial data N __Be5AS ‘STM528
Ultimate tensile strength Rm(20 °C) 'Min. 735 MPa ' Min 720 MPa
Ultimate tensile strength Rm(68:°F) | Min, 107 ksi. ... [IMin 104 ksi.
Yield strength Re(20 °C)- 635:735 MPa 600-700 MPa
Yield strength Re(68 °F) o 92 107 L 87-102 ksi

Table 2 : Rotor materiats properties

©ALSTOM 2007, A rights reserved. mu maton cdniaingd inhis dotument is prewdect without liability for Infarmation purposas only and is eubja»t to'change vithout
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The absorbed impact energy at.room:temperatiire is specified to be higher than 81J (see Appendix 1
:arid 2). Théfracture appearande transition temperature FATT50 and the fracture toughnéss (KIC) are
‘determined as .indicated in Appendix. 3. Hence: the minimum possible: fracture toughness. Kic:at 20°C

(68°F) equals KIC(B&L).at FATTS: i:e. 160 ksivin for the:LP rotors and 155 ksivin for the: HIP rotor-

5:3 Desérip‘tion of Température and 'Stress Distribution in'UNISTAR LP-Rotor’

[ Proprietary.]
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54  Description of Stress Distribution in UNISTAR HIP-Rotor
[Proprietary |

6 Operating experience with welded LP rotor's. in. nuclear power plants

The first.turbine 'generator in'a nuclear power plant with welded LP rotors, wenit into, service in 1965 At:
the end of 2004 there 'were 277 ALSTOM Power welded LP rotors in operatron in: nuclear power
plants. To date there have been no reports of: rotor. failures. and fio indications of stress corrosion
cracking in the relevant radial-axial. plane' where they could: extend to release ‘a. missile: The average:
operating hours of welded LP rotors; which have: been-in sefvice for more than 3; yedrs, is greater than
90'000 hoiirs:

7 Hypothetical failure modes of welded LP rotors

As described in 6 there have been no failures ‘of ALSTOM Power welded LP-rotors in nuclear power
plants upto how. Therefore the discussion of failure. modes is purely hypothetlcal

Based on:the experience of stress:corrosion cracking (SEC) in'LP rotors of the shrunk-on disc design,
fajlures: duie to this type of'crackmg will be-discussed as well as failures.due-to britile fracture.

7.1 ‘Failuié Modes dué to Stréss Cofrosioh Cracking

741 Stress corfosion crack.growth raté

Stress corrosich crackifig in LP fotors is most likely-to occur in the early wet stages; i.é. thé:region just
after the Wlson—Line As a conservatlve :assumption, ‘it is assumed that a stress corrosion crack can
initiate not only in this: area-but-also in every HP stages.

The propagatlon rate-of stress, corrosion cracks in-steam turbine Totor steels depends ori the applled
Stress intensity. An .example:for:a similar material is illustrated in Figure 3.

i
© ALSTOM 2007; Al nghts resarved. Information containdd ity thia document is pmvmca Without ligbility tor information puiposes.only and (s subject fo change withoul
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Figure 3 : Effect of stress intensity and yield strength on crack growth rate

At very low stress intensities, close to the threshold stress intensity KISCC, cracks grow slowly i.e.
slower than 10" m/sec. As the stress intensity increases from KISCC the stress corrosion crack
growth rate increases until a plateau is reached where the crack growth rate no longer depends on the
stress intensity over a wide range of stress intensity. This "plateau” crack growth rate depends on
various influences, for example on the yield strength of the steel. At higher stress intensities, a further
acceleration of stress corrosion cracks growth is observed, but this is not well documented. Available
stress corrosion crack growth data indicates that the plateau range extends to at least KI = 100 ksivin.
With respect to possible failure modes, this means that once a crack is initiated it will grow in a stable
manner until the crack size reaches a value corresponding to at least 100 ksivin.

7.1.2 Disc failure mode

In the case of a welded rotor, a crack with the potential to release missiles must develop in an axial-
radial plane. The maximum principal stress, which is the crack driving stress, is the circumferential
stress (see Figure 4).

Stable Crack Growth

N

Figure 4 : Hypothetical failure mode of welded LP-rotor due to SCC
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[ Proprietary |
7.3 Cracks without'potentialto release missile:outside the casings
[ Proprietary |
7.1.4 Cracks with potential to:release missile outside:thé casings:
. [ Proprietary ]

7.2 ‘Failure Modes dué to Brittle Fracture

A failure as a result of .a briftle fracture in a LP or HIP rotor may occur during a cold start or :an
unforeseen over:speed. The: prerequisite of Such an event is, an existing flaw .of crack ingide the rotor
reaching the critical crack size during :operation.

-ALSTOM ‘Power assures by stringent requiterénts on:the conditions of forgings for welded rotors that
the: discs do not have ‘pre-existing flaws or inclusions of unacceptable size (see Delivery: Instruction
ETL-EP-MAT 07-005 ifi Appendix 4).

