. RAS /673

o
.

_ . May 17, 2006
UNITED STATES OF AMERICA : D%%';i?‘)

NUCLEAR REGULATORY COMMISSION .
’ - May 17, 2006 (4:02pm)

- Before the Atomic Safety and Licensing Board
. ) . OFFICE OF SECRETARY -
RULEMAKINGS AND
: ) ADJUDICATIONS STAFF
In the Matter of ) .
g ) Docket No. 50-271
ENTERGY NUCLEAR VERMONT ) '
YANKEE, LLC and ENTERGY ) ASLBP No. 04-832-02-OLA
NUCLEAR OPERATIONS, INC. ) (Operating License Amendment)
(Vermont Yankee Nuclear Power Station) ) ‘
_ 2 )

ENTERGY’S INITIAL STATEMENT OF POSITION ON
NEW ENGLAND COALITION CONTENTION 3

Pursuant to 10 C.F.R. § 2.1207(a)(1) and the Atomic Safety and Licensing Board’s | \
(“Board”) Revised Scheduling Order dated April 13, 2006 (“Revised Schéduling Order”), ! Appli-
cants Entergy Nuclear Vermont Yankee, LLC and Entergy Nuclear Operétions, Inc‘. (colléctivelj
“Entergy”) hereby subrhit ﬂ1¢ir Initial Stafement of Position (“Statement”) on.' New England Csali~
~ tion Contention 3 (“NEC Contention 3”). This Statement is supported by the “Testimony of Craig
J. Nichols and Jose L. Casillas on NEC 'Conténtion 3 — Large Transient Testing” (“Enfergy Dir.”) -
and exhibits thereto, bemg ﬁled s1mu1taneous1y herewith. .I |
L - INTRODUCTION

One of the contentions ongmally proposed by NEC was Contentxon 3 which asserts that

Entergy’s application for an extended power uprate (“EPU”) for the Vermont Yankee Nuclear

! As directed by the Board, “[t]he initial written statement should be in the nature of a trial brief that pro-

- vides a precise road map of the party’s case, setting out affirmative arguments and applicable legal stan-
dards, identifying witnesses and evidence, and specifying the purpose of witnesses and evidence (i.e.,
stating with particularity how the witness or evidence supports a factual or legal posmon) ” Revised

3 Schedulmg Order at 3. .

2 New England Coalition’s Request For Hearmg, Demonstration of Standing, Discussion of Scope of Proceeding
and Contentions, dated August 30, 2004, at 11 (“NEC Hearing Request”).
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Power Station (“VY”) (“EPU Application”) should not be approved unléss performance of Large

‘Transient Testing (“LTT”) is a made a condition of the uprate.> The scope of NEC Contention 3

.- has been recently clarified by the Board, which has ruled that “the ‘Large Transient Testing’ at is-

sue in NEC Contention 3, and the testimony and other evidence to be submitted concerning it, are
limited to the main steam isolation valve closure test and the turbine generator load rejection test.”
Memorandum and Order (Clarifying the Scope of NEC Contention 3) (April 17, 2006), slip op. at
N _ .

' NRC’S Review Standard RS-001, “Review Standard for Extended Power Uprates,” Revi-

sion 0 (December 2003) refers to Standard Review Plan (SRP) 14.2.1, “Generic Gﬁidclines for
. Extended Power Uprate Tesﬁng Programs,” (“SRP 14.2.1”) for the testing related to extended
. pdwer uprates.* Entergy Dir. at A18. SRP 14.2.1 in turn specifies that LTT is to be per’fomied as

part of the extended power uprate, and that the tests are to be performed in a similar manner to the

. testiﬁg that was performed' during initial startup testing'of the plant. Id. and Entergy Dir. Exhibit 4

at 1_4.2.1 -5. The SRP al}so”pro.vides guidancé on how to justify a request for deletion of testing re- |
quirements. Entergy Dir. at A19 and Entergy Dir. Exhibit 4 at 14.2.1-7 - 14.2.1-10.

The LTT that the SRP seeks to have performed for an EPU are the main steam isolation
valve closure test and the generatdr load rejection test. Entergy Dir. at A17 and Entergy Dir. Ex-
hibit 4 at 1;4.2;1-9.l The mai}n'k st‘earn’jsolétion valve (“MSIV”) tést‘is performed by rapidly closing
all ciéhf MSN s from full ratéd_poWer. Entérgy Dir. at A20. Sudden closure of all MSIVs at.
power is an “Abnormal Operational Tranisient” as deséﬁbe_d in Chapter 14 of the VY Updated Fi-

nal Safety Analysis Report (“UFSAR”). Id.

3 As adm1tted by the Board, NEC Contention 3 reads: “The license amendment should not be- approved unless Large

Transient Testing is a condition of the Extended Power. Uprate ” Memorandum and Order, LBP-04-28, 60 NRC
548, 580, Appendix 1 (2004).

4 RS-001 is available in the ADAMS system under accession number ML033640024 The cited provision appears
on Section 2.12.1 at 255. .



A generatof load rejection (ale known as a “turbine generator load rejection”) is initiated
by a rapid closure of the turbine control valves after a load rejection. Entergy Dir. at A23. A gen-

erator load rejection is an Abnorinalv Operational Transient.as described in Chapter 14 of the "
UFSAR. Id. | |

In its EPU Application, Entergy sought an exception to performing LTT as pé.rt of the test-
ing program for the EPU. Entergy Dir. at A10; see also Entergy Dir..Exhibits 5and 6.In séeking
that exception, Eﬁtergy addressed the factors outlined in SRP 14.2.1 as justifying not performing
the LTT, including: (1) VY’s general response to unplanned transients;.(2) analyses of specific -
events; (3) the impact of EPU modifications; and (4) rglevant industry experience. Entergy Dir. at

A26. |
In its Final Safety Evaluation Report for the VY EPU, the NRC Staff agreed that the ex-

ception from LTT requested by Entergy should be granted. Ehtergy Dir. at A28 and Entergy Dir.
Exhibit 7 (Final SER) at 267-271.° The Staff reached the following conclusion:

Based on its review of the information provided by the licensee, as
described above, the NRC staff concludes that in justifying test
eliminations or deviations, other than the condensate and feedwater
system testing discussed in SE Section 2.5.4.4, the licensee ade-
quately addressed factors which included previous industry operat-
ing experience at recently uprated BWRs, plant response to actual
turbine and generator trip tests at other plants, and experience gained .
from actual plant transients experienced in 1991 at the VYNPS.

- From the EPU experience referenced by the licensee, it can be con-
cluded that large transients, either planned or unplanned, have not
provided any significant new information about transient modeling

. or actual plant response. As such, the staff concludes that there is
‘reasonable assurance that the VYNPS SSCs will perform satisfacto-
- nly in service under EPU conditions. The staff also noted that the -

The SER is available in ADAMS under accession number ML060050028 Pages 267-271 are mcluded as Entergy
Du' Exhibit 7.



licensee followed the NRC staff approved GE topical report guid-
ance which was developed for the VYNPS licensing application.

 Final SER at 271.
| Likewise, in its letter to the NRC Chairman following its review of the EPU Application,
the Advisdry Committee on Reactor Safeguards concluded:

3. Load rejection and main steam isolation valve closure transient
tests are not warranted.  The planned transient testing program ade-
quately addresses the performance of the modified systems.

- Letter frorn Graham B. Wallis to NRC Chainnan Nils Diaz dated January 4, 2006 Entergy Dir.,
Exhibit 22.

1L APPLICABLE LEGAL STANDARDS
In propounding NEC Contention 3, NEC did not specify what legal standards would be
contravened by the grantlng of the exception from LTT at VY, nor was the issue addressed in the
* Board’s discussion of the i issue when the contentlon was admitted. See NEC Heatmg Request at
11; LBP-04-28, 60 NRC at 571-72. Section 2.12 of the SER for the VY EPU, on the other hand,
states that the acceptance }cri,teria for the VY EPU test program “are based on 10 CFR Part 50, Ap-
’ pendix B, Criterion XI, which requires establishment of a test program to demonstrate that SSCs
[structures systems and components] w111 perform satlsfactonly in service.” SER at 261. Crite-
rion XI of Appendlx B to 10 C.F.R. Part 50 states:
XI.V Test Control |
A test program shall be‘:established to assure that all festing required
to demonstrate that structures, systems, and components will per-
- form satisfactorily in service is identified and performed in accor-
dance with written test procedures which incorporate the require- -
ments and acceptance limits contained in applicable design docu-
ments. The test program shall include, as appropriate, proof tests
prior to installation, preoperational tests, and operational tests during
nuclear power plant or fuel reprocessing plant operation, of struc-
tures, systems, and components. Test procedures shall include provi-

sions for assuring that all prerequisites for the given test have been .
~ met, that adequate test instrumentation is available and used, and
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that the test is performed under suitable environmental conditions.
Test results shall be documented and evaluated to assure that test re-
quirements have been satisfied. :

10 C.F.R. 50, Appendix B, Criterion XI.
| | Entergy agrees that the legal standard for determining whether the EPU should be ap-
proved without the performance of LTT is whether, in the absence of LTT, the test program im-
plemented by Entergy for the EPU complies with Criterion XI by demonstratlng that structures,

systems, and components will perform satisfactorily in service at the proposed EPU power level.

IIL - APPLICANTS’ STATEMENT OF POSITION ON FACTUAL ISSUES

‘A.  Entergy’s witnesses and evidence

Entergy’s testimony on NEC Contention 3 will be'pre_sented by a panel of two experts,
each with extensive experience in boilin'g water reactor (“BWR”) operation »andvthe response of

BWRs like VY to large transients. The first of Entergy’s witnesses, Mr. Craig. J. Nichols, is the

EPU Project Manager for VY and, in that capacity, he is the manager for the implementation of ‘

EPU at VY. Entergy Dir. at A2. As manager for the. VY EPU project Mr Nichols hasbeenre-

sponsible for overseeing the plant modifications needed to 1mplement the upgrade and the per-

formance of the technical evaluatlons and analyses required to demonstrate VY’s ablhty to operate
safely under uprate conditions. Id. and Entergy Dir. Exhibit 1. Wlth twenty years of work expen-

. ence at VY, Mr. Nichols'is fami'liar vtrith VY’s operating history," current plant operatlons, and the
antlcxpated operatmg conditions after the uprate Entergy D1r at A3 and AS. |

The other witness in Entergy s panel is Mr. Jose L. Casillas, the Plant Performance Con-

- sulting Engmeer in the Nuclear Analysis group of the Englneenng orgamzatlon of General Elec-
tric (“GE”) Nuclear Energy. Mr Casrllas is respons:ble for BWR plant performance design and
analyses mcludmg evaluatlons in support of EPU apphcatlons Entergy Dir. at A7. He has over
thirty-three years of dlrect tech_mcal expenence worklng in all aspects of plant performance at GE

Nuclear Energy, including transient analysis. He is familiar with the analytical codes used to pre-



dict BWR plant response to operational transients and with the industryv experienc;e regarding the
response of BWRs to large transients. Id. at A7 - A9 and Entergy Dir. Exhibit 2.

The testimony and opinions éf the Entergy witnesses on NEC Contention 3 are based on
both their technical expertise and experience and their first hand knowledge of the issues raised in
NEC Contention 3. By contrast, NEC’s witness on this contention, Dr. Joram Hopenfeld, has pro-
vided no indication that he has any experience or expertise in the analysis or evaluation of large
operational transients at BWRs, nor does he profess to have any familiarity wi‘tli the operational
experience at either VY or other comparable plants with large transients. See “Curriculum Vitae
for Dr. Joram (Joe) Hopenfeld,” Exhibit A to NEC’s Answer to Entergy’s Motion for Summary Dis-
position of New England Cbalition Contention 3 (Dec. 22, 2005).

The evidence provided by the Entergy witnesses demonstrates that there is no .'support for
the claims made in NEC Contention 3. The extensive and conservative engineering analyses, his-
torical test and actual transient data, individual component testing, and observed performanc;e at
other plants experiencing‘ lairgé transients provide reasonable assurance and confidence thét VY
systems will function as designed in mitigation of large ﬁansients from EPU conditions. The po-
tential benefits, if any, from LTT at VY are significantly outweighed by the adverse effect on plant
systems and components from the tests themselves. VY’s request for an exception to LTT, there-
fore, is reasonable and poses nb -ﬂlréat to public health and 'safety.‘ Entergy Dir. at A61.

. B. The analytic'al tools used by Entergy prbvidé transiénf response predic-
tions that bound plant performance in large transient events under
- EPU conditions : o ‘ '
1. In advahce of implemé’ntatioh of the EPU, GE perfohhed analyses of the performance of
| VY under EPU cOndit-ions._ ‘These analyses included, among bihers, the résults of licensing

basis large transient simulations conductcd using GE’s ODYN code. Entergy Dir. at A40

and Entergy Dir. Exhibit 8.




~ 2. The results.of these simulatioﬁs Qeriﬁed that: (1) these trensients remain the limiting tran-
| sients fro;ﬁ the perspective of the selected parameters, and (2) the results remain within;the

design and license limits, and show significant margin to the limits. Id.

.‘ The large transient analyses for VY predict the behavior of the safety- ahd non-safety-

related systems in the plant during operational transients. These large transient analyses

model both the performance of the secondary side of the plant and any relevant poteritial

interactions between primary and secondary systems in a transient to evaluate the parame-

~ ters of interest. Id. at A29.

. ODYN is a proprietary code developed by GE and approved by the NRC in 1981 for use in

the analysis of GE BWR plant response to pressurization transients. A descﬁp_tion of the
ODYN model and the"qualiﬁcation as well as the NRC Safety Evaluation Report can be
- found in NEDO 24154-A (proprietary) dated August 1986. The ODYN model has been
epgx'aded over the last 20 years to include greater modeliﬁg detail such as increased nodes,
advanced physics correlations, and more representative control systems. These changes
have corisistently improved the eccuracy of the ODYN code and reduced the uncertainty in
its predictions compared against the qualification tests. Recently, the ODYN model has
been approved by the NRC for application to all GE BWR plant trans1ents Id at A30.
. The ODYN code models BWR vessel phys1ca1 components mechamcal equlpment func-

| tions, control systems and nuclear/ﬂlennal-hydraulic phenomena. The simulation involves
| descn'bing the ph}rsi'cal plant ; ih ther model (i.e. vo]uiﬁes, flow 'peths, resistances), estéb-
11shmg the de31red operatmg conditions (i.e., water level, power, pressure) and mtroducmg
a dlsturbance (1 e valve closure, pump tnp, control actlon) The ODYN model predicts

the plant response behavmr based on its physical model corre]atlons. The ODYN code has



been assessed against actual MSIV closure transients and load rejection transients at an oper-
- ating facilify._ Id. at A31.
6. The ODYN analyses assume operational configurations and component/system failures
| that bouﬁd (i.e., represent more severe conditions than) the transients that would occur dur-
ing normal plant operations or design basis events, including large transients. Id.
7. The ODYN code is acc_epted as a best estimate code, though it inclﬁdes some conservative
bi_‘ases due to simplified asﬁects of the model. GE has qualified the ODYN code against all
| significant plant transients and the NRC has acéépted that the ODYN code is a dependable
best estimate code. _I_cLat A34. As a best estimate codé. benchmarked against all sjgniﬁ-
cant tran_sients, ODYN is capable of predictihg accurately the plant behaviorldprin‘g tran-
sients occurring at higher EPU power levels. Id. at .A35. |
8 The ODYN code has been benchmarked against all :signiﬁcant plant transients including
furbine trip (equivalent in its eﬂ'ecfs to a generator load rejec_tion test) and MSIV closure
events. Id. at. 36 The turbine trip data were obtained from the Peach Bottom and KKM —
Mlih]enberg plants§ the MSIV ciosure data were obtained from the Hatch plaht. Id. at A37.
9. The results of ODYN’s-behchmark assessments demqnstrétc;_ the ability of the code to accu-
ratelyvpr'edict plant perfonnance dﬁn’ng lxarge‘ transi_ent_?,f ‘All versiqns of th'ev ODYN code
have been assessed against the bénchmarl; tésts and continue tél fb_rm the basis for the
‘code’s accuracy. vahe current version of the ODYN code'cor.ltinues to aécurately predict
” the overpower magnitude and sligﬁtly overpredict the overpressure magni_tpde. Id. |
10. If is'reasonaﬁlé to conélude’tﬁat the ODYN ‘sim_ulati,ons,_of VY’s behavivor in lé.rge trg_ﬁ-
sient’s during EPU: operation accﬁrate]y pfédicts the actual plant fcsponse tb those tran-

sients because the ODYN model is qualiﬁed for the analysis of this type of transient and



the resulting paratnetérs are within the applicable physicai correlations of the model for the
bounding licensing analysis. Also, a VY LTT at the increased power cqndition at constant
pressure would bé signiﬁcantly milder than the ODYN analyses. Seveial plant transients
have been compared against\ODYN predictions over the years to assess the specific BWR
licensing basis. All of these comparisons have determined that the licensing predictions
are bounding and that the plant equipment response is consistent with its desigii basis. Id,

at A4l.

C. The behavior of BWRs that have undergone EPUs under large tran-

11.

12,

sients has been satisfactory and within the bounds of analytical predic-
tions, thus confirming the validity of the transient analysns methodology

The VY EPU was 1mplemented followmg the guldelmes contained in the NRC-approved
document “General Electric Company Licensing Topical Report (CLTR) for Constant
Pressure Power Upfate Safety Analysis: NEDC-33004P-A Rev. 4, July 2003” (“NEDC-
33004P-A”). Implementation of the guidance in NEDC-33004P-A results in an increase in
reactor power withnut an increase in reactor operating preséure (i.e,a “constnnt préssure
power uprate” or “CPPU”). Id. at Al 3.

Thirteen BWRs similar to VY have implemented EPUs without increasing reactor operat-

ing pressure, including eleven p]ants in the United States and two in Switzerland (KKL —

Leibstadt and KKM — Muhlenberg). 1d. at A15. None of the eleven domestic BWR plants

13.

similar.to VY that have implémentcd EPUs without inéreasing reactor operating pressure
has been required to perform LTT at EPU power levels. 1d.

Those thirteen plants are similar to VY in all significant respeéts_that bear on large tran-

sient perfonnance. Id. at A16. For ei;aniple, the Brunswick units are both BWR/4 plants

with Mark 1 containments, like VY. Comparison of the designs of important parameters



' for the Brunswick and VY plahts shows their striking similarities in areas such as power
density, steaxn relief and bypass capacities that would affect the large transient perfonn;
ance of the plants. Such similarity supports the prediction that the performance of both

| piants ip the event of a large transient would be substantially the same. E and Entergy Dir.
Exhibit 3.

14. Of the thirteen BWR plants that have implemented EPUs without increased reactor operat-
iltg pressure, four (Hatch 1 and 2, Brunswick 2, and Dresden 3) have experienced one or -

" more unplanned largetransients from uprated pewer levels. Entergy Dir. at A44 and En-
tergy Dir. Excibits 9-16. __ |

15. Hatch Unit.2, which like VY has a BWR/4 Ma_rk I reactor, experienced a postjEPU un-
planned event that resulted in a generator load rej ection from approximately 111% eriginal

: rated thermal power (“OLTP”) (98% of uprated poWer) in May 1999. All systems at
Hatch Unit 2 functioned as expected and no anomalies were seen in the plant's response to
this event. Entergy Dir. at A44 and Entergy Dir. Exhibit 9.

. 16. Hatch 2 also experienced a post;EPU reacter trip on high reactor pressure as a result of
MSIV elosure (from 1 13% OLTP (100% of uprated power)) in 2001. All systems func-
‘tioned as expected and vd"esigned “g’iven the cOnditioas' _expen'enced during the event. En-
tergy Dir. at A44 and Entergy D1r Exhlbxt 10. | |

17 ‘Hatch Unit 1, which like VY has a BWR/4 Mark I contamment has expenenced two post-

| EPU turbme tnps from 112.6% and 113% of OLTP (99.7% and 100% of uprated power)
| Again, the behavior of the pnmary safety systems was as expected No new plant behav-

iors for either plant were observed. Entergy Dir. at A44 and En_tergy Dir. EXhlbltS 11 and

12.
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18.

19.

20.

21.

22.

23,

The performance of the Hatch.ur‘lits during transients wasrbounded by the ODYN code
prediction§ for those units. Entergy Dir. at Ad4,

The Hatch operating experience shows that the analytical models béing used at VY are ca-
pable of modeling plant behévior at EPU conditions. Id.

Progress Energy’s Brunswick Unit 2, which is a} BWR/4 with a Mark I containment very
similar to VY, experienced a post-EPU ‘unpla‘nned event that resultéd in a generator/turbine
trip due to loss of geﬁerator excitation from 115.2% OLTP (96% of uprated »thermal
power) in the fall of 2003. No anomalies were éxperienced in the plant's response to this
event, and no unanticipated plant behavior was observed. Entergy Dir. at A44 and Entergy
Dir. Exhibit 13. | |

The Bruﬁswick Unit 2 opérational experience shows that the analytical models being used
at Brunswick (which are the same as those used at VY) are capable of modeling primary
and secondary plant behavior at vEPU conditions. Entergy Dir. at Ad4. |

Exelon Generating Company LLC’s Dresden Unit 3, like VY a BWR/4 with a Mark I con-
tainment, experienced in January 2004 two turbine trips 'from 112.3% and 113.5% of
OLTP (96% and 97% of uprated power). The plant respénse was as prédicted in the tran-
sient énalysés, which use the same methodology as ﬂjOSe performed at VY. Entergy Dir.
at A44 and Entergy Dir. Exhibits 14 and 15. | |

In May 2004, Drésd_en 3 also EXperienéed_ a'loss of offsite vpo.wer which resulted in a tur-
bine tﬁ'p on Generator Load Rejection from 117% of OLTP (100% of uprated' power). The
plént response was again as predicfed in the tr_ahsient analyses. Entefgy Dir. at. Ad4 and

Entergy Dir. Exhibit 16.
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24. The Dresden 3 response to these transients indicates that the analytical models used for

. transient analyses (which are the same as those used at VY) are capable of accurately pre-

25.

26.

27.

28.

dicting transient plant behavior at EPU conditions. Entergy Dir. at A44.

In all céses, the plants experienced no anomalous response to large trarisients from EPU
operating levels and the plant response was as predicted in the transient analyses, which
use the same methodology as those performed at VY. Id.

In every instance in which unplanned large transients from EPU power levels were experi-
enced at these plants and an analysis of the scenario involved in the transients existed, the
plant’s respdnse was Bou‘nded by the analyses performed using ODYN and 1o new phe-
nbmena were exhibited in the response. 1d. at A45. | |

The response of these plants to éperational transieﬁts indicates that the analyﬁcal models
used for transient analyses are capable of accurately predicting transignt ‘plant behavior at
EPU conditions and suppoﬁs the conclusion that VY should also respbnd as predicted to
large transienfs during EPU operation. Id. at A44. -

D. Industry expériencé with Large Transient Testing Confirms the Ana-
lytical Predictions ‘ '

LTT has been performed after an EPU at one plant similar to VY. The KKL (Leibstadt)

. power uprate'_imp]ementation program was performed during thé period from 1995 to

+2000. Power was raised in steps from its previous operating power level of 104.2% OLTP

t0 119.7% OLTP. Uprate testing was performed at 110.4% OLTP in 1998, 11'3.4% O_LTP

in 1999, 116.7% OLTP in 2000 and 119.7% OLTP in 2002. KKL testing for major tran-

sients involved turbine ﬁ‘ips at 113.4% OLTP and 116.7% OLTP, and a generator load re-

jection test at 104.2% OLTP. Id. at A46.

12



~ 29. The transient tests at KKL showed that the uprate analyses performed by KKL (which

were performed using the ODYN code, as were VY’s) consistently reflected the behavier 4

of the plant. 1d. -

| 30. A compérison of the KKL turbine test transient performance against the ODYN predic-
tions shows eonsistency between the test results and those predicted in the model’s qualifi-
catiOn, as well as in other comparisens between ODYN run's‘ and plant operating data. In
a]l_ cases, &e ODYN ;model. slightly overpredicts vessel peak pressure. Id. at A47.

31. The KKL turbine trip test is en‘excellent predicfion of what a test at VY would show be-
cause KKL has a 2% higher power density than VY and both plants are of a full turbme : |
bypass capacxty des1gn Id

32. The fact that the Hatch, Brunswick and Dresden plants, alIvof which are similar in design
to VY, expeﬁenced no anomalous response to large transients from EPU operating levels
supports the conclusion that VY should also respond as predieted to large transients during

EPU operation. Id. at A44.

E. The VY Operational Experience Justifies the LTT Exception

| 33. Between 1991 and 2005 VY expenenced five large tran51ent while operating at full pre-
: EPU power levels. Id. at A49 and Entergy Dir. Exhrbxts 17-21
34. No sxgmﬁcarlt anomahes were seen in the plant s response to these five events. The per-
foﬁﬁance‘ of VY in “the transients rt experienced at pre-EPU pewer levels was well within
the bounds of the ODYN arla‘lyses;b Entergy Dir. at ASO. |
35. VY’s historical respensef'to large .trahsients provides a basis fer an exc_eptien to L’I'T. In
. particular, the transients in 2004 and 2005 occurred‘after‘ most of the modifications associ- ‘

ated with EPU were already implemented, including the new HP turbine rotor, Main Gen-

13



erator Stator rewind, the new hlgh pressure feedwater heaters, condenser tube staking, an
upgraded iéophase bus duct cooling system, and condensate demineralizer filtered bypaés.
In each instance, the modified or added equipment functioned normally during the tran-
sient. Tile plant’s performance during these recent transients, includingvthat of the modi-
fied components, demonstrates that the EPU modiﬁdations do not significantly affect the

plant’s response during transient conditions. Id. at A51.

~F. Systein and component testing during normal operations provide a ba-

36.

37.

_ sis for an exception to LTT
Technical Specification-required surveillance testing (e.g., component testing, trip logic
system testing, simulated actuation testing) is routinely performed during plant operations.

Such testing demonstrates that the structures, systems and components (“SSCS”) required

. for appropriate transient performance will perform their functions, including integrated _

peffonnahce for transient mitigation as assumed in the transient analysis. Id. at A52.

The main corﬁponents involved in LTT are tested ﬁequently. The MSIVs are tested quar-
terly. The saféty relief valves aﬁd spring safety valves are tested once every operating cy-
cle. These vaives are reqﬁired to perform in accordance with the design during large tran-
sie@_tSi_'their périodic tesﬁng’a5sufes that their perfoﬁna’née duﬁng large transi_gnts will be

acceptable. ‘Likewise, the reactor protection system instrumentation that is relied on to

' mitigate large transients is tested quarterly, assuring that it will carry out its design func-

38,

tion in the event of a lafge _tré.nsient. Id. at A53.
Because the characteristics and functions of SSCs are tested periodically during plant op-
erations, they do not need to be demonstrated further in a large transient test. In addition,

limiting transient analyses (i.e., those that affect core operating and safety limits) are re-

14



39.

40.

41.

performed for each operating cycle and are included as part of the reload licensing analy-
sis. Id. at A54..
G. | Similarities in pre- and post-EPU plant design and physical configura-

tion suggest that EPU implementation should have no effect on the
plant’s response to large transients

There are great similarities in design and system function between the pre- and the post-
EPU VY plant configuration Id. at A55. While some operating parameters (e.g., core

power distribution) have been modified to accommodate EPU operation and some setpoint

~changes were made, these changes do not measurably contribute to response to large tran-

sient s. None of the modifications that have been rnade will introduce new thermal-
hydraulie phenomena as a result of power uprate, nor are any new system interactions dur-
ing or as the result of analyzed transients introdnced. No systems have been added or
changed at VY that are required to mitigate the consequences of the large transients that -
would be the snbject of the LTT. Id. |

Operationally, the EPU modifications have no signiﬁcant effect on plant transient analysis
because, since the uprate is a eenstant'pressure uprate, most of the plant’s systerns will op-

erate in the same manner as before the uprate. Also, the VY EPU is performed without a

, change in operatrng reactor dome pressure from current plant operatlon Id.

There have been no ma_]or equipment modlﬁcatlons or new hardware 1nstallat10ns atVvy.

that could result in different large transient performance than that predlcted by the analyses

: and the plant s pnor operating history. Id. at 56. Most of the EPU modxﬁcatrons were

made to non-safety related components, whlch are not credlted in hcensmg basis transient

analyses Incidental modrﬁcatlons assomated w1th EPU, such as alarms indications, and

scaling changes also do not impact transient response. Id. at A56.
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' 42. Not only are the number of equipment modifications and additions relatively small but

43.

44.

none of these modifications will introduce any new thermal-hydraulic phenomena as a re-
sult of the power uprate. Nor are any new system interactions during or as the result of
analyzed transients introduced. Id. at A57.

VY’s performance dyiring the 2004 and 2005 transients, which occurred after most of the
modifications associated with EPU were already implemented, derﬁonstrates that the EPU
m_qdiﬁcations do not si gniﬁcantly affect the plant’s response during transient conditions.

Id. at AS1.

H. LTT would have an adverse impact on VY without compensating safety
‘benefits ‘

The performance of a SCRAM from high power, sﬁch as those that take place during LTT,

. results in an undesirable transient cycle on the primé.ry system. The occurrence of primary

45.

46.

System tfénsient cycles should Be minimized, since they ihtroduce unnecessary stresses on
the primary system components. Id. at ASS8.

An MSIV cldsﬁre test performéd as,part_of LTT would not result in an appreciable tran-
sient because the SCRAM signals would issue from the MSIV position switches and a
SCRAM would immediately take place. 14, at A22. | |

A generator load rej ection test performed as part of LTT would result in bypass valve

~ opening and would in effect be the same as any plant trip at ‘fu]vl power and thus provide no

47.

comparable information to that resulting from an actual GLRWB transient. 1d. at A25.

If performed, the MSIV closure and generator load rejection tests would not confirm any

new or significant aspect of performance that is not routinely den_ionstrated by component

level testing and démonstrated through analyses. Id. at A27.

16



~ 48. The undesirable effects of performing the tests outweigh'the benefits of any limited addi-
tional infoﬁnation that may be gained from them. Id. at A58. : |
49. In addition, performance of each LTT causes a plant shutdown. Any plant shutdown re-
sﬁlts in é generétion outage for a period of time (typically 2-3 days) for -the plant. Since -
| there are no fneasurable safety‘ béneﬁts to be derived from the performance of the tests, the
loss of generation revenﬁe and other coéts associated with the perfdnnance of the tests

cannot be economically justiﬁed; Id.

"IV.  CONCLUSION

The extensi'ye and conservative engineering analyses, »histori‘cal.test and actual transient
data, indiﬁdual component testing, and‘observed performance at other plants experiencing large
&ansimts'prdvide reasonable .assurance and confidence that VY systems will fuﬁction as designed
‘. in mitigation of large tranéients from EPU conditions. The potential benefits, if any, from LTT at
VY are .signiﬁcantly outweighed by the adverse effect on plant systems and _c_omponenfs from the
tests themselves. VY’s request for an exception to LTT, therefore, is reasonable and poses no
threat to public health and safety. I1d. at A61.

Consequently, the test prograni implementéd by Entergy for the EPU, which excludes the
performance of LTT, complies with Criterion XI of Appendix B to 10 C.F.R. Part 50 by
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demonsfrating that structures, systems, and components will perform satisfactorily in service at the

“proposed EPU power level.
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L WITNESS BACKGROUND
Craig J. Nichols (“CIN”)

Q1. Please state your full name.

Al. Y(CJN) My name is Craig J. Nichols.

Q2. By whom are you employed and what is your position?

A2, (CJN )1 am the Extended Power Uprate Pro_]ect Manager for En-
tergy Nuclear Operatlons, Inc.: (“Entergy”) In that capacity, I am
. the ,manage_r for the 1mp]ementatlon_ of the extended power uprate

(“EPU”) at the Vermont Yenkee Nuclear Power Station “VY?).

Q3. VPlease summarize your educatlonal and profess1ona1 quahﬁcatlons

kA3. . (CIN) My profess1ona1 and educational expenence is summarized
- -in the currzculum vitae attached to this testimony as Exhibit 1.
Briefly summarized, I have over twenty years of professional ex-

perience working in various technical and managerial capacities at



VY. For the last four years, I have managed all activities relating
to the implementation of the EPU at VY. Ireceived a B.S. De--
gree in Electrical Engineering from Northeastern University.

Q4. Whatis the purpose of your testimony?

A4,

(CIN) The plirpose of my testimony is to address, on behalf of
Entergy Nuclear Vermont Yankee, LLC and Ente'rgy Nuclear Op-
erations, Inc. (collectively “Entergy™), Contention 3 submitted hy
the New England Coalition (“NEC”) in this proeeeding. As ad-
mitted by the Atomic Safety and Licensing Board (“Board”),
NEC Contention 3 reads: |

The license amendment should not be approved unless Large
Transient Testing is a condltlon of the Extended Power

Uprate. _
Memorandum and Order, LBP-04-28, 60 NRC 548,”580, App. 1
(Nov. 22, 2004).

In addition, the scope of NEC Contention 3 has been clarified re-
eent]y_ by the Board, which has ruled that “the ‘Large Transient
Testing’ at issue in NEC Contention 3, and the testimony and other

evidence to be submitted concemmg it, are limited to the main

steam isolation valve closure test and the turbine generator load re-

. Jectlon test.” Memorandum and Order (Clanfymg the Scope of
NEC Contention 3) (Apnl 17, 2006) shp op. at 3.

Q5. “What has been your role i in the VY EPU project as 1t relates to NEC Contentlon =

37

AS. .

(CJN) In my capac:ty as manager for the VY. EPU pro_]ect I have
been respons1ble for overseemg the plant modlﬁcatlons needed to

-vlmplement the upgrade and the performance of the technical -

~ evaluations and analyses required to demonstrate VY’s ability to

operate safely under uprate conditions. 1am familiar with VY’s




-«

Q7.

Q8.

.

operating history, current plant operations, and the anticipated op-

erating conditions after the uprate.

Jose L. Casillas (“JLC”)

A6.

. | Please state your full name.

(JLC) My name is Jose L. Casillas.

By whom are you employed and what is your position?

A7.

(JLC) 1 am the Plant Performance Consulting Engineer in the Nu-

clear Analysis group of the Engineering organization of General

Electric (“GE”) Nuclear Energy. In that capacity, | am responsi-

ble for boiling water reactor (“BWR”) plant performance design
and analyses, including evaluations in support of EPU apphca-
tions and the development and apphcatlon of computer codes used

to predict BWR plant performance.

Please summarize your educational and professional qualifications.

AS.

(JLC) My professional and educational experience is summarized
in the curriculum vitae attached to thlS testimony as Exhibit 2. |
Briefly summarized, 1 have over thirty-two years of direct iechni-
cai_experience working in all aspects of plant performance at GE
Nuclear Energy, incl_uding transient analysis. 1 received a B.S.

Degree in Mechanical Engineering from the University of Cali-

~ fornia, Davis.