As mentioned in 5.2, the fracture toughness of the LP.and. HIP rotor materials are at least respectively
160 ksivin-and 155 klen at.a temperature of:20°C. Acéordifi§'to NRC reqlirements, the rafio between
fracture toughness and; the: maximum;circumferential stress.at design over speed (120% of the normal
operating speed).shall excéed the value.2vin. The maximum stréss in the LP rotor amounts.to :

[[Proprietary ]

From these facts it can ibe :concluded that a. failure due: to cyclic loading and brittle fracture is much
more unlikely. than:a failure:due to SCC.

8 ALSTON Power method for calculating turbine missile :generation probability
(P1)
s P1'rthe: probabllatyiof ‘r'otor failure producnng an |nternal turbine mlss1le
e P1" :he: probability that this interfial missile penetiates. the ‘casings. and i& ejected from the
turbine.
‘Summarizing ;: P1 =P1" xP1”
Thé probability. P1* can be determined: by: means of fracture mechanics, consudenng ‘as; probabilistic;
quantities: the variables: involved in ‘the: evaluation such as. critical crack sizes, .crack growth rates,
stresses -and {emperafures. These: properties -and details are well documented in; the case of ‘turbine:
rotors.
The procedures: for estl"matlhg P1" are not:as sophisticated as the procedures. for calculating P1', The
usual method is.to compare: the kinetic energy of a potential. internal turbine: missile' with ‘the energy
necessary to perforate the turbine: casing. The result of such an estimation will be either P1* = 0 or P1™
=1.0.
ALSTOM Power cohservatively: assumes P1" to be equal to one (1.0). This ieans: the turbine; missile:

generatlon probability equals.the internal turbine missile generation probability, : P14 = P1" (for both LP:
‘and 'HIP modules)

8.4  Method for Calculating Turbine Missile-Generation. Probability (P1) due to SCC
According.to'the present knowledge-on SCC: phenomena three ranges have to-be dlstmgmshed

M) Crack, Initiation of Incubation Phase:*, it is .commonly.- accepted that a threshold value KISCC:
exists. If the stress intensityiKl is below this thresho!d SCC is not expected.

) Conistant Crack Growth: Rate : if the stress mtensnty Kl exceeds:the threshold value KISCC. the:
crack growth rrate remains constant on a:certain plateau-value: for(qulte a large range of K.

‘D ALSTOM 2007, Alltights reservid. |nfammigtion contained in this documentiis provided ithout tiability-for information purposes.only and’is’subjectto: change widiout:
notico.No mprasenlanon or warranty is given or to be lmplrad @510, the' completenes, of Information or fitness for' eny particularpurposs. Regroduction, use or disclosure
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ALSTOM
GRUAU P. \ Page:12/17
TSDMF 07-018:D
30/05/2007
Non-Propristary Version
(3) Accelerated Crack Growth' Rate, Critical Crack Sizer. if. KI exceeds a certain amount, the
-assumption :of ‘a. constant plateau-value is ino, longer valid. Available' data indicate that the plateau
range-extendsto at least 100 ksivin, 'see also Figure 3.
:should be: pointed out that this value is lower'than the minimum specified fracture toughness ‘of the
'UNISTAR LP:and HIP. rotor forgings (KIC' =155 ksiVin), see 5.2).
Jn.6rder to obtain results lying on'the:safe side, ALSTOM Power-uses the. platéau; limit value KIP'= 100
ksivin for the determination of the critical crack 'sizes, i.e. the calculation is: stopped when the crack
.growth reaches the end of the: plateau.
As.a conservative; assumption; it ‘will be considered that.an ' SCC crack could appear in any blade pin-
root ‘attachment .operating in wet steam, i.e. discs:2 and 3:of 1.P rofor and all the HP- discs 'of the HIP
rotor.
‘The probability of generatlng a missile (P1) under the conservative: assumptlon P1=P1', which'was
explained prevuously is éompited as:a function of time:as follows:

P(T)= Zp,(T) g, validfor p, -q, <1 Eq1

i=l,

Where : o

N Nuimber 6f discs in the unit, susceptible to SCC initiation
T Time:in:operating:years; ‘

pI(T) Prabability of missile generation in‘ an individual disc.

qi Probablhty of:crack initiation in, an individual disc.

Due ito-the fdct that'the ALSTOM LP rotors;in:a:unithave the same: design and any: crack'will initiate at
the same location, Eq 1 ¢an be: rewritten as i

P(F)=N-p(T)-q Eq2

where N
‘N = Number of LP-flows inithe-case of the LP discs
N =-1.in the case of the-HP discs;

8.1.4  Probability of Crack Initiation, §

[Proprietary ]

['Proprietary:]

8121 Critical'Crack Size, ac .
The.critical crack size:ac for a: semi-elliptical surface ¢rack is given by:

1 d 2
a, = G- 1 4 [_If_’c_:l [in] Eq3
(4 o

Where;;

G Flaw geometry factor:

KIC.  Fracture toughness

G Operational net stress-at nominal speed.

Generally ‘G, KIC and o :are: umformly distiibutéd 'variablgs. ‘With respect to this. the following
‘assumptions ‘are made :

5

81.22 Flaw:Geometry Factor-G

G is. a uniformly distributed variable ranging from 1.0 to 1.5..Hence, the meanis G #1.25 and the
istandard deviation is SG='0.144.,
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81.2:3 Fracture Toughness.KIC. , o
“The plateau values of the. constant crack Growthi rrate. are only established. properly. t6: an upper limit’ of
stress. intensity KIP =100 ksivin. "The :available. tést resuits: aré not sufficient.to perform a istatistical
analysis with reSpectito the scattering of this plateau limit. o
Laboratory tests performed: by ALSTOM Power indicate that the assumed limit KIP: = 100 ksivin is a
feasonable conservative value. ‘Furthermore; it ‘is .considérably lower than the minimum fracture
‘toughness of the UNISTAR LP and HIP rotors (respectively 160 ksivin and 155 ksivif).
For these reasons, the.conservative-value of KIP =1 Oo?ksNin‘- is‘taken a8 a constant and not a random
variable.

8:1.24  Operational Net Stress:
[ Proprietary ]

The:influence of-design over'speed Isinot taken into consideration; becausé thése evirits are'very few
and'have a short duration, so that the effect on ‘crack propagation from SCC can beineglected..
Due to the fact that all stresses and temperatures afe calculated by the Finite: Element Method, a
relative standard:deviation So/o'= £:5 % is.realistic, and o is assumed to be normal distributed.

81.28  [Proprietary]
[ Proprietary ]

8.:1.2.6  Distribution of.Sac
The distribution of ac is- calculated by means of Equation 8 ‘and according to. the: distribution of its
parameters G and 5. .

8.1.3 Computer Code:

The procedure described above was:computerized by ALSTOM Power. A

The program calculates the probability:for-af individual LP flow p(T), and:generates a plot showing the
total probability »P1,’(V;T')“acc;g.rqmg to Eq 3 fora given'turbine generator versus operating years.

;;;;;

8.14 Overspeed

The ciitical crack size was: determined with the nominal operating stress and a fracture-toughness of
KIC =KIP = 100 ksivin. i ’

The risk of rotor fracture at design over speed is incorporated ‘within the: risk of fracture at normal
speed. This is the: result 6f considerable: consérvatism in the: assgssment.of risk: of fracture at. riormal;
speed. As: discussed.in 7.4, it is well established that the: rate of stress éorrosion crack giowth is:
ingensitive to the crack stress. intensity-and hence, under constant stress, is insensitive: to crack. size.
Buit this only applies up to a certain level of stréss intensity, beyond which crack growth accelefates, It
is & convenient simplification. to assume‘that crack growth at normal rotor speed continues ‘at a:uniform.
rate until it reaches the point of acceleration;, at a stréss intensity of 100 ksivin, where after it is very
cconservatively assumed to progress at siich:a rapid rate-as to lead almostiimmediately to fracture:

It; follows ‘that only cracks .growing at nommal rotor speed to stress intensities: lower than 100 ksivin.
could bethe cause of fracture at ovérspéad.

For a design overspeed of e.g. 120% of normal speed, the: crack. stress intensity of 100 ksivin. at
normal speed rises to"1,20°%100 ksivin = 144 ksiNin, which is lower than the lowest ‘specified fracture
toughness UNISTAR LP and HIP rotor forgings (respectively 160 ksivin:and 155 ksivin). Therefore any
crack that: might: possibly lead to' fracture at design over speed: has. already’ been. conservatively
-assumed to cause:fracture at normal speed, and must not be counted a second time: in the evaluation
of fracture probability.

In case: the LP rotor. will: reach burst speed (i.e. > 150%), it: will_burst irrespective -of whether cracks
have :previously developed: within it. Thus' the: probability of. missile release at: burst speed iis equal to
the probability of the burst:speed occurring. Burst speed, owing to failure: of the control & protection
-system and leading:to rotor bursting has, riot been.computed..

QALSTOM™2007: Miighis resorved, Informeation contained in this, ocument is provided ‘withoud liability for information purposes onily andf is subjact to change without
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8.2 Determination of Inspection Intervals

The maximum allowable inspection intervals are determined by evaluating the results for the turbine
missile generation probability P1(T) for the individual turbine generator.

According to the NRC requirements given in 3.3, the limit for PA(T) will be either 10™ for favorably
oriented plants or 10 for unfavorably oriented plants. For UNISTAR the unfavorably oriented plant will
be considered and therefore a limit of 10 applies.