What is the purpose of your testlmony"

A9,

" (JLC) The purpose of my testlmony is to address those aspects of -
NEC Contentlon 3 that relate to the industry expenence regardmg

the reSponse of BWRs to large trans1ents




L OVERVIEW

A. Issues Raised By Contention -

QlO What is your understandmg of the technical issues raised by NEC Contention 3?

A10. (CJN) Inits license amendment application (“EPU Apphcatlon”)
to increase the authorized power level of VY from 1593 mega-
watts thermal (“MW?t”) to 1912 MWt, Entergy sought, in accor-
dance with the guidance in Standard Review Plan (“SRP”) 14.2.1,
to be ekcused from performing Large Transient Testing (“LTT”).
NEC Contention 3 asserts that LTT must be condtlcted to assure
that the public health and safety is pfotected during EPU opera-
tions, and that the EPU should not be approved unless LT'T is re-
quired to be performed. | '

Qll. Do you agree with the assertion in NEC Contention 3 that the EPU Application - -

- should not be approved unless LTT is a condition to the approval of the license
amendment? ,

All. (CIN,JLC)No.

Q12. What is the basis for your disagreement?

Al12. (CIN,JLC) The effects of Iarge transients at EPU conditions can

‘ be predicted aﬁaly_tically, on a plant-specific basis, without the
need for actual transient testing. This conclusion is supported by:
(a) the similarity of the pre-EPU and post-EPU VY desigh con-

ﬁguratlon and system functions; (b) results of past transwnt test-

ing at VY and other BWRs and the plants’ responses to unplanned '

' transients; (c) confirmation that the transient safety analysis re-
sults bound the experience from éCtualvtrahSients; and (d) the ex- -

: vperiencv:e with unplanned transients at qtheri post-EPU plants.
‘The transient analyses performed for the VY EPU demonstrate
 that all safety criteria are met under uprate operatihg conditions.

| On the other hand, a reactor SCRAM from EPU power levels —



such as would occur during LTT — would provide no meaningful
new information and would cause an undesirable transient cycle

on the station’s systems.

III. DISCUSSION

A. EPU General Description

Q13. Please describe the analytical bases for the VY EPU Application. '
A13. (CJN)The VY EPU request was prepared following the guide-

lines contained in the NRC-approved document “General Electric
Company Licensing Topicai Report (CLTR) for Constant Pres-
sure Power Uprate Safety Analysis: NEDC-33004P-A Rev. 4,
July 2003” (“NEDC-33004P-A”). Implementation of the guid-
ance in NEDC-33004P-A results in an increase in reactor power
without an increase in reactor operating pressure (i.c., a “constant

pressure power uprate” or “CPPU”).

Q14. Why is a CPPU advantageous? -
A14. (JLC) The CPPU methodology, which maintains the same reactor
operating pressure as originally licensed, greatly simplifies the
- enginceﬁng analysés and equipment and procedural changés re-
quired to achieve uprated conditions. It also assures that the
~ plant’s perfoi'manc'e during transients will be analogous to that be-

fore the uprate.

Q15. Have any other plants upratéd their thermal power usin_g' the CPPU approach?
~ Al5. (JLC) Yes. Thirteen BWRs similar to VY have implemented
' EPUs without increasing reactor operatihg pressure:
e Hatch Units 1 and 2 (1998) (105% to 113% of Original
Licensed Thermal Power (“OLTP”")) (The Hatch units

previously had 5% “stretch” uprates, from 100% to
105% OLTP) -

e Monticello (1998) (106% OLTP)



o Muehleberg (i.e., KKM) (1993) (105% to 116% OLTP)
o Leibstadt (i.e., KKL) (2000) (104% to 119.7% OLTP)

e Duane Arnold (2001) (104.1% to 119.4% OLTP) (The
Duane Arnold unit previously had a 4.1% “stretch”
uprate, from 100% to 104.1% OLTP)

e Dresden Units 2 and 3 (2001) (100% to 117% OLTP)

e Quad Cities Units 1 and 2 (2001) (100% to 117.8%
OLTP) _

e Clinton (2002) (100% to 120% OLTP)

e Brunswick Units 1 and 2 (2002) (105% to 120% OLTP)
(The Brunswick units previously had 5% “stretch”
uprates, from 100% to 105% OLTP).

None of the domestic BWR plants similar to VY that have imple-
mented EPUs Without increasing reactor operating pressure has

been required to perform LTT at EPU power levels.

Q16.  How similar are these plants to VY? -
~ A16. (JLC) They are similar to VY in all significant respects that bear
~ on large transient performance. For example, the Brunswick units
“are both BWR/4 plants with Mark 1 containments, like VY.
Comparison of the designs of impoftant parameters for the
Brunswick and VY plants shows their striking similarities in areas
suc_:h as power density, steam relig:f iand-bypass capacities that
would affect the large transient.,pérfonnance. of the_plants._ This
~ information has been cxtracted from UFSAR Tébles 1.7.1 through
1.7.4 of the VY and Brunswick plants (attached as Exhibit 3) and
| supports the prediction_ that the performance of both plants in the o

event of a large transient would be subsfantially the same.



tion Time, sec.

</=35

Parameter VY Brunswick | Comment
Power Density, 5.2 5.2 Equivalent
MW/assembly
Number of 368 560 | VY has 34% less fuel and cor-
v _Fuel Assem- respondingly lower steam
blies flow than Brunswick.
Steam Line 331 -391 VY has 15% smaller length,
Length, ft. | | though the stem flow is corre-
spondingly less than Bruns-
wick.
Safety and Re- 60 56 Equivalent
lief Capacity, :
% of Steam
' ‘Bypass capac- 86 69 VY has 25% greater capacity
| ity, % of Steam resulting in milder pressure
rise following a tur-
bine/generator trip.
Turbine Valve | </=0.1 | </=0.1 | Equivalent
Closure '.l_“ifne,' | '
sec.
Main Steam | </=5.0 | </=5.0 |Equivalent
 Valve Closure
" Time, sec.
SCRAM Inser- </=3.5 |Equivalent




B. Large Transient Testing

Q17. Which are the tests that are classified as LTTs?

Al7.

(JLO) NEDC-33004P-A defines two LTTs apphcable to EPU op--
erations: the Main Steam Isolation Valve (“MSIV”) Closure and
the Genérator Load Rejection tests. These tests, when conducted
during plarit operation, are similar to counterpart tests performed
during initial plant startup testing. The NRC Staff has accepted..
these two LTTs as verifying that plant performance after EPU will
be as predicted. See Exhibit 4, SRP 14.2.1, “Generic Guidelines
for Extended Power Uprate Testing Programs” (Draft, 2002)
(“SRP 14.2.17), Section III.C.2.f.

Q18 Does NRC guidance call for the perfonnance of LTT at plants undergomg an

EPU?

AlS.

(JLC) NRC’s Review Standard RS-001, “Review Standard for

Extended Power Uprates,” Revision 0 (December 2003) refers to
SRP 14.2.1 for the testing related to extended power uprates. The

'SRP specifies that LTT is to be performed in a similar manner to

the testing that was performed during initial startup testing of the
plant. SRP 14.2.1, Section IILA.1.

Q19. Does the SRP make prov1s1ons for hcensees to take exceptlon to the performance

of the LTT?

' Al9.

(CIN) Yes. The VSRP,provides‘ guidaricé on hoW'fo justify a re-
quest for c_eliminatiOn‘ of the LTT requirement. 1d., Section III.C.2.

Entergy has followed the SRP guidancc in_:taking exceptidn to

h‘performing the large transient tests (i.e.; MSIV closure and gen-

o erator load rejection tests) during EPU operétions at VY.

Q20. Please describe the MSIV qlosuré transient. :

A20.

(CJIN) Sudden closure of all MSIVs at power is an “Abnormal
Operational Transient” as described in Chapter 14 of the VY Up-



dated Final Safety Analysis Report (“UFSAR”). The MSIV clo-

sure test requires the fast closure (within 3.0 to 5.0 seconds) of all

eight MSIVs from full rated power.

| Q21. Whatis the purpose of the MSIV closure test?

A21.

(CIN) The MSIV closure test is intended to (1) demonstrate that
reactor transient behavior during and following simultaneous full
closure of all MSIVs is as expected; (2) check the MSIVs for

proper operation; and (3) determine or confirm MSIV closure

time at full power.

Q22. What limiting aspect of plant operations is challenged during a Main Steam Isola-
- tion Valve closure transient? - (

A22.

(CJN) The transient produced by an MSIV closure (“with Flux

SCRAM”) is the most severe abnormal operational transient from

the standpoint of increase in nuclear system pressure. However,

_ for the full licensing basis transient to take place it is necessary

that the direct SCRAM signals from the valve position sWitches :
that would cause a reactor trip do not occur and that the SCRAM

“be delayed u'ntil the high flux signal is received. For that reason,

an MSIV closure test performe_d as part of LTT would not result
in an appreciable transient because the SCRAM signals would is-
sue from the MSIvV posmon sw1tches and cause a SCRAM. The
prompt SCRAM would s1gmﬁcantly reduce the pressure transient

.. that would otherw:se occur.

Q23. Please descnbe a generator load reJectlon tran51ent

A23.

(CJN ) A Generator Load Rejection From Hi gh Power Wlthout
Bypass (“GLRWB”) (commonly referred to as a ““turbine genera-

tor load rejection” or a “generator load rejection”) is an Abnormal

| Operational Transient as described in Chapter 14 of the UFSAR.

The GLRWB:transient is initiated by a rapid closure of the turbine



control valves after a load rejection. For the full licensing basis

~ transient to take plaee, however, it is necessary that all bypass -

valves fail to open. (The bypass valves open following a control
valve closure to provide a path for steam to the condenser for

plant cooldown and to maintain reactor pressure control.)

Q24. | What aspect of plant operations is challenged in a GLRWB transient?

A24,

(CIN) A GLRWB provides a bounding challenge to the fuel

thermal limits, assuming none of the bypass valves open.

_Q25. What is the purpose of a generator load rejection test?

'A2S.

(CIN) The purpose of this test is to determine and demonstrate re- -
actor response to a generator trip, with particular attention to the
rates of change and peak values of power level, reactor steam |

pressure and turbine speed. In reality, however, a generator load

‘rejection test performed as part of LTT would result in bypass

valve opening and would in effect be the same as any plant trip at

full power and thus provide no comparable information to that re-

‘sulting from an actual GLRWB transient.

Q26. How did Entergy document its request for an exception to the LTT provisions in

SRP 142 1?

A26.

(CJN) Entergy included with its EPU Application as Attachment

7,“J ustlﬁcatlon for Exception to Large Trans1ent Testmg,” Ex-

hibit 5 hereto. Entergy subsequently supplemented.lts justifica-

tion for the fequested exception by submitting additional informa-

' ‘tlon EPU Apphcatlon, Supplement 3, Att. 2 (Oct. 28, 2003) at-
~ tached as Exhlblt 6. In those submittals, Entergy addressed the

factors outllned in SRP 14.2.1 as justlfymg not perfonmng the

LTT, 1nclud1ng (1) VY’s general response to unplanned tran-
. sients; (2) analyses of specific transients; (3) the 1mpact of EPU

- modifications; and (4) relevant industry experience. Entergy ad-

10



dressed the justification for not performing LTT in subsequent li-
censing submittals, including EPU Application Supplements 19
(October 2004) and 32 (September 2005).

| Q27. Why did VY take exception to performing these LTTs for its EPU?
A27. (CJIN) If performed, the MSIV closure and generator load rejec-

tion tests would not confirm any new or si gnificant aspect of per-
formance that is not routinely demonstrated by component levei
testing and demonstrated through analyses. It is 'important to note
that the EPU transient analyses for VY were performed assuming
operational cbnﬁgurations and component/system failures that are
impractical to replicate during a testing program and are unlikely -
to be seen during actual plant Operétions, and therefore bdund _
(i.e., represent more severe conditions than) the transients that

‘would occur during actual 'plant operations or duﬁng LTTs.

'028 Has Entergy s request for an exceptlon from LTT been approved by the NRC
Staff? ,

A28. Yes. In its Final Safety Evaluation Report for the VY EPU, the

‘ NRC Staff agreed that the exception from LTT requested by En-
tergy should be granfed. SER at 267-270, attached as Exhibit 7.

Thé: Staff reached thé fo’llowing conblusion: |

Based on its review of the mformatlon provxded by
the licensee, as descrlbed above, the NRC staff con-
cludes that in justifying test eliminations or devia-
" tions, other than the condensate and feedwater sys-

tem testing discussed in SE Section 2.5.4.4, the li-

- censee adequately addressed factors which included -
previous industry operatlng experience at recently
uprated BWRs, plant response to actual turbine and

~ generator trip tests at other plants, and experience

- gained from actual plant transients experienced in
1991 at the VYNPS. From the EPU experience ref-
erenced by the licensee, it can be concluded that
large transients, either planned or unplanned, have
not provided any significant new information about

11



transient modeling or actual plant response. As -~
such, the staff concludes that there is reasonable as-
surance that the VYNPS SSCs will perform satis-
factorily in service under EPU conditions. The staff
also noted that the licensee followed the NRC staff
approved GE topical report guidance which was de-
veloped for the VYNPS licensing application.

Q29. Can the behavior of the VY plant durmg a large transient be bounded analytl- -
cally? :

A29. (CJIN) Yes. The large transient analyses for VY, which were per-
formed using the NRC-approved code ODYN, predict the behav-
ior of the safety- and non-safety-related sysfems in the plant dur-
ing operational transients. These large transient analyses model
both the performance of the secondary side of the plant and any
relevant potential interactions between primary and secondary

systems in a transient to evaluate the parameters of interest.

Q30.  Please provide a summary description of the ODYN code.
'A30. (JLC) ODYN is a proprietary code developed by GE and ap-
| »proved by the NRC i in 1981 for use in the analysis of GE BWR"
plant response to pressurlzatlon transients. A description of the
ODYN model and the qualification as well as the USNRC Safety -
. Evaluation Report”can be found in NEDb 24154-A _(proprietary)
dated August 1986. The ODYN model has been upgraded over
the last 20 yeafs to inc]'ude gfeater'modeling detail snch as in-
| creased nodes advanced ‘physics correlatlons, and more represen-
tative control systems These changes have consistently 1mproved
the a accuracy of the ODYN code and reduced the uncertainty in its -
o predictions compared against the qualification tests. Recently, the
. ODYN model has been approved by the NRC for apphcatlon to
: all GE BWR plant transients.

Q31. How does the ODYN code model the behavior of BWRs such as VY during large
transients? _

12



A3l.

(JLC) The ODYN code models BWR vessel physical compo-
nents, mechanical equipment functions, control systems and nu-
clear/thermal-hydraulic phenomena. The simulation involves de-
sci‘ibing the physical plant in the model (i.e., volumes, flow paths,
resistances), establishing the desired operating conditions (i.e.,
water level, power, pressure) and introducing a disturbance (i.e.,
valve closure, pump trip, control action). The ODYN model pre-
dicts the plant response behavior based on its physical model cor-

relations.

The ODYN analyses assume operational configurations and com-
ponent/system failures that bound (i.c., represeht more severe con- .
ditions than) the transients that would occur during normal plaht

operations or design basis events, including large transients.

Q32 What is your understandmg of the term “design codes”?

A32.

~(JLC) Design codes are the computer simulation models applied

in analyses to ensure that the structures, systems and components
in a nuclear power plant discharge their intended function during
normal, transient and accident conditions. As such, design codes

incorporate appropriate margins of conservatism.

Q33. What is your understanding of the term “best estimate codes™?

A33.

@ LC) Best eStimate codes aré.cohiputer simulation models ap-
plied in analyses intended to accurately predict the actual behavior
of a nuclear power plant (or portions thereof) during normal opera-

tlons, transxents or de31gn basis acc1dents =

Q34 Whlch of the two terms, “desxgn code” or “best estimate code”, more accurately
descnbes the operatlon of the ODYN code? ' :

A34,

(JLC) The ODYN code is accépted asa be'st>cstin‘1ate code,

though it includes some conservative biases due to simplified as-
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- pects of the model. GE has qualified the ODYN code against all
significant plant transients and the NRC has accepted that the
ODYN code is a dependable best estimate code.

Q35. What is the impact of the nature of the ODYN code on the ability to obtain realistic
predictions of plant behavior during the two large transients that are the subject of -
this contention?

A35. (JLC) As abest éstimate code benchmarked againét all significant
transients, ODYN is capable of predicting accurately the plant be-

havior during transients occurring at higher EPU power levels.

Q36. Has the ODYN code been assessed against actual MSIV closure transients or load
- rejectlon transients at an operating facility?

A36. (JLC) Yes, the ODYN code has been benchmarked agamst all
significant plant transients including turbine trips (equivalent in
its effects td a generator load rejection test) and main steam valve

| isolation events. The turbine trip data were obtained from the
‘Peach Bottom and KKM plants; the MSIV c]osure data were ob-
| tamed from the Hatch plant.

The.qualiﬁcation of ODYN‘ against the plant pressurization tran- |
sients involved médeling each plant description and simulation of
the transient. 'bIA'he‘ ODYN code-predic_téd parameters are com- ..
pared agéinst the measured data, and the reshlts of the coxﬁparison

are used to determlne the apphcatlon bas1s of the ODYN results to

, hcensmg analyses

| '.Q37 Do the results of these benchmark assessments demonstrate the ability of the code to
‘ accurately predlct plant perfonnance during large transients? h

A37 (JLC) Yes. The Peach Bottom turbme trip tests date back to the..
late 1970s and form the 1n1t1a1 benchmark for pressunzatlon tran-
~ sients and uncertamty margins for the ODYN code. All subse-

‘quent advanced versions of the ODYN code have been assessed
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against these tests and continue to form the basis for the code’s ac-
curacy. The current version of the ODYN code continues to accu-
rately predict the overpower magnitude and slightly overpredict the
overpressure magnitude vis-a-vis the Peach Bottom tests. The
ODYN model was later also qualified against MSIV transrent data

and determined to also predict the peak pressure results conserva-

tively, consistent with its approved application basis.

‘Q38 What other assessments have been made of the performance of the ODYN code
- and its ability to predict the behavior of BWRs such as Vermont Yankee during

large plant transients?

A38.

(JLC) The ODYN model was initially developed exclusively for

the prediction of, and benchmarked against, fast pressure tran--

sients such as MSIV closure, turbine trips or GLRWBs. How- -
ever, since that time; GE has expanded its qualification and appli-
cation to include all other significant transients, such as recircula-

tion flow and coolant temperature disturbances. The code has

been determined to accurately predlct plant behavior in those tran-

s1ents

Q39. Do the large transient analyses compute ihe stresses that are imparted on mechanical
components during the transients under uprate conditions?

A39.

N LC) The best estimate ODYN model is apphed using bounding

- equipment performance and hmmng initial conditions to predict _

the plant behavior. The resultlng predrcted_parameters - princi-

 pally pressure histories — are used to confirm that the reactor com--

ponents and vessel meet the loads used in their design. Withre-

~spect to large transients, the param‘eter of interest is the peak ves-

sel pressure, whose design value is 1375 pSig. The .overpressure_ :

v‘tranv's'i-‘ent_analysis is p’erfdrmed to conﬁnﬁ that the predicted peak

pressure remains below this desi gn value. No other loads on the

vessel or its components are derived from the overpressure tran-
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sient analyses. Therefore, stresses on components are not direct

outputs of the ODYN simulations.

Q40. Have transwnt analyses been performed for MSIV closure and generator load re-
jection transients at VY occurring under EPU operation that bound the plant’s be-

havior during those trans1ents‘7

A40.

(CIN) Yes. In advance of lmplementatlon of the EPU, GE pre-
pared in December 2005 an updated Supplemental Reload Licens-
ing Report (“SRLP”) containing analyses of the performance of
VY under EPU conditions. The SRLP contained, among others

~ analyses, the results of licensing basis GLRWB and MSIV closure

simulations conducted using the ODYN code. Copies of the
pages of the SRLP that summarize the results of these simulations
are included as Exhibit 8. The results of these simulations veri-

fied that: (1) these transients remain the limiting transients from

- the perspective of the selected parameters, and (2) the results re-

* main within the design and llcense limits. Based on the bench-

mark results, the peak pressures calculated by ODYN would be

“overpredicted (conservatively high). These analyses still show

s’igniﬁcant margin to the limits. This type of analysis is per-

formed as part of the core design for each operating cycle.

Q41. Why is it reasonable to conclude that the ODYN s1mulat10ns of VY’s behavior in
large transients during EPU operation accurately predlcts the actual plant response
to those transients?

- Adl.

(JLC) The ODYN model is qual1ﬁed for the analysxs of thls type

of t_rans:ent and the re_sultmg parameters are within the apphcable

” , physlcal cerrelati_ons of the model for the bounding licensing

analysis. ‘Also, a VYvLTT at the increased power condition at
constant pressure would be mgmﬁcantly milder than the ODYN

v analyses Several plant transients have been compared against

- ODYN predictions over the years to assess the specific BWR li-

censing basis. All of these comparisons have determined that the
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Q42.

Q.

licensing predictions are bounding and that the plant equipment
response is consistent with its design basis. Furthermore, GE has
simulated in detail some of the transients for the purpose of revis-
ing the eduipment response or setpoints in order to improve the
plant response. None of these simulations has shown any ODYN
model deficiency with respect to its licensing and qualification
basis. Therefore, GE does not expect any model qualification

‘benefit from the VY tests.

Technical Bases fdr Not Performing LTT at VY under EPU
Operation '

Besides the results of the ODYN analyses that you just described, is there a tech-
- nical justification for excusing VY from performing LTT under EPU operations?

(CJN, JLC) Yes. There are several sound technical bases that
support Entergy’s request for an excéption from performing LTT

‘at VY under uprate operations.

What are these bases?

A43. (CIN, JLC) They include: (1) the behavior of other plants that

have experienced large transients during EPU operations; (2) the
results of LTT conducted at an European plant similar to VY; (3)
VY’s responses to uhplanned transients; (4) the regime of periodic

Cbmporignt and system testing at VY; and (5) the similarity in

~ VY’s pre- and post- EPU design éoriﬁguration and system func-

tions. From these technical bases, it is reasonable and justifiable
to conclude that the effects at EPU conditions can be analytically
detéﬁnined on a plant-specific basis withOut the need for actual v

transient testing. The transient analyses peifformed for the VY

" EPU demonstrate that all safety criteria are met and the uprate

does not cause any previously non-limiting transient to become

- limiting.
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D. Industry Experience Confirming the Transient Analysis Meth-

odology

Q44. What industry experience confirms the basic transient analysm methodology used
by Entergy at VY? :

Ad4, (JLC) Ofthe thineen BWR plaﬁts that have implemented EPUs

without mcreased reactor operating pressure, four (Hatch 1 and 2,

Brunswick 2, and Dresden 3) have experienced one or more un-

planned largc transients from uprated power levels. Specifically:

Southern Nuclear Operating Company’s (“SNOC”) application

- for EPU of Hatch Units 1 and 2 was granted without a re-

‘. quirement to perform large transient testing. VY and Hatch are
“both BWR/4 plants with Mark I.containments. Hatch Unit 2
‘experienced a post-EPU unplanhed transient that r_esilltéd ina

generator load rejection from approximately 111% OLTP

(98% o_f uprated power) in May 1999. As noted in SNOC's
LER 1999-005-00 (attached as Exhibit 9), all systems func-

tioned as expected and no anomalies were seen in the plant's

‘response to this transient.

Hatch 2 also experienced a post-EPU reactor tr1p on hlgh reac-
tor pressure as a result of MSIV closure (from 113% OLTP

¢! OO% of uprated power)) in 2001. As noted in SNOC's LER
12001-003-00 (attached as Exhibit 10), all systems functioned as

~expected and designed, given the cbndvitionS"experienced dur-

ing the transient.

‘In addition' Hatch Unit 1 has experiénded two post-EPU tur-
“bine mps from 112.6% and 113% of OLTP (99 7% and 100%

of uprated power) as reported in SNOC LERs 2000-004-00 and

2001-002-00, respectively (copies attached as Exhibits 11 and

12). Again, the behavior of the primary safety systems was as
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‘expected. No new plant behaviors for either plant were ob-
served. The Hatch operating experience shows that the analyti-
cal models being used (which are the same as those in use at

VY) are capable of modeling plant behavior at EPU conditions.

As discussed earlier, Progress Energy’s Bmﬁswick Units 1 and
2 — which are very similar in deSign to VY — were licensed to
uprate their power output to 120% of OLTP. Brunswick Unit 2
experienced a post-EPU unplanned transient that resulted in a
generator/turbine trip due to loss of generator excitation from

~ 115.2% OLTP (96% of uprated thermal power) in the fall of

© 2003. As noted in Progress Energy’s LER 2003-004-00 (at-
tached as Exhibit 13), no anomalies were experienced in the
plant's response to this transient, and no unanticipated plant ”
behavior was observed. The Brunswick operational experience
shows that the analytical models being used (which are the
same as those used at VY) are capable of modeling primary

and secondary plant behavior at EPU conditions.

Exelon Generating Company LLC’s applications for EPU for
Quad Cities Units 1 and 2, and Dresden Units 2 and 3 were
granted withoﬁt requiring the performance of LTT. The Quad
" Citi‘es‘a'nd Dresden units are plants similar to VY, featuring
‘Mark con'tainmenfs. Dresden 3 has expefieﬁced’several tur-
Bine trib_s and a generator lpad rejection from hlgh uprated
ﬁower .c‘c‘)ndi_tions. InJ émuary 2004, _Drcsden 3 experienced
two turbine trips from 112.3% and 113.5% of OLTP (96% and
97% of Uprated power) as reported in Exelon LERs 2004-001-
00 and"2004-002-00‘,,respéctiVeljl (attached as Exhibits 14 and
B 15). The _plant resp()nse was as predicted in the transient analy-
‘ses, which used the same methodolbgy as thosé performed at

VY. The plant response indicates that the analytical models
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used for transient analyses are capable of accuratelyp’re’dieting

transient plant behavior at EPU conditions.

e Similar plant response was observed in May 2004, when Dres-
den 3 also experienced a loss of offsite power which restlted in
a turbine trip on Generator Load Rejection frem 117% of
OLTP (100% of uprated power). See Exelon LER 2004-003-
00 (attached as Exhibit 16). "

The faet that the Hatch, Brunswick, and Dresden plants, all of
which are similar in design to VY, expeﬁenced no anomalous re-
sponse to large transients from EPU operating levels supports the

| conclusion that VY should also respond as predicted to large tran-
sients during EPU operation. |

Q45. Was the ODYN code used to prov1de the boundmg transient analyses for all of
these plants?

| A4S, (JLC) Yes. In every instance in which unplanned large transients
from EPU power levels have been experienced_'at these plants and
ah anaiysis of the scenario involved in .the transients existed, the |
plant’s response was bounded by the ahalyses performed ﬁsing

OD_YN and no new phenomena were exhibited in the response.

E. Indlistry.e)'xperiehce with Large Transient Testing

Q46. Has L'I'I‘ been performed on any plant aﬂer an EPU and if so what were the test |
results? » _

A46 (J LC) Yes. The KKIL, (Lelbstadt) power uprate 1mplementat10n
‘program was performed during the period from 1995 to 2000.
'- Power was raised in steps from its previous operatmg power level
Of 104.2% OLTP to 119.7% OLTP. KKL 'iesting for major tran-
sients involved turbine trips at 113.4% OLTP and 116.7% OLTP,
‘ aﬂd a generator load rejection test at 104.2% OLTP. |
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Q47.

Q48.

The response of the KKL reactor and other plant equipment dur-

ing those large transient tests was satisfactory and was bounded

by the ODYN code predictions for that plant.

How did the response of the KKL plant to a turbine trip transient compare to the
analytical predictions made by the ODYN code?

A47. (JLC) A comparison of the KKL turbine test transient perform-
ance against the ODYN predictions shows consistency between
the test results and those predicted in the model’s qualification, as
well as in other comparisons between ODYN runs and plant oper-
ating data. In all cases, the ODYN model sli ghtly overpredicts
vessel peak pressure. The KKL turbine trip test is an excellent
prediction of what a test at VY would show because KKL has a
2% higher power density than VY and both plants are of a full
turbine bypass capacity design. ‘

NEC alleges (December 22, 2005 Answer to Entergy’s Statement of Material
Facts Regarding NEC Contention 3, para. 20) that since KKL is a foreign reactor
not subject to NRC regulation, the KKL test results are irrelevant to the VY EPU,
and that even if relevant, there is no ready means of reconciling regulatory data to
those applicable to VY. Are these allegations valid?
A48. (JLC) No. Plant test performance is a physically observable phe-
| nomenon, which can be objectively measured and is independent
of the regulatory regime. Furthermore, the same ODYN analyti-

~ cal model as used for VY was applied to sirriulatc this test.

F. vy Operating Experienéé

Q49. Has VY expenenced large trans1ents durmg its operatmg 11fet1me‘7

_ A49. (CJN) Yes VY has previously expenenced the followmg un-

planned large transients:

. On 3/13/1991, w1th the reactor at full power, a reactof SCRAM

occurred as a result of Turbine/Generator Trip on Generator
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Load Rejection due to a 345 kV Switchyard Tie Line ‘Differeh-
tial Fault. This transient was reported to the NRC in LER
1991-005-00, dated 4/12/91 (attached as. Exhibit' 17).

e On 4/23/1991, with the reactor at full power, a reactor SCRAM
occurred as a result of a turbine/generator trij) on generator
load rejection due to the receipt of a 345 kV breaker failure
signal. The transient included a loss of offsite power. This
was reported to the NRC in LER 1991-009-00, dated 05/23/91
(attached as Exhibit 18).

e On 6/15/1991, during normal operation with reactor at full
" power, a reactor SCRAM occurred due to a Turbine Control |
Valve Fast Closure on Generator Load Rejection resulting from
a loss of the 345 kV North Switchyard bus. This transient was
 reported to the NRC in LER 1991-014-00, dated 7/15/91 (at-
tached as Exhlblt 19).

e On 6/18/2004, during normal operation with the reactor af full |
power, a two phase electrical fault-to-ground caused the main
generator protective relaying to iselate the main generator from
fhe gﬁd and resulted in a Generator Load Rej ection reactor
SCRAM. This transient was reported to the NRC in LER
20044003-00, dated 8/ 16/2004-(attached as Exhibit 20).

" On 7/25/2005, during normal ‘opevration with the reactor at full
power, a generator load reJectlon SCRAM occurred due toan
velectncal transient in the 345kV Sw1tchyard This trans1ent

| - was reported to the NRC i 1n LER 2005 001-00 (attached as Ex-

hlblt 21)

Q50. Did VY perfonh as expected in response to these tfaﬁsients?
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AS50. (CIN) Yes. No significant anomalies were seen in the plant’s re-
sponse to these transients. The performance of VY in the tran-
sients it experienced at pre-EPU power levels was well within the

bounds of the ODYN analyses.

Q51. Does VY’s historical response to large transients provide a basis for an exception

to LTT? A
AS1. (CIN) Yes. In particular, the transients in 2004 and 2005 oc-
curred after most of the modifications ass_ociated with EPU were
already implemented, including the new HP turbine rotor, Main
Generator Stator rewind, the new high presSure feedwater heaters,
coﬁdenser tube staking, an upgraded isophase bus duct cooling
syétem, and condensate demineralizer filtered bypass. In each in-
stance, the modified or added equipment functioned normally dur-
ing the transient. The plant’s performance during these recent
transients, including that of the modified components, demon-
 strates that the EPU modifications do not Sigrﬁﬁcahtly affect the

plant’s response during transient conditions.

G. System and component testing

Q52. Does system and component testing during normal operations provide a basis for
an exception to LTT? _—

AS2, (CJN ) Yes. Technical Speciﬁcaﬁon-required_ surveillance -testing
(e.g., component teStihg, trip lbg—ivc'system téSﬁng, simulated ac-
_ tua_fion testing) is fbutinély p'e_r_fo'xmed- dﬁring plant oj;eratiohs.
| Such testing demonstfatés that the structures, systems and compo-
nents (“SSCs”) required for appropriate transient f)erfonnénce |
will perform their functions, including integrated performance for

transient mitigation as assumed in the transient analysis.

Q53. How often are the main cbmponen_ts involved in large transients tested?
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-A53. (CIN) The MSIVs are tested quarterly. The safety relief valves
and spring safety val'ves_ are tested once every.operating cycle. -
These valves are required to perform in accordance with the de-
sign during large transients; their periodic testing assures that their
performance during large transients will be acceptable.’ Likewise,
the reactor pretection system instrumentation that is relied on to.
mitigate large transients is tested quarterly, assuring that it will

‘carry out its design function in the event of a large transient.

Q54. What is the significance of the system and component testing program?

A54. (CJN) Because the characteristics and functions of SSCvs are
tested periodically during plant operations, they do not need to be
demonstrated further in a large transient-test. In addition, limiting
transient analyses (i.e., those that affect core opefating and ,safety
limits) are re-performed for each operating cycle and are included
as part of the reload licensing analysis.

H. Sinlilarities in pre- and post-EPU plant design and physical
configuration

vQ55 Are there smllantles in design and system function between the pre- and the post-
EPU VY plant conﬁgurahon" _

‘ A55. (CIN) There are great similarities. Whlle some operating pa-

) rameters (e (_g_, core power distribution) have been modified to ac-
commodate EPU operatxon and some setpomt changes were made,
these changes do not measurably contribute to response to large
transients. None of the modlﬁcatlons that have been made will

 introduce new thermal-hydrauhc phenomena as a result of power -
uprate, nor are any new‘system mteractlons__durmg or as the result

of analyzed transients introduced. No systems have been added or "

changed at VY that are required to mitigate the"censequences of

the large transients that would be the subject of the LTT.
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Operationally, the EPU modifications have no significant effect
on plant transient analysis because, since the uprate is a constant
pressure uprate, most of the plant’s systems will operate in the
same manner as before the uprate. Also, the VY EPU is per-
formed without a change in operating reactor dome pressure from

current plant operation.

Q56. Have there been major equipment modifications or new'hardware installations at
VY that could result in different large transient performance than that predicted
by the analyses and the plant’s prior operating history?

AS6.

(CIN) No. Table 1 (attached) provides: (a) a listing of EPU plant
modifications, all of which were implemented during VY’s last
two Refueling Outages (RFO 24 and RFO 25, in Spring 2004 and
Fall 2005, réSpectively); (b) a determination of whether the,modi—
fications have an effect on the piant transient analysis; (c) a de-
térm_inatiQn of whether the modifications are modeled in the tran-

sient én'alyses; (d) an indication of completed post modification

| testing; (€) an indication of subsequent power ascension and/or

- power operation confirmatory testing and monitoring; and (f) a

determination of whether the modified function would be

tested/verified during large transient testing.

Most of the EPU inodiﬁcations were made to non-safety-related
cqmpon’ehts, which are not»cr’ed'ited. in licensing basis transient

analyses. Incide__ntal modiﬁcaﬁons aSsociated with EPU, such as

alarms, indications, and scaling changes, also do not 'impéct tran-

sient response.