In the inspection and overhaul plans, ALSTOM Power recommends major rotor inspection intervals of
10 years for plants that are maintained in accordance with the typical recommended procedures
provided in Figure 5 (note that this procedure has to be adapted to the refueling schedule for
UNISTAR).

Aim of the analysis is to demonstrate that the risk of missile generation due to stress corrosion
cracking is completely covered by the usual inspection programs and no additional measures have to
be introduced to meet the NRC missile probability limit.

[Maintenance Type C PRI PIR|IP]D P ] P R]JPJR]P D
HP-IP module X1 H_ X1 w
LP1 module X X2 X X2
LP2 module X2 X X2 X
LP3 module X2 X X2 X

[Maintenance Type P 1P lRIPIRIPIDIPIP|IRIPIR]P
HP-IP module X1 X1
LP1 module X X2 A X2
LP2 module X2 X X2 A
LP3 module X2 X X2 X
Maintenance Type P P R P R| P D B | P R P R P
HP-IP module X1 X1
LP1 module X X2 X X2
LP2 module X2 X X2 X
LP3 module X2 ol X2 U

In general| X _|Full maintenance overhaul
HP-IP module| X1 |Partial maintenance overhaul
LP module| X2 |Partial maintenance overhaul to check last blades and rubber O rings
C  |First Contractual Overhaul
P |Partial Overhaul
R |Maintenance during Refueling
D |10 years Global Maintenance

Figure 5 : Recommendations for inspection intervals of large turbine generators

8.3 Recommended Rotor inspection

[ Proprietary ]

The recommended inspection requirements for LP rotors during major overhauls ensures that any
indications of SCC will be detected. The inspection includes a thorough visual inspection for erosion
and corrosion and magnetic particle examination at selected areas to detect any cracking at the rotor
surfaces. In the very unlikely event of surface indications being detected, additional ultrasonic
examinations will be performed.

A complete volumetric ultrasonic inspection for SCC is not necessary in the case of welded rotors.
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9 ‘Results for UNISTAR Rotors

9.4  Program Inpiit for LP rotor’
9:1.1 Critical Crack Size ac

[ Proprietary ]
8:12 Crack Growth.Rate r

[ Proprietary ]

9.1.3 Cracknitiation.q.and number of Individudl Flows N

[Proprietary ]

9.2  Program. input‘for the HIP:rotor

9.2.1 Critical Crack:Size ac:

[ Proprietary )

922 Crack Growth Rate'r

‘Medn value r  (see 8:1.2:1 Erreur | Source:du renvoi introuvable.)

'Sri=0.587 (see8:12.1). B . )
Tc (see 8:1.2.1) : the mean temperature in the discs was considered to.compute the
'crack growth:rate.

9:23 Material Proof Strength »

A worst case Missilé Analysis was -carfied out for UNISTAR: HIP rotors, which: is. based on the
maximum proof strength specified for the material forgings where SCC could occur (i-e.
Ripy2(68°F)=700 NiPa; 102 ksi).

9:2:4  Crack-Initiation q and :number of Individual Fiows. N

[ Proprietaiy ]

9.3 UNISTAR Input Variables, Program Output and Inspection intervals for LP rotor
The input vafiables for the worst case. which: is: thié dises 3. of the LP rotors of UNISTAR are
summarized,in Table 3. _ _

[{Proprietary ]

Table 3 : inputidata. for the ‘Missile Analysis Program
As @ resuit-of the:computatian; the, cumulative probability'(P1) is plotted versus service life: (years):for
the disc:3LP and for N = 6. As UNISTAR LP rotors-could be. unfavorably ofiented, 1e-5 figure has,to

be:taken as:minimum limit (see 3.3, Table: 1).

CALSTOM 2007, Allnghts resarvad, Informistion coniained in this documient is provided without fiability for infarmation purposes only-and is subjed! ta changa without
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[ Proprietary ]

Figure 6': LP rotor.of UNISTAR i Probability: P1(T) vs. time (years), 3LP discs

‘With the same process as for the 3LP, the cumulative probablhty (P1) is plotted versus service life
(vears)fot the disc 2LP and for N'=:6. Furthermore, the sum of PA(T) for. 2LP and:3LP is plotted..

[ Proprietary’]

4-Fig'ure~ 7 : LP rotor-of UNISTAR : Probability. P1(T) vs. tifie (years), 2 & 3LP discs
A's:shown if Figure 7, 18.4 years is.the maximum inspection interval for UNISTAR LP. rotors that:
corresponds to. the NRC specified probability. of 10®. The-maximum inspection interval associated: W|th

a probablllty of 10*is 32.8 years. When considering 10 years of operation instead of probability-of 10
or 10° , the cumulative missile generation; probability is 1.0E™:

9.4 UNISTAR.-Program Output and Inspectionintervals for HIP rotor-
As aresultiof the: computation, the; cumulative: probablllty (P1) is plotted versus service life (years) for
all the individua!l HP discs from. 1HP to: 8HP. Furthermore, the sum of P1(T) for 1HP to ‘8HP is.plotted.