Qs7. How does the number of modifications and new equipment instal]atioris-included‘
in the VY EPU provide a basis for an exception to LTT? :

AST.

_(CJN) Not only é;_re the equipment mbdiﬁcations and additions
relatively few but none of these modifications will introduce any

new thermal-hydraulic phenomena as a result of the power uprate.
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Nor are any new system interactions during or as the result of ana-

lyzed transients introduced.

| 8 Impact of LTT on plant systems and components

QS58. Would performance of LTT have an adverse impact on the plant?

ASS. (CJIN, JLC) The performance of a SCRAM from high power, such -
as those that take place during LTT, results in an undesirable tran-
sient cycle on the primary system. The occurrence of primary
System transient cycles should be minimized; since they introduce
unnecessary stresses on the primary system-compenents. The un-
desirable effects of performing the tests outweigh the benefits of

any limited additional information that may be gained from them.

In addition, performance of each LTT causes a plant shutdown.
Any plant shutdown results in a generation outage for a period of
time (typically 2-3 days) for the plant. Since there are no meas-
‘urable safety benefits to be derived from the,perfOrmance of the
tests, the loss of generation revenue and other costs associated
Wim the performance of the tests cannot be economically justi-
fied.

J. Endorsemen.t of LTT exception by ACRS

Q59 Has the Adwsory Commxttee on Reactor Safeguards examined the LTT exception
sought by Entergy for the VY EPU? ,

AS9.. (CIN)Yes. In 1ts letter to the NRC Chalrman followmg its review
of the A\'%A'¢ EPU the Advisory Comm1ttee on Reactor Safeguards
concluded

. 3. Load rejection and main steam isolation
. valve closure transient tests are not war- _
ranted. The planned transient testing pro-

gram adequately addresses the performance
of the modified systems.
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Letter from Graham B. Wallis to NRC Chairman Nils Diaz dated
‘January 4, 2006, attached as Exhibit 22.

IV. SUMMARY AND CONCLUSIONS

Q60. Please summarize your testimony.

A60. (CIN,JLC)Our festimony can be summarized as follows:
| . Previous industry operating and LTT experience

Operating experienée at other plants that have implemented a con-
stant pressure power uprate Sﬁch as that implemented by Entergy at
VY has shown that the transient analysis results bound the per-
formance observed during actual operational transients. This in-
dustry operating experience is applicable to VY because of the
similarity in its design to that of tho_se‘plants. The results of LTT
at one plant similar to VY also confirm the validity of the ana]yfiQ
cal prédictions of VY’s response to LTT under EPU operating -

conditions.
L Previous VY operating experience

Previous operating e_:xpeﬁence at VY for large transients has shown
that -_the plant has performed as expeéted, and that its performance

| durmg transients is bounded by th_e" transient a_nal'yse‘s' of record for
the facility. This operating expérieh_ce includes transientsiri»2004 |

- and 2005, which dccufred aﬁér the completion of fn'any of the

' _plant mo’diﬁcétions being implemcnted‘ 1n preparation for tﬁ'e EPU.

“The plant’s_perfonnance during the 2004 and 2005>trans'ients dem-
onstrates that the EPU modifications do not significantly affect the

 plant’s response during ‘tl'ansigﬂt conditions.
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J Absence of new thermal-hydraulic phenomena or sys-
tem interactions

The operation of VY after the EPU will resﬁlt in different oj)erat-
ing pararr_iéters (e.g., feedwater flow, moisture cafryover) but will
not result in any new thernial-hydraulic phenomena in the event of
a plant transient. The modifications alréady implemented have no
significant effect on plant transient analysis because, since the
uprate is a constant pressure uprate, most of the plant’s systems

will operate in the same manner as before the uprate.

o No net benefits from LTT

The benefits from conducting LTT would be minimal and would
be outweighed by the potential adverse impact of LTT on the

plant’s systems and components.

. Significant costs associated with performance of LTT

Performance of LTT causes a plant shutdown.  Any plant shut-
down results in a generation outage for a period of time (typically
2-3 days) for the plant. Since there are no measurable safety bene-
fits to be derived from the performance of thé tests, the loss of
generation revenue and other costs associated with the perform-

ance of the tests cannot be justified.

Q61. What are your conclusions regarding the assertions in NEC Contention 37

A61.

(CJIN, JFL_C) ‘We’rconclud'e that there is no support for the claims

- made in NEC Contention 3. The extensive and conservative en-

gineering analyses, historical test and actual transient data, indi-
vidual component testing, .and observed pe_rfohnance at other

plants experiencing large transients provide reasonable assurance

~and confidence that VY systems will function as designed in miti-

~ gation of large transients from EPU conditions. The potential
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benefits, if any, from LTT at VY are significantly outweighed by
the adverse effect on plant systems and components from the tests
themselves. VY’s request for an exception to LTT, therefore, is

reasonable and poses no threat to public health and safety.

Q62. Does that conclude your testimony?

A62. (CIN,JLC) Yes, it does.
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Table 1: VY Equiphient Modifications Implemented for EPU

. Potential Post Mod Testing EPU Startup Testing Further Tested
Impact on by Load Reject
Modification Description Trgnsien t Without Bypass
Response? / Main Steam
¢ Isolation Valve
Closure
Main turbine Replace §© stage dia- No Vibration baseline Vibration monitoring . NA
- LP dia- phragm of LP tur- measurements )
phragm bine
replacement
Main turbine Install higher capacity No In-service Leak Monitor temperature No
cross-around relief valves check downstream of
relief valves CARVs
(CARVs)
and Dis-
charge Pip-
ing
Main genera- Rewind/upgrade main No ¢ Performance test ¢ Monitor generator ¢ No
tor -rewind. . generator for CPPU e AC Hi-Pot test and cooling
o conditions. each phase
Replace generator hy- o Pressure and vac-
drogen coolers with uum testing -
upgraded coolers o Winding resis-
tance
e Meggering
Main con- - o Stake main con- No o Leak check tubes o Monitor chemistry ¢ No
denser denser tubing to re- * Monitor chemistry
duce the effects of
flow induced vibra-
tion
Feedwater o Replace relief valves No e Bench test valves NA s No
heater 4A/B with larger capacity o Leak test installa-
shell side relief valve to ac- tion
relief valve commodate in-
creased feedwater
flow ) .
Steam dryer o Replace lower cover No ¢ Inspection o Vibration and mois- e No
cover plate plates with thicker : "’ - ture carryover moni-
strengthening plates o toring during power
‘ ‘e Add reinforcing . ascension per power
" stiffeners at lower ascension testplan
- cover plates and ver- (PATP)
- tical hood sides o
¢ Remove internal
brackets in top in-
side comers of outer -
hoods .
o Replace vertical -
hood and hood top
"plates with thicker
plates
® Replace/Upgrade tie
bars B .
Isolated - o Install a new isolated . No . e Monitorbusduct | ¢ Performance moni- ¢ No
'{ phase bus ‘ -phase bus duct cool- * - :cooling © toring
duct cooling - ing system to re- o Flow tests -
o move bus duct heat
under CPPU condi-
tions
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Potential Post Mod Testing EPU Startup Testing Further Tested
. Impact on by Load Reject
Modification Description T ‘Without Bypass
. - ransient / Main St
Response? ain Steam
Isolation Valve
- 5 Closure
HP feedwater | - o #1A,#1B,#2A, and No o Pressure test e Performance moni- s No
heater re- . #2B feedwater e Visual inspection toring :
placement heater replacement ¢ Magnetic particle
testing
e Radiography
- o In-service inspec-
tion
¢ Thermal perform-
ance demonstra-
. tion.
Residual heat { - o Modify RHRSW No ¢ Visual Inspection NA e No
removal - pumps (Train A and ¢ Particle Testing
service water B) Motor Bearing e Ultrasonic Flow
(RHRSW) 0Oil Coolers piping to Testing :
system recover Service Wa-  In-Service Inspec-
ter flow from the tion
coolers
NSSS/torus o Upgrade particular No ¢ Welds to be ex- NA s No
attached - NSSS and torus at- amined by visual, - :
piping tached piping sup- liquid penetrant,
B ports magnetic particle,
. as applicable - :
Flow induced o Install FIV instru- No . & Verify installation |- ¢ Collect EPU data ¢ No
vibration " - mentation ) and analyze
(FIV) :
Reactor e Provide rapid run- - No ¢ Channel Calibra- NA e No
recirculation backof RRpump | tion
(RR) system from high power on o Test with breakers
‘}. runback trip of condensate or in “test” and RR
. feedwater pump system not operat-
ing
Condensate o Install condensate No o Monitor chemistry | o With filtered bypass e No
demineralizer demineralizer fil- o Establish flow in service, monitor
E ’ tered bypass strainer baseline meas- flows under various
to permit one : urements EPU conditions
demineralizer to be k ¢ Monitor reactor wa-
removed under ter chemistry
CPPU conditions -
Feedwater e Protect feed pumps No " e Channel calibra- NA * No
system suc- - (RFP) with two se--. . tion :
tion pressure quential levels of o Test with breakers
trip’ ) low suction pressure © in “Test” position -
trips at various time .
~delays to ensure only
one pump trips at a
time and for high-
power RR pump
runback to ~60% on -
loss of a Feed Pump
e Modify trip logic to
prevent common
- mode failure due to
loss of RFP low flow
circuits s : : :
Cooling - o Replace fan blades ° No o Cooling tower NA - * No
tower/fan with more efficient . performance
motors blades and drive mo- monitoring
tors with upgraded :
- higher performance
motors
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Modification

Description

Potential

Impact on
Transient
Response?

Post Mod Testing

EPU Startup Testing

Further Tested
by Load Reject
Without Bypass
-/ Main Steam
Isolation Valve
Closure

EQ Upgrades

Reroute feed to SRV
monitor to new
breaker -

No

¢ Voltage check and
~ megger

NA

e No

- Grid Stability

Increase the rating
(million volt-ampere
(MVA)) of the Ver-

‘mont Yankee-

Northfield 345kV
line from 896 MVA
to.a minimum rating
of 1075 MVA
Increase MVA rating
on the Ascutney-
Coolidge 115 kV
line from 205 MVA
10240 MVA .
Addition of 60
MVAr of shunt ca-
pacitors at the Ver-
mont Yankee 115
kV bus
Modification to pro-
vide a second pri- .
mary protection
scheme on the Ver-
mont Yankeée north
bus .
Addition to provide
a second primary

_protection scheme

on the Vermont
Yankee main gen-
erator o
Independent pole

tripping on the Ver- -

mont Yankee 381
breaker

‘Addition of out of

step protection for
the Vermont Yankee
generator

No. -

¢ Voltage checks
o Logic checks
o Relay calibration

¢ In-service testing of

the 345kV and 115
kV primary/ secon-
dary protective relay,
line carrier system
(Monthly)

e No

Main turbine
- HP flow
path-

“Replace HP Turbine

steam path (new HP
diaphragms and ro-
tor)’

New control cams,
camshafts and hy- -
draulics = -

. ‘New control valve set-

tings

Modify control valve
operating mecha-
nism with 5% mar-
gin above CPPU

Modify turbine con-

trol and overspeed
setpoint for CPPU
conditions

New Hydrogen
Coolers

No

e Factory 120% trip
test h

o Overspeed testing

¢ Control and stop
valve response

testing
o Vibration baseline .

“measurements
o EPR and MPR
tuning

¢ .Overspeed testing

¢ Vibration monitoring

o EPR and MPR Test-
ing per Power As-
cension Test Plan
(PATP)

¢ Control and stop
valve testing

s No
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Modiﬁcatlon

Description

Potential
Impact on
Transient
Response

Modeled in
Transient
Analysis

Post Mod Testing

EPU Startup
Testing

Further
Tested by
Turbine
Trip / Main
Steam Iso-
{ation Valve
Closure

Electronic pres-
sure

regulator (EPR)
setpoint change

Change in
EPR setpoint
control range
and zero
power setpoint
‘basedon
higher steam
line differen-
tial pressure
(dp)

Rescale by-
pass relay to
account for

* bypass valve

capability of
89% of total
steam flow
Expand EPR
contro! band
from current
range of 900
to 1000 psig a
new range of
850 to 1000
psig

Install signal
isolators to
minimize EPR
output test
wiring fault
from nega-
tively affect-
ing EPR op-
eration

Add second
notch filter -
function to

* programmable:

logic control-
ler (PLC)

" -software and

tune to remove
an 8.8 Hz sig-
nal :

Yes

Yes

o Wire continuity
checks

" o PLC calibration

s EPR and MPR
tuning

» EPR and
" MPRtest-
ing per
PATP

e No
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Modification

Description

Potential
Imipact on
Transient
Response

Modeled in
Transient
Analysis

Post Mod Testing

"EPU Startup
Testing

* Further
Tested by
Turbine
Trip / Main
Steam lIso-
lation Valve
Closure

Main steam line
high flow set-

point

® Respan trans-
mitters to en-
COmpass new
140% steam
flow values

¢ Replace the 4
transmitters
used to pro-
vide 40% set-
point for MSL
high flow re-
duced function
with more ac-
curate trans-
mitters

e Setpoint
changes for
140% isolation
at new steam
flows

o Install new in-
dicators on
master trip
units

‘Yes

Yes

o Channel calibra-
tion
o Test circuit logic

e TSre-
quired
channel
check and
calibration

e No

Neutron monitor-

ing setpoints ~
APRM and RBEM

o APRM flow
biased - .
SCRAM set-
points and rod
block limits
require
changes due
CPPU .

o APRMsre-
quire recali-
bration reflect-
ing CPPU
rated power
operation

¢ RBMs require’

_ . recalibration
reflecting
CPPU rated
power opera-
tion

Yes

Yes

o Channel calibra-
tion
o Test circuit logic

e TSre-
quired
channel
check and
calibration

e No -

Rod worth mini-
mizer (RWM) -

setpoint

® Setpoint
. changeto

_maintain the
setpoint at the
same absolute

. value of steam

~ flow due to the

* range changes
of the associ-
ated instru-’
ments -

Yes

- Yes

‘.

Channel calibra-
tion

Test cilcuitvlbgi»c .

‘o TS re-

' quired
channel
check and
calibration

s No

Turbine first -
stage pressure

o Setpoint

" changes for
the SCRAM
bypass

Yes

- Yes

tion ‘
Test circuit logic

Channel calibra-

- & No. (TS

- required
channel
check and

calibration)

¢ No
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- Further

Po teh tial Modeled in Post Mod Testing EPU Startup Tested by
. Impsct o Transient : Testing Turbine
Madification Description Transient Analysis Trip / Main
Response Steam Iso-
lation Valve
: . Closure
Feedwater Isoki-_ ¢ Replace Sam- No No o Leak Check e No ¢ No
netic Probes ple Probes process bound-
. : . ary
Feedwater Pump o Trip Feedwa- No No ¢ Circuit/Logic ® Yes - Con- * No
Automatic Trip ter Pump on Tests densate
Loss of Con- Pump Trip
densate Pump Test
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E County of SamtaClara )

»'State of ..California. )

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

| )
- In the Matter of ) : _
o ) Docket No. 50-271
'ENTERGY NUCLEAR VERMONT = ) -
© YANKEE, LLC and ENTERGY ) "‘ASLBP No. 04-832-02-OLA
- NUCLEAR OPERATIONS, INC. ) - (Operating License Amendment)
* (Vermont Yankee Nuclear Power Station) ) ‘ _

' AFFIDAVIT OFJ OSE L. CASILLAS RE NEC CONTENTION 3 TESTIMONY
)
o I, Jose L. Casillas, being dnly sworn according to law, depose and state the_following:

1. Tam the Plant Performance Consultmg Engmeer in the Nuclear Analysis group of

the Engmeenng orgamzatron of GE Nuclear Energy. My busmess address is 1989 Lrttle Orchard |

Street, San Jose Cahforma, 95125 .

N P ‘2.__ ' I am provrdmg testrmony, dated May 17, 2006 on behalf of Entergy Nuclear

- Vermont Yankee LLC and Entergy Nuclear Operatlons Inc in the above captloned proceedmg,

i entrtled “Testrmony of Crarg J Nrchols and Jose L Casrllas on NEC Contentron 3- Large

'Transrent Testmg

| 3 The factual statements and oplmons I express in the clted testrmony are true and

correct to the best of my personal knowledge and behef

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



Further, the affiant Say_eth»not;; o

4 . Jose L. Casillas

Subscnbed ahd sworn to befdré me .‘
this /¢ 2t day of May, 2006

Py

Notary Public

My commisswn expires ‘



" YANKEE, LLC and ENTERGY

UNITED STATES OF AMERICA'
NUCLEAR REGULATORY COMMISSION

Before the Atomlc Safety and Llcensmg Board

~ - .In the Matter of :

S e : _ o Docket No. 50-271
.ENTERGY NUCLEAR VERMONT L ’

- ASLBP No. 04-832-02-OLA

 NUCLEAR OPERATIONS, INC. - (Operating License Amendment)

- (Vermont Yankee Nuclear Power Statlon) - S o

vvvvv‘vvv

AFFIDAVIT OF CRAIG J NICHOLS RE NEC CONTENTION 3 TESTIMONY ,

| "County of Windham )
| )
State of Vermont )
I, Craig J. Nichols,’ beihg duly sworn accordirig to law, depose_ and state the following:
1. I am the Exteoded Power Uprate Project Manager for Entergy Nuclear
Operations, Inc. My busmess address is 320 Governor Hunt Road P 0. Box 250, Vernon, VT

05354

2. | I am prowdmg testlmony, dated May 17 2006 on behalf of Entergy Nuclear
R Vermont Yankee, LLC and Entergy Nuclear Operatlons, Inc in the above captloned proceedmg,

i :entltled “Testlmony of Crarg L. Nlchols and Jose L. Casrllas on NEC Contentlon 3- Large
'k Transient 'If_est_mg.‘ .
3. The faefiiaf statements and opinions I expreasfin the cited testimony are true and
correct to the best of my perso_r‘laldlmo‘\‘avledge and belief,

4. 1 declare under penalry of perjury that the foregoing is true and correct.



Further, the affiant sayeth niot. |

Subscribed and sworn to before me
this [5;7" day of May, 2006

w Public

My commission expires SZISé L

Craig J. Nichols
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~ Resume of Cralg J oseph Nlchols
178 Forest Avenue
West Swanzey, NH 03446
© (603) 358-6452

EMPLOYMENT

Entergy Nuclear Operations, Inc. - ~ Vermont Yankee : July 2002 to Present
Change in employment due to sale of Vermont Yankee. , '

) Prolect Manager — Power Uprate . o July 2002 to Present

- % Provide overall proj ject management for an Extended Power Uprate at Vermont Yankee..
_Includes all engineering, analyses, modifications, 1mplementat10n fiscal and project

: management for the most oomprehenswe site project since original plant startup.
BWR Owners Group Maintenance Committee Chairman. .

'Key Management Role as Station Duty Call Officer ‘

> Refuel Outage Support Emergent Issues (MSIVs) and Outage Executlon

)
6 o

- e

Vermont Yankee Nuclear Power Corporatlon 3 ' : 1989 to July 2002
- Various positions of increasing responsibility in productron project management and support in
the areas of Electrical, I&C, Planning and Scheduling, and Engineering. 'Responsibilities have
included management of large projects and personnel groups, interaction of newly created
orgamzatron and leadership of mamtenance and site efforts to- 1dent1fy constraints and improve
. economic vrablllty

Manager Power Uprate v December 2001 to Present
» Newly created position to provide overall project management for an Extended Power Uprate
at Vermont Yankee. Includes all engineering, analyses, modifications, nnplementatlon :
fiscal and project management for the most comprehensrve site pro_1 ject since original plant
startup . -

Mamtenance Support Manager . : Aprrl 2000 to December 2001
% Newly created position responsible to oversee and 1ntegrate all Mamtenance Division support
~ functions including prOJect planning and unplementatron, oomponent engmeenng and
program management. : =

o Achreved Plant Certlﬁcatlon for BWR

h lI&C Manager : o D RN = January 1999 to Apnl 2000 |
~++ Lead effort to 1mprove human performance and tralmng programs for 1&C techmclans '
% Implement and modermze all englneenng programs and pro_] jects. .

Electrlcal and Controls Maintenanee Manager o anuary 1997 to J anuary 1999
- % New position created during reorganization of Maintenance Departments.
- < Initial task to integrate operations of electncal and 1&C groups within E&CM and the three
Maintenance Departments. - .
<o Management of E&CM prOJ ects and budget in support of company goals.



“l

Acting Maintenance Manager October 1996 to January 1997

% Successful completion of 1996 Refuel Outage including recovery from MSIV PCLRT
failures.

< Development and pursuit of Maintenance Department reorganization to address areas for
improvement and create organization for long-term performance.

Planning and Scheduling Supervisor - April 1996 to September 1996
Assigned responsibility to improve Department Planning and Scheduling activities.
< Developed draft for 12-week schedule preparation guideline.

0

+ Initiated efforts to reduce backlogs of CMs and PMs, unplanned work orders, and

®,
> &0

unscheduled activities.
Electrical Maintenance Production Supervisor 1991 to March 1996
Senior Maintenance Engineer — Electrical 1989 to 1991
Yankee Atomic Electric Company 1983 to 1989
Electrical Engineer for design modification and project implementation for Vermont Yankee and
Seabrook Stations.
Cooperative Education Student Assignments 1981 to 1983

Engineering Assistant and Draftsman at Stone & Webster Engineering Corporation

EDUCATION

BSEE (Power Systems) 1985
NORTHEASTERN UNIVERSITY
BOSTON, MASSACHUSETTS
Magna Cum Laude and Cooperative Education Award

REFERENCES

Available upon request



JOSE L CASILLAS

Current Title

Consulting Engineer in BWR Plant Performance,
Nuclear Analysis, Engineering, GE Nuclear Energy.

Nuclear Experience

BWR Simulator Training.
BWR System Fundamentals.

Education

BS Mechanical Engineering 1973,
University Of California, Davis.

Advanced Training and Certification

None.

Qualifications Summary

Areas of Expertise:

BWR Plant System Performance Evaluation.

BWR Transient and Loss-of Coolant Accident Analysis.
Design, Licensing and Operation of BWR Cores.
Thermal Hydraulic Design and Evaluation of BWR Fuel.

Experience

GENERAL ELECTRIC COMPANY - 33 YEARS

Plant Performance Consulting Engineer/Engineering Fellow, 2002-present.
Analysis Consultant, Nuclear & Safety Analysis, 1998-2002.

Technical Account Manager, Engineering & Licensing Consulting Services, 1995-
1997.

Project Manager, Shroud Cracking Safety Evaluations, 1994-1995.

Technical Leader, Reload Nuclear Engineering, 1984-1994.

Technical Leader, Plant Performance Engineering, 1980-1984.

Senior Engineer, ECCS/Containment Performance Engineering, 1977-1980.
Engineer, Core Thermal Hydraulic Analysis, 1973-1977.

May 2006.
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Revision: 18A

UPDATED FSAR
INTRODUCTION AND SUMMARY Table: 13
CHAPTER 1 TABLES Page: 1of11
TABLE 1-3___ Nuclear Plant Principal Plant Design Features Comparison [Historical]
Bfunsﬁvi_ck Brown's Fefry ‘Cooper Edwin L
Units1&2 . Units 1,2 & 3 ' ' Hatch
. Nuclear Plant
. Unit-1
A. SITE
1 1. | Location Brunswick Limestone Co., Nemaha Co., Appling Co.,
County, North Alabama Nebraska Georgia
Carolina R ' . ' _
2. | Size of Site (Acres) 1,200 840 _ 1,090 2,100
3. | Site Ownership CP&L U.S. Government | CPPD 1 Gpc
4. | Plant Ownership CP&L TVA "CPPD GPC
5. | Number of Units on Site. | 2 3 1 2
B. PLANT-REACTOR WARRANTED CONDITIONS
1. | Net Electrical Output 821 1,075/unit 770 786
Mwe)
2. | Gross Electrical Output 849 1,098/unit 801 813
Mwe) ' .
3. | Turbine Heat Rate 10,120 10,243 10,187 10,227
(BtwkW-hr) : '
4. | Gross Plant Heat Rate 9,816 10,231 '10,142 10,218
| (BtwkW-hr) -
5. | Feedwater Temperature - | 420 376.1 367 3874
(OF) . B
'C. REACTOR PRIMARY VESSEL
1. | Inside Diameter (ft-in.) 18-2 20-11 18-2 18-2
2. | Overall Length Inside (- | 694- 72-0 1 69-4 69-4
- }in) C
‘Design Pressure (psig) 1,250 1,250 1,250 - 11,250
4. | Wall Thickness (in.) 5-17/32 6-5/16 5-_'1'7/32 5-17/32
' (including clad) S .




UPD ATED FSAR Revision: 18A
INTRODUCTION AND SUMMARY Table: 1-3
CHAPTER 1 TABLES Page: 2 of 11
. TABLE 1-3 Nuclear Plant Principal Plant Design Features Comparison [Historical]
~ Brunswick Brown's Ferry * Cooper Edwin L.
Units 1 &2 Units 1,2 &3 Hatch
: Nuclear Plant
-~ Unit-1
D. REACTOR COOLANT - RECIRCULATION LOOPS |
1. | Location of Recirculation | Primary Primary Primary Primary
Loops - : Containment Containment Containment Containment
. System Drywell | System Drywell System Drywell System
Structure . Structure Structure Drywell
] ' Structure
2. | Number of Recirculation {2 2 2 2
Loops '
Pipe Size (in.) 28 28 28 28
4. | Pump Capacity,each - . | 45,200 45,000 45,200 45,200
(gpm) o
Number of Jet Pumps 20 20. 20 20
6. | Location of Jet Pumps Inside Reactor Inside Reactor Inside Reactor Inside Reactor
Primary Vessel Primary Vessel Primary Vessel Primary Vessel
E. REACTOR
1. | Reactor Warranted
Conditions _
a. Thermal Output (Mwt) | 2,436 3,293 12,381 2,436
b. ’Reactor_ Operating 1,005 1,005 - 1,005 1,005
Pressure (psig) ' o - » )
c. Total Reactor Core - | 77.0x 10° 102.5 x 10° 74.5 x 10° 78.5 x 10¢
Flow Rate (Ib/hr) ' ' , :
d. Main Steam Flow 10.47 x 10° 13.38x 10° 9.81 x 10° 10.03 x 10°
Rate (Ib/hr)
2. | Reactor Core Description
a. Lattice 7x7 7x7 7x7 7x7
b. Pitch of Movable 12.0 12.0 12.0 12.0
Control Rods (in.) . ]
¢. Number of Fuel 560 764 548 560
Assemblies s




UPDATED FSAR

Revision: 18A
INTRODUCTION AND SUMMARY Table: 1-3
CHAPTER 1 TABLES Page: 3of11
TABLE 1-3 _~ Nuclear Plant Principal Plant Design Fegthres Comparison [Historical]
Brunswick Brown's Ferry Cooper EdwinL
Units 1 &2 . Units1,2& 3 ' Hatch
S . Nuclear Plant
Unit-1
d. Number of Movable 137 ] 185 137 137
Control Rods '
e. Effective Active Fuel {144 144 144 144
Length (in.) : »
f. Equivalent Reactor 160.2 178.1 158.5 160.2
- Core Diameter (in.) » : : _ i
g. Circumscribed 170.5 198.6 170.5 170.5
> Reactor Core : : : :
~ Diameter (in.) ' _ .
h. Total Wei_ght U0, 272,850 372,373 267,095 272,850
3. { Reactor Fuel Description_
a. Fuel Material Uo, Uo, U0, uo,
b. Fuel Density % of 93 93 . 93 93 -
Theoretical
¢. Fuel Pellet Diameter 0.487 0.487 .0.487 0.487
(in.) : v .
d. Fuel Rod Cladding Zircaloy-2 Zircaloy-2 Zircaloy-2 Zircaloy-2 -
- Material S ' . :
e. Fuel Rod Cladding . -0.032 0.032 0.032: 0.032
Thickness (in.) -
f. Fuel Rod Cladding Free Standing Free Standing Free Standing - Free Standing
Process Loaded Tubes Loaded Tubes -Loaded Tubes ' ‘Loaded Tubes '
g. Fuel Rod Outside 0.563 0.563 0.563- 0.563
Diameter (in.) ) )
h. Length of Gas Plenum | 16.0 16.0 16.0 16.0
(in.) C : ’
i. Fuel Rod Pitch (in.) 0.738 0.738 0.738 0.738
Fuel Assembly Zircaloy-4 Zircaloy-4 Zircaloy-4

. Channel Material

Zircaloy-4 _




U PD ATED FSAR Revision: 18A
INTRODUCTION AND SUMMARY Table: 1-3
CHAPTER 1 TABLES Page: 40f11
TABLE 1-3 Nuclear Plant Princigal Plant Design Features Cbmpgrison [Historical]
" Brunswick Brown's Ferry Cooper Edwin L
Units1 &2 Units1,2&3 ' Hatch
v Nuclear Plant
"~ Unit-1
4. | Reactor Control
Control Rods
a." Number 137 185 137 137
b. Shape. - Cruciform Cruciform Cruciform Cruciform
c. Material B,C Granules B4C Granules B,C Granules B,C Granules
Compacted in SS | Compacted in SS | Compacted in S§ | Compacted in
Tubes | Tubes Tubes SS Tubes
d_. ‘Pitch (in.) 12.0 12.0 12.0 120
e. Poison Length (in.) 143.0 143.0 143.0 1430
f. Blade Span (in.) . 9.75 9.75 9.75 9.75
g. Number of Control 84 84 84 84
Material Tubes for
Rod : : .
h. Tube Dimensions (in.) | 0.188 0.188 0.188 0.188
' ‘ ODx0.025-wall | ODx0.025-wall ODx0.025-wall ODx0.025-wall
1 i. Stroke (in.) 144.0 144.0 144.0 144.0
5. | Thermal Hydraulic Data ‘ ,
a. Heat Transfer Area 86.513 . 86.513 - 1 86.513 86.513
‘per Assembly (f2) : ,
b. Reactor Core Heat 48,451 66,098 1 47,409 48,451
Transfer Area (ft%) : '
¢.. Maximum Heat Flux* | 428,100 | 425,000 427,820 ‘428,308 .
- (Bwhr )
d. Average Heat Flux* 164,410 163,200 164,500 164,740
(Btw/hr £i%) : :
e. Maximum Powerper | 18.5 18.4 18.5 18.5
~ Fuel’ Rod Unit Length ‘ :
&W/R)

* These items are shown at design limits rather than design point.




i)

UPDATED FSAR

INTRODUCTION AND SUMMARY
CHAPTER 1 TABLES

Revision: 18A
Table: 1-3
Page: 5o0f1l

- TABLE 1-3 Nuclear Plant Princigal Plant Design Features Comparison [Historical]

Brunswick Brown's Ferry Cooper Edwin I.
Units1 &2 Units 1,2 & 3 : Hatch
- : Nuclear Plant
Unit-1
-f.  Average Power per 7.10 7.049 17.079 7.11
Fuel* Rod Unit Length » :
kw/ft) . iy
' g.> Maximum Fuel 4,380 4,380 4,380 4,380
- Temperature (°F)
h. Minimum Critical 1.9 1.9 1.9 1.9
Heat Flux Ratio
i. Total Heat Generated | 95.0 95.0 95.0 95.0
in Fuel (%) ' ,
j.~ Core Average Exit 13.6 13.2 13.2 13.0
Quality ' )
6. | Power Distribution —
Peaking Factors
(Peak/Average)
a. Axial 1.50 . 1.50 1.50 1.50
b. Relative Assembly 1.40 - 1.40 1.40 1.40
c. Local (within 1.24 1.24 .1.24 1.24
assembly) v o
d. Total Peaking Factor 2.6 2.6 26 2.6
7. | Nuclear Design Data - ' ‘
'a. Average Discharge 19,000 MWD/ 19,000 MWD/ 19,000 MWD/ 19,000 MWD/
it . . :
Exposure —1%core | short ton U short ton U short ton U short ton U
b. Moderator to Fuel 2.41 1241 2.41 2.41
Volume Ratio at Total '
Core H,0/UO, cold”
8. | In-Core Neutron
Instrumentation v
a. Number of In-Core 124 172 124 1124
Neutron Detectors :

* These items are shown at design limits rather than design point.
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UPDATED FS. AR Revision: 18A
INTRODUCTION AND SUMMARY Table: 1-3
CHAPTER 1 TABLES Page: 6of11
TABLE 1-3 Nuclear Plant Principal Plant Design Features Comparison [Historical]
Brunswick Brown's Ferry Cooper Edwin L.
Units 1 & 2 Units 1,2 &3 ' Hatch
. ' Nuclear Plant
Unit-1
b. Number of In-Core 31 43 31 31
Detector Strings : :
¢. Number of Detectors | 4 4 4 4
per String
d. Number of Flux 4 5 4 4
Mapping Neutron
Detectors
e. Range (and Number)
of Detectors
1) Source Range Source to 10°% | Source to 10°% Source to 107% Source to
Monitor power (4) power (4) power (4) 103% power
' &)
2) Intermediate- 10*t0 10% 10*to 10% power | 10*to 10% 10%t0 10%
Range Monitor power (8) ®) power (8) power (8)
3) Local Power 2.5%to 125% 2.5% to 125% 1 2.5% to 125% 2.5%10 125% .
Range monitor power (124) power (172) power (124) power (124)
4) Average Power 5% 10 125% 5%to 125% 5% to 125% 5% to 125%
Range Monitor power (4)] power (4)" power (4) power (4) .
f." Number and Type of 5-Sb-Be 7-Sb-Be "5-Sb-Be 5-Sb-Be
In-Core Neutron '
Sources
9. | Reactivity Control
‘| a. Approximate Effective | 0.96k 0.96k 0.96k 0.96k
Reactivity of Core ‘
with all Control Rods
- in(cold)
b. Effective Reactivity of | <0.99k <0.99k <0.99% <0.99k
Core with Strongest
Control Rod out (cold)
c. Typical Moderator
Temperature
Coefficient (°k/k F)*
“ Brown's Ferry Units 2 and 3.

* Beginning of core life




* Beginning of core life

UPD ATED FSAR Revision: 18A
L P& : INTRODUCTION AND SUMMARY Table: 13
A Progress Evergy Conpary ‘CHAPTER 1 TABLES Page: 7 of 11
- TABLE 1-3 Nuclear Plant Principal Plant Design Features Comparison [Historical]
- Brunswick Brown's Ferry Cooper Edwin L.
‘Units 1 &2 Units 1,2 &3 : Hatch
: Nuclear Plant
, ~ Unit-1
1) Cold (at 68°F) -5.0x10° 5.0x10° 1-5.0x10° -5.0x10°
2) Hot (no voids) -16.0x 10’ -16.0x 10° -16.0x 10 -16.0x 10°
d.” Typical Moderator "
Void Coefficient
- (kk% void)’
1) Hot (no voids) -0.9x10? 0.9x 103 0.9x10° 09x10°
2) Atrated output -1.05x10° -1.05x 10 1-1.05x10° -1.05x10°
e. Typical Fuel:
| . Temperature .
(Doppler) Coefficient" v )
1) Cold (at 68°F) | -094x10° 0.94x10° 0.94x10° 0.94x10%
2) Hot (no voids) -0.97x10% 0.97x 10° 0.97x10% -0.97x10%
3) Atrated output <-0.83x10° <0.83x 10° ' <-0.83x10° <-0.83x 10°
CONTAINMENT SYSTEMS ‘
Primary Containment _
a. Type Pressure Pressure Pressure Pressure
. Suppression . -Suppression 1 Suppression Suppression
b.” Construction :
» 1) Drywell Light Bulb/ Light Bulb/ - Light Bulb/ Light Bulb/
: Reinforced Steel Vessel Steel Vessel Steel Vessel
Concrete with’
steel liner
2) Pressure Torus/Reinforced | Torus/Steel Torus/Steel Torus/Steel
Suppression Concrete with Vessel Vessel Vessel
Chamber . steel liner .
‘| ¢. Pressure Suppression | +62 +56 +56 +56
Chamber-Internal :
Design Pressure (psig) -




UPDATED FSAR

Revision: 18A
INTRODUCTION AND SUMMARY Table: 1-3
‘CHAPTER 1 TABLES Page: 8 of 11
' TABLE 1-3 Nuclear Plant Principal Plant Design Features Com@rison [Historical]
Brunswick Brown's Ferry - Cooper Edwin I
Units 1 & 2 Units1,2&3 Hatch
: Nuclear Plant
© Unit-1
-d Pressﬁre Suppression | +2 +1 +2 +2
Chamber-External .
Design Pressure (psi) _
. Drywell-Internal +62 +56 +56 +56
Design Pressure (psig) :
.- Drywell-External ' +2 +1 +2 . +2
Design Pressure (psi) , _
. Drywell Free Volume | 164,100 159,000 - 145,430 146,240
( 1
. Pressure Suppression | 124,000 119,000 109,810 110,950 -
Chamber Free Volume :
() '
. Pressure Suppression 87,600 85,000 87,660 87,660
Pool Water Volume ’ :
®)
Submergence of Vent | 4 4 4 3ft-8in.
Pipe Below Pressure
Pool Surface (ft) ’
. Design Temperature 300 281 281 281
of Drywell (°F) , :
. --Design Temperature . | 220 ] 281 281 281
of Pressure -
Suppression Chamber
(F) :
1. Downcomer Vent 6.21 6.21 6.21 621
Pressure Loss Factor '
. Break Area/Gross 0.02 0.019. 0.019 0.019
Vent Area ’ :
. Drywell Free 1.32 '1.33 14 13
Volume/Pressure
Suppression Chamber
Free Volume
. Calculated Maximum | 49.4 40 46 46.5
Drywell Pressure after
blowdown with no
prepurge (psig)
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TABLE 1-3 Nuclear Plant Principal Plant Design Features Comparison [Historicél]
Brunswick Brown's Ferry Cooper EdwinL
Units 1 & 2 Units 1,2 & 3 : Hatch
: Nuclear Plant
Unit-1
q. Leakage Rate (Percent | 0.5 0.5 0.5 1.2
Free Volume per Day)
2. | Secondary Containment _
a. Type ’ Controlled Controlled Controlled | Controlled
Leakage, Leakage, Elevated | Leakage, Leakage,
Elevated Release | Release Elevated Release | Elevated
Release
‘b. Construction v
1) Lower Levels Reinforced Reinforced Reinforced Reinforced
_ _ Concrete Concrete Concrete Concrete
2) Upper Levels Steel Steel Steel Steel ‘
Superstructure Superstructure Superstructure Superstructure
and Siding and Siding and Siding and Siding
3) Roof Metal Decking Steel Sheeting " Steel Sheeting Steel Sheeting
with Built-up
Roofing
c. Internal Design 0.25 0.25 0.25 0.25
Pressure (psig)
b. Design Inleakage Rate | 100 100 100 100
(Percent free
volume/day at 0.25 in.
- H0
‘3. | Elevated Release Point v
a. Type Stack Stack Stack Stack
b. Construction Reinforced Steel Steel Reinforced
_ Concrete Concrete
¢. Height (above ground) | 100 Meters 200 Meters 100 Meters 150 Meters -
G. PLANT AUXILIARY SYSTEMS
1. | Emergency Core Cooling
Systems (number)
a. Reactor Core Spray. 2 Loops 2 Loops "2 Loops 2 Loops
Cooling System
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TABLE 1-3 Nuciear Plant Principal Plant Design Features Comparison [Historical]

Brunswick Brown's Ferry | ‘Cooper Edwin L
Units 1 & 2 Units 1,2 &3 ' _ Hatch
: ‘ ' Nuclear Plant
. Unit-1

b. Reactor Core High 1 pump "~ | 1 pump ' 1 pump 1 pump
Pressure Coolant’ : : :
Injection System

¢. Auto-Relief System) 1 1 1 _ 1

d. Reactor Core Residual
- Heat Removal System -

1) Low Pressure 4 pumps 4 pumps 4pumps 4 pumps
Coolant Injection : . . : .
Subsystem '

2) Primary 1 _ 1 1. bt
Containment .
Spray/Cooling
Subsystem

3) Reactor Shutdown | 1 1 1 . 1
Cooling Subsys_tcm

2. | Reactor Auxiliary System
{number)

a. Spent Fuel Pool 1 1 1 )1
. Cooling and S '
Demineralizing
System

b. Reactor Cleanup 1 : 1 - 11 ‘ 1
Demineralizer System- . . ’

c. Reactor Core Isolation | 1 1 o= ) 1
Cooling System '

H. PLANT ELECTRICAL POWER SYSTEMS

1.'| Transmission System'

Outgoing Lines 8-230kV 4-500 kV A 4-345kV . 5-230kV
(number-rating) ] ; ' _

2. | Auxiliary Power Systems

a. Incoming Lines 8-230kV 2-161kV | 1-69kV 5-230kV
(number-rating) - . 1-115kV
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TABLE 1-3 ~__Nuclear Plant Principal Plant Design Features Comparison [Historical]

Brunswick Brown's Ferry Cooper ' Edwin L.
Units 1 & 2 Units 1,2 & 3 ~ Hatch
Nuclear Plant
Unit-1
b. Onsite sources
1) Auxiliary 2 ' 2 1 2
Transformers »
2) Startup 2 2 1 2
Transformers
3) Shutdown 0 o 1 0
Transformers '
3. | Standby Diesel Generator
System
Number of Diesel 4 30f4 4 3
Generators ’




Thermal

Table 1.7.1

Comparison of Nuclear System Design Characteristics

(Parameters are related to rated power output for a single unit unless otherwise noted.
Values given apply to the originally licensed design).

and Hydraulic Design

Vermont Yankee

Rated Power, MWt

Design power, MWt

Steam -flow rate, lb/hr

Core coolant flow rate, lb/hr

Feedwater flow rate, lb/hr

Feedwater temperature, °F .

System pressure, nominal in steam
dome, psia

Average
Maximum
Average
Maximum
Average
Maximum
Rverage
Average
Minimum
Coolant

Core maximum exit voids within assemblies

power density, kw/liter

thermal output, kw/ft

thermal output, kw/ft

heat flux, Btu/hr-ft’

heat flux, Btu/hr-ft?

UO; temperature, °F

volumetric fuel temperature, °F
fuel rod surface temperature, °F
critical heat flux ratio (MCHFR)
enthalpy at core inlet, Btu/lb

Core average exit quality, % steam
Design Power Peaking Factor

Maximum

relative assembly power

Local peaking factor
Axial peaking factor
Total peaking factor .

Nuclear

Design {(First Core)

Water/UO; volume ratio (cold)

Thermal

and Hydraulic Design

Reactiv1ty with strongest control
rod out, Kkees-
Moderator temperature coefficient

At 68°F, Ak/k - °F water

Hot,

VYNPS

no voids, Ak/k - °F water

1593

1665

6.43 x 10°
48.0-x% 108
6.40 x 10°
372

1020
50.94
18.37
7.079
425,500
163,926
4380
1100
558
>1.9
519.8
74.7
13.3

1.4
1.24
1.5

2.60

2.47

<0.99

-5.0 x 1075
-39.0 x 10°°

Browns Ferry
Each Unit

3293
3440

©13.38 x 10°

102.5 x 10°
13.33 x 10°
376.1

1020

' 50.8

18.35
7.049
425,048
163,230
4380
1100
558
>1.9
521.3
79

13.2

N NRHRE
EXLE NS
' ~

>
[

<0.99

-5.0 x 10°°
-39.0 x 10°°

Hatch Station 'Monticello
2436 1670
2537 1670
10.03 x 10° 6.77 x 10°
75.5 x 105 57.6 x 10°
10.445 x 10° 6.77 x 10°¢
387.4 376.3
1020 1020
51.2 40.6
18.3 17.5
7.114 5.7
428,308 405,000
164,734 131,350
4380 2750
1100 900
558 558
31.9 >1.9
526.2 523.0
79 :
13.9 12.1
1.4 1.58
1.24 1.24
1.5 1.57
2.6 3.08
2.41 2.42
<0.99 '<0.99
-5.0 x 10" -8.9 x 10°°
-39.0 x 10°° -17.0 x 10°°

UFSAR
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Vermont Yankee

Moderator void. coefficient

Hot, no voids, Ak/k - % void

At rated output, Ak/k - % void
Fuel temperature doppler coefficientv

At 68°F, Ak/k - °F fuel

Hot, no voids, Ak/k - °F fuel

At rated output, Ak/k - °F fuel
Initial average U-235 enrichment, W/0
Fuel average discharge exposure, MWD/ton

Core.Mechancial Design

Fuel Assembly

Number of fuel assemblies
Fuel rod array »
Overall dimensions, inches
Weight of UO, per assembly, pounds

Weight of fuel assembly, pounds

Fuel Rods

Number per fuel assembly
Outside diameter, inch

Clad thickness, inch

Gap - pellet to clad, inch
Length of gas plenum, inches
Clad material

Cladding process

Fuel Pellets

Material )
Density, % of theoretical
Diameter, inch

Length, inch

VYNPS

x 10°?
x 1073

x 1075
x 10°%
x 107

-1.3
-1.2

-1.3
2.50%
19,085

368

7 x'7

175.83
Undished -
490.53
Dished (3%) -
479.3%
Undished -
682.33
Dished (3%) -~
671.05

49

0.563
0.032
0.006

16
Zircaloy-2

Free standing
loaded tubes

Uranium dioxide

95%
0.487

Table 1.7.1

(Continued)

 Browns Ferry
Each Unit

x 1072
-1.6 x 107

-1.3 x 10°°
-1.2 x 105

-1.3 x 1075
2.19%
19,000

764

7 x 7 .
175.88 :
Undished -
490.35
Dished (3%) -
483 .42
Undished -
681.48
Dished (3%) -
674 .55

49
0.563
0.032
0.0055

16
Zircaloy-2

Free standing
loaded tubes

Uranium dioxide
93%

‘0.488

0.5

" Hatch Station

x 1073
-1.6 x 107

1075
10-5
1078

560

7Tx7
175.88
Undished -
490.35
Dished -~
483 .42
Undished -
681.48
Dished -~
674,55

49

0.562
0.032
0.005

16
Zircaloy-2

Free standing
loaded tubes

Uranium dioxide
93%

0.488

0.5

Monticello

-1.0 x 10
-1.4 x 1072

-1.2 x 1075
-1.2 x 1078
<-1.2 x 10°°
2.25%
19,000

484

7 x 17
175.88
Undished -
492.5
Dished -
481.7
Undished -
678.9
Dished -
668

49

0.563"

0.032

0.005

11.24
Zircaloy-2
and/or -4
Free standing
loaded tubes

Uranium dioxide
93%

0.488

0.5

UFSAR
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* Fuel Channel

Overall dimension, inches (length)
Thickness, inch .

Cross section dimensions, inches
‘Material '

Core Assembly

Fuel weight as UO,, pounds
Zirconium weight, pounds

(z-2' + Z2-4 Spacers)
Core diameter (equivalent), inches
Core height (active fuel), inches

Core Mechanical Design

Reactor Control System

Number of movable control rods
Shape of movable control rods
Pitch of movable control rods
Control material in movable rods

Type of control rod drives
Number of temporary control curtains

Curtain material

Method of variation of reactor power

Reactor Vessel Design

Material

Design pressure, psia

Design temperature, °F

Inside diameter ft-in..

Inside height, ft-in..

Side thickness (including clad)
Minimum clad thickness, inches

VYNPS

Table 1.7.1
(Cont inued)

Browns Ferry

B,C -granules
compacted in
SS tubes
Bottom entry,
locking piston
156

Flat, boron--
stainless steel

Movable cbntrol
rods and variable
coolant pumping

1265

575

17 - 2
63 - 1.5
5.187

1/8

B,C granules
compacted in
SS tubes .
Bottom entry,
locking piston
372 A

Flat, boron--
stainless steel

Movable'control

rods and variable:

coolant pumping

B,C granules
compacted in
SS tubes
Bottom entry,
locking piston
248 :
Flat, boron--
stainless steel

Movable control
rods and variable
coolant pumping

Carbon steel-clad

1265

575

20 - 11

72 - 11 1/8
6.313

1/8

1265
575
18 - 2
69 - 4
5.531
1/8

Vermont Yankee Each Unit Hatch Station Monticello
166.875 166.875 166.875 166.875
0.08 0.08 0.08 0.08
5.438 x 5.438 5.438 x 5.438 5.438 x 5.438 5.438 x 5.438
Zircaloy-4 Zircaloy-4 Zircaloy-4 -Zircaloy-4
178,145 . 370,933 272,849 . 238,370
63,539_ 131,000 96,370 80,990
129.9 187.1 160.2 149
144 144 144 144
89 ) . 185 137 121
Cruciform Cruciform Cruciform Cruciform
12.0 12.0 12.0 12.0

B,C granules
compacted in
SS tubes
Bottom entry,
locking piston
216 o
Flat, boron--
stainless steel

Movable control
rods and variable
coolant pumping

1265
575
17 - 2
63 - 2
5.187
1/8

UFSAR
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. Reactor Coolant Recirculation Design

Table 1.7.1

Number of recirculation loops

Design pressure

Inlet leg, psig
‘Qutlet leg, psig
Design temperature, °F
Pipe diameter, inches

Pipe material

Recirculation pump flow rate, GPM
Number of jet pumps in reactor

Main Steam Lines

Number of steam lines
Design pressure, psig
Design temperature, °F.
Pipe diameter, inches

Pipe material

In-Core Neutron Instrumentation

Number of in-core neutron detectors (fixed)
Number of in-core detector assemblies
‘Number of detectors per assembly

Number of traversing-incore-probe neutron

detectors

Range (and number) of detectars
Source range monitoring subsystem

Intermediate range monitoring
- subsystem o
Local power range monitoring
subsystem.
Average power range monitoring
subsystem
Number and type of 1n-core neutron sources

Core Standby Cooling

(These systems are size

d on de31gn power )

Core Spray’Syétem

Number of loops_
Flow rate (gpm)

VYNPS

.001% power (4).
.0002% to 20%
power (6)

0.1% to 125%
power (80)

‘2.5% to 125%

power (6)
4 Sb-Be

2
13000 at 120 psid

- (Continued)
o Browns Ferry
Vermont Yankee Each Unit
2 2
1175 1148
1274 1326
562 562
28 28
304/316 304/316
32, 500 45,200
20 20
4 4
1146 1146
563 563
18 26
Carbon
80 172
20 43
4 4
3 5
Source to Source to

.001% power (4)
.0001% to 10%

power (8)
5% to 125%
power (172)

2.5% to 125%

power (6)
7 Sb-Be

2

Hatch Station

Monticello

Source to
.001% power (4)
.0001% to 10%
power (8)
5% to 125%
- power (124)
2.5% to 125%
power (6)

6250 at 122 psid 4625 at 120 psid

1148
1248
562

. 304

32,500
20

4
1146 -
563
18

Steel (ASTM Al55 KC70 or ASTM A106 Grade B)

926

24
4
3

Source to

~.001% power (4)

.0001% to 10%
power (8)

5% to 125%
power (96)

5% to 125%
power (6)

5 Sb-Be

2 - .
3020 at 307 psid
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High Pressure Coolant Injection System (No.) 1

Number of loops.
Flow rate (gpm)

Automatic Depressirization System (No.)
Low Pressure Coolant Injection (No.)

Number of pumps

Flow rate (gpm/pump)
' Auxiliary Systems

Table 1.7.1
(Continued)

Vermont Yankee

Residual Heat Removal System

Reactor shutdown coolin
Flow rate (gpm/pump)
Capacity (Btu/hr/heat exchanger
Number of heat exchangers

Primary containment cooling
Flow rate (gpm)

RHR Service Watér System

%)(number of pumps)

Flow rate (gpm/pump)

Number of pumps

Reactor Core Isolation Cooling System

Flow rate (gpm/pump)

Fuel Pool Cooling and Cleanup System

Capacity (Btu/hr)

1 -
4250
1
1
4

7,200 at 20 psid

4
7,200
57.5 x 10°
2

28,000

2,700

400

2.37 x 10°

Browns Ferry

Monticello

4
10,000 at 20 psid

10,000
70 x 10°

40,000

4,500

616 at 1120 psid

8.8 x 10°

(1) Capacity during reactor flooding made with 3 of 4 pumps running.
(2) Capacity during post-accident cooling mode with 165°F shell side inlet temperature, maximum service water
temperature, and 1 RHR pump and 1 RHR service water pump in operation. -

VYINPS

Each Unit Hatch Station
1 1
1 1
5000 4250
1 1
1 1
4

7,700 at 20 psid

4

7,700
32 x 10°¢
2
30,800
8,000

4

400 at 1120 psid

3.3 x 10°

4,000 at 20 psid

4

4,000
24.5 x 10°
2

16,000

3,500
4

400

2.87 x 10°

UFSAR
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TABLE 1.7.2

Comparison of Power Conversion System Design Characteristics

(Values given apply to the originally licensed design.)

Turbine-Generator

Design power, MWt

Design power, MWe

. Generator speed, RPM .

- Design steam flow, ‘1lb/hr
Turbine inlet pressure, psig

Turbine Bypass System

Capacity, percent of turbine
design steam flow

-Main Condenser

Heat removal .capacity, Btu/hr

Circulating Water System

Number.of.pumps
Flow rate, gpm/pump

Condensate>and>Feedwater SYstems

Design flow rate, lb/hr

Number of condensate pumps

Number of condensate booster pumps
Number feedwater pumps

Condensate pump drive ‘
Condensate booster pump drive
Feedwater pump drive’

VYNPS

Vermont Yankee

1665

564

1800

6.721 x 10°
950

105
3605 x 10°

3
122,000

6.4 x 10°
3

3
ac power

ac power

Browns Ferry
Each Unit

3440

14.049 x 10°%°

965

25
7770 x 10°

3 .
200,000

13.999 x 10¢
3 :
3

3

ac power

ac power

- turbine

Hatch Station

2537
849
1800
10.48 x 10°
970

25

5800 x 10°

3
185,000

10.096 x 10°
3 :

2
ac power

-

turbine

Monticello

- 1670

543
1800

950

15

3750 x 10°

2
140,000

6.77 x 10¢
2 .
2

ac power

ac power
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TABLE 1.7.3

, ' 'Comparison of Electrical Power Systems Design Characteristics
(values given appiy to the originally licensed design.)

Transmission System

l Outgoing lines (number;rating)

Normal Auxiliary AC Power

i Incoming lines (number-rating)

Auxiliary transformers
| startup. transformers

Standby AC Power Supply

‘Number diesel generétors
Number of 4160 V standby busses
Number . of 480 V standby busses

DC Power Supply
Number of 125-V or 250 V batteries

Number of 125 V or 250 V busseés

VYNPS

Vermont Yankee

2-345 kv
2-115 kv

2-345 kv
2-115 kv
1-4160 V

1

-1

NN

Browns Ferry

Each Unit Hatch Station
6-500 kV 2-230 kv
2-161 kV 2-30 kv

3 1

2 2

4 3

4 3

8 4 (600 V)

4 2

4 4

2-345

3-115°

2-230

1-345

1-115

kN

2-125
1-250
2-125
1-250

kv

kv

kv

kv
kv

<<<<

‘Monticello
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Comparison of Containment Design Characteristics

(Values given apply to the original licensed design.)

Primary Containment*

Type

Construction
Drywell

Pressure suppression chamber

Pressure Suppression Chamber

Internal design pressure (psig)
External design pressure (psi)
Drywell-internal design pressure (psigq)
Drywell-external design pressure (psi)
Drywell free volume (ft3) -
Pressure suppression chamber free
volume (ft?)
Pressure suppression pool water
volume (£t?) '
Submergence of vent pipe below pressure
pool surface (ft)
Design temperature of drywell (°F)
Design temperature of pressure
suppression chamber (°F)

Browns Ferry

Vermont Yankee Each Unit
Pressure Pressure
suppression - suppression

Light bulb shape;
steel vessel
Torus; steel
vessel

56

2

56

2
134,200

108,250

77,970
4

281

281

Light bulb shape;
steel vessel
Torus; steel
vessgel

56

2

56

2
159,000

119,000

135,000
4

281

281

*Where applicable, containment parameters are based on design power.

VYNPS

Hatch Station Monticello
Pressure Pressure
suppression suppression

Light bulb shape;
steel vessel
Torus; steel
vessel

56

2

56

2
146,400
101,410

86,660
4

281

281

Light bulb shape;
steel vessel
Torus; steel

- vessel

56

2

56

2
134,200

108,250

77,970
4

281

281
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Primary Containment*

" Downcomer vent pressure loss factor

Break area/Total vent. area

Calculated maximum pressure after blowdown
‘Drywell (psig)
Pressure suppression chamber (psig)

Initial pressure suppression pool
temperature rise (°F) .

‘Leakage rate (% free volume/day at 56 ps1g
and 281°F) ‘

Secondary Containment

Type

Construction
Lower levels

Upper leVels

Roof

Internal design pressure (psig)

Design in leakage rate (% free volume/day :

at 0.25 inches H,0)

Elevated Release Point

Type

Construction

Height (above ground)

TABLE 1.7.4.
(Continued)

Vermont Yankee

6.21
0.019
35

22

35

.0.5

Controlled leak-
age, elevated
release

Reinforced con-
crete

Steel super-
structure and
siding

Steel sheeting

0.25
100

Stack
Reinforced con-
crete

318 feet

Browns Ferry

Controlled leak- .

age, elevated
release

Reinforced con-
crete -

Steel super-
structure and
siding - .
Steel sheeting

0.25
100

Stack
Reinforced con-
crete

600 feet

*Where applicabls, containment parameters are based on design power.

VYNPS

Each Unit Hatch Station
6.21 6.21.
0.019 0.019
46.6 45
27 28
. 50 50
0.5 0.5

Controlled leak-
age, elevated
release

Reinforced con-
crete

Steel super-
structure and
siding

Steel sheeting

0.25
100

Stack
Reinforced con-
crete

100 meters

Monticello

6.21
0.019.
41

26

50
0.5

‘Controlled leak-
age, elevated
release

Reinforced con-
crete

Steel super-
structure and
siding

Built up on
steel decking
0.25

100

Stack
Reinforced con-
crete -

238 feet
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Seismic Design

Désign earthquate (horizontal g)
Maximum earthquake (horizontal g)

. Wind Design

Maximum sustained (mph)
Tornadoes (mph)

VYNPS

TABLE 1.7.5

Comparison of Structural Design Characteristics

(Values given apply to the original licensed design.)

Vermont Yankee

Browns Ferry
Nuclear Plant

Hatch Station

0.07
0.14

80
300

0.10
0.20

100
300

0.08
0.15

105
300

Monticello -

0.06
0.12

100
300
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TABLE 1.7.6

Comparison of Systems Design Characteristics

(Parameters are related to rated power output for a single unit unless otherw1se
noted.) (Values given apply to the orlglnally licensed design.)

Vermont Yankee Dresden 2
Thermal and Hydraulic Design
. Rated power, MWt 1593 2255
_Design power, MWt 1665 2527
Steam flow rate, lb/hr 6.43 x 10% 9.945 x 10°
Core coolant flow rate, lb/hr 48.0 x 10° 98 x 10°
Feedwater flow rate, lb/hr 6.40 x 10° 9.94 x 10°
Feedwater temperature, °F . 372 348
System pressure, nominal in steam dome, psia - 1020 1020
Average power density, kw/liter 50.94 41.08
- Maximum thermal. output, kw/ft 18.37 17.5
‘Average thermal output, kw/ft 7.079 5.7
Maximum heat flux, Btu/hr-ft2? 425,500 405,000
'Average heat flux, Btu/hr-ft? 163,926 131,860
Maximum UO, temperature, °F , 4380 3470
Average volumetric fuel temperaturef °F 1100 1050
Average fuel rod surface temperature, °F- 558 558
Minimum critical heat flux ratio (MCHFR) >1.9 >1.9
Coolant enthalpy at core inlet, Btu/lb 519.8 522.3
Core maximum exit voids within assemblies 74.7 76 '
‘Core average exit quality, % steam 13.3 10.1
Design Power Peak Factor
Maximum relative assembly power 1.4 1.47
Local peaking factor 1.24 1.30
“Axial peaking factor 1.5 1.57
Total peaking factor 2.60 3.60
Nuclear Design (First Core)
Water/UO, volume ratio (cold) 2.47 2.41
Reactivity with strongest control rod out, <0.99 <0.99
]c,,,
Moderator temperature coeffic1ent
At 68°F, Ak/k - °F water -5.0 x 107° -8.0 x 107
Hot, no voids, Ak/k - °F water -39.0 x 107* -17.0 x 10°°
Moderator void coefficient
Hot, no voids, Ak/k - % void -1.0 x 107 . -1.0 x 107
" VYNPS UFSAR
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At rated output, Ak/k - % void

Fuel temperature doppler coefficient

At 68°F, Ak/k - °F fuel
Hot, no voids, Ak/k - °F fuel
At rated output, Ak/k - % fuel

Initial average U-235 enrichment, W/O
Fuel average discharge exposufe, MWD/ton

Core Mechanical Design

Fuel Assembly
Number of fuel assemblies
Fuel rod array

Overall dimensions, inches
Weight of UO, per assembly, pounds

Weight of fuel assembly, pounds

Fuel Rods

Number per fuel assembly
Outside diameter, inch

Clad thickness, inch

Gap - pellet to clad, inch
Length of gas pienum, inches
Clad material

Cladding process

Fuel Pellets

Material

Density, % of theoretical
Diameter, inch

Length, inch

Fuel Channel
Overall dimension, inches (length)

VYNPS

TABLE 1.7.6
(Continued)

Vermont Yankee

-1.6 x 107

-1.3 x 1075
-1.2 x 1075
-1.3 x 10°°

2.50%
19,085

368

7x 7

175.88 i
Undished-490.53
Dished
(3%)-479.35
Undished-682.23
Dished
(3%)-671.05

49

0.563

0.032

0.005

16

Zircaloy-2
Free standing
loaded tubes

Uranium dioxide
95%

0.487

0.5

166.875

Dresden 2

-1.4 x 1073

-1.2 x 107
-1.2 x 10°%
-1.2 x 1078

2,12%
19,000

724

7 x 7

175.88
Undished-492.5
Dished-481.7

Undished-678.9
Dished-668.0

49
0.563

0.032

0.005

11.24
Zircaloy-2
Free standing
loaded tubes

Uranium dioxide
93%

0.488

0.5

166.875

UFSAR
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TABLE 1.7.6

(Continued)

Thickness, inch _
Cross section dimensions, inches

Material

Core Assembly
Fuel weight as UO,, pounds
Zirconium weight, pounds (Z-2 + Z-4 Spacers)

Core diameter (equivalent), inches
Core height (active fuel), inches

Reactor Control System

Method of variation of reactor power

Number of movable control rods
Shape of movable control rods
Pitch of movable control rods
Control material in movable rods

Type of control rod drives
Number of temporary control curtains

Curtain material

Reactor Vessel Design

Material

Design pressure, psia

Design temperature, °F

Inside diameter ft-in.

Inside height ft-in.

Side thickness (inciuding-clad)
Minimum clad thickness; inches

Reactor Coolant Recirculation Design

- Number of rgcircﬁlation loops
Design pressure
Inlet leg, psig -

VYNPS

Vermont Yankee

0.080
5.438 x 5.438
Zircaloy-4

178,145
63,539
129.9
144

Movable control
rods and various
coolant pumping
89

Cruciform

12.0

B,C granules
compacted in SS
tubes

Bottom entry,
locking piston
156

Flat, boron--
stainless steel

Carbon steel-
clad

1265

575
17 - 2

'63.- 1.5

5.187
1/8

1175

Dresden 2

0.080
5.438 x 5.438
Zircaloy-4

351,258
121,154
182.2
144

Moveable control
rods and various
coolant pumping
177

Cruciform

12.0

B.C granules
compacted in S8
tubes

Bottom entry,
locking piston
340

Flat, boron--
"stainless steel

Carbon steel-
clad

1265

575

20 - 11

68 - 7 5/8
6.125

i/8

1175

UFSAR
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TABLE 1.7.6

(Continued)

Outlet leg, psig
‘'Design temperature, °F
Pipe diameter, inches.
_ Pipe material
Recirculation pump flow rate, GPM
Number of jet pumps in reactor

Main Steam Lines

Number of steam lines
Design pressure, psig
Design temperature, °F
Pipe diameter, inches
Pipe materiali

Core Standby Cooling Systems
(These systems are sized on design power.)

Core Spray System

Number of loops
Flow rate (gpm)

Core Mechanical Design
In-Core Neutron Instrumentation
Number of in-core neutron detectors (fixed)
Number of in-core detector assemblies

Number of detectors per assembly
. Number of traversing-incore-probe neutron

detectors

Range (and number) of detectors Source range
monitoring subsystem
Intermediate range monitoring subsystem
Local power range monitoring subsystem
Average power range monitoring subsystem

Number and type of in-core neutron sources

Core Standby Cooling Systems
High pressure coolant injection system (No.)

VYNPS

Vermont Yankee

1274
562

28
304/316
32,500
20

4

1146

563

18

Carbon steel

2

3000 at 120 psid

80
20

Source to 0.001%

power (4)
0.0002% to 20%
power (6)
0.01% to 125%
power (80)
2.5% to 125%
power (6)

4 Sb-Be

Dresden 2

1325
565

28
304/316
45,000
20

4

1146

563

20

Carbon steel

2
4500 at 90 psid

164
41

Source to 0.001%

power (4)
0.0003% to 10%
power (8)

5% to 125% power

(164)

5% to 125% power

(6)
7 Sb-Be

UFSAR
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TABLE 1.7.6

(Continued)
‘ Vermont Yankee Dresden 2
Number of loops : 1 1
Flow rate (gpm) 4250 5600
Automatic depressurization system (No.)- 1 1
Low pressure coolant injection (No.) 1 ' 1
Number of pumps , 4 ) 4
Flow rate (gpm/pump) : . 7200 at 20 psid 4833 at 20 psid
" Auxiliary Systems .
Residual Heat Removal System
Reactor shutdown cocling (number of pumps) 4 3®
Flow rate (gpm/pump) ‘¥ 7,200 5,350
Capacity (btu/hr/heat exchanger) ? - 57.5 x 10° 27 x 1081
Number of heat exchangers 2 3@
Primary containment cooling
) Flow rate (gpm) . 28,000
RHR Service Water System
Flow rate (gpm/pump) 2,700 3,500
Number of pumps : 4 ' 4
Reactor Core Isolation. Cooling System
Flow rate (gpm) 400 None
* Fuel Pool Cooling and  Cleanup System
Capacity (Btu/hr) : 2.37 x 10° 3.65 x 10°
Turbine Generator
De51gn power, MWt . 1665 ) - 2527
Design power, MHWe _ ‘564 ) C 809
Generator speed, RPM . 1800 - 1800
Design steam flow, lb/hr ' 6.721 x 10° 9.945 x 10°

Turbine inlet pressure, p81g 950 950

" Turbine Bypass System

Weapacity during reactor cooling mode with three of four pumps running.

' 'capacity during post-accident cooling mode with 165°F shell side inlet
temperature, maximum service water temperature, and one RHR pump and one RHR
service water pump in operation.

) geparate shutdown cooling system.

VYNPS ’ o UFSAR
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Cépacity, percent of turbine design
flow

Main Condenser

Heat removal capacity, Btu/hr

Circulating Water System

Number of pumps
Flow rate, gpm/pump

TABLE 1.7.6

(Continued)

steam

Condensate and Feedwater Systems

‘ Design flow rate, lb/hr’

Number of condéhsate pumps _
Number of condensate booster pumps
-Number feedwater pumps

Condensate pump drive

Condensate booster pump drive
Feedwater pump drive

Transmission System

Outgoing lines (number-rating)

" Normal Auxiliary AC Power

Incoming lines (number-rating)

Auxiliary transformers
Startup transformers

_ Standby AC Power Supply
Number diesel generators '
Number of 4160V standby busses
Number of 480V standby busses

DC Power Supply
Number of 125 V or 250 V batteries

thber of 125 V or 250 V busses

VYNPS

Vermont Yankee Dresden 2

105 40

3605 x 10°

3 3

122,000

6.4 x 10° 9.725 x 10°

3 4
4

3 3

ac power ac power
ac power

ac power ac power

2-345 kV: 5-345 ‘kV

2-115 kV

2-345 kV 5-345 kV

2-115 kv 6-138 kV

1-4160 V

1 1

1 1

2 3 (for 2 units)

2 2

2 2

2 1-125 V
1-250 Vv

3 2-125 Vv
2-250 V

UFSAR
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TABLE 1.7.6

(Continued)

‘Primary Containment’
Type '

Construction
Drywell.
Pressure suppression chamber

Pressure Suppression Chanber

Internal design pressure (psig)
External design pressure (psi)'
Drywell-internal design pressure (psig)
DrYwelléexterﬁal design pressure (psi)
Drywell free volume (ft3)

Pressure suppression chamber free volume
(££2)
Pressure suppression pool water volume (ft?)
Sﬁbmergénce of vent pipe below pressure pool
.surface (£t)
Desién tempefature of drywell (5F)
Design temperature of pressure sSuppression
chamber (°F) |
Downcomex vent pressure loss factor
Break area total vent area (ft?)
Calculated maximum pressure after blowdown
drywell (psig)
~ Pressure suppression,chémber (psig) -
Initial pressure suppression pool temperature
rise (°F)
Leakage rate (% free volume/day at 56 psig
and 281°F)

Vermont Yankee

Pressure.
suppression

Light bulb shape;

steel vessel
Torus; . steel
vessel

56
2

56

2
134,200
108,250

77,8970
4

281
281

6.21
0.019
35

Dresden 2

Pressure
suppression
Light bu1b>shape;
steel vessel
Torus; steel
vessel

62

1

62

2 .
158,236
117,245

281
281

6.21
0.019
48

28
50

0.5 (at 62 psig
and 281°F)

. 'Wwhere applicable, containment parameters are based on design power.