As UNISTAR HIP rotors :could be unfavorably oriented, 107 figure has to be taken as minimum limit
(see 3,3, Table 1)

[ Proprietary

Figure 8 : HIP rotor of UNISTAR : Probability P1(T) vs. time (years), 1 to 8HP discs
As shown iny Flgure 8, 213 yéars is the maximum inspection interval for UNISTAR HIP rotors ‘that
corresponds to the NRC: specified probability: of 10°. . The maximum inspection interval associatéd with

a; probabllity ‘of 10“‘ is.34.5° years: ‘Wheri considering 10- years of: operaﬂon instead of probability of 10*
or. 10, the cumulative missile: generation probability is:0'9E”.
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10.  List of Appendix

Appendix 1 ETL-EP-MAT 07-003.: Rotor forgings in B65A-S for nuclear
Steam turbine

Appendix 2 ETL-EP-MAT 07-004 : Rotor forgings in STM528 for nuclear:
steam turbine

Appendix 3 HZLM 620206 : Test Instructions - Determination of Kic acc. to

Begiey and Logsdon
Appendix 4 -~ ETL-EP-MAT 07-005 : Inspection for internal defects -
Ultrasonic examination
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Rotor forgings in B65A-S for nuclear steam turbine

1. Scope
The ‘present instruction applies to forged pieces. for turbine: rotors made:of B65A-S. This instruction’

summarizes the réquiréments concerning mechanical properties of rotor forgings specified in thé déliv-
ery instruction' SBV- MF1009.

If the value:in the delivéry instruction SBV M1009 deviates from the. values indicated iin the present in-
struction, the requifements of the latter'will apply.

2. Tests
The following requirements, as stated in. the delivery instruction’ SBV MF 1009, must.be verified:
2.1 Tensile properties at room temperature

Each welded rotor coisists of several shaft parts (forgings). The requested yield anditensile: strength
values are specified heréafter: '

e MPa (ksi):
Rm Ultrmate tensue strength > 735 (=106,6)
Re: | Yield strength or 0 2% proof strength 635 -735 (92 - 106,6):

2.2 Notched - barimpact test at room temperature (minimum operating temperature)

AKY (ISO-V) 2 81 (260)

2.3 Toughness determination
231 FATT S50

‘The FATT 50 value :shall be determined according to:ASTM. A 370. The determined FATT 50 shall not
be higher than —-18°C (0°F).

Ce document propriété-exclusive de noire Soc:été est stnctemen! conf/denhel lI ne, peut §tre: commumqué copié ou: naprodult sans.son auto-:
nsat/on écrite. ©. ALSTOM.2007
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23,2 Fracture toughness. at room temperature

“This: examination: has only to be performed if fequested in the I&T plan. The K¢ value. shall be esti-
mated from tangential oriented tensile and Charpy -'V-specimens from the outer test:ring using: the
Begley -and Logsdon méthod (according to instruction HZLM 620206). The estimated Kic valié is for

information only:

2.4 Other requirements

For the other requirements the material delivery instruction SBV:MF1009 shall apply. The: tests shall-be
carried out according to the mstructxons SBY MF2002 and SBV MF2004.

3. Documentation

The requested test values 2.1 to 2.3.2 must be stated in the test certificate.

4. Reference documents

'SBV MF1009.

SBV 'MF2002

SBVMF2004

HZLM 620206

Material spécification. B 65 A:S steel

Product general technical specmcatlon low-alloy stell forgings for components of

‘weldéd rotors for steam turbines

Particular technical specification of part:— Low-alloy :steel forgings, for compo-
nents of welded rotors for steam turbines

Determination of KIC cc. to' Begley and lLog‘sdon
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Rotor forgings in STM 528 for nuclear steam turbine

1. Scope
‘The present instruction . applies. to forged pieces. for. turbine rotors made of STM 528. This instruction

summarizes the: reqwrements concering mechanicadl properties. of rotor forglngs specified in the déliv-
ery instruction SBV'MF1023.

If the value in the: delivery instruction SBV M1023 deviates from the values-indicated in the present in--
struction; the requirements of the latter will apply.

2. Tests
The following requirements, as stated in the delivery. instruction SBV. MF1023, must be verified:
2.1 Tensile properties at room temperatiire

‘Each welded rotor consists: of several shaft parts (forgings). The requested yield'and tensile strength
values obtainéd after post:welding: heat treatment are specified hereafter:

o ~ MPa | (Ksi)
~ Rm Ultimate tensile strength >T750 { (> 104,2)
T oo | Yield strength or 0,2% proof N P
Re | strengin_ 600 - 700 (87.-101,9)

2.2 Notched — impact test at room temperature (minimum operating temperature)-

The following values:shall be verified after post-welding heat treatmerit:

S ! J {ftib)
L_AKV@SON) | tansversal | =281 |  (»60)

2.3 Toughiness determination
2.3.4 FATT50

The: FATT 50 value shall be determined accordmg to ASTM A 370. The, determined FATT 50 shall not
be higherthan: ~30°C (-22°F)..

-Ce'document; ‘propriété exclus:ve -de notre Sociéts; est: strictement confldentlel Il ne peut:étre communiqué, copié ou reprodult sans‘soniauto-
.nisation écnite. ©. ALSTOM 2007
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2.3.2 Fracture toughness: at room temperature

This: examination Has only to be performed if requésted in the 1&T plan. The Kic.value shall be esti-
thated from tangeritial oriented tensile and Charpy —'V $pecimens from the outer test ting using the

Begléy and Logsdon method (according to instruction HZLM 620206). The estimated K¢ value is for
information only:
2.4 Other requirements

For the other requirements the: material delivery instruction SBV MF 1023 shall apply. The tests shall be
carried out according tothe instructions SBV NMF2004, SBY MF2002, :SBV: MF2001 and SBV MF2005.

3. Documentation

The requested test valugs 2.1 t6:2.3.2 must be stated in‘the test certificate.

4. Reference documents.
‘SBV MF1023 Material specification STM:528 steel

SBVMF2002, Product general technical specification low-alloy: stell forgings for components of
‘welded rotors for steam turbines

SBV.MF2004. Particular technical specification of part — Low-alloy steel forgings: for -compo-
nents of welded rotors for steam turbines

SBV MF2001 Product general technical specification low-alloy ‘steel forgings for- monobloc ro-
tors for:steam turbines. ' '

SBV'MF2005 Particular technical. specification of part — Low-alloy steel forgings for steam: tur-
bine welded rotors service temperature below. 300°C T

HZLM 620206 Determination of KIC cc. to Begley and Logsdon.
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Determination of Kj¢ cc. to Begley and Logsdon
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A Scope:

These instriictions specify the: procedure: and evaluation of the: measuremeérits for determining K;e ‘ace. to
Begley and' Logsdon; they apply: when this method: is explicitly required: in the technical instructions; the
test plan or the ordér;

1;

2  Purpose:andApplication:

The méthod acc, tof Begley and’Logsdon is:used to evaluate the fracture mechanics of: forgings.
It. has.'been proved that the real Kig; curves (ASTM E 399:81) as a function: of temperature can be
estimated on the basis of tensile and impact fests. .

n;
EN

2. SRS,
£ l'ﬂpproved

|

 Procediife |
\
3.4 Fundamentals of the: Method ' i‘

Type

Rev.[Releasad
CJs B [2002:03-13
(%)

]

Begley aid: Logsdon compared numerous: K,C values in function of temperature with: empiric:formulas and
‘found out that the K¢ value corresponding to. FATT 95: (95% brittle fracture, i.e. in the low:shelf- of the
énergy absorbed temperature curve) is proportlonal to the 0,2% yield! strength (Rpo 2) atFATT 95
‘temperature:

(Kie. givenin Mpa m. if Ry 5 in MPa) @)

The-value-at FATT 95 is taken for the 0,2% yield strength (R ,).

Thee Value K¢ for-a temperature FATT 5 (5% brittle fracture, i e, in'the:high shelf of the energy absorbed
temperature curve) is obtained by the equation

12
Kic = Ripgp © (%64'5.‘?&‘\1-‘-'0300535) @
~ “ \Rpoz ‘ :

(chmMpa JE , Rp’O;vZ»,in Mvp‘a, Av |nJ)
The values at FATT 5 are taken for the. 0;2% yield strength ( Rpo.2 ) and the enegy absorbed (A,)..
The teén value of the values.established for FATT 5 arid FATT 95 is Kic at’FATT 50

* The development:of Kiz:as afunction. of material temperature-can be estimated by drawing a curve
through:the:three: pomts FATT 5750 /95, see figure.

‘We resérve all rights in.this:document and.in'the: information:contained tharein, REpioduCtion, Use.of disclosure to:third parties.withotit expréss
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Fraocture tolghinessiK, (BL) in Mpa Jm

7

FATT95 FATT50 FATTS

Testtemperatuis T (°C)

The letters "BL"must be added to distinguish between fracturé:toughnéss:Values calculated:acc. to Begley and
Logsdon and values determined by:fracture machanics tests.

3.2

3.2:1

$n(32.2

32.3

33

Measurements.
‘Specimens

Normal 1SO-V:specimans(EN 10045:1) 6f Charpy-V spécimens (ASTM Ei23) are used. for the notched bar’
impact tests and round, _short proportional bars (EN 10002-1 and ASTM E8) for the tensile tests. .

‘Notched Bar Impact Test,

The brittle fracture surface-temperature cuive from 0% to 100%. brittle fractiire is:obtained by making three:
tests at each 'of the seven adequately chosen temperatures (the first three tests are usually carried out at
room temperature).