VYNPS
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TABLE 1.7.6
(Continued)

Vermont Yankee Dresden 2

Secondary Containment
Type Controlled Controlled
leakage elevated leakage elevated

release release
Construction ,
Lower levels _ Reinforced Reinforced
concrete concrete
Upper levels Steel super-: Steel super-
structure and structure and
siding siding
Roof Steel sheeting Coricrete slabs
Initial design pressure (psig) 0.25 0.25 '
Design in leakage rate (% free volume/day at 100 100
0.25 inches H,0) ' '
‘ Elevated Release Point _
Type Stack *  Stack
Construction Reinforced Reinforced
) concrete concrete
Height (above ground) 318 feet : 310 feet
Seismic Design v
Design earthquake (horizontal g) : 0.07 0.10
Maximum earthquake (horizontal g) 0.14 0.20.
Wind Design
Maximum sustained (mph) 80 110
Tornadoes (mph)i 300 300
VYNPS UFSAR
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u.s. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

14.21 GENERIC GUIDELINES FOR EXTENDED POWER UPRATE TESTING
PROGRAMS

This Standard Review Plan (SRP) section provides general gu1dehnes for reviewing
proposed extended power uprate (EPU) testing programs. This review ensures that the
proposed testing program adequately verifies that the plant can be operated safely at the
proposed uprated power level. ,

Power uprates can be classified lnvthree categories. Measurement uncertainty recapture
power uprates are less than 2 percent and are achieved by implementing enhanced
techniques for calculating reactor power. Stretch power uprates are typicallyupto 7
percent and do not generally involve major plant modifications. EPUs are greater than
stretch power uprates and have been approved for increases as high as 20 percent.
EPUs usually require significant modifications to major balance-of-plant equipment. A
power uprate is classified as an EPU based on a combination of the proposed power
increase and the plant modifications necessary to support the requested uprate. This
SRP applies only to EPU license amendment requests.

REVIEW RESPONSIBILITIES

Primary - Equipment and Human Performance Branch (IEHB)
Secondary - Reactor Systems Branch (SRXB)
Plant Systems Branch (SPLB)
Probabillistic Safety Assessment Branch (SPSB)
Materials and Chemical Engineering Branch (EMCB)
Electrical and Instrumentation & Controls Branch (EEIB)
Mechanica! & Civil Engineering Branch (EMEB) :

DRAFT Rev. 0 - December2002

USNRC STANDARD REVIEW PLAN

Standard review lans are prepared for the guldance of the Office of Nuclear Reactor Regulation statf res onslble for the

tevlew of spplications to construct and operate nuclear power plants. These documents 2re made avalla le the public
art of the Commuissicn's policy to inform the nuclear industry and the general public of regulatory roce res and

po cies. Standard review plans are not substitutes for regu!atory guides or the Commission’s regula ons

comphance with them Is not required. The standard review P n sections are keyed to the Standard Fotmat and Content

ofvia ety laI\naiysis Reports for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding

review plan, -

Published standard review ﬂ[e:lzms will be revised pertodncally, as appropriate, to accommodate comments and to reflect
new information and experience

C ents and suggestions for Improvement will be considered snd should be sent to the U.S. Nuclear Re ulato
cggmlsslon, Offi lt':gegof Nuclear Rea%tor Regulation, Washington, D.C. 20555. g 24




I  AREAS OF REVIEW

The Equipment and Human Performance Branch coordinates the review of the overall

' power uprate testing program. Secondary review branches are responsible for reviewing
EPU applications to ensure that the licensee has proposed an EPU testing program that

. demonstrates that structures, systems, and components (SSCs) will perform satisfactorily

" in service at the requested increased plant power level. Secondary review branches will

assist IEHB in the review of proposed testing plans and acceptance criteria, as needed.
The review of EPU testing programs should be performed in conjunction with staff
reviews of other aspects of the EPU license amendment request.

Paperwork Reduction Act Statemement
The information collections contained In this NUREG are covered by the requirements of
10 CFR Part 50 which were approved by the Office of Management and Budget, approval
number 3150-0011.
Public Protectxon Notification
"If a means used to impose an information collect:on does not display a currently valid OMB

control number, the NRC may not conduct or sponsor, and a person is not required to respond
to, the information collectuon.
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CCEPTANCE CRITERIA

Extended power uprate test program acoeptance cnteria are based on meeting the
relevant requirements of the fo!lowmg regulations: )

s Appendix A, “General Design Criteria for Nuclear Power Plants,” to .

10 CFR Part 50, establishes in Criterion 1, “Quality Standards and Records,” as it
relates to establishing the necessary testing requirements for SSCs important to

‘safety, such that there Is reasonable assurance that the facility can be operated
without undue risk to the health and safety of the public. However, as discussed in-
Section 2.1.5.6 of LIC-100, “Control of Licensing Basis for Operating Reactors,” the.
General Design Criteria (GDC) are not applicable to plants with construction
permits issued before May 21, 1971. Each plant licensed before the GDC were
formally adopted was evaluated on a plant-speciﬁc basis, determined to be safe,

~and licensed by the Commission. - :

. Criterion XI “Test Control," of Appendrx Bto10 CFR Part 50, as it relates to |

establishment of a test program to assure that testing required to demonstrate that
SSCs will perform satisfactorily in service is identified and performed in accordance
with wriiten test procedures which incorporate the requirements and acceptance
limits contained in applicable design documents.

. 10 CFR 50.90, “Application for Amendment of License or Construction Permit,” as it
relates to an application for an amendment fotlowing as far as applicable the form
+ prescribed for original applications. Section 50.34, “Contents of Applications:
Technical Information,” which specifies requirements for the original operating
“license application, requires that the Final Safety Analysis Report (FSAR) include
plans for preoperational testing and initial operations. - -

Tec nlcal Rationale

Thts review ensures that the proposed EPU testing program adequately demonstrates
that SSCs will perform sabsfacton)y at EPU conditions. In particular, the EPU test

" program provides assurance that (1) any power-uprate related modifications to the facility

have been adequately constructed and implemented; and (2) the facility can be operated
at the proposed EPU conditions in accordance with design requirements and in a manner
that will not endanger the health and safety of the public. -

The following paragraphs describe the technical ratronale for app!‘mhon of the above
acceptance criteria to the review of EPU test programs .

. Criterion 1 of Appendix A to 10 CFR Part 50, establishes the necessary testing
requirements for SSCs important to safety; that is; SSCs that provide reasonable
assurance that the facility can be operated without undue risk to the health and
safety of the public. Also, SSCs important to safety shall be designed, fabricated,
erected and tested to quality standards commensurate with the importance of the
safety functidns to be performed. Where generally recognized codes and

" standards are used, they shall be identified and evaluated to determine thelr
applicablility. Additionally, a'quality assurance program shall be established to
ensure that SSCs will satisfactorily perform their safety functions.

- .
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Application of Criterion 1 of 10 CFR 50, Appendix A, to the EPU test program

ensures that the requested power uprate does not invalidate original testing .
requirements contained in the original licensing basis. This ensures that SSCs , \/
continue to meet their original design specifications. Testing is performed, as
necessary to provide assurance that SSCs continue to meet their-design :
capabilities. For example, testing could be performed to demonstrate that SSCs
functions, as expected, actuate in the intended time period and produce the

expected flow rate within the expected time period. Original quality assurance
standards and applicable codes and standards would be satisfied. The quality
assurance program ensures proper documentation and traceability that applicable
testing was accomplished, and codes and standards satisfied.

. Criterion XI of Appendix B to 10 CFR Part 50 requires that a test program be
established to assure that all testing required to demonstrate that SSCs will
perform satisfactorily in service is identified and performed in accordance with
written test procedures which incorporate the requirements and acceptance limits
‘contained in applicable design documents. The test program requirements include,
as appropriate, proof tests prior to installation, preoperational tests, and operational
tests of SSCs. Test procedures are required to include provisions for assuring that
all prerequisites for the given test have been met, that adequate test -
instrumentation Is available and used, and that the test is performed under suitable
environmental conditions. Test results are required to be documented and
evaluated to assure that test requirements have been satisfied.

‘Application of Criterion Xl of 10 CFR Part §0, Appendix B, to the EPU test program
ensures that SSC capabilities to perform specified functions are not adversely
impacted by increasing the maximum allowed power level. This also ensures that -
deficiencles are Identified and corrected, and that testing activities are conducted in
a manner which minimizes operational reliance on untested safety functions. This _/
provides a high degree of assurance of SSC and overall plant readiness for safe
operation within the bounds of the design and safety analyses, assurance against
unexpected or unanalyzed plant behavior, and assurance against early safety
function failures in service. Regulatory Guide (RG) 1.68, “Initial Test Programs for
Water-Cooled Nuclear Power Plants,” Revision 2, describes the general scope and
depth of initial test programs that the NRC staff found acceptable during the review

of original operating license applications. The SSCs subject to initial testing

performed safety functions that included fission product containment; reactivity
monitoring and control; reactor safe shutdown (including maintaining safe

shutdown); core cooling; accident prevention; and consequence mitigation as
specified in the design and credited in safety analyses.

. 10 CFR 50.90, *Application for Amendment of License or Construction Permit,”
requires that each licensee submitting a license amendment request fully describe
the changes desired and follow, as far as practicable, the form prescribed for the
original application. Section 50.34, "Contents of Applications: Technical
Information,” specifies requirements for the original operating license application.
In particular, 10 CFR 50.34(b){6)(iii) requires that each application for a license to
operate a facility include in the FSAR plans for preoperational testing and initial
operations. The initial test program (which includes preoperational testing and
testing during initial operation) verifies that SSCs are capable of performing their
safety functions as specified in the design and credited in safety analyses.
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Apphcatron of 10 CFR 50. 90 and 10 CFR 50.34(b)(6)(iii) to the EPU test program -

ensures that the licensee submits adequate information, commitments, and plans
demonstrating that operation at the requested higher power leve! will be within the
bounds of the design and safety analyses and that EPU testing activities will be
conducted in a sequence and manner which minimizes operational reliance on untested

~ SSCs or safety functions. This also ensures that preoperational and initial startup

testing invalidated by the requested increase in power level are evaluated and
reperformed as necessary to demonstrate safe operation of the plant.

REVIEW PROCEDURES

' The purpose of this review is to ensure that the proposed EPU testing program

adequately controls the initial power ascension to the requested EPU power level. The
EPU test program shall include sufficient steady-state and transient performance testing
to demonstrate that SSCs will perform satisfactorily at the requested power level. The
proposed EPU test program shotld be based on a systematic review of the initial plant
test program to identify initial licensing power-ascension testing that may be invalidated
by the requested EPU. Additionally, the EPU test program should include sufficient
testing to demonstrate that EPU-related plant modifi cat:ons have been adequately
implemented. _

A. Comparison of Progosed EPU Test Progrém :6 the Initial Plant Test Program

1. - Genera! Discussion

The licensee should provide a comparison of the proposed EPU testing

. program to the original power-ascension test program performed during
initial plant ficensing. The scope of this comparison shall include (1) all
power-ascension tests initially performed at a power level of equal to or
greater than 80 percent of the original licensed thermal power level; and
(2) initia! power-ascension tests performed at lower power levels if the
EPU would invalidate the test results. The licensee shall either reperform
initial power-ascension tests within the scope of this comparison or
adequately justify proposed deviations.

2. - Sgecifc Accegtance Criteria

~ Withinits associated technical discipline, each secondary branch
reviewer will determine if the licensee has adequately Identified the
following in the EPU license amendment request:

3

. Al bcwer-ascension tests initially performed at a power level of
equal to or greater than 80 percent of the original licensed thermal
power level. S

. ~ Allinitial power-ascension tests performed at power levels lower

than 80 percent of the original licensed thermal power level that
would be invalidated by the EPU. .

. Diﬁerehces between the proposed EPU power-ascension fest
. program and the portions of the initial power-ascension program
included within the scope of this comparison.
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The reviewer should refer to the plant-specific testing identified in FSAR

Chapter 14.2, “Initial Plant Test Program” (or the equivalent FSAR - _

section for non standard format plants), and startup test reports, if . _/
avallable, to verify that the licensee has adequately identified the scope - -

of the initial plant test program. Additionally, Attachment 1, "Steady-State

Power Ascension Testing Applicable to Extended Power Uprates,” and

Attachment 2, “Transient Testing Applicable to Extended Power Uprates,”

to this SRP section provide a generic summary of power-ascensxon tests

performed at or near full power. _ .

If the licensee’s proposed EPU test program does not include
performance of testmg originally performed during the jnitial plant test
program, the reviewer shall ensure that the licensee adequately justifies
all differences. The reviewer should refer to Section Il.C, below, for
, guidance on assessmg the adequacy of justn“ cations for proposed
e . differences.- -- R

B. Post Modification Testing Requirements for Functions |mgortant to Safety
Impacted by EPU-Related Plant Modifications ' :

1. General Dlscussmn

EPUs usually require significant modifications to major balance-of-plant

equipment, In addition to setpoint and operating parameter changes. -

Therefore, within its respective technical area, each secondary review

branch will assess if the licensee adequately evaluated the aggregate

impact of EPU plant modifications, setpoint adjustments, and parameter

changes that could adversely impact the dynamic response of the plant to

anticipated initiating events.. The objective of this review is to verify that . N4
the licensee has proposed a testing program which demonstrates that

EPU-related modifications to the facility have been adequately

implemented.

The reviewer Is not expected to evaluate the specific component- and
system-level testing requirements for each plant modification, parameter
change, or setpoint adjustment. Based on previous experience, testing
required by Technical Specifications and existing 10 CFR Part 50,
Appendix B, quality assurance programs have been adequate to -
demonstrate individual system or component performance
characteristics. Therefore, this review Is intended to ensure that -
functions important to safety that rely on the integrated operation of
multiple SSCs following an anticipated operational occurrence are
adequately demonstrated prior to extended operation at the requested
EPU power level.

2. Specific Acceptance Criteria

- Based on review of the licensee's EPU license amendment req(:est. the |
reviewer will determine if the licensee has adequately identified the
- following: .
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. plant mod:ﬁcatzons and setpoint adjustments necessary to support
operation at power uprate condmons and :

. changes in plant operating parameters (such as reactor coolant

temperature, pressure, T,.., reactor pressure, ﬂow. efc.) resultmg
from operatlon atEPU condmons

The reviewer should assess if the licensee adequately identrﬁed functions
important to safety that are affected by EPU-related modifications,
setpoint adjustments, and changes in plant operating parameters. In
particular, the licensee should have considered the safety impact of first-
of-a-kind plant modifications, the introduction of new system
dependencies or interactions, and changes in system response to
initiating events. The review scope can be limited to those functions
important to safety associated with the anticipated operational

~ -occurrences described in’Attachment 2 to this SRP, “Transient Testing
Applicable to Extended Power Uprates.” To assist in this review,

Attachment 2 also includes typical translent testing @cceptance criteria
and functions lmportant to'safety associated with these antrcxpated
events..

The reviewer should verify that the proposed EPU test program
adequately demonstrates each function important to safety that meets all
of the following criteria: (1) Is impacted by EPU-related modifications, (2)
is required to mitigate a plant transient listed in Attachment 2, and (3)
involves the integrated response of multiple SSCs. If a function important
to safety cannot be adequately tested by overlapping individual
component- or system-level tests, the licensee should propose suitable

. system functional testing. . __

C. Use of Evaluatlon To Justsfx Elimination of Power-Ascension Tests

1.

General Drscussron

In certam cases, the licensee may propose an EPU test program that
does not include all of the power-ascension testing that would nomally
be required by the review criteria of Sections Ill.A and lil.B above. The
licenseé¢ shall provide an adequate justification for each of these normally
required power-ascension tests that are not included in the EPU test
program. For each proposed test exception within its technical area,
each secondary review branch will verify the adequacy of the licensee’s
justification. _

~

- Specific Acceptance Criteria

If the licensee proposes to not perform a power—ascénsion teét that would

‘normally be required by the review criteria contained In Sections lll.A and

111.B, above, the reviewer should ensure that the licensee provides an
adequate justification. The proposed EPU test program shall be
sufficient to adequately demonstrate that SSCs will perform satisfactorily
“In service. The reviewer should consider the following factors when
assessing the adequacy of the licensee’s 5 justification:
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-a. Previous Ogerating Experience

. If the licensee proposes not to perform a required transient test N
based on operating experience, a review should be_ conductedto .
determine the applicability of the operating experience to the. -
specific plant configuration and test requirements If the licensee
references industry operating experience, the reviewer should
consider similarity in plant design and equipment; operating power
level; and operating and emergency operating procedures.

b. Introductron of New Thermal-Hydraulic Phenomena or Identifi ed
: System Interactions -

The reviewer should ensure that the licensee adequately
addressed the effects of any new thermal-hydraulic phenomena

_systemJnteractuons thaLmayl:e mtroduced as.aresult of the
EPU.

c. Facmgg Conformance to Limitations Associated With Anal)@wl
- Analysis Methods ' :

The licensee’s justification for not performing specific power-
ascension testing should include consideration of the facility
conformance to limitations associated with analytical analysis
methods. These limitations may include, but are not limited to,
plant operating parameters, system oonﬁguration, and power
level.

d.  Plant Staff Femiliarization With Facility Operation and Trial Use of N
o Qgerating and Emergency Operating Procedures '

Plant modifications and parameter changes, in conjunction with
increased decay heat generation associated with higher power

. operation, can impact the execution of abnormal and emergency
operating procedures. For example, the EPU may change the

- timing and sequence of significant operator actions used in
abnormal and emergency operating procedures, or could impact
accident mitigation strategies in abnormal or emergency operating
procedures _ _

For each EPU license amendment request, IEHB reviews the
impact of the requested power uprate on operator training and
human factors in accordance with separate EPU review standard -
guidance. These reviews include an evaluation of the changes in
operator actions, procedures, and training (including necessary
changes to the contro! room simulator) resulting from the EPU.
Although the inlitial power-ascension test program objectives, as .
described in Reference 8, included plant staff familiarization with
facility operation and trial use of plant abnormal and emergency
operating procedures, the EPU review standard adequately
addresses the operator training and human factors aspects of the
EPU. Therefore, it is not expected that power-ascension testing
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would norma!ly be required for the purposes of procedure
verifi catton or operator famxhanzauon

Margin Reduction in Safety Ana!ysns Results for Antlcngated
Ogerattonal Occurrences .

“The licensee’s justlﬁwtuon for not berforming a particular power-

ascension test should include a consideration of the change in the
associated safety analysis results due to the proposed EPU. To
aid in this review, the information provided in Attachment 2 to this
SRP section includes a reference to the safety analysis SRP
sections related to each transient test, if applicable. For safety
analysis acceptance criteria that can be quantitatively measured
(e.g. peak reactor coolant system pressure), a reduction in
available margin by less than approximately 10 percent would
normally be considered to be a minimal change in consequences.
The avallable margin Is the difference between the standard
review plan accident analysis acceptance criterion of interest and
the plant-specific value calculated at EPU conditions. For larger
reductions in avallable margin, the licensee may consider such

. factors as the amount of remaining margin; the sensitivity of the

results to changes in analysis assumptions; and the capability of
transient testing to provide useful confirmatory data.

Although the initial power-ascension test program objectives, as
described in Reference 8, included validation of analytical models
and verification of assumptions used for predicting plant response
fo anticipated transients and postulated accidents, transient
testing Is not required for the purposes of analytical code
validation for EPU license amendment reviews. The applicability
and validation of accident analysis analytical codes is reviewed by
the staff in accordance with separate EPU review standard
guidance -

LS

~ Guidance Contained in Vendor Togical Regorts

The NRC previously reviewed and accepted General Electric (GE)
Company Licensing Topical Report, “Generic Guidelines for
General Electric Boiling Water Reactor Extended Power Uprate”
(referred to as ELTR-1), NEDC-32424P-A, Class lll, February

- 1999, as an‘acceptable basls for BWR EPU amendment

tequests. This topical report provided specific guidance for the
performance of integrated system transient testing at EPU
conditions. As described in Section 5.11.9.d and Appendxx L24
of ELTR-1, the generator load rejection and the main steam
isolation valve (MSIV) tests verify that the plant performance is as

- predicted_aqd_projecged fromprev!ous testdata.

For PWRs, Westinghouse Report WCAP-10263, "A Review Plan
for Uprating the Licensed Power of a Pressurized Water Reactor
Plant,” provides limited guidance for power uprate testing.
Specifically, the document states that the recommended test
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program for the nuclear steam supply system and interfacing.
balance-of-plant systems be developed on a plant-specific basis
depending on the magnitude of hardware modifi wtlons and the

magnitude of the power uprate.

A!though the NRC has previously approved certain exceptions to
power-ascension testing requirements, the reviewer should
assess the licensee’s proposed justxﬁcatsons ona plant-specxf c
basis. :

g.  Riskimplications -

For cases where the licensee proposes a risk-informed basis for
not performing certain transient tests, SPSB should be consulted
to assist in the review. Risk-informed justifications for not

,,,,, —performing transient testsshould be carefully welghed against the
potential benefits of performing the testing. In addition to the risks
inherent in initiating a plant transient, the review should also
consider the benefit of identifying potential latent equipment -
deficiencies or other plant problems under controlled
circumstances during transient testing. In any case, a risk-
informed justification should not be used as the sole basis for not
performmg transient testing.

If the licensee provndes adequate justification for not performmg certain
power-ascension tests, the staff may conclude that the EPU test program
is acceptable without the performance of these tests.-

D. Evaluate the Ad_eguagpf_l?rogosed,Tr_ansient TestingPlans . .=

1. General Discussion

The EPU amendment request should include plans for the initial
approach to the increased EPU power level and steady-state testing that
will be used to venfy that the reactor plant operates within design
parameters.

2.  Specific Accegtance Criteria

For each EPU power-ascension test proposed by the Iicensee to-

demonstrate that the plant can be safely operated at EPU conditions, the

staff will review the test objectives, summary of prerequisites and test

methods, and specific acceptance criteria for each test to establish that

the functional adequacy of SSCs is verified. This review assures that the

test objectives, test methods, and the acceptance criteria are acceptable
- and consistent with the licensing basis for the facility. -

Each secondary review branch will review the licensee’s plans for the

EPU test program within its respective technical area. The licensee’s
EPU test program s_hould include the following:
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e " Theinitial approach to the uprated EPU power level should be
performed in an incremental manner and include steady-state -
power hold points to evaluate plant performance above the

-

original full-power level. -

. The licensee should propose appropriate tesﬁng and acceptance
- criteria that ensure that the plant responds within design

predictions. The predicted responses should be developed using
real or expected values of items such as beginning-of-life core
reactivity coefficients, flow rates, pressures, temperatures, and
response times of equipment and the actual status of the plant,
and not the values or plant conditions used for conservative
evaluations of postulated accidents. :

. Contingency plans should be implemented if the predncted plant
-- ——response-is.not obtained.

. The test program should be sCheduIed and sequenced to
minimize the time untested functions important to safety are relied
upon during operation above the original licensed full-power level.
Safety-related functions relied upon during operation shall be
verified to be operable in accordance with existing Technical
Specification and Quality Assurance Program requirements.

To assist this review, Attachments 1 and 2 to this SRP section provide a
generic listing of full power steady-state and transient tests and related
acceptance criteria that are potentlally applicable to an EPU test
program. .
|f a power-ascension test is requnred to demonstrate that the plant can be
" operated safely at EPU conditions, the reviewer shall determine if a
license condition should be imposed to ensure that this testing Is
performed ina tnmely and controlled manner.

EVALUATION FINDlNGS

When the review of the information in the EPU amendment application is complete and
the reviewer has determined that it is satisfactory and in accordance with the --
acceptance criteria in Section Il above, a statement similar to the follownng should be
provided in the staff's Safety Evaluatnon Report (SER):

“The staff has revnewed the EPU test program information provided in the license
amendment request in accordance with SRP Section 14.2.1 and relevant guidance
provided in the EPU Review Standard. ' This review included an evaluation of (1) plans
for the initial approach to the proposed maximum licensed thermal power level, including
verification of adequate plant performance, (2) transient testing requirements necessary
to demonstrate that the plant can be operated safely at the proposed increased

-maximum licensed thermal power level, and (3) the test program’s conformance with
“applicable regulations. The staff finds that there is reasonable assurance that the

applicant's EPU testing program satisfies the requirements of Criterion X, ‘Test
Control,’of 10 CFR Part 50, Appendix B, and is therefore acceptable.”
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V.  IMPLEMENTATION

This SRP section will be used by the staff when performing safety evaluations of EPU -/
license amendment applications submitted pursuant to 10 CFR 50.80. This SRP is not
intended to be used in place of plant-specific hcensmg bases to assess the acceptability
of an EPU application. Applicability of this SRP is determined on a plant-specific basis
consistent with the licensing basis of the plant.

In addition, where the NRC has approved a specific methodology (e.g., topical report)
for the type of power uprate being requested, licensees should follow the format
prescribed for that specific methodology and provide the information called for in that

. methodology and the NRC's letter and safety evaluation approving the methodology.
Except in those cases in which the applicant proposes an acceptable alternative method
for complying with specified portions of the Commission's regulations, the method
described herein will be used by the staff in its evaluation of conformance with’
Commrssron regulations. - — S : R S
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Steady-State Power Ascenslon Testing Agglléable to Extended Ppwer'Ugrates

Power Ascension Test Referencs. . Remmonded Inftial Conditions “Typlcal Test Acceptance Criterla Pdmafy Tedvdcamwlow Branch
Conduct vibration testing Regulatory Gude (RG) 1 68, lowast practical power level reactor vessel and reaclor coolant system EMEB
and monitoning of reactor App A : companent vibration charactenstics within design o
vessel miernats and reactor - 45,59 See NRC Information Notice 2002-28 and RG 1 20
coolant system components
Measure power reactvity RG 168,AppA 100% of RTP characteristics In accordance with deﬁlgn SRX8
coefficients (PWR) of powet ) 5.a .
vs flow charactenstics
(BWR)

Steady-state cors RG 168, App A 100% of RTP charactenstics in accordance with design SRX8
performance 5h o . :
Control rod pattoms RG168,AppA | power equatto highest powerlevel thatrod | core hmils not excesded SRXB
exchange - Se¢ exchanges will be a¥owed atpower = - : .
Controt rod misafignment RG 168, App A 100% of RTP demonstrate ablity 1o detect misafignment " SRXB
testng -1 . . )
rod rmsalignment equal to or less than TS
‘ lmits ' :
Fafled fuel detecton system RG 168, App A 100% of RTP " venly proper operation 1EHB
. Sg R :
Plant process computer .RG 168,App A 100% of RTP mputs and calculation are comect SPLB/EEIB
5r '
Calibrate mayor of pncipal RG 168, App A 100% of RTP verdy performance SRXBISPLB -
plant conlrol systems X '
Man sleam and mam RG‘ 168, App A 100% of RTP operale in accordance with 69:!9&: performance SPLB
fesdwater system operation S5v : requirements
Shield andl p?nelfatm RG168,AppA 100% of RTP maintaln temperature within design imsts SPLB .
cooling systems - - 5w . ) : . i
ESF auxhary and RG 1,66, App A 100% of RTP capabla of performeng design functions SPLB
environmental systems : 5x . :
Calbrate systems used to RG 168, App A 100% of RTP | very performance " EEIB
determine reactor thermal . 8y : '
power ‘ S ‘
Chemical and radiochemical RG 168, App A 100% of RTP control systems function in accordance with design 1EHB
control systems Saa - . .
Seriple reactor coolant - RG 168, App A - 100% of RTP _ chersiry kvls ere nol exceeded. EMCB
system and secondary S.aa .
coolant systems )
14.2.1-14 ATTACHMENT 1
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Power Ascension Test Reference Recommended Initial Conditions Typleal Test Accaptance Criteria . Primary Technical Review Branch -
Radiation surveys RG 169, AppA © 100% of RTP shielding adequacy end identlfy 10 CFR Part 20 IEHB
. . Shb ‘ high-radiation zones '
Ventiation systems ' RG 168,AppA 100% of RTP malintain servica areas within design imits SPLB
{including primary - 4)and 511
contsinment and steam
tunnel)
Acceplabiiity of reactor RG 168, AppA ¢ Lowest practical power level parameters within design values EMEB
Intematls, pipng, and 184,183,108, andS500 . ]
component movement, : :
vibrations, and expansions
s
, -
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Transient Tesgihg Ap_gllcablle to Extended Powef Uprates

Transtent Test Reference Typical Reactor Plant imittat “Typical Translent Test Acceptance Cnteria and Applicable Accident Analyses
, Conditions Assoclated Functions Important to Safely {SRP Section)
Rebkef valve testing RG 168, AppA Reactor power level at predetermined Rellef valva rating at a specified presswia seting 15.4.2 inadvertent Openingof a
4pend St . power level plateaus ) ‘Steam Generator Relvef of
Delay tyme between the signal Initiating rebef vaive oponlng 8nd Safely Valve ‘
Inspection All relief valves set in auto the star of motion
Procedwre (IP) } 1561  Inadvertent Opéning of a PWR
72510 Individusl vaive functional tests st - Opening stroke Ume of the main valva disc and distance Prossunzer Pressure Relief
prescribed power level plateaus : Valve or a BWR Pressure
) Closing stroke tima of the main valve piston loflowing release of Retlief Valve
Individual valve capacity fests at fow power | tha pneumatically operated mechanical push rod
(25% of RTP) using bypass vaive : ’
movement or turbine generator output as a
measurement variable
Dynamic response of plant RG 168,AppA 100% of RYP Performanca In sccordance with design
to design load swngs Shh
Reactor core isolaton IP 72512 Steady-state reactor operations at rated Startup from hot standby conditions and discharge of rated flow
cooling functional test tomperaturs and pressure ) nto the reactor vessel at rated pressure and temperature within
: . ’ a specified trna
RCIC ahgned for standby operalion
Venfication of maximum rated flow isolation tnp
Reactor power at appmnma!eiy 25% of
R‘rP Venfication of overspeed trip
Turbine gland seal condenser system shalt prevent sleam leak
to atmosphere
Dynamic response of plant RG 168,AppA . | 100% of RTP | Performance ln accordance with design* - 153 1 (BWR) & 153 2 (PWR)
to kmitng reactor coolamt 11 ) , .
pump tnps or closure of Tnp from steady-state power operation Instrumentation is adjusted to provide an accurate conversion of Loss of Forced Reactor
teactor coolant systemn flow 1P72512 ndividual Jet pump Ap values to a summed core flow over the Coolant Flow including Trip of
controf valves ' Recording of translents followng tnp and range of two-pump opefam Pump Mo!or
dunng pump restart
{Reactor coolant . . Recircutation pump hsmmanon Is catbrated
recircutation pump tnp test) Recording of kmiting heat transfer
paramelers Loop ﬂow lrom single-tap and doubla-tap pumps agrees vnthm
%
Return to two-pump operation in accord .
with facikly operating procedures Core flow from single-tap and double-tap pumps agrees within
2%
Trip of a sngle pump and of both pumps .
simuitaneously, Individual jet pump flow variation from average pump flow Is
fimited
Dynamic respanse of the RG 1.68, App A 90% of RTP perf in d: with design 15.4.1 Decrease In Feedwater
plant to loss of feedwatsr Skk Temperature
healers that results in most
severa feedwater
temperature reduchon
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Applicable Accident Analyses

Transtent Test Reference - Typlcal Reactor Plant Initial Typlcal Translent Test Acceptance Criterla and
: Conditions Assoclated Functions Important to Safety (SRP Section)
Dynamic response of p!an( RG 168, Appendix plant performancs In accordance with design 1527 Loss of Normal Feedwater
{0 loss of feedwater flow A, Section § Flow :
i (Intraduction)
Dynamia response of plant RG 1.68,App A 100% of RTP with efectrical system aligned | Performance in accordance with design, including: 1528  Lossof Nonemergency AC
for ful! load refaction Snn for normal full-power operation and load - . Power 10 the Station
. refection method should subject turbine te | Automatic transfer of plant loads as designed, automatic start of Auxtliaries
(Loss of Offsite Power 1P 72517 maximum credible overspeed condition diesel generators, automatic load of dlese) generators in the
Testing) ’ specified sequence
P 72582 steady-siate plant operations with greater
than 10% generator output (lP 725178 - Reaclor pressure remains below the fhlsamy vaiva |eﬂ|ng
725%2). Pressurizer safety valves donot it~ -
rip of the plant with breakers in specified AN gafaty systems such as RPS, HPC, diesel genefalom.and '
positions ¢0 that plant loads wifl be RCIcm"cﬂmw!!memal assistance
transferred directly to the dlesel generators
fonemhg loss of houss power Nosmal reactor coofing systems should maintaln adequate core
. temperatures, and prevent actustion of the Automatic
recirculation system flow eontrol mode ‘Depressurization System; howsver selacted reffef vaives may
specified function to contro! pressure .
Tmblne bypass system operstes to maintain specified presm
SIeam sys!em pmmduated prassure rel!ef vaives open and
close st specified value
Pmm'lzer spmy valves open and close at specified va'l'ues.
Reactor coolant tonwuluralprssﬁm relationship remsins
within prescribed values .
Pressurizer level is maintained within prescribed fimits
Steam generator lsvel remains within prescribed imits -
14.2.1-17 ATTACHMENT 2
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Transient Test

Referenéa

' Typlcal Reactor Plant Initial
i Conditions

Typical Transient Test Acceptance Cnteria and
Assaclated Functions Important to Safety

Applicable Accident Analyses
. (SRP Section)

Dynamic mponso of plant
fo turbine tnp

{Turbine tnp of generator
tnp)

RG 168, App A
SN

1P 72580
1P 72514

tnp from stoady stats operation el greater
than 85% of RTP

vtiation of the test w trip of the mamn
genefalor output breaker

recirculation system flow conlrol mode must
be specified

Parformance n accordance with design, Including
reactor coolant pumps do not trip
pressurizer spray vaive opens and closes st the spacified values

reactor pre Ins below tho setpoint of the first safety
valves, pressunzer safety vaives do not ift or weep

pressunzerlevel wuhln prescribed lamuls

sleam systom power adualed pressure relief valve opens and
closes at specified values

reactor coolant prossmnemperahna relationship remams withn
defined values

steam generator level ramains within prosd'lbed mits, no
flooding of the steam lines dunng the transient, no iniiation of
ECCS and MSIV isolation during the transient -

Mbm bypass sysiem operates {o mantam specific pressure
(plants with 100% bypass capatxlity shafl reman at power :
without scram during the transient)

plants with seleci-od-mserhon shalt mamtan power without
scram from redm.vlatlon pump overspesd or cold !oodwaler
effect -

reactor ptblecﬂon system funchons ehould be venfied

‘| all safety and ECCS systems such as RPS, HPC), diesel

generators, and RCIC function mthout manuel assistance
called upon . _

normat reactor coolmg systemns should mawntan adequale
cooling and prevent actuation of automatic depressurization -
system, even though retef valves may function to control -
pressure

pﬁm electncal loads (transferred as designed)

turbine overspead cnteria met

1521 Turbme Trp

Dynamic response of plant
to automatc closure of all
main steam isolabon valves

RG 168, AppA
Smm

1P 72510

Inthial power lavet of 100% of RTP

_psdormanca n accordance with design

acceptance criteria include MSIV closing time

1524  Maln Steam Isolation Vaive

Closure (BWR)
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JUSTIFICATION FOR EXCEPTION TO LARGE TRANSIENT TESTING

Background

The basis for the Constant Pressure Power Uprate (CPPU) request was prepared followmg the
guidelinés contained in the NRC approved, General Electric (GE) Company Licensing Topical
Report for Constant Pressure Power Uprate (CLTR) Safety Analysis: NEDC-33004P-A Rev. 4,
July 2003. The NRC staff did not accept GEs proposal for the generic elimination of large
transient testing (i.e., Main Steam Isolation Valve (MSIV) closure and turbine generator load
rejection) presented in NEDC-33004P Rev. 3. Therefore, on a plant specific ‘basis, Vermont
Yankee Nuclear Power Station (VYNPS) is taking exception to the large trapsient tests; MSIV.
closure and turbine génerator load rejection. -

The CPPU mcthodology, maintaining a constant pressure, simplifies the analyses and plant -
changes required fo achieve uprated conditions. Although no plants have implemented an -
thended Power Uprate (EPU) using the CL'IR. thirteen plants have implcmcnted EPUs without

increasing reactor pressure.