‘The test temperatures $hould: b such that the valties to lbe detérmined are ‘obtained by interpolation .and
not extrapolation. Hence:follows:

FATT 5 (temperature;at 5% brittle fracture, in the high shelf)

FATT 50. (temperature:at 50% brittle fractire, in the-transition zone)

FATT 95 (température:at 95% brittle fracture; in the low sheif)

The energy ‘absorbed-température cuive shows

A (energy‘absorbed at FATT 5 temperature)

Ao (energy-absortied at FATT 50 temperature)

A5 ‘(energy absorbed-at FATT 95 temperature)

The arithmetic mean value of the three:tests made at one terfiperature is the valiié of the energy abscrbed.
Tensile Tests:

The fensile tests with extensometer :are: carried -out to determine the 0,2% yield strength at FATT 5. and
FATT 95 temperature.

Evaluation for.Kc ( BL )-
@) ace. to.equation (1), thefracture toughness at FATT 95 is calculated using the value R'prozz;‘(at FATT 95).

b). acc. to equation (2), the fracture toughness at FATT :5:is calculated using the values RpO 5 (at FATT 5)
‘and A, (at FATT §5).




ABE o Toe= o | HZLM 620206

en:

c). the fracture'tolighiness.at FATT 50 is:determined.as the mean values of a) and b).
d) ih'accordance with 3.1, the curve
Kig BL) =1(T)

is obtained by drawing a curve through the three values..

Test:Certificate
The certificate’ must:specify: the:following:particulars:
- Position;of the tensile- and notched bar impact test specimens.iri the test piece or drawing riumber
-Results.of the notched bar impactitests as .

a) brittle:fracture fsi.irf'ét:éftempe’r,aftu:'“e cuh\j,e%s_ho\;ving. all 21 values

b)-energy absorbed-temperature:curve.showing all 21 measured values
- Energy. absorbed Ays . Ay . -Aygs (J) and termiperatures FATT 5, FATT 50, FATT 95 (°C)
- Result'of the tensile tests at FATT 5 and FATT 95 |

( Rﬁd,z- R Z A5 y

= Fracture toughness-temperature curve including FATT § and FATT 95 with the calculated

values Ki (BL) at FATT 5/ 507.95in Mpa /m .
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inspection for internal defects — Ultrasonic examination

9 Scope and time of examination
The: ultrasonic .examination $hall take place at the following stages:
a). Before the quality heat treatment

b) After the quality heat treatment at @ stage. of the final machmmg such that it should :allow an-
-other quality :héat treatment when thé. measured permeability is madequate

This mspectuon shall allow to- spemfy which defects are-acceptable before the quality heat tréatment
and verify-that stich defects have not-evolved in the course of the-heat treatment.

- The inspection::shall be carried 'out in conformance with: IBA R22405. The éntiré volume of the part,
shall be examined with longitudinal waves,

Thie extent of the inspection for stage (a) is as follows:

= Forforgings, used for HP part of HIP rotors:
- Specified in:Attachment:6 to this document

- For forgings, use-foriP part of HIP rotors ‘or-for LP rotors:

= Discs: item 1.of attachment 1 to this document
- Shaftends without integraldisc:  item 1.and:2 of-attachment 2 to-this docurment
- Shaft ends with.integral disc: item 1:and 2 of attachment 3 to;this document.
- Rings: item 1 of attachment,4-to this document

For stage (by'the extent of inspection is, as'follows:

- For forglngs lise for HP part-of HIP rotors:

- Only the mspectlon correspondlng to item 1 in attachment 6 to:this document :shall be per-
forimed., Any defective region: (containing one or more. indications exceeding the reporting
fimits) detected - «during stage a) examinations. shall undergo :a further examination to: check
the. evolution of indications:

= For forgings; use for IP: part.of HIP rotors or for:LP rotors:

- Discs: All of attachment. 1 to this document
- ‘Shaft ends withoutiintegral disc:. Al 'of attachment:2 to this document
- Shaft ends with integral.disc: ‘All:of attachment 3 to this document
- Rings: Alliof attachment 4 to this document

Note: at stage (a) the:supplier may- supplement this inspection with order probing if he deems it neces-
sary.

Ce document;, propriéts: exclusive:de.notre: ‘Société, est strictement:coifidentiel. Il:né peut étre cormmuiniqué; copié.ou reproduit sahs son auto-
‘risation écrits. © ALSTOM 2007
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2 . [Evaluationof indications

The indications shall be:characterized in accordance with IBAR22405.

3 Reporting thréshold and criteria
34 ‘Reporting thresohold'
The following shall be reported:
- Any area showing a reduction in the back scho amplitude: exceeding 6 :dB,

- Any i,ndic‘atioh of relecting capacity greater than or equal to the reporting: threshold for the
maximum severity class corresponding to. the‘area iin which the indication 'is located.

The acceptance classes are given in table N°1.