Hatch Units 1 and 2 (105% to 113% of Original Licensed 'rhmnax Power (OLTF))
Monticello (106% OLTP)

Muchleberg @i.e., KKM) (105% to 116% OLTP)

Leibstadt (i.e., KKL) (105% to 117% OLTP)

Duane Amold (105% to 120% OLTP)

Brunswick Units 1 and 2 (105% to 120% OLTP)

Quad Cities Units 1 and 2 (100% to 117% OLTP)

Dresden Units 2 and 3 (100% to 117% OLTP)

Clinton (100% to 120%)

. Data collected from testing responses to unplanned transients for Hatoh Units 1 end 2 and KKL
plants bas shown that plant respanse has consxstently been wrthm expected parameters.

Entergy “believes tha:t additional MSIV closure and generator load rejection ____m_ng_t
ncbessarymd, these st would not confirm any new or significant aSpect of

performance that is not routmely demonstrated by component level testing. This is further
supported by industry experience which has demonstrated plant performance, es predicted; under
EPU conditions. VYNPS has experienced generator load rejections from 100% current licensed

thermal power (se¢ VYNPS Licensee Event Reports (LER) 91-005, 91-009, and 91-014) No
" significant enomalies were seen in the plant’s response to these events. Further testing is not
necessary to demonstrate safe operation of the plant at CPPU conditions. A Scram from high
j;owerlevclmuhsmanurmecessaryandund&mableuanswntcycleonthepmnarysystem In
addition, the risk posed by intentionally initiating @ MSIV closure transient or a generator load
rejection, although small, should not be incurred unnecessarﬂy

VYNPS R&sponse' to Unplanned Transients; _
VYNPS experienced an unplanned Generator Load Rejection from 100% power on 04/23/91.

The event included & loss of off sitc power. A reactor scram occurred as a result of a
Generator/Turbine trip on generator load reject due to the receipt of a 345 KV breaker failore
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signal. 'IhxswasreportedmthéNRCmLERél-Ow dated 05/23/91. No significant anomalies
were scen in the plant’s response fo this event. VYNPSalsoexpmencedthefollowmg
unplammed generator Joad rejection events:

e On 3/13/91 with reactor power at 100% a reactor scram occurred as a result of turbine
. trip on generator load reject due to a 345KV Switchyard Tie Line Differential Fault. This.
event was reported to the NRC in LER 91-005, dated 4/12/91.

e On 6/15/91 during pormal operation with reactor power at 100% a reactor scram occurred
due to a Turbine Control Valve Fast Closure on Generator Load Reject resulting from a
Joss of the 345KV North Switchyard bus. -This event was reported to the NRC in LER
91-014, dated 7/15/91.

No mgniﬁaant anomalies werc'seenmtheplant s response to these events. Transient expetience.
at high powers and for a wide range of power levels at operating BWR plants has shown a close
correlation of the plant transient datatotbcpmdxcatedrwponsc. )

Basedmthcmmﬂmﬁyofphn&pasthmmmﬂhs@g,pastmﬂysegmﬂthewﬂuamofm
results, the effects of the CPPU RTP level can be analytically determined on a plant specific
basis. The transient analysis performed for the VYNPS CPPU. demonstrates that all safety
Limiting. No safety related systems were significantly modified for the CPPU, however some
instrument setpoints were changed, The instrument setpoints that were changed do not contribute
to the response to large transient events. No physical modification er setpoint changes were made

* to the SRVs. No new systems or features were installed for mitigation of rapid pressarization

anticipated operational occurrences for this CPPU. A Scram from high power level results in an
uvnnecessary and undesirable transient cycle on the primary system. Therefore, additional
transient testing involving scram from high power levels is not justifiable. Should auy fitare
large transients oceur, VYNPS procedures require verification that the actual plant response is in
accordance with the predicted response. Ensungplantevmtdamreoordu-sarecapable of
acqunmgthcnw&ssmydamtocunﬁmthcactualvmusa:pmdmponse. :

Further, thcimpmtammdemcharactmsucsreqmredformmentmalymsmconﬁrmedbythc
steady state physics testing. Transient mitigation capability is demonstrated by other equipment
surveillance tests required by the Technical Specifications. I addition, memumm

mymmmmmmnmmgmms

MSIV Closure Event

Closm'eo{allMSIstsanAbnonnalOpemhonal'nanszmtasdsm'bedinChaptm'Mcfthz
VYNPS Updated Final Safety Analysis Report (UFSAR). The transient produced by the fast

closure (3.0 seconds) of all main steam line isolation valves represents the most severe abnormal
~ operational transient resulting in a muclear system pressure rise when direct scrams are ignored.

The Code overpressure protection analysis essumes the failure of the direct isolation valve -
position scram.  The MSIV closure transient, assuming the backup flux scram verses the valve
position scram, is more significant. 'Ih:scaschasbeenre—eva!uatedforCPl’watbwceptable

results. _
The CLTR states that: “The samzpcrformanoc&itaiawﬂlbeusedaéinﬁzcoﬁginalpowcr
ascension tests, unless they have been replaced by updated criteria since the initial test program.”
'IheoxiginalMSIVclosure!:wtaﬂcwedthc scram to be initiated by the MSIV position switches.
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As such, if the miginﬂMSNclosmetstwucm—pafmmed,thercsultswou]dbemchl&s
‘significant than the MSIV closure analysis performed by GE for CPPU.

The original MSIV closure test was intended to demonstrate the following:

1. Determine reactor transient behavzor during and jbllomng simultaneous full closure of
all MSIVs,

Criteria:

@) Reactor pressure shall be maintained below 1230 psig.

b) Maximum reactor pressure should be 35 psi below the ﬁm‘ safety valve setpoint.
(This is margin for safety valve weeping).

2. Functionally check the MSIVs for proper operation a{xddetemdnemdom time.

Criteria:
a) Closure time between 3 and 5 seconds.

Item 1: Reactor '!‘ransient Behavior

For this event, the closure of the MSIVs cause a vessel pressure increase and an increase in
reactivity. The negative reactivity of the scram from MSIV position switches should offset the
positive reactivity of the pressure increase such that there is a minimal increase in heat fhux.
Therefore, the thermal performance during the proposed MSIV closure test is nmch Jess Yimiting
than any of the transients routinely re-evaluated CPPU will have minimal impact on the
components important to achieving the desired thermal performance. Reactor Protection system
(RPS) logic is unaffected and with no steam dome pressure increase, overall control rod insertion
times will not be significantly affected. MSIV closure speed is controlled by adjustments to the
actuator and is considered very reliable as indicated below.

Reactor Pressnre

Duem&cnﬁnhnalnahmoftheﬂuxtmsicm,me@wwdmmﬁmmqkml above,
is largely dependent on SRV setpoint performance. At VYNPS all four SRVs are replaced with -

re~furbished snd pre=tested valves each Gutage. After the cutage, the removed valves are sent out
for testing and recalibration for installation in the following outage. Over the past ten rears there
have been twenty five SRV tests performed. In those twenty five tests only one test found the as-
found setting outside the Technical Specification (TS) current allowable tolerance of £3%. This
valve was found to deviate by 3.4% of its nominal lift sctpoint. Note that this is bounded by the
'VYNPS design analysis for peak vessel pressure which assumes one of the four SRVs does not
open at ell (onc SRV out of service). Given the historical performance of the VYNPS SRVs
along with the design margins, performance of an actual MSIV closure test would provide liitle
benefit for demonstrating vessel overpressure protection that is not already accomplished by the
component level testing that is routinely performed, in accordance with the VYNPS TSs. -

BmcmedesdamdommmmmbmgmmedmdSRVsMucnubmg
changed,thsrclsnomascmthcprobabﬂxtyofleakageaﬁu'aSRVhﬁ. Since SRV leakage
performance is considered acceptable at the current conditions, which match CPPU conditions
with respect to steam dome pressure and SRV setpoints, SRV leakage performance should
continue to be acceptable st CPPU conditions. An MSIV closure test would provide no
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significant additional confirmation of Jtem 1 pexfozmance criteria than the routine componmt
tesungpa—fmmcdevaycycle,mawmdanccwuhtheVYNPSTSs.

Item 2: MSIV C]osnre Time

SmeesteamﬂowassxstsMSNclosmqthefowsofItnnZwastovmfythatthesteamﬂowfrom
the reactor was not shut off faster than assumed (i.c., 3 seconds). During’ maintenance and
surveillance, MSIV actuators are evaluated and adjusted as necessary to control closure speed,
and VYNPS test performance has been good. To account for minor variations in stroke times,
the calibration test procedure for MSIV closure (OP 5303) requires an as left fast closure time of
4.0 +02 seconds. The MSIVs were evaluated for CPPU. The evaluation included MSIV
closure time and determined that the MSIV's are acceptable for CPPU operation, Industry
‘experience, including VYNPS, bas shown that there are no significant generic problems with
actuator design. Conﬁdcnoe:svayhgbﬂ:atsteamlmeclosurcwmﬂdnotbclﬁsthanasmed

by the analysis. ’
Other Plant Systems and'Components Response

The MSIV ILimit switches that provide the scram sigoal arc highly reliable devices that are
- suitable for all aspects of this application including envirommental requirements. There is no
direct effect by any CPPU changes on these switches. There may be emn indirect impact caused by
slightly higher ambient temperatures, but, the increased temperatures will still be below the
_quab:ﬁcahontunpmtmc. 'Ihsesthchwaree:q)ectcdtobeequallyrchableb&fomandaﬁu'
CPPU

The Reactor Protection System (RPS) and Control Rod Drive (CRD) cdmonmtsthatebnvmthz
scram signals into CRD motion are not directly affected by any CPPU changes. Minor changes
mpmssmemsaaossmsdwmpmmmymultmvuyshgm&mgwmemlbhde
ipsertion rates. These changes have been evaluated and detexmined to be insignificant. ' The
ability to meet the scram performance requirement is not affected by CPPU. Technical

Specification (TS) requirements formwecomponcmsmﬂeomhnucto be met.
CPPU Modifications o

FeedwataSystcmopmﬁmmﬂreqtmeopaaﬁmofaﬂﬂ:mefwdpumpsatCPPandmom
(unlike CLTP conditions). Operation of the additional Reactor Feed Pump (RFP) will not affect
plant response to an MSIV closure transicat.- All feedwater pumps receive 8 trip signal priar to
lcvdreachmgl??mchﬁ Overfill of the vessel after 2 trip would only ocour if level exceeded

235.5 inches. Since the feedwater pumps, the High Pressure Coolant Injection
(HPCDmbine,andtheRClCmrbineaﬂrwdvetipsigmlspﬂormlevdmahiug177inche3,a
substantial margin exists. VYNPS operating history has demonstrated that this margin greatly
exceeds vessel level overshoot during tramsient events. Based on this, there is adequate
confidence that the vessel level will remain well below the mwain steam lines under CPPU
conditions. - The HPCI and RCIC pump trip functions are routinely verified as required by TSs
andareconsxderedveryrehable

: Thcmodxﬁcatlonaddmgarecm:lanonpumpmnbackfollowmgammpwﬂlnotaffwtﬂ:c
plant response to this transient. The reactor scram signal fram the MSIV limit svntchw wﬂl
mﬂtmcontmlrodmsemonpnorto any mamal or automatic operation of the RFPs.
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contolrodswﬂlalrwdybems:rted,asubsequentnmbackoftherecxmﬂanonpmnpswillnot
affedthcplantresponse.

The modification (BVY 03-23 “ARTS/MELILA”)to add an additiona! unpiped Spring Sa.fcty
Valve (SSV) will not affect the plant response to this transient. The new third SSV will have the -
same lift setpoint as the two existing SSVs. 'I‘lnsnanszemdownotrwﬂtmanopenmgofassv

ncnscredxttabenforSSVacmauon. -

Generator Load Reject Testing

“Generator ‘Load Rejection From: High Power Without Bypass” (GLRWB) is an Abnormal
Operational Transient as described in Chapter 14 of the VYNPS Updated Final Safety Analysis
Report (UFSAR). This transient competes with the turbine trip vithout bypass as the most-
Yimiting overpressurization transient that challenges thenmal limits for each cycle. The GLRWB

A analysmassum&smatthemmmmhmdbyamplddosmoftheunhnemnholvdves s
-also assumes that all bypass valves fail to open. :

lheCLIRstatwthat'“Ihesamcperfmceanmawmbeusedasmﬂwmgmalpowu
ascension tests, unless they have been replaced by updated criteria since the initial test program.”
The startup test for generator load reject allowed the select rod insert feature to reduce the reactor
powerlevdmd,incoxmmchmwxﬁzbypassvalvcopenmg,mtmlﬁxetansmﬁ such that the
reactor does not scram. - Current VYNPS design does not inchude the select rod insert feature.
The plant was also modified to include a scram from the acceleration relay of the turbine control

Under current plant design, the original genecrator load reject test can not be re-
performed. If a generator load reject with bypass test were performed, the results would be much
lassxgmﬁwmmanthcgmmloadrqeammombypassdommalymspufmmedbyGE
for CPPU.

The original generator load reject test was intended to demonstrate the following:
L Detenmneanddemomtmtereacto}re.wonsetoagmeratornw, with particular

attenﬁontothemtesqfc}zangesandpeakvaluwofpowerlevd reactorsteampressw-e
azdan'bmespeed »

a Aﬂtesfpressuretrwientsmusrhavemaxmwnpresmrevahes 6elow1230
psig

b. Maximum reactor pressure should be 35 psi below theﬁrst safety vabe
setpoint. (This is margin for safety valve weeping).

c. The select rod insert feature shall operate and in conjunction with proper
bypass valve opening, shall control the transient such that the reactor does

not scram.

Due to plant modification discussed above, Criterion c. above would no longer be applicable for 8
generator load reject test. The generator load reject startup test was performed at 93.7% powes;

- however, & reactor scram occurred during testing and invalidated the test. A design change to

initiate an immediate saammgenumorloadrqectwasmplmnzmdandthxsmtmtwas

 subsequently cancelled since # was no longer applicable.
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Hem 1 Rezactor Response

For a generatar load reject with bypass event, given current plant design, the fast closure of the
Turbine Control Valves (TCVs) cause a trip of the acceleration relay in the turbine control
system. Thcaccclmhonrelaytnpm:hatwaﬁdlm@orsm 'I'hebypassvalvwopen,
however, since the capacity of the bypass valves at CPPU is 87%, vessel pressure increases. This
results in an increase in reactivity. The pegative reactivity of the TCV fast closure scram from
the acceleration relay should offset the positive reactivity of the pressure increase such that there
is 2 minimal increase in heat flux. Therefore, the thermal performance during a generator load
rejection test would be mmch less limiting than auy of the transients routinely re-cvaluated.
CPPU will have minimal jmpact on the components important to achieving the desired thermal
performance.  Reactor Protection ‘system (RPS) logic is unaffected and with no steam dome
pressure increase, overall control rod insertion times will not be significantly affected. A trip
chennel and alarm functional test of the turbine control valve fast closure scram is performed
evetyﬂn'eemonthsmmordancewrthplmtechmcalspemﬁwuons Thrstnpfuncuonis
wmdcredvuyrehable.

Reactor Pressure

Ducbthemmmalnahneoftheﬂmtmamgmcezpwwdmmmmnsq&nmmand
b. ebove, are largely dependent on SRV setpoint performance. Refer to the MSIV closure
Reactor Pressure section above for d:scussxou of SRV sctpoint performance.

BecanscratedmselstwmdomepressurclsnotbcmgmeasedandSRVsetpomtsarenotbmng
changed, there is no increase in the probability of leakage afier a SRV lift. Since SRV leakage
performance is considered acceptable at the current conditions, which match CPPU conditions
with respect to steam dome pressure and SRV setpoints, SRV leakage performance will continue
tobeacceptablentCPPUcondmons A generator load rejection test wonld provide no significant
additional confirmation of performance criteria a. and b. thanﬂxcrouuncoomponenttwtmg
perfonnodevclycyclc,maccordanoewnhtheVYNPSTSs

Other Plant Systems and Components Response

‘ncmrbmcwmlsymmamhmummhyhy&auhcﬂmdmmw@g_ﬂg;mdem

Scram signal arc highly reliable devices that arc suitable for all aspects of this hpplication
incinding environmental requirements.. 'Ihmnsnod:rectcﬁ‘wtbyanyGPPUchangsonthese
pressure switches. Thwesthchwa:eemectedtobeequaﬂyrchablebcforeandaﬁuCPPU

-TheRmctm'ProtecnonSystcm(RPS)andConn'olRoanvc((mD)componcmsﬂmtcothhe
" scram signals into CRD motion are not directly affected by any CPPU changes. Minor changes
in pressure drops across vessel compopents may result in very slight changes in control blade
insertion rates. These changes have been evaluated and determined to be insignificant. The
ability to meet the scram performance requirement is not affected by CPPU. TSreqm'cmausfor :

these components will contimieto bemet.
CPPU Modifications |
As previously described, Feedwater System operation will require all three feed puxgps at CPPU

conditions. Operation of the additional Reactor Feed Pump (RFP) will not affect plant response
to this transient. All feedwater pumps receive a trip signal prior to level reaching 177 inches.
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Overfill of the vessel after a trip would only occur if level exceeded epproximately 235.5 inches.
Since the feedwater pumps, the High Pressire Coolant Injection (HPCI) turbine, and the RCIC
turbine all receive trip signals prior to level reaching 177 inches, a substantial margin exists.
VYNPS operating history has demonstrated that this margin greatly exceeds wessel level
overshoot during transient events. Based on this, there is adequate confidence that the vessel
level will remain well below the main steam lines under CPPU conditions. The BPCI and RCIC

- pump trip fenctions are routinely verified as required by TSs and are considered very reliable,

The modification adding a recirculation pump runback following a RFP trip will not affect the
plant response to this transient. The reactor scram signal from turbine control valve fast closure
will result in control blade insertion prior to any mannal or automatic operation of the RFPs.
Smwwﬂrolbhdmmﬂahmdybemat&asubsequaﬂrmbackofﬁer&naﬂaﬁmpms

will not affect the plant response.

The modification (BVY 03-23) “ARTS/MELLLA”) to add an additional unpiped SSV will not
affect the plant response to this transient. The new third SSV will have the same Lift setpoint of-
the two existing SSVs. Thtstmnsxcntdo&snotrcsunmanopmgofaSSVnonscredxthken
fmSSVact\mtmn.

mﬁnbmmmﬁmmrcphcwmcmﬂowpathhtwmmﬁedthembmml
hydmuhcpmsmeswnchsthatpmudcthcuubmccomolvahcfastdosurcsaam

szgna!totheRPSsystem.

Industry Boiling Wnter Reactor (BWR) Power Uprate Experience

SOxnhcmNudwOpmhngCompany’s(SNOC)ayphcahonforEPUofHatchlhﬁs1and2was
granted without requirements to perform large transient testing, VYNPS and Hatch are both
BWR/4 with Mark 1 containments. Although Hatch was not required to perform large transient
testing, Hatch Unit 2 experjenced an unplanned event that resulted in a generator load reject from
98% of uprated power in the summer of 1999. As noted in SNOC’s LER 1999-005, no anomalies
were seen in the plant’s response 1o this event. In addition, Hatch Upit 1 has experienced one
turbine trip and one generator load reject event subsequent to its uprate (i.e., LERs 2000-004 and
2001-002). Again, the behavior of the primary safety systems was as expected. No new plant- .

bdnmmobsmedﬂmtmﬂd‘hmm’e‘mmm models being used a.rcnot capable
of modeling plant behavior at EPU conditions. -~ _

The KKL power uprate nnplmzntanonpmgmmwas pcrfmmed&nmgths iod from 1995 to
2000. Power was raised in steps from ifs previous operating power level of3138 MWt (ie.,
104.2% of OLTP) to 3515 MWt (ie., 116.7% OLTP). Uprate testing was performed at 3327
MWt (ie., 110.5% OLTP) in 1998, 3420 MWt (i ¢.,-113.5% OLTP) in 1999 and 3515 MWt in

2000.

KKL testing for major transients involved turbine trips at 110.5% OLTP and 113.5% OLTP and a
generator load rejection test at 1042% OLTP. The KKL turbine and generator trip testing
demonstrated the performance of equipment that was modified in preparation for the higher
power levels. Equipment that was not modified performed as before. The reactor vessel pressure

" was controlled et the same operating point for all of the uprated power copditions. No

unexpected performance was observed except in the fine-tuning of the turbine bypass opening
that was done as the seties of tests progressed. These large transient tests at KKI demonstrated

- the response of the equipment and the reactor response. The close matches observed with
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predicted response provide additional confidence that the uprztc hcensmg analyses conszstently
reflected the behavior of the plant.

Plant Modeling Data Collection, end Analyses

Fromtbcpowaupratempmmcedmwssedabwgumbcwmludodﬁmhrgemmmts,

" either plarmed or unplanned, have not provided any significant new information about transient

modeling or actual plant response. SmcetthYNPSupratedotsnotmvo!vemctm'pr&ssm
changes, this. experience is considered applicable.

mesafayanalyswpafomedmeYNPSmedtheNRCappmvedODYNmsmmmodehng
code. The NRC accepts this code for GE BWRs with a range of power levels and power densities
that bound the requested power uprate for VYNPS, The ODYN code has been benchmarked
against BWR test data and has incorporated industry experience gained from previous transient
modeling codes. ODYN uses plant spesific inputs end models all the. essential physical
phenomena for predicting integrated plant response to the analyzed transients. Thms, the ODYN

code will accurately and/ar conservatively predict the integrated plant response to these transients

st CPPU power levels and no new information about transient modeling is expected to be gained
from performing these large transient tests. v

CONCLUSION |
VYNPS believes that sufficient justification has been provided to demonstrate that an' MSIV

’ uanszcntmandagenmtorloadrqeGMntwtlsnotneocssaryorpmdm. Also, the risk

imposed by intentionally initiating large transient testing should not be incurred unnecessarily.
As such, Entergy does not plan to perform additional large transient testing following the VYNPS

CPPU.
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JUSTIFICATION FOR EXCEPTION TO LARGE 'I‘RANSIENT TESTING

Background

The basis for the Constant Pressure Power Uprate (CPPU) request was prepared following the
guidelines contained in the NRC approved, General Electric (GE) Company Licensing Topical
Report for Constant Pressure Power Uprate (CLTR) Safety Analysis: NEDC-33004P-A Rev. 4,
July 2003. The NRC staff did ot accept GEs proposal for the generic climination of large
transient testing (i. e, Main Steam Isolation Valve (MSIV) closure and turbine generator load
rejection) presented in NEDC-33004P Rev. 3. Therefore, on 2 plant specific basis, Vermont
Yankee Nuclear Power Station (VYNPS) is taking exception to performing the large transient
tests; MSIV closure, turbine trip, and generator load rejection. '

The CPPU methodology, maintaining & constant pressure, sxmphﬁes the analyses and plant
changes required to achieve uprated conditions. Although no plants have implemented an
- Extended Power Uprate (EPU) using the CLTR, thirteen plants have implemented EPUs without =

mcreasmg rcactor pressure.

Hatch Units 1 and 2 (105% to 113% of Original Licensed Thermal Power (OLTP))
* Monticello (106% OLTP) ‘

Muehleberg (i.e., KKM) (105% to 116% QLTP)

Leibstadt (i.e., KKL) (105% to 117% OLTF)

Duane Arnold (105% to 120% OLTP) .

Brunswick Units 1 and 2 (105% to 120% OLTP)

Quad Cities Units 1 and 2 (100% to 117% OLTP)

Dresden Units 2 and 3 (100% to 117% OLTP)

Clinton (100% to 120%)

Data collected from testing responses to unplanned tansiems for Hatch. Units 1 and 2 and KKL
plants has shown that plant response has consistently been within expected parameters. '

Entergy believes that additional MSIV closure, turbine trip, and generator load rejection tests are
not necessary. If perfonncd, these tests would not confirm any new or significant aspect of

performance that is not romg ly demonstrated by component level testing. This is further

' supported by industry experience which has demonstrated plant performance, as predicted, under
EPU conditions. VYNPS has experienced generator load rejections from 100% current licensed

thermal power (see VYNPS Licensee Event Reports (LER) 91-005, 91-009, and 91-014) No
significant anomalies were seen in the plant’s response to these events. Further testing is not
" necessary to demonstrate safe operation of the plant at CPPU conditions. A Scram from high
power level results in an unnecessary and undesirable transient cycle on the primary system. In
. addition, the risk posed by intentionally initiating a MSIV closure transient, a turbine trip, or a
generator load rejection, although small, should not be ;pcurred unnecessarily.

VYNPS Response to Unplanned Transients

VYNPS experienced an unplanned Generator Load Rejection from 100% power on 04/23/91.

The event included a loss of off site power. .A reactor scram occurred as a result of a
turbine/generator trip on generator load rejection due to the receipt of 2 345 KV breaker failure
signal. This was reported to the NRC in LER 91-009, dated 05/23/91. No significant anomalies



BVY 03-98 / Attachment 7 / Page 2

were seen in the plant’s response to this event. VYNPS also experienced the following
_unplanned generator Joad rejection events:

e On 3/1381 with reactor power at 100% a reactor scram occurred as a result of
turbine/generator trip on generator load rejection due to a 345KV Switchyard Tie Line
Differential Fault. This event was reported to the NRC in LER 91-005, dated 4/12/91.

e On 6/15/91 during normal operation with reactor power at 100% a reactor scram occurred
due to a Turbine Control Valve Fast Closure on Generator Load Rejection resultmg from
a loss of the 345KV North Switchyard bus. This event was reported to the NRC in LER
91-014, dated 7/15/91.

No sxgmﬁcant ‘anomalies were seen in the plant’s response to these events. Transient experience
" at high powers and for a wide range of power levels ‘at operating BWR plants has shown a close
correlation of the plant transient data to the predicated response. -

Based on the similarity of planm, past transient testing, past analyses, and the evaluation of test
results, the effects of the CPPU RTP level can be analytically determined on a plant specific.
basis. The transient analysis performed for the VYNPS CPPU demonstrates that all safety
criteria are met and that this uprate does not cause any previous non-limiting events to become
limiting. - No safety related systems were significantly modified for the CPPU, however some
instrument setpoints were changed. The instrument setpoints that were changed do not contribute
to the response to large transient events, No physical modification or setpoint changes were made
to the SRVs. No new systems or features were installed for mitigation of rapid pressurization
anticipated operational occurrences for this CPPU. A Scram from high power level results in an

- unnecessary and undesirable transient cycle on the pnmm'y system. Therefore, additional
transient testing involving scram from high power levels is not justifiable. Should any -future
large transients occur, VYNPS procedures require verification that the actual plant response is in
accordance with the predicted response. Existing plant event data recorders are capable of
acquiring the necessary data to confirm the actual i versus expected response. '

Further, the important nuclear characterisﬁcs required for transient analysis are confirmed by the
. steady state physics testing. Transient mitigation capability is demonstrated by other equipment

surveillance tests required by the Technical Specifications. In addmon, the lnnmng transient
analyses are included as part of the reload licensing analysns

SfV'G]ttsurrEvem

Closure of all MSIVs is an Abnormal Operational Transient as described in Chapter 14 of the
VYNPS Updated Final Safety Analysis Report (UFSAR). The transient produced by the fast
- closure (3.0 seconds) of all main steam line isolation valves represents'the most severe.abnormal
-operational transient resulting in a nuclear system pressure rise when direct scrams are ignored.
The Code overpressure protection analysis assumes the failure of the direct isolation valve
position scram. The MSIV closure transient, assuming the. backup flux scram verses the valve
position scram, is more significant. This case has been re-evaluated for CPPU with acceptable

results.

The CLTR states that: “The same performance criteria will be used as in the original powcr
ascension tests, unless they have been replaced by updated criteria since the initial test program.”
The original MSIV closure test allowed the scram to be initiated by the MSIV position switches.
As such, if the original MSIV closure test were re-performed, the results would be much less
significant than the MSIV closure analysis performed by GE for CPPU.
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The original MSIV closure test was intended to demonstrate the foilowing:

1. Determine reactor transient behavior during and following simultaneous full closure of
all MSIVs.

Criteria:
a) Reactor pressure shall be maintained below 1230 psig. - .
b) Maximum reactor pressure should be 35 psi below the ﬁrst safety valve setpoint. .

(This is margin for safety valve weeping).
2. Fi unctionally check the MSIVs for proper operation and determine MSIV closure time.

Criteria:
a) Closure time between 3 and 5 seconds.

Ttem 1: Reactor Transient Behavior

For this event, the closure of the MSIVs cause a vessel pressure increase and an increase in
reactivity. The negative reactivity of the scram from MSIV posmon switches should offset the
positive reactivity of the pressure increase such that there is a minimal increase in heat flux.

Therefore, the thermal performance during the proposed MSIV closure test is much less limiting
than any of the transients routinely re-evaluated. - CPPU will have minimal impact on the
components important to achieving the desired thermal pexformance Reactor Protection system
(RPS) logic is unaffected and with no steam dome pressure increase, overall control rod insertion
times will not be significantly affected. MSIV closure speed is controlled by adjustments to the:
actuator and is considered very reliable as indicated below.

Reactor Pressure

Due to the minimal nature of the flux transient, the expected reactor pressure rise, Item 1 above,
is largely dependent on SRV setpoint performance. At VYNPS all four SRVs are replaced with
re-furbished and pre-tested valves each outage. Afier the outage, the removed valves are sent out
for testing and recalibration for installation in the following-outage. Over the past ten years there
have been twenty five SRV tests performed. In those twenty five tests only one test found the as-

. Rg :
valve was found to deviate by 3 4% of tts noxmnal lift setpoint. Note that tlus is bounded by the

VYNPS design analysis for peak vessel pressure which assumes one of the four SRVs does not
open at all (one SRV out of service). Given the historical performance of the VYNPS SRVs

- along with the design margins, performance of an actual MSIV closure test would provide little

benefit for demonstrating vessel overpressure protection that is not already accomplished by the
component level testing that is routinely performed, in accordance with the VYNPS TSs.

Because rated vessel steam dome pressure is not being increased and SRV setpoints are not being
changed, there is no increase in the probability of leakage after'a SRV lift. . Since SRV leakage
performance is considered acceptable at the current conditions, which match CPPU conditions
with respect to steam dome pressure and SRV setpoints, SRV leakage performance should
continue to be acceptable at CPPU conditions. An MSIV closure test would provide no
significant additional confirmation of Item 1 performance criteria than the routine component

‘testing performed every cycle, in accordance with the VYNPS TSs.
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Item 2: MSIV Closure Time

Since steam flow assists MSIV closure, the focus of Item 2 was to verify that the steam flow from
the reactor was not shut off faster than assumed (i.e., 3 seconds). During maintenance and
surveillance, MSIV actuators are evaluated and adjusted as necessary to control closure speed,
and VYNPS test performance has been good. To account for minor variations in stroke times,
the calibration test procedure for MSIV closure (OP 5303) requires an as left fast closure time of
4.0 +0.2 seconds. The MSIVs were evaluated for CPPU. The evaluation included MSIV
closure time and determined that the MSIVs are acceptable for CPPU opcrationl Industry
experience, including VYNPS, has shown that there are no significant generic problems with
actuator design. Confidence is very high that steam line closure would not be less than assumed

by the analysis.
Other Plant Systems and Components Response

The MSIV limit switches that provide the scram signal are highly reliable devices that are
suitable for all aspects of this application including environmental requirements. There is no
direct effect by any CPPU changes on these switches. There may be an indirect impact caused by
slightly higher. ambient temperatures, but the increased temperatures will still be below the
qualification temperature. These switches are expected to be equally reliable before and afier

' CPPU.

.The Reactor Protection System (RPS) and Control Rod Drive (CRD) components that convert the
scram signals into CRD motion are not directly affected by any CPPU changes. Minor changes
in pressure drops across vessel components may result in very slight changes in control blade
insertion rates. These changes have been evaluated. and determined to be insignificant. The
ability to meet the scram performance requirement is not affected by CPPU. Technical
Specification (TS) requirements for these components will continue to be met.

CPPU Mbdiﬁc’aﬁons

- Feedwater System operation will require  operation of all three feed pumps at CPPU conditions
(unhke CLTP conditions). Operation of thc additional Reactor Feed Pump (RFP) will not affect:

t—Al-feedwater pumps-receive-a-trip-signal-prior-to

pi
level reaching 177 inches. Overfill of the vessel afier a trip would only occur if level exceeded
approximately 235.5 inches. Since the feedwater pumps, the High Pressure Coolant Injection
(HPCI) turbine, and the Reactor Core Isolation Cooling (RCIC) turbine all receive trip signals
prior to level reaching 177 inches, a substantial margin exists. VYNPS operating history has
~ demonstrated that this margin greatly exceeds vessel Jevel overshoot during transient events.
Based on this, there is adequate confidence that the vessel level will remain well below the main
. steam lines under CPPU conditions. The HPCI and RCIC pump trip functions are routinely
.verified as required by TSs and are considered very reliable. ,

The modification adding a recirculation pump runback following a RFP trip will not affect the
plant response to this transient. The reactor scram signal from the MSIV limit switches will
result in control rod insertion prior to any manual or automatic operation of the RFPs. Since

" control rods will already be inserted, a subsequent runback of the recirculation pumps will not

affect the plant response.
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The modification (BVY 03-23 “ARTS/MELLLA”) to add an additional unpiped Spring Safety
Valve (SSV) will not affect the plant response to this transient. The new third SSV will have the
same lift setpoint as the two existing SSVs. This transient does not result in an opening of a SSV,.

nor is credit taken for SSV actuation, )

Generator Load Reject and Turbme Tnp Testmg

“Generator Load Rejection From High Power Without Bypass” (GLRWB) is an Abnormal .
ional Transient as described in Chapter 14 of the VYNPS Updated Final Safety Analysis.
Report (UFSAR).  This transient competes with the turbine trip without bypass as the most
limiting overpressurization transient that challenges thermal limits for each cycle. The turbine
trip and generator load reject are essentially interchangeable. The only differences are 1) whether
the RPS signal originates from the acceleration relay (GLRWB) or from the main turbine stop
valves (turbine trip), and 2) whether the control valves close shutting off steam to the turbine or
the stop valves close to isolate steam to the turbine. Both tests would verify the same analytical-
model for plant response. Therefore, the GLRWB is considered boundmg or equxvalcnt to the

Turbine Trip.

The GLRWB analysis assumes that the transient is i'nitiated by a rapid closure of the turbine
control valves. It also assumes that all bypass valves fail to open. The CLTR states that: “The
same performance criteria will be used as in the original power asccns:on tests, unless they have
been replaced by updated eriteria since-the initial test program.” The startup test for generator
load reject allowed the select rod insert feature to reduce the reactor power level end, in
conjunction with bypass valve opening, control the transient such that the reactor does not scram.

Current VYNPS design does not include the select rod insert feature. The plant was also
modified to include a scram from the acceleration relay of the turbine control system. Under
current plant design, the original generator load reject test can not be re-performed. If a generator
load reject with bypass test were performed, the results would be much less mgmﬁcant than the
generator load reject without bypass closure analysis performed for CPPU.

The original generator load reject test was intended to demonstrate the following:
1. Determine and demonstrate reactor response to a generator trip, with particular

atiention to the rates of changes and peak values of power level, reactor steam pressure
and turbine speed.

Criteria: _
" a. All test pressure tmnsx'ents must have maximum pressure values below 1230

psig
b. Maximum reactor pressure should be 35 psi be1ow the ﬁrst safety valve
" setpoint. (This is margin for safety valve weeping).
¢. The select rod insert feature shall operate and in conjunction with proper
’ bypass valve opening, shall control the transient such that the reactor does

not scram.

Due to plant modification discussed above, criterion c. above would no longer be applicable for a
generator load reject test. The generator load reject startup test was performed at 93.7% power;
however, a reactor scram occurred during testing and invalidated the test. A design change to
initiate an immediate scram on generator load reject was implemented and this startup test was

subsequently cancelled since it was no longer applicable.
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Iteﬁ 1 Reactor Response

For a generator load reject with bypass event, given current plant design, the fast closure of the
Turbine Control Valves (TCVs) cause a trip of the acceleration relay in the turbine control
system. The acceleration relay trip initiates a full reactor scram. The bypass valves open, -
however, since the capaclty of the bypass valves at CPPU is 87%, vessel pressure increases. This
results in an increase in reactivity. The negative reactivity of the TCV fast closure scram from
the acceleration relay should offiset the positive reactivity of the pressure increase such that there
is 2 minimal increase in heat flux. Therefore, the thermal performance during a generator load
* rejection test would be much less limiting than any of the transients routinely re-evaluated.
CPPU will have minimal impact on the components lmpoxtant to achieving the desired thermal
performanoe Reactor Protection system (RPS) logic is unaffected and with no steam dome
pressure increase, overall control rod insertion times will not be significantly affected. A trip
‘channel and alarm functional test of the turbine control valve fast closure scram is performcd ‘
every three months in accordance with plant technical specifications. . This trip function is

- considered very reliable.

"Reactor Pressure

Due to the minimal natire of the flux transient, the expected reactor pressure rise, Criteria a. and
b. above, are largely dependent on SRV setpoint performance. Refer to the MSIV closure
Reactor Pressure section above for discussion of SRV setpoint performance

Because rated vessel steam dome pressure is not being increased and SRV setpoints are not being
changed, there is no increase in the probability of leakage after a SRV lift. Since SRV leakage
performance is considered acceptable at the current conditions, which match CPPU conditions
with respect to steam dome pressure and SRV sctpoints, SRV Ieakage performance will continue
to be acceptable at CPPU conditions. A generator load rejection test would provide no significant
additional confirmation of performance criteria a.. and b. than the routine component testmg
performed every cycle, in accordance with the VYNPS TSs.

Other Plant Systems and Components Response

The turbine control system acceleration relay hydraulic fluid pressure sthches that provide the

scram signal are highly reliable devices that are suitable for all aspects of this application
including environmental requirements. There is no direct effect by any CPPU changes on these
pressure switches. These switches are expected to be equally reliable before.and after CPPU.

“The Reactor Protection System (RPS) and Control Rod Drive (CRD) cémponents that convert the
scram signals into CRD motion are not directly affected by any CPPU changes. Minor changes
in pressure drops across vessel components may result in very slight changes in control blade
insertion rates. These changes have been evaluated and determined to be insignificant. The
ability to meet the scram performance requirement is not affected by CPPU TS requirements for
these components will continue to be met. :
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CPPU Modifications

As previously described, Feedwater System operation will require all three feed pumps at CPPU
conditions. Operation of the additional Reactor Feed Pump (RFP) will not affect plant response
to this transient. All feedwater pumps receive a trip signal prior to level reaching 177 inches.
Overfill of the vessel after a trip would only occur if level exceeded approximately 235.5 inches.
Since the feedwater pumps, the High Pressure Coolant Injection (HPCI) turbine, and the RCIC
turbine all receive trip signals prior to level reaching 177 inches, a substantial margin exists.
VYNPS operating history has demonstrated that this margin greatly exceeds vessel level
overshoot during transient events. Based on this, there is adequate confidence that the vessel
level will remain well below the main steam lines under CPPU conditions. The HPCI and RCIC
pump trip functioris are routinely verified as required by TSs and are considered very reliable.

The modification adding a recirculation pump runback following a RFP trip will not affect the
plant response to this transient. The reactor scram signal from turbine control valve fast closure
will result in contro! blade insertion prior to any manual or automatic operation of the RFPs.
Since control blades will already be msexted, a subsequent runback of the recirculation pumps

will not aﬁ‘cct the plant response.

The ARTSIMZELLLA modification (BVY 03-23) to add an additional unpiped SSV will not affect
the plant response to this transient. The new third SSV will have the same lift setpoint of the two
existing SSVs. This transient does not result in an opening of a SSV nor is credit taken for SSV

actuation.

HP Turbine modlﬁéatlon rcplacés the steam flow path but will not affect the turbine control
system hydraulic pressure switches that provide the turbme control valve fast closure scram

signal to the RPS system.

Industry Boiling Water Reactor (BWR) Power Uprate Experience

Southern Nuclear Operating Company’s (SNC) application for EPU of Hatch Units 1 and 2 was
granted without rcqmrements to perform large transient testing. VYNPS and Hatch are both
BWR/4 with Mark 1 containments. Although Hatch was not required to perform large transient
testmg, Hatch Unit 2 expenenced an 1mplanned event that rcsuhed ina generamr load reject from ,

pra A A
were seen in tbe plant’s response to this evcnt. In addmon, Hatch Umt 1 has expenenced one
turbine trip and one generator load reject event subsequent to its uprate (i.e., LERs 2000-004 and
2001-002). Again, thé behavior of the primary saféty systems was &s expected No new plait
behaviors were observed that would indicate that the analytxcal models’being used are not capable
‘of modeling plant behavior at EPU conditions.

The KKL power uprate implementation program was performed during the period from 1995 to
2000. Power was raised in steps from its previous operating power level of 3138 MWt (ie.,
104.2% of OLTP) to 3515 MWt (i.e., 116.7% OLTP). Uprate testing was performed st 3327
MWt (i.e., 110.5% OLTP) in 1998, 3420 MWt (1 e., 113.5% OLTP) in 1999 and 3515 MWt in

2000.

vKKL testing for major transients involved turbine trips at 110.5% OLTP and 113.5% OLTP and 2
generator load rejection test at 104.2% OLTP. The KKL turbine and generator trip testing
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demonstrated the performance of equipment that was modified in preparation for the higher
power levels.  Equipment that was not modified performed as before. The reactor vessel pressure
was controlled at the same operating point for all of the uprated power conditions. No
unexpected perfonnance was observed except in the fine-tuning of the turbine bypass opening .
that was done as the series of tests progressed. These large transient tests at KKL demonstrated
the response of the equipment and the reactor response. The close matches observed with
predicted response provide additional confidence that the uprate lxccnsmg analyses consistently

reflected the behavior of the plant.

Plant Modeling, Data Collection. and Ana!ﬁcs

From the power uprate experience discussed above, it can be concluded that large transients,
either planned or unplanned, have not provided any significant new information about transient
modeling or actual plant response. Since the VYNPS uprate does not involve reactor pressure

- changes, this experience is considered applicable.

The safety analyses performed for VYNPS used the NRC-approved ODYN transient modeling = -
code. The NRC accepts this code for GE BWRs with a range of power levels and power densities
that bound the requested power uprate for VYNPS.  The ODYN code has been benchmarked
against BWR test data and has incorporated industry experience gained from previous transient
modeling codes. ODYN uses plant specific inputs and models all the essential physical
phenomena for predicting integrated plant response to the analyzed transients. Thus, the ODYN
code will accurately and/or conservatively predict the integrated plant response to these transients
at CPPU power levels and po new information about transient modeling is expected to be gamed

from performing these largc transient tests.

CONCLUSION

VYNPS belicves that sufficient justification has been provided to demonstrate that an MSIV
closure test, turbine trip test, and generator load rejection test is not necessary or prudent. Also,
the risk imposed by intentionally initiating large transient testing should not be incurred
unnecessarily. As such, Entergy does not plan to perform additional large transient testing

following the VYNPS CPPU
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e Core spray and RHR pump seals were evaluated for possible»repla’cement. As discussed in
SE Section 2.2.4.2, the seals were requalified for EPU conditions and did not need to be
replaced - Leak check testing to be performed at pump-rated conditions

] Feedwater system pump modifications to include the addition of two sequentral levels of low
suction pressure trips at various time delays to ensure only one pump trips at a time.
Normal modification testing, with breakers in “test” position, to be performed.

. The licensee stated that evaluations of the actual test results may identify the need for |

additional tests or the revision of the tests planned and therefore, the final test plan may be
revised. The NRC staff also reviewed the EPU modification aggregate impact analysis,
submitted by the licensee in Reference 4, which concluded that there is no adverse impact to
the dynamic response of the plant to anticipated initiating events as a result of the proposed
plant modifi catrons

The NRC staff concludes, based on review of each identified modifi cation, the associated post-
maintenance test, and the basis for determining the appropriate test, that the EPU test program
will adequately demonstrate the performance of SSCs important to safety and included those
SSCs: (1) impacted by EPU-related modifications; (2) used to mitigate an AOO described in
the plant design basis; and (3) supported a function that relied on integrated operation of
multiple systems and components.” Additionally, the staff concludes that the proposed test
program adequately identified plant modifications necessary to support operation at the EPU
power level, and that there were no unacceptable system interactions because of proposed
modrf catrons to the plant. v

SRP 14.2.1 Section III c '
Use of Evaluatron To Justrfy Elrmmatlon of Power- Ascensron Tests

Draft SRP 14.2. 1 Section III.C, specifies the gurdance and acceptance cntena that the Ilcensee
should use to provrde justification for a test program that does not include all of the power-
ascension testing that would normally be considered for inclusion in the EPU test program
pursuant to the review criteria of SRP 14.2.1, Sections lI.A and Ill.B. The proposed EPU test
program shall be sufficient to demonstrate that SSCs will perform satisfactorily in service. The
following factors should be considered, as applrcable when justrfyung ellmrnatlon of power-

' ascensron tests:

° prevrous operatrng expenence

° mtroductlon of new thermal-hydraullc phenomena or ldentlﬁed system interactions;

X faclllty oonformance to hmrtatrons assocuated wnth analytical analysrs methodS'

. plant staff famrhanzatron wrth facrllty operatlon and tnal use of operatlng and emergency

operating procedures :
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margin reduction in safety analysis resuits for AOOs;

guidance contained in vendor topical reports; and

risk implications.

The NRC staff revrewed the licensee’s justification, in Attachment 2 of Reference 20, for not

‘re-performing certain original startup tests. The attachment provides summaries from historical

startup testlng records and further justifies not performing certain startup tests during EPU
power ascension testlng This information supplemented the bases for the proposed testing
program provided in Reference 4. The EPU power ascension test plan does not include all of
the power ascension testing that would typically be performed during initial startup of a new

.. plant. The following factors were apphed by the licensee in determining whrch tests may be
- excluded from EPU power ascensmn testing:

Prevnous operating experience has demonstrated acceptable performance of SSCs under a

‘variety of steady state and transient condrtlons

~The effects of the VYNPS EPU are in conformance with the criteria of the NRC—approved
- GE CPPU Licensing Topical Report NEDC-33004P-A (Reference 51). Because the EPUis
- a constant pressure power uprate, the effects on SSCs due to changes in thermal-hydraulic ‘_

phenomena are- llmlted

Most of the plant modlﬁcatlons associated with the EPU were installed and tested during the
spring 2004 refueling outage and subsequent restart. Therefore, modified plant equipment
has been in service since that time and plant staff familiarization with changes in plant

operation as a result of the modifications has occurred.

The following is a bnef justifi cation prowded by the licensee with respect to the startup tests that
wrll not be re-performed as part of- the EPU power ascension program:

STP-1 1I LPRM Callbratlon The test is not requrred to be re-performed srnce callbratlon of

v LPRMs whrch is marntarned by TSs is not affected by the EPU |
) STP-13, Process Comguter The test is not requrred to be re-performed since operatron of

. the process computer is not affected by the EPU Plant procedures mamtarn the accuracy

of the process computer

STP-20, Steam Production. The test is not requlred to be re—performed since it was only
appllcable for initial plant startup to demonstrate warranted capabrlrtles ‘ ' '

STP-21, Response to Control Rod Motlo The test is not required 1o be re-performed since - ’

~operation at EPU power increases the upper end of the power-operating domain, which
“does not significantly or dlrectly affect the ‘manner of operatlng or response of the reactor at
‘lower power levels. ' . v _ .
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e STP-25, Mam Steam lso atlon Valves (MSIVs) In accordanoe with VYNPS TS 4. 7 D, each
MSIV is tested at least once per quarter by tripping each valve and verifying the closure
time. As discussed in Attachment 7 of Reference 1, one of the licensee’s justifications for -

_not performing large transient testing is that the initial startup test involving simultaneous
closure of all MSIVs would result in an unnecessary and undesirable transient cycle on the
primary system which will not likely reveal unforeseen equipment issues related to operatlon

at EPU conditions.

e STP-27. Turbine Trip,.and STP¥28, Generator Tﬁg. These Iarge transient tests were
evaluated by the licensee for exception from EPU power ascension testing in accordance

with Attachment 7 of Reference 1. A discussion of the NRC staff's revuew of the licensee’s
justification is provided below

e STP-29, Recirculation FIow Control. Section 3.6 of the VYNPS PUSAR documents that the
plant-specific system evaluation of the reactor recirculation system performance at CPPU
power determined that adequate core flow can be maintained without requiring any changes
to the recirculation system and with only a small increase in pump speed for the same core
flow.  Because the response to flow changes will be similar to that demonstrated dunng

" initial startup testmg, this testis not required.

e STP-30, Recurculatlon System. For a one or two pump trip test at 100% power, Section 3.6
of the PUSAR indicates a CPPU that increases voids in the core during normal EPU
operations requires a slight increase in recirculation drive flow to achieve the same core
flow. Section 3.6 documents that the plant-specific evaluation of the reactor recirculation
system performance at CPPU power determines that adequate core flow can be maintained
without requiring any. changes to the system or pumps and with only a small increase in '
their speed for the same core flow.” The response to a one or two pump trip will be similar to
that of original startup testmg, therefore the test is not required.

e STP X-5(90), Vibration Testlng ‘This test obtains vibration measurements on various
reactor pressure vessel internals to demonstrate the mechanical integrity of the system

“under conditions of FIV and to check the validity of the analytical vibration mode!l. The

 licensee stated in a previous submittal associated with the steam dryer and other plant
systems and components (Reference 16) that the analysis of the vessel intemals at the
'EPU power level was performed to ensure that the design continues to comply with the
existing structural requirements. Section 3.4.2 of the PUSAR states that calculations
indicate that vibrations of all safety-related reactor. mtemal components under EPU

o condmons are w:thln GE acceptance criteria.

" As mentioned prevnously in the dlscussmn of startup tests STP-27 and STP-28, the NRC staff
“also reviewed Attachment 7, “Justification for Exceptlon to Large Transient Testing,” contained

in Reference 1. The licensee cited industry experience at ten other domestic BWRSs (EPUs up

1o 120% OLTP) in which the EPU demonstrated that plant performance was adequately
“ predicted under EPU conditions. The licensee stated that one such plant, Hatch Units 1 and 2,

was granted an EPU by the NRC without the_requnrement to perform large transient testing and
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that the VYNPS and Hatch are both BWR/4 designs with Mark | containments. Hatch Unit 2
expenenced an unplanned event that resulted in a generator load reject from 98% of uprated
power in the summer of 1999. - As noted in Southem Nuclear Operating Company’s licensee

- event report: (LER) 1999-005, no anomalies were seen in the plant’s response to this event. In

addition, Hatch Unit 1 has expenenced a turbine trip and a generator load reject event
subsequent to its uprate, as reported in LERs 2000-004 and 2001-002. Again, the behavior of
~ the primary safety systems was as expected indicating that the analytical models being used
are capable of modeling plant behavuor at EPU conditions.

The licensee also provided mformatlon regarding transient testlng for the Leibstadt (i.e., KKL)
plant which was performed during the period from 1995. to 2000. Uprate testing was performed
at 3327 MW (i.e., 110.5% OLTP) in 1998, 3420 MW (i.e., 113.5% OLTP)in 1999, and
- 3515 MWtin 2000 Testing for major transients involved turbme trips at 110.5% OLTP and
' 113.5% OLTP and a generator load rejection test at 104.2% OLTP, The testing demonstrated

the performance of the equipment that was modified in preparation for the higher power levels.
" These transient tests also provided additional confidence that the uprate analyses consistently
reflected the behavior of the plant. Another factor used by the licensee to evaluate the need to

conduct large transient testing for the EPU were actual plant transients experienced at the

~ VYNPS. .Generator load rejections from 100% current licensed thermal power, as discussed in

VYNPS LERs 91-005, 91-009, and 91-014, produced no significant anomalies in the plant’s

‘response to these events. Additionally, the licensee indicated that transient experience for a

~ wide range of power levels at operating BWRs has shown a close correlation of the plant
transient data to the predlcted response.’

,The NRC staff also revnewed the licensee’s techmcal justlt" ication for not performing a Ioss of
turbine generator and offsite power test, which was originally performed at approximately 20%
of CLTP. The licensee stated that under emergency operations/distribution (emergency diesel
generator) conditions, the AC power supply and distribution components are considered
adequate and their evaluation assures an adequate AC power-supply to safety-related
‘systems. The TSs and approved plant procedures govern the testlng of the safety—related AC
- fdlstnbutlon system, mcludmg loss of offsite power tests : ,

: The power ascensron test program is relied upon asa quallty check to:. (a) cont" irm that _
_analyses and any modifications and adjustments that are necessary for proposed EPUs have

- been properly implemented, and (b) benchmark the analyses against the actual integrated
performance of the plant thereby assuring conservative results. This is consistent with

10 CFR Part 50, Appendix B, which states that design. control measures shall provude for
verifying or checking the adequacy of design, such as by the performance of design reviews, by
the use of alternate calculational methods, or by the performance of a suitable testing program; -
and requires that design changes be subject to design control measures commensurate with
those applled to the onglnal plant des:gn (whlch mcludes power ascensnon testmg)

SRP 14.2.1 specrf‘ es that the EPU test program should include steady-state and transient
performance testing sufficient to demonstrate that SSCs will perform satisfactorily at the
requested power level and that EPU-related modrf cations have been properly |mplemented
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dThe SRP provides _guidance to the'staff in assessing the adequacy of the licensee’s evaluation

of the aggregate impact of EPU plant modifications, setpoint adjustments, and parameter.
changes that could adversely impact the dynamic response of the plant to anticipated
operatlonal occurrences.

The NRC staff’s review is mtended 'to ensure that the performance of plant equipment important
to safety that could be affected by integrated plant operation or transient conditions is

“adequately demonstrated prior to extended operation at the requested EPU power level.
~ Licensees may propose a test program that does not include all of the power-ascension testing

that would normally be included in accordance with the guidance provided in the SRP provided
each proposed test exception is adequately justified. If a licensee proposes to omit a specified
transient test from the EPU testing program based on favorable operating experience, the
applicability of the operating experience to the specific plant must be demonstrated. Plant
design details (such as configuration, modifications, and relative changes in setpoints and
parameters), equipment specifications, operating power level, test specifications and methods,
operatlng and emergency operating procedures; and adverse operating expenence from
prevrous EPUs must be conS|dered and addressed

Entergy’s test program pnmanly includes steady-state testing wrth some minor load changes
and no large-scale transient testing is proposed. In a letter dated December 21, 2004
(Reference 60), the NRC staff requested that Entergy provide additional information (mcludlng
performance of transient testing that will be included in the power ascension test program) that
explains in detail how the proposed EPU test program, in conjunction with the original VYNPS
test results and applicable industry experience, adequately demonstrates how the plant will

: respond during postulated transient conditions following implementation of the proposed EPU

given the revised operating conditions that will exist and plant changes that are being made. in
letters dated July 27, and September 7, 2005 (Reference 60 and 61), the NRC staff requested
that the licensee provide additional information regarding the need for condensate and
feedwater system transient testing. The results of the staff's review of this issue and the need
fora Ilcense condltron is discussed in SE Sectron 2 54.4.

Based on its review of the lnformatron provided by the Ilcensee as descnbed above the NRC -
staff concludes that in justifying test eliminations or deviations, other than the condensate and
feedwater system testing discussed in SE Section 2.5.4.4, the licensee adequately addressed
factors which included previous industry operating experience at recently uprated BWR, plant

.~ response to actual turbine and generator trip tests at other plants, and experience galned from-
-actual plant transients experienced in 1991 at the VYNPS. From the EPU experience :
“referenced by the licensee, it can be concluded that large transients, either planned or -

unplanned, have not provided any significant new information about transient modehng or
actual plant response. -As such, the staff concludes that there is reasonable assurance that the

- VYNPS SSCs will perform satisfactorily in service under EPU conditions. - The staff also noted
- thatthe licensee followed the NRC staff approved GE topical report gurdance which was
- -developed for the WNPS EPU hcensrng apphcatlon
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'8, Operating Flexibility Options *

"The following information presents the operational domains and flexibility options which are supported

by the reload licensing analysis. Inclusion of these results in this report is not meant to imply that these

-domains and options have been fully licensed and approved for operation.

Extended Operating Domain (EOD): Yes
EOD type: Maximum Extended Load Line Limit (MELLLA) -

Minimum core flow at rated power: . 99.0 %
Increased Core Flow: . Yes
Flow pbim analyzed throughout cycle: 107.0 %
Feedwater Temperature Reduction: ' No
~ ARTS Program: Yes
Single Loop Operation: Yes

Equipment Out of Service:

Safety/relief valves Out of Service: ‘ ’ Yes
(credit taken for 3 of 4 relief valves (1 RV OOS))

9. Core-wide AOO Analysis Results 8

Methods used: GEMIN], GEXL-PLUS

Operating domain: ICF (HBB) _ _
Exposure range : BOC to MOC  ( Application Condition: 1)

Uncorrected ACPR
Event . Ir';’t’; 9 (%?;‘:e 2 GE14C Fig.
FW Controller Failure 354 121 : - 0.26 2
Load Rejection w/o Bypass 382 119 o 0.28 3
Turbine Trip w/o Bypass 372 118 ‘ 0.27 4
Inadvertent HPCI /L8 347 123 0.27 5

* Refer to GESTAR for those operating flexibility options that are referenced and supported within GESTAR.
% Exposure range designation is defined in Table 7-1. Application condition number is defined in Section 11.

Page 8
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VERMONT YANKEE

0000-0035-6443-SRLR

- Reload 24 - Revision 0
Operating domain: ICF (HBB) - :
Exposure range : MOCto EOC ( Application Condition: 1)
~ Uncorrected ACPR
Flux QA - .
Event (%rated) | (%rated) GE14C Fig.
~|FW Controller Failure 379 123 | 0.26 6 .
Load Rejection w/o Bypass 400 120 027 7
Turbine Trip w/o Bypass 395 120 0.27 8
Inadvertent HPCI /L8 372 125 - 027 9
: Opel;a'ting domain: MELLLA (HEB) :
Exposure range : BOCto MOC  ( Application Condition: 1)
: . Uncorrected ACPR
Flux’ Q/A .
Event (%rated) | (Y%rated) GE14C Fig
FW Controller Failure 314 119 0.25 10,
Load Rejection w/o Bypass 328 116 0.26 11
Turbine Trip w/o Bypass 331 116 0.25 12
Inadvertent HPC1 /1.8 306 121 0.25 13
Operating domain: MELLLA (HBB)
Exposure range : MOC to EOC  ( Application Condition: 1)
Uncorrected ACPR
Flux Q/A .
. Event (%rated) | (%rated) GE14C Fig.
FW Controller Failure 328 120 0.25 14
Load Rejection w/o Bypass 337 17 0.26 15
Turbine Trip w/o Bypass 340 117 0.25 .16
Inadvertent HPCI /L8 324 C 122, 10.26 17
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VERMONT YANKEE ' " 0000-0035-6443-SRLR
Reload 24 _ Revision 0

Operating domain: ICF (UB)
Exposurerange : MOCto EOC  ( Application Condition: 1)

Uncorrected ACPR
Event (%Frl:ttd) (%Qr::ed) GEl4C Fig. |
FW Controller Failure . 250 - 115 0.25 _ 18
Load Rejection w/o Bypass 301 114 027 119
Turbine Trip w/o Bypass 278 114 026 20
Inadvertent HPCI /L8 247 118 , 0.26 21

Operating domain: MELLLA (UB) :
Exposure range : MOC to EOC  ( Application Condition: 1)

Uncorrected ACPR
Event hrmney | (voated) GElC Fig.
FW Controller Failure 213 113 " 0.22 122
Load Rejection w/o Bypass : 260 1 0.24 : 23
Turbine Trip w/o Bypass 238 112 024 24
Inadvertent HPCI /L8 207 115 023 - 25

10. Local Rod Withdrawal Error (With Limiting Instrument Failure) AOO Summary

" Rod withdrawal error (RWE) limits with ARTS are reported in Vermont Yankee Nuclear Power Station

APRM/RBM/Technical Specifications / Maximum Extended Load Line Limit Analysis (ARTS/MELLLA),
NEDC-33089P, March 2003. A statistically based RWE limit of 1.40 is established in the Staristically
Based Rod Withdrawal Error Analysis for Vermont Yankee Nuclear Power Station, GE-NE-0000-0016-

3451-R0, July 2003.

A cycle specific analysis was performed for Vermont Yankee Cycle 25 to determine the MCPR
corresponding to full withdrawal. (RBM was not credited in this analysis.) For the exposure range from

© BOC25 to EOC25, it is concluded that the statistically based RWE analysis value -of 1:.40 bounds the

Cycle 25 specific analysis value. Therefore, it is the statistically based value that is reported in Section 11
of the SRLR. '

The RBM operability requirements specified in Section 3.4 of ARTS Report NEDC-33089P have been
evaluated and shown to be sufficient to ensure that the Safety Limit MCPR and cladding 1% plastic strain
criteria will not be exceeded in the event of an unblocked RWE event. '

Page 10
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VERMONT YANKEE
Reload 24 ‘Revision 0
Operating domain: MELLLA (HBB) -
Exposure range : MOCto EOC  ( Application Condition: 1) .
Option A Option B
GEl4C GE14C
FW Controlier Failure 1.54 - 137
Load Rejection w/o Bypass 1.55 1.38
Turbine Trip w/o Bypass 1.55 1.38
Inadvertent HPCI /L8 155 138
Operating domain: 1CF (UB) :
Exposure range : MOCto EOC  ( Application Condition: 1) :

: - : - . % Option A Option B
e GE14C GE14C
FW Controller Failure 1.54 137
Load Rejection w/o Bypass 1.57 1.40
Turbine Trip w/o Bypass 1.56 1.39
Inadvertent HPC] /L8 - 1.55 1.38

- |Operating domain: MELLLA (UB)
Exposure ran : MOC to EOC 1)
- - Option A Option B
GE14C GE14C
FW Controller Failure 1.51 1.34
Load Rejection w/o Bypass 1.53 1.36
Turbine Trip w/o Bypass 1.53 1.36
Inadvertent HPCI /L8 1.52 1.35
12. Overpressurization‘Analysis Summary
Event i | ovp | o9 | Respome
MSIV Closure (Flux Scram) - ICF (HBB) 1302 1303 1328 Figure 26
MSIV Closure “i'ﬁ’gg;’am) "MELLLA | 1799 1300 1324 Figure 27
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ABSTRACT:

On 05/05/1999 at 0747 EDT, Unit- 2-was in the Run mode at a power level of
2716 CMWT (98.3 percent rated thermal power). At that time, the reactor
scrammed and the reactor. recirculation pumps tripped automatically on

turbine contrel valve fast closure caused by a turbine trip. The turbine

‘tripped when the main generator tripped on a .ground, fault. Following the

reactor scram, water level decreased due to void collapse from the rapid
reduction in power. However, the reactor feedwater pumps malntalned

water level higher than eight inches above instrument. zero.
Consequently, no safety system actuations on low level were received nor

- were any required. ‘Pressure reached a maximum value of 1124 psig; nine

of eleven safety/relief. valves lifted to reduce reactor pressure.
Pressure did not reach the nominal actuation: setpoints for the remaining

‘two safety/relief valves. The temperature in the vessel bottom head

region decreased by more than the Technical Specification-allowed 100 -
degrees F in one hour before a rec1rculat10n pump could be restarted

This. event was caused by a manufacturer error. Some of the turning’ vanes -
located in the discharge duct for the "B" isophase bus. duct cooling fan
broke loose, shorting a generator phase: to ground.. The manufacturer

‘installed turning vanes that were not the proper thickness. for this’

application thus resulting in some of their connection points failing:

. Pieces of the broken vanes were retrieved from the isophase bus' duct and

the remaining turning vanes were removed from the 1sophase bus duct
coollng system.e‘ . . .

END OF]ABSTRACT
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PLANT AND SYSTEM IDENTIFICATION

General Electric - Boiling Water Reactor

. Energy Industry Identlflcatlon System codes appear 1n the text as (EIIS
"~ Code XX).

: DESCRIPTION OF EVENT

On 05/05/1999 at 0747 EDT, Unit 2 was in the Run mode at a power level of

2716 CMWT (98.3 percent rated thérmal power). At that time, the reactor

automatically scrammed and the reactor recirculation pumps (EIIS Code AD)

- automatically trlpped on turbine control valve (EIIS Code TA) fast closure

caused by a main turbine (EIIS Code TA) trip. The main turbine tripped .

.when the main generator (EIIS Code TB) tripped on a ground fault detected
.simultaneously by generator neutral ground relays (EIIS Code EL)

2832-R003A, 2S32-R003B, and 2532-R003C. A recorded ground fault current of'
467 amps energized the neutral ground relays; contacts in the energized

relays closed causing the generator output breakers (EIIS Code EL) to open.

‘Opéning the generator output breakers energized the main turbine trip

relays resulting in fast closure of the turbine control valves. Turbine

- control valve fast closure is a direct input to the reactor protection

system (EIIS Code JC) logic system.

Following the automatic reactor scram, vessel water level decreased due to
void collapse from the rapid reduction in power. However, the reactor

‘feedwater pumps (EIIS Code SJ) continued to operate limiting the drop in

water level. The minimum water level reached during this event was 8.9

‘inches above instrument zero (167.34 inches above the top of the active

fuel), a decrease of approximately 28 inches from a normal level of 37
inches above instrument zero. Vessel water level did not decrease to the
actuation setpoint of three inches above instrument zero. Thus, no safety

- system, including emergency core ‘cooling system, .actuations on low (Level
3) water level were recelved nor were any requlred

Vessel pressure reached a maximum value of 1124 p31g three seconds after
receipt of the scram. Nine of the eleven safety/relief valves actuated to
reduce reactor pressure. Vessel pressure did not reach the nominal’
actiation setpoint of 1140 psig for safety/relief valves 2B21-F013E and

'2B21-F013H; therefore, they did not actuate nor were they required to
-actuate. (Although safety/relief valve 2B21-F013L has a nominal setpoint

of 1140 pSlg, it -actuated during this event. The maximum vessel pressure
of 1124 psig was within its Technical Specification-allowed setpoint

‘tolerance of 1115.5 psig to 1184.5 psig. . Therefore, the- safety/relief

valve functioned properly durlng the event.) Vessel pressure was. below its.
pre-event value of 1033 psig within six -seconds of the receipt of the
scram. All but the four low-low set safety/relief valves closed within

‘'nine seconds of the scram; the low-low set safety/relief valves closed as

vessel pressure decreased to their nominal closure setp01nts of BY90 psig,
881 psig, 866 psig, and 851 psig; respectively.

The temperature in the vessel bottom head region, as measured by the wvessel
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bottom head drain line temperature, decreased by 107 degrees F in less than
22 minutes. -Unit 2 Technical Specification Limiting Condition for -
Operation 3.4.9 limits the reactor coolant system cooldown rate to a
maximum of 100 degrees F in one hour. At 0810 EDT, Operations personnel

restarted one of the reactor recirculation pumps thereby

TEXT . : - PAGE 3 OF 5

1ncre331ng the bottom head temperature and reduc1ng the bottom head reglon
temperature drop to less than-100 degrees F.

CAUSE OF EVENT

~This event was caused by a manufacturer error ' Some of the turning vanes

located in the discharge duct  for isophase bus duct (EIIS Code EL) cooling
fan 2R13-C008B broke loose.. One or more of the loose pieces shorted a
generator phase to the wall of the isophase bus duct, whic¢h is grounded

The manufacturer installed turnlng vanes that were not the proper thickness
(gage) for this application thus resultlng in some. of the vanes falllng at
their connectlon p01nts. .

The licensed power level and generator output of Unit 2 were increased

- during the Fall 1998 refueling outage. Larger fans and their associated

duct work were installed. in the isophase bus duct coollng system during the
outage to remove the increased amount of heat generated in the isophase bus
resulting from the increased generator output. -The discharge ductwork for
cooling fan 2R13-C008B included a 90-degree elbow; the elbow was necessary

‘to connect the "B" fan discharge duct to the common header in the isophase
.bus duct cooling system. (Due to the location of the' "A" cooling fan, no

elbow was necessary to'connect its discharge duct to the cooling system
header.) In order to reduce backpressure resulting from the air hitting -the
side of the 90-degree elbow opposite the fan discharge, and therefore
increase the cooling air flow rate, the ductwork manufacturer installed
turning vanes in the elbow. This is-a standard practice in designing and
constructing ductwork. However, the sheet metal used to construct the
vanes and the rails used to connect the vanes to the sides of the elbow was

“too thin for this application.