For forgings used for HP. \part of HIP' rotors, the: diagrars :showing, maximum 'severity -acceptance
classes: by area are given in: attachment N°7 to this document. o 4

For forgings. usedfor IP part of HIP- rotors.or for LP rotors, the diagrams showing maximum severity
acceptance classes by area are-given i attachment N°5 to this document.

Note: - For éxamination at stage:

a) corresponding to probing in @xial direction of item: 1. of attachment:3 to. this. document, the.
probing sensitivity’ must enable detection of a defect with' an .equivalent diameter of 1,6 mm
at-a depth equal to thé discthickness.

b) corresponding 16 item.3 of attachment 2 to this document and items 1 and 3 of attachment 3

to'this document, the. probing sensitivity must enable detection of a defect with an'equivalent
diameter-of 1,6 mm at a dépth equal to the maximum radius of the part:

3.2 Criteria
- Any reduction in back echo amplitude éxceeding 6 dB
- Any linear indication

- Any indication exceeding the acceptance criteria for the class, of the area in which the indi-
cation is located.

The acceptance classes are given. in Table. N°1.

The diagrams: showing the maximum severity acceptance classes ‘are -given in attachment N°5 to this-
document.

If-one: or more iidications exceeding the acceptanice criteria for the maximur severity class of the area,
considered are detected, intefpretation of the. defect friap shall be subjected to a detziled xamination
by the forging shop, the manufacturer and the main contractor.
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4 Reference documents
‘SBY-MF 2004

Particular technical specification’ of part — Low-alloy steel forgings for compo-
nents. of:welded fotors for steam turbines

'SBV MF2005 Paiticulartechnical specification of part,— Low-alloy steel forgings for steam tur=

bine weélded rotors:service temperature below-300°C:

IBA.R22405 Inspéction methods. - Ultrasonic examination: of forgings
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TABLE N°1

DEFINITION OF ACCEPTANCE CLASSES

) Reporting Isofated Grouped Clustered
‘Class threshold. indications indications indications:
max @ (mm) | max@(mm) | max@(mm) | max(mm)
s 0,5 1 07 ' 0,5
o) 1 16 3 2. 1,6
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ATTACHMENT 1

Ultrasonic inspection of discs
Forgings for LP rotors

item | Inspection - direction of probing Probing method

i

- Straight beam

- Straight beam;

h = Blade C o ‘
) :at’tabchm:nt t_’ﬁ'}?'e probes = Transverse

‘Zone waye .
(Angles between 45°.and 70°):

AP faces - S.E. probe

L‘._i_z}.,,,
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ATTACHMENT 2
Uitrasonic inspection of shaft ends
Forgings for LP rotors
inspection ~ direction-of By o -
ftem . probing Probing method
1 1- Straight beam.
f - Angle probes — Transverse
| wave
2 ‘Refraction angles chosen to
'suit geometry
(in principle 45° and 60°)
3 - Straight beam
=]
4 e e -'S.E. probe
|.

Note : the examination corresponding toitem N°2 shall be carried out only'in case of shaft ends:wheré
the balancing disc is obtained by upsetting.
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ATTACHMENT 3

Ultrasonic inspection of shaft ends with integraf disc
Forgings for LP rotors

item '“gpect';"::;?'::mon: of Probing method
1 - Straighit beam:
- Angle probes — Transversé
., L wae
2 ' Refractioh angies. chosen:to
i :suit geometry
: (in principle:45° and 60°)
3 - Straight beaint ‘
e .| - Angle probes ~ Transverse
4 zone | Lo, wave :
o (angles between 45° and ZO?);
}
5 --S.E. probe

Note': the examination corresponding to. item N°2 shall be: carried-out only in case:of shaftends where,
the balancing disciis:obtained by upsetting..
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ATTACHMENT 4

Ultrasonic examination of rings
Forgings for LP rotors
i H 4 . L. .
= i Inspection.~ direction of - .
ltem " probing Probing method
1 - Straight beam

- Straight beam

3 | S faces: |--S.:E. probe
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ATTACHMENT 5

Ultrasonic examination,
LP rotor

LEG END:

AN Classe:C: Blade attachmentarca, Height is specificd on inspeciion
drawing cited in the purchase order.

SN Classe S+

gw&i&i fhcezi):‘ 30 mm deep ared adjicent to the-designated _
front face.

S Classe 6

* (1) Shaficnd witly integral disc
*{2)Shaft end withgut integral disc
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ATTACHMENT 6

Forgings for HIP rotors

ol ome il
o Ssa

IR LAY

I
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ATTACHMENT 7

HIP rotor

A7

)L,

KLY ;
iR s ; watan ol e ALEG el
‘EE&QiZ?iﬁﬂ_ Class €, Regien of blede altdctmint
777771 Claas & (welding faces) : orea 31 ma denpy adjncenl Lo Lhg dealgnuted

oAl Face
OSSRy Class D

} Class 1

72770

HPROTOR w50 anidd 10N e