Twenty-two gage (0. 0336") turning vanes were mounted on 24 ‘gage (O 0276")
vane rails and tack welded to the rails at two points on two sides.

However, it is difficult to weld sheet metal thinner than 18 gauge.

Indeed, a visual-check- revealed that the vanes broke off near the weld
points likely due to metal "burn-out" resulting from weldlng the thin sheet

- metal. Addltlonally, portions of the rall also broke loose from  the side

of the duct at or near the weld points. Visual examination revealed these-
points likewise had experlenced metal burn-out. . Although the.gage
thickness of the turnlng vanes was in agreement with the Duct- Contraction
Standard of the Sheet Metal and Air-Conditioning Contractor National '
Association, the manufacturer should have used thicker sheet metal since
welding was used to secure the vanes and rails. -Moreover, the required -

‘duct specific pressure rating of 17.1 inches water: (air velocity of 4400
fpm) should have indicated a thicker sheet metal had to be: used to
manufacturer the turning vanes and rails.: Therefore, the manufacturer’

. erred in u31ng thinner than 18 gage sheet metal for the turnlng vanes: and-
ralls :

REPORTABILITY ANALYSIS AND SAFETY ASSESSMENT

This report is required by 10 CFR 50.73 (a)(2)(1v) because of the unplanned'
actuation of Engineered Safety FPeature systems. The reactor protection
system, an Engineered Safety Feature system, actuated on turbine control




valve fast closure when the main turbine tripped following a trip of the
main-generator from a ground fault. Both reactor recirculation pumps

" tripped also on turbine control valve fast closure. Nine of eleven
. TEXT | - | |  PAGE 4 OF 5

. 'safety/relief valves opened on high vessel pressure; four of the valves

continued to operate in the low-low set mode until pressure decreased to
their respective closure setpoints. '

Fast closure of the turbine control valves is initiated whenever the main
generator trips. The turbine control valves close as rapidly as possible
to prevent overspeed of the turbine-generator rotor. Valve closing causes
a -sudden reduction in steam flow that, in turn, results in a reactor vessel
préssure increase. If the pressure increases to the pressure relief
setpoints, some or all of the safety/relief valves will brlefly dlscharge
steam to the ‘suppression pool (EIIS Code BL) ' .

‘Reactor'scram and re01rculat10n,pump‘tr1p 1n1tiation-by turbine control
" valve fast ‘closure prevent the core from exceeding thermal hydraulic safety

limits following a main generator or main turbine trip. Closure of the
turbine control valves results in the loss of the normal heat sink (main

- condenser) thereby producing reactor pressure, neutron flux, and heat flux

transients that must be limited. A reactor scram is initiated on turbine

.control valve fast closure in anticipation of these transients. The scram,

along with the reactor recirculation pump trip system, ensures  that the

'mlnlmum critical power ratio safety limit is not exceeded.

- 'The -recirculation pump trip system, upon sensing a turbine control valve

fast closure, trips the reactor recirculation pumps, resultlng in a

~decrease- in core flow. The rapld core flow reduction increases void

content - and reduces reactivity in conjunction with the reactor scram to
reduce the severity of:the transients caused by the turbine trip.

In this event, the main generator tripped from a ground.fault in the

‘isophase bus duct. The main turbine tripped as designed in response to the

generator trip. The turbine trip actuated the reactor protection system -
and scrammed the reactor. -All systems functioned as éxpected and per their
design given the water level and pressure transients caused by the turbine
trip and reactor scram. Vessel water level was maintained well above the
top of the, active fuel throughout the transient and indeed never decreased

- to the Level 3 actuation setpoint. Because the water level decrease was

mild, no safety system, including emergency core cooling system, actuations
on low water level were received nor were any requlred. :

Typlcally, the bottom head region of the pressure vessel experiences rapid
cooling following a scram coincident with a trip of the reactor . :
recirculation pumps. This cooling is the result of the loss of effective

“water mixing due to the trip of the recirculation pumps and increased- cold

water flow from the control rod.drive (EIIS Code AA) system following a
scram. In this event, the temperature in the vessel bottom head region

- decreased by 107" degrees F in one hour. ‘However, a bounding analysis

indicated cooldown up to 165 degrees F in one hour will not place

‘unacceptable stress on components of the reactor coolant system

Based upon the precedlng analysis, it is concluded: thls event had no
adverse impact on nuclear safety. The analysis is applicable to all power
levels. : :

TEXT B - ' PAGE 5 OF 5
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CORRECTIVE ACTIONS

Pieces of the broken vanes and rails were retrleved from the isophase bus
duct. ,

The remaining turning vanes were removed from.the 90-degree elbow in the
"B" cooling fan discharge duct. An evaluation by Southern Company Services
ensured that the bus cooling flow requirements remain adequate without the
turning vanes. The evaluation also ensured no deleterious effects result
with respect to the structural integrity of the ductwork and the increased
duty on the fan. The "A" cooling fan discharge ductwork does not contain
any turning vanes; therefore, no further modification to its ductwork was
necessary or performed. : : o

The licensed power level of Unit 1 was 1ncreased durlng the Spring 1999
refuellng outage. However, its existing isophase bus duct ‘cooling system
was determined previously to be adequate to- handle the in¢reased heat load.

Therefore, no modifications were performed on this system during the outage

and thus no similar problems are expected and no additional work on the

system is requlred

Personnel assessed the effects of the excessive cooldown rate on the
reactor coolant system as required by Unit 2 Technical Specifications
Limiting Condition for Operation 3.4.9, Required Action A. 2. An evaluation
performed by General Electric in May 1994 (NEDC-32319P) was used in
assessing the effects of this event. The May 1994  evaluation, intended to
eliminate the need to perform an evaluation for each specific event, :
demonstrated that reactor pressureé vessel and recirculation. piping heatup
and cooldown rates up to 165 degrees F per hour were acceptable provided
certain bounding conditions were met. - General Electric and Southern
Nuclear personnel reviewed the May 1994 evaluation and concluded that the
cooldown of 107 degrees F.in one hour experienced during this event was
bounded by the generic evaluation. Therefore, personnel determined that
the Unit 2 reactor coolant system was acceptable for contlnued operation.

ADDITIONAL INFORMATION

No systems other than those already mentioned in thls report were affected _

by this event.
This LER does not contain any permanent licensing éommitments,

Failed Component Information:

‘Master Parts List Number: 2R13 : EIIS System Code: EL -
Manufacturer: Ernest D. Menold, Inc Reportable to EPIX: Yes
Model Number: N/A : Root Cause Code: B

Type: Turning Vanes : ' * EIIS Component Code: DUCT

Mariufacturer Code: None

There have been no previous. 31m11ar events in the last two years 1n whlch

the reactor scrammed while crltlcal.

ATTACHMENT TO 9906040026 » ’ o 2 PAGE 1 OF 1
Lewis Stmner _ . ‘ Southeranuclear o
Vice President : Operating Company, Inc.

Hatch Project Support 40 Inverness Parkway
' Post QOffice Box 1295
Birmingham, Alabama 35201
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- Fax 205.992.0341

SOUTHERN
COMPANY
Energy to Serve Your World**[Serv1cemark]

© May 27, 1999
Docket No. 50-366 - . HL-5792

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Edwin I. Hatch Nuclear Plant - Unlt 2
Licensee Event Report
Generator Ground Fault Causes Turblne Tr1p and Reactor Scram

" Ladies and Gentlemen:
In accordance with the requirements of 10 CEFR 50.73(a)(2)(i?), Southern

- Nuclear Operating Company is submitting the enclosed Licensee Event Report
. {LER)- concerning a generator ground fault which caused a turbine trip

followed by a reactor scram.
’.Respectfully submitted,
H.L. Sumner, Jr.
“ocv/eb. ,
‘Enclosure: LER 50—366/1999—005
ccr Southern Nuclear Operating Company
Mr. P.H. Wells, Nuclear Plant General Manager

SNC Document Management (R-Type A02.001)

U.S. Nuclear Regulatory Commission, Washington, D.C.
‘Mr. L. N Olshan, Project Manager - Hatch

U.S. Nuclear Regulatory Commission, Region II
"Mr. L.A. ‘Reyes, Regional Administrator
Mr. J.T. Munday, Senior Resident Inspector - Hatch



Lewls Sumner - Southern Nuclear
Viey Presidént " Operating Company, Inc.
Hatch Project Support 40 Inverness Parkway
. Post Off ke Box 125 :
Birmingham, Alabama 35201
Tel 205992.7279
- Fax 2059920341

COMPANY

» " Energy to Serve Your. World™
February 14, 2002
Docket No. 5036  HL$184

US. Nuclear Regulatory Co‘mmissioh
ATIN: Document Control Desk
Washington, D.C.~ 20555 -

Edwin 1. Hatch Nuclear Plant - Unit 2.
- Licensee Event Report
Sudden Closure: of Main Steam Line Isolatlon Valve Causes
ssure Increase and Reactor Sc n igh

Lﬁes and Gentlemen: , ,

In accordance -with the requirements of 10 CFR 50.73(a)(2)iv)A), Southern Nuclear Operating
Company is submitting the enclosed Licensee Event Report (LER) concerning a sudden closure
of a main steamline isolation valve which caused a pressure increase and reactor scram on -
APRM high flux. :

Respectfully submitted,

H. L. Sumner, J.

CLT/eb |

Enclosm%e":LEksoase_/zool-om . ,
Soutf:érn Nucleaf Operating Company -

Mr. P. H. Wells, Nuclear Plant General Manager
SNC Document Management (R-Type ‘A02 001)

: Juclear Re lato Commlsswn W shington C
Mr. L. N. Olshan, Project Manager - Hatch '

_ U,S,b Nycleér ‘Regt_ll latory Cbmmnssxon, Reg;bn Il
" Mr. L. A. Reyes, Regional Administrator

ML T Munday, Senior Resxdent Inspector - Hatch-

 Institute of . Nuclear Power erat]qn : ' : _
LEREvents@inpo.org _ | /sﬁ\//

makucinjm@inpo.org
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Steven B. Tipps, Nuclear Safety and Comphance Manager, Hatch (012) 367-185 1

Chuse | sYSTEM | comPONeNT _|manuracTuReR | RETORTS SYSTEM | COMPONENT |MANUFACTURER | REPORTAS
X SB- | SHV R344 Yes
14. SUPPLEMENTAL REPORT EXPECTED 15 EXPECTED  |MONTH | DAY ] YEAR
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paces,

On 1712512(1)1 at 18 19 EST Unit 2 was in the Run mode. At that time, - the reactor scrammed on Average Power
~ Range Monitor high neutron flux caused by a rapid increase in reactor pressure vessel pressure. Pressure increased
~ quickly as a result of the unexpected and sudden closure of main steam line isolation valve 2B21-F028B. . The
closure of the main steam line isolation valve isolated one of the four main steam lines. Although the ﬂow rates in
. the remaining three steam lines increased to oompensate partially for the isolated line, the sudden isolation of one
line was sufficient to cause reactor. vessel pressure to increase from a nominal value of 1035 psig to 10412 psig
~ within 0.3 seconds.  This rapid rate of change in pressure caused reactor power to increase to 120.5 percent rated
"~ thermal power and the reactor to scram on high neutron flux level. Following the - scram, water level decreased due
to void collapse from the mpxd reduction in power resulting in closure of Group 2 primary containment isolation
- valves. Level reached a minimum of 33.5 inches below instrument zero, a level not low enough to initiate other
protectlve actions.- Therefore, no systems other than the Group 2 primary containment isolation valves actuated or
- were required to actuate. The Reactor Feedwater Pumps restored level to its pre-event value of approxlmately 36 -
-inches above instrument zero within 30 seconds of the scram. Reactor pressure reached its maximum value of
10482 psig less than one second after the scram. It decreased thereafter and was maintained below 975 psig by the
main turbme bypass valves. No safety/frelief valves lifted nor were any required to lift to reduce pressure. -

1.6.,_approximarely

Th1s event was the result of component failure caused by hlgh-cycle fatigue. The stem in valve ZBZI-F028B failed
completely, causing the valve to close and reactor vessel pressure to increase. Corrective actions include replacing -
' .the stem and determmm&the fmlblhty and cost of options to reduce or ehmmate stem vibration.

NRC FORM 366A (1-2001)
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| DESCRIPTION OF EVENT

. On 12/25/200 1 at 18 19 EST, Unit 2 was in the Run mode. At that time, the ‘reactor scrammed on Average Power
Range Monitor (APRM, EIIS Code IG) high neutron flux after reactor power had increased to approximately 120.5-
percent rated thermal power as a result of a rapid increase in reactor pressure vessel pressure. Pressure increased
quickly as a result of the unexpected and sudden closure of main steam line isolation valve (EIS Code SB) 2B21-

- F028B. The closure of the main steam line isolation valve isolated one of the four main steam lines (EIIS Code
SB): Although the flow rates in the remaining three steam lines increased to compensate partrally for the isolated -

| line, the sudden isolation of one steam line was sufficiént to_cause reactor vessel pressure to increase from a

nominal value of:1035 psig to 1041.2 psig within 0.3 seconds. This rapid rate of change in pressure caused reactor

" power to-increase to 120.5 percent rated- thermal power within the same 03-second period "and the reactor fo- scram

on high neutron flux level per design. o

: Followmg the autornatrc reactor scram, vessel water level decreased due to void collapse from the rapid reduction .

~in power.. Water level reached a minimum .of 33.5 inches below instrument zero (approximately 125 inches above
the top of the active fuel) resulting in closure of the Group 2 primary containment isolation .valves (EIIS Code JM).
Water level, however, did not decrease to the actuation setpoint for any other protective action system; therefore,
no systems other than the Group 2 pnmary contamment 1solat10n valves actuated or were required to actuate

1 "I'he Redctor Feedwater Pumps (EIIS Code SJ) rapidly recovered reactor vessel water level restoring level to its
~ pre-event value of approxunately 36 inches above instrument zero within 30 seconds of the scram. :

Reactor pressure reached its maximum value of 10482 psig 0.6 seconds aﬁer the scram.. It decreased thereafter -
- and was maintained below 975 psig by the main turbmc bypass valves. No safety/rehef valves lifted nor were any
requrred to lift to reduce pressure.

C_AMEY_EM

- | This event was the result of component failure. Specrﬁwlly the stem in main steam line isolation valve 2B21-
- F028B failed completely from hlgh-cycle fatigue, causing the stem disc (pilot valve) to fall to the closed position. -

~ Failure initiation was in the root reglon of the first thread at the disc-end of the stem. When the stem disc closed, -

- differential pressure forces on the ‘main valve disc (poppet) caused it to close suddenly. The sudden c]osmg ofthe
main steam isolation valve caused reactor vessel pressure to increase from a nominal value of 1035 psig to 10412

- psig within 0.3 seconds. This rapid rate of change in pressure caused reactor power to increase to 120.5 percent
rated thermal power within the same -0.3-second penod and the reactor to scram on hlgh neutron ﬂux level per
design. s

The reason the main steam line isolation valve stem failed due to high-cycle fatlgue could not be determined
conclusively. The available data support no definitive conclusions regarding the causes of the stem failure. High-
cycle fatigue occurs when the number of cycles and level of stress exceed the endurance limit of the failed

e
'NRC Form 366A (1-2001) .
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‘material. Poor surface' conditions and degradation of material condition can reduce the stem material’s endurance
limit to the point that normal cyclic loading would be sufficient to result in fatigue failure. Conversely, cyclic

- loading stresses and frequency could change such that the expected material' endurance limit would be exceeded.
The number of cycles and/or the level of stress experienced by isolation valve 2B2 1-F028B may be different from

. other isolation valves whose stems have not failed; Also, the stem ‘material’s endurance limit may be dlfferent
.either it changed while the stem was in service (material condition) or it was reduced by a defect (stress riser) in
this stem or both. There is insufficient evidence, however, to determine to what extent, if any, these factors
contributed to the high-cycle fatigue failure.

R_EPORTABILITY ANALYSIS AND SAFETY ASSESSMENT

This report is required by 10 CFR 50.73 (a)(2)(1v)(A) because of the unplanned actuation of reportable systems.
Specifically, the reactor protection system (EIIS Code JC) actuated on APRM high neutron flux. Group 2 primary

- containment isolation valves closed as a result of the expected reactor vessel water level decrease following the
scram. : : :

Two isolation valves are welded in a horizontal run in each of the four main steam lines. - Each of the main steam’
. line isolation valves is a 24-inch, Y-pattern, globe valve. The main valve disc is attached to the lower end of the
~ stem and moves in guides at a 45-degree angle from the inlet pipe. Normal steam flow and higher inlet pressure
" tend to close the main valve disc. ‘A stem disc attached to the end of the valve stem closes a small pressure-
balancing hole in the main disc. When the pressure-balancmg hole is open, it acts as a pilot valve to relieve these
differential pressure forces on the main disc thereby allowing it to open.

The APRM channels pr'ovrde the primary indication of neutron flux within the core and respond almost
mstantaneously to neutron flux increases. The APRM channels receive input signals from the local power range
monitors (EIIS Code. IG) within the reactor core to provide an indication of the power distribution and local power
changes. The APRM channels ‘average these local power range monitor signals to provide a continuous indication
- . of average reactor power from a few percent to greater than rated thermal power. . The APRM high neutron flux
function is capable of generating a reactor protection system trip sxgnal in sufficient time to prevent fiel damage or

.excessive reactor coolant system pressure

_In this event, the reactor scrammed on Average Power Range Monitor hlgh neutron flux- resultmg from a rapid
“increase in reactor pressure. vessel pressure. Pressure increased quickly as a result of the’ unexpected and sudden
closure of main steam line isolation valve- 2B21-F028B. All systems functioned as expected and per their design
© given the core thermal power, water level, and pressure transients caused by this event. Fuel cladding -integrity was
' ~not jeopardized because of the rapid response of the APRMs to the neutron flux i increasé. This response- resulted in
" a reactor scram before the increased energy from the fuel pellets could be transferred fully to the metal cladding.
Additionally, reactor vessel water level was maintained well above the top of the active fuel throughodt the event.

~ Based upon the precedmg analysrs it is concluded this event had no adverse rmpact on nuclear safety The ana]ySIS
§ s applicable to all power levels. S : .

TR Y
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CORREC TIVE ACTIONS

The main steam line isolation valve stem was replaced per Maintenance Work Order 2-01-03746. Local leak rate
testing, valve cycling, and valve stroke timing were performed successfully and the valve was returned to an
_ operable status.

~ Southern Nuclear will perform an investigation to determine the feasibility and cost of options to reduce or
eliminate maxn steam line isolation valve stem assembly vibration.

\D 0 ' ON
No systems other than those already mentioned in this report were affected by this event..
'_ This LER does not coﬁtain any permanent licensing commitments.
" Faile_d Component Infonnatxon

Master Parts List Number: 2B21-F028B EIIS System Code: SB
Manufacturer: Rockwell International - Reportable to EPIX: Yes
Model Number: 16 12 JM MNTY Root Cause Code: X

Type: Valve, Shutoff EIIS Component Code: SHV
Manufacturer Code: R344

Previous similar events in the last two years in which the reactor scrammed automatically while critical
were reported in the following Licensee Event Reports: -

50-321/2000-002, dated 2/25/2000
- 50-321/2000-004, dated 8/4/2000

50-321/2001-002, dated 5/21/2001

50-366/2001-002, dated 12/14/2001.

Corrective actions for these previous similar events could not have prevented this event because they
involved different components. and were the result of different causes.

NRC Form 366A {1-2001)
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On 07/10/2000 - at 1050 EDT, Unit 1 was in'the Run mode at a power level of2754 CMWT (99.7 percent
rated- thermal power). At that time;. the reactor scrammed and the reactor recirculation pumps tripped
0 womahcaﬂyonnnbnestopva]ve fast' closure caused by a turbine trip. - The turbine tripped when the
| vibration instrurnent.on the #10- bearing falled causing a-false high vibration trip ‘signal to be generated.
Following the reactor scram, water level decreased due to void collapse from the rapid reduction in power.
However, the reactor feedwater pumps maintained water level higher than seventeen inches above
| iostrument *zero. Consequently, no safety system actuations ‘on low level were received nor were any
) required. Pressure reacheda maximum value of 1128 psig; nine of eleven safety/relief valves lified to
-} reduce reactor pressure. Pressure did not reach the nominal actuation sefpoints for the remaining two
- safety/relief valves. The temperature in the vessel bottom head region decreased by more than the
: Techmcal Speclﬁcahon allowed 100°%F m one hour before a xecxrculauon pump could be re-started.

’ 'Ihlseventwasmusedbycomponentfallure Thew'bxaummsmmxexnonﬁac #10 beanng falled,
‘generating a- false high vibration - signal. 'Iheh:ghvﬂxahonsxgnal caused the main turbine to trip,
producing 2 reactor scram on turbine stop valve fast closure per design. The ' fuiled- vibration instrument

* was replaced. The vibration instruments on the remaining bearings were checked resulting in the
'xeplwement of the slnﬂ rider probe on the #6 bmnng No’other instrument pmblems were found

- SIRC FORM 388 8-1088) »
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On 07/10/2000 at 1050 EDT, Unit 1 was in the Run mode at a power level of 2754 CMWT (99.7 percent
rated thermal power). At that time, the reactor automatically scramm ed and the reactor recirculation ,
pumps (EDS Code AD) automatlcally tripped on turbine stop valve (EIIS Code TA) fast closure caused by

- amain turbine (EHS Code TA) trip. The main turbine  tripped. when the vibration instrument on the #10.

- bearing, the main generator exciter (EII§ - Code 'IB) outboard bearing, failed. The instrument failure
~produced a false high bearing vibration sxgnal, causing the main turbine to- frip’ automatically on high
bearing - vibration. The turbine trip resulted in fast closure of the turbine stop valves. Turbine stop valve

fast closure is a direct. mput to the reactor protectlon system (EIS Code JC) logic system.

Fo]lowmg the. automatlc reactor scram, vessel water level decreased due to void collapse from the rapxd
‘reduction in power. However, the reactor feedwater pumps (EIIS Code SJ) continued to operate

the drop in water level. The minimum water level reached during this event was eightéen inches above
instrument zero (176.44 inches above the top of the active fuel), a decrease of approximately ‘19 inches
from a normal level of 37 inches above instrument zero. Vessel water level did not decrease to the
actuation setpoint of three inches above instrument zero. Thus, no safety system, inchuding emergency
core coolmg system, actuations on low water level were received nor were any required.

Vessel pressure reached a maximum value of 1128 psig after receipt of the scram. Nine of the eleven
safety/relief valves -actuated to reduce reactor pressure. Vessel pressme did not reach the nominal
actuation setpoint of 1140 psig for safety/relief valves ~IB21-FO13E " and IB21-F013J; therefore, they did
not actuate nor were they required to actuate. (Although safety/rellef valve [B21-F013B - has a nominal

- setpoint- of 1140 psig, it actuated during this event. The maximum vessel pressure of 1128 psig was within
its Technical Specification-allowed setpoint tolerance of 1115.5 psig to 1184.5 psig. Therefore, the -
safetyfrelief valve = finctioned properly during the event.) As vessel pressure was reduced below its pre-
event value of 1034. psig, all but the four low-low set safety/rehef valves closed: The low-low ‘set

~ safety/relief valves closed as vessel pressure’ decreased to 883 psig, 874 psig, 859 psig, and 843 psig,

respectively.

Non-emergency 4160-volt bus 1B fmled to trader automatxcally from its normal to s alternate supply as

~ expected when, the main turbine tripped. Operations  personnel manually energized the bus, whxch provides
power to the 1B reactor recirculation pump, from 113 altemate supply at 1115 EDT. -

The reactor coolant temperature in the vessel bottom head reglon, as measured by the vessel bottom head
drain line temperature, decreased by 180°F in one hour. Unit 1 Technical Specification Limiting Condition -

| for %on 349 hmﬂs the reactor coolant system - cooldown rate to a maximum of 100°F in_one hour.
Form 998) SN
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1 Because the temperature drﬂ'erenee between the bottom head coolant temperature and the reactor coolant
temperature in the steam dome exceeded the maximum allowed by Unit 1 Technical Specifications
Surveillance Requirement SR 3.4.9.3; the ‘reactor recirculation pumps could not be restarted. Therefore,
the lf;ttomh£;ad coolant temperature continued to decrease as expected, albeit at a rate wrthm the 100F -
per hour

'CAUSE OF EVENT

This event was caused by component farlure ‘The vibration instrument on the #10° bearing, the main-
 generator exciter outboard bearing, failed when a solder connection inside the shaft rider probe. came apart.
This created a loose wire that made intermittent contact with a coil within the probe. The loose wire -
contacted the coil such that a false high- vibration signal was generated. The high vibration signal caused
- the main turbine to trip automatically, producrng a reactor scram on furbinie stop valve fast closure per

design.

Non-emergency 4160-volt bus 1B failed to transfer automatically because its normal supply breaker was
slow_in opening. The automatic transfer logic requires the normal supply breaker to open within ten cycles

- (166.7  milliseconds). If the normal supply breaker does not open within the required time, the transfer

~ | logic prevents the alternate supply breaker from closing. The first test of'the normal supply breaker

 performed after it had opened during the event revealed that the breaker opened in-124 milliseconds, nearly

three times the procedural acceptance criterion of 45 milliseconds. Subsequent tests of the breaker
indicated it would open- faster the more it was exercised.- For example, the breaker opened in 114
mrlhsecondsdlmngthethrrdtestand916mrlhsecondsdmmgﬁrefomthtest,a%percentrmprovement

- from the time recorded in the first test. Finally, testing revealed that actuation of the logic necessary to
_indicate that the normal 1ybreakerwasopenadded33t050nnl]rsecondstotheh'ansferlogrcsrgml
Considering this additional time and the likelihood that the opening time of the mormal supply breaker was

greater than 124 ‘milliseconds, investigating personnel concluded that the breaker opened too slowly,
preventmg transfer to the alternate power. supply ,

Tlus report is reqmred by 10 CFR 50.73 (a)(2)( lv) because of the unplanned actuation of Engmeered Safety
Feature systems. The reactor protectlon system, an Engineered Safety Feafure system, actuated .on turbine
‘| - stop valve fast closure when the main turbine tripped on a false high bearing vibration signal. Both reactor .
‘1 recirculation pumps tripped also on turbine stop valve fast closure. Nine - of eleven safety/relief valves opened '
on. high vessel pressure; four of the valves continued to operate in the low-low set mode until pressure
decreased to thexr respectlve closure- setpoints.

.' Fast closure of the tubrie stop valves is initiated whenever ﬂre main turbme trps Tlre turbme stop valves close as
rapidly as possrble to prevent overspeed of the tmbme-generator rotor. Valve closing causes a sudden reduction in
ﬂow that, intun  results in .2 reactor vessel pressure increase. If the pressure increases to the pressure

nc fenn $66A 1084938)
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S rehef setpoints,. some or all of the safety/rehef valves w111 bneﬂy dxscharge steam 1o the suppressron pool
(EIIS Code BL).

~ Reactor scram. and recrrculatron pump trip initiation by turbme stop valve fast closure prevent the core from
B exceeding thermal hydraulic ‘safety limits following a main turbiie trip. Closure of the turbiie stop valves
-} results in the loss of the normal heat sink (main condenser) thereby producing reactor pressure, neutron fhux,
‘ ,;*and heat flux transients that must be limited. ‘A reactor scram is initiated on turbine stop valve fast closure in
antlcrpauon ofthese - transients. The scram, along with the reactor reclrculatron pump trip system, ensures
that the mrmmum crmcal power ratio safety limit is not exceeded '

| The recrrculatlon pump tnp system, upon sensing a turbiie stop valve fast closure tnps the reactor

| recirculation pumps, resulting in a decrease in core flow. The rapid core flow reduction increases void
- | -content ‘and reduces reactivity in conjunctlon with the reactor scram to reduce the severity of the 11ans1ents
|- caused by the turbme trip. :

_‘ In tlns event, the main turbine 1npped on a false hrgh beanng vibration trip s1gna.l The turbme trip actuated
] the reactor protection system and scrammed the reactor. All systems functioned as expected and per their

design given the water level and pressure transients caused by the turbiie trip and reactor. scram. Vessel
water level was maintained well above the top of the active fuel throughout the transient and indeed never
decreased to the Level 3 actuation  setpoint. Because the water level decrease was mild, no safety system
actuatlons on low water level were recetved nor ‘were any required.

‘ Typrcally the bottom head region of the pressure vessel experiences raprd cooling following a scram .

- comncident with a trip of the reactor recirculation pumps. This cooling is the result of the loss of effective
‘water mixing due to the trip of the recirculation pumps and increased cold water flow from the control rod
‘drive (EIIS Code AA) system following a scram. In this event, the temperature in the vessel bottom head

' region decreased by 180°F in one hour. However, a bounding analysis indicated cooldown up to 397.7F in
~one hour will not place unacceptable st:ess on components of the reactor coolant system. '

: Based upon the precedmg analysrs, tlns event had no adverse 1mpact on nuclear safety. The analysrs is
, apphcable to all power levels.

: unt_:nmmwsse) :
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' CORRECTIVE _ACTIONS

iThe vibration instrument for the #10 beanng was replaced on 71122000 -per Maintenance Work Order 1-00-
02145, Additionally, the remaining vibration instruments were checked on 7/12/2000 per Maintenance Work

| :Order - 1-00-02159. As a result of this inspection, the shaff rider probe of the vibration instrument for the #6
‘bearing. was replaced. No problems were found with any of the other bearing vibration instruments.

1 The high bearing vibration trip from the #9 and #10 bearings, with the concurrence of the turbine vendor, has
~ been temporarily disabled. The final disposition of the main turbine high bearing vibration tnps will be
determmed through the corrective. ac'non program

' -Personnel assessed the effects of the excessive cooldown rate on-the reactor coolant system. An evaluation
- performed by General Electric in May 1994 (NEDC-323° 19P) was used in assessing the effects of this
event.  The May 1994 evaluation, intended to eliminate the need to perform an evaluation for each specific

- event, demonstrated that reactor pressure vessel ‘cooldown rates up to' 397.7°F per hour were acceptable
provided certain' bounding conditions were met. General Electric and Southemn Nuclear personnel
reviewed the May 1994 evaluation and concluded that the - cooldown . of 180% in one hour experienced
during this event was bounded by the generic evaluation. Therefore, personnel determined that the Unit 1

~reactor coolant system was acceptable for operation.

The normal supply breaker for non-emergency 4160-volt bus 1B was removed and replaced with a

| refurbished breaker on 7/122000 per Maintenance Work Order 199-04564. A fast transfer ﬁmcnonal test
of the newly installed mormal supply breaker was completed successfully. :

ADDITIONAL INFORMATION _ ,

No systems other than those already mentxoned in this’ repon were affected by this event.

'Ihls LER does not. contain any pennanent hcensmg commnments '

Falled Component Infonnanon

Master Parts List Number: IN3' IN8%2 EIIS System Code: TA

'l Manufacturer: * General Electric - - Reportable to EPIC: Yes
| Model Number: 3S7700VB100Al .~ Root Cause Code: X :
" Type: Vibration Transmitter ~ EIOS Component Code: VT

Manufacturer Code: GOS80

KRC Form 3684 {06-1998)
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prewous smilar events in the last two-years in which the reactor scrammed automat:cally while crmcal
~were reported in the following Lxcensee Event Reports

50-321/1999-003 dated  6/1999

503212000002 dated 2/252000
S0-366/1999-005  dated’ 5/27/1999°
SO366/1999007  dated 7271999

Corrective actions- for these previous similar events eould not have prevented thls event because their

~ causes were different. Specifically, none of the othér previous similar events was the result of an v
.} instrument faiture. Indeed, only one of the previous four events was caused by a main turbine trip. In that
| event, reported in Licensee Event Report 50-366/1999-005, = the main turbiie tripped when the main

|- generator tripped on an actual - ground fault. ‘Therefore, any corrective actions taken. for the prev10us

‘events would not have addressed turbue bearing vibrauon instruments. -

WRC Form 850A (06-4938) -




Lewis Sumner Southern Nuclear
Vice President Operating Company, Inc.
Hatch Project Support 40 Invemess Parkway
Post Office Box 1295
Birmingham, Alabama 35201

Tel 2059927279
Fax 205992.0341

SOUTHERI&-
COMPANY

Energy to Serve Your World™

May 21, 2001

Docket No. 50-321 HL-6088

U.S. Nuclear Regulatory Commission
ATIN. Document Control Desk
Washington, D.C. 20555

Edwin 1. Hatch Nuclear Plant - Unit 1
Licensee Event Report
Component_Failure Causes Turbine Trip and Reactor Scram

Ladies and Gentlemen:
In accordance with the requirements of 10 CFR 50.73(a)(2)(iv)(A), Southern Nuclear Operating
Company is submitting the enclosed Licensee Event Report (LER) conceming a component failure

which caused a turbine trip and reactor scram.

Respectfully  submitted,

H. L. Sumner, Jr.
DMCleb

Enclosure: LER 50-321/2001-002

cc:  Southern Nuclear Operating Company
Mr. P. H. Wells, Nuclear Plant General Manager
SNC Document Management (R-Type A02.001)

U.S. Nuclear Regulatory Commission, Washington, D.C.
Mr. L. N. Olshan, Project Manager - Hatch

U.S. Nuclear Regulatory Commission. Region I
Mr. L. A. Reyes, Regional Administrator
Mr. J. T. Munday, Senior Resident Inspector - Hatch

Institute of Nuclear Power Operations
LEREvents@inpo.org

AitkenSY@Inpo.org /)i AN
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' Component Failure Causes Turbine Trip and Reactor _Scram

____OTHER FAC LITIES !N!OLVED {8)

' _EVENT DATE (5) - LER NUMBER (6) REPORT DATE (7)

’ o . . . FACILITY NAME . DOCKET NUMBER(S)
o | oar [vesn | vesn | s | onenson Juwowms | oav |veas | T 05000
03| 28 f2001] 2001 | 002 | 00 |05 |21 [2001} o I Sl

--OPERATNG ' | -5 - 1. THIS REPORT IS SUBMITTED PURSUANT TO THE REQUI REMENTS OF 10 CFR § : {Check one or more) {11)
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50.73(a)}(2)(i)(A) ' 50.73{a)(2)viil)(B)
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LICENSEE CONTACT FOR THIS LER (12)

[TELEPHONE NUMBER (include Area Code)

NAME

CAUSE s SYSTEM COMPONENT | MANUFAGTURER - "ém?,?“
X | EA | XFMR | G080 | = Yes

Steven B Tlpps, Nuclear Safety and Comphance Manager, Hatch
COMPLETE ONE LINE FOR AILURE D|

(912) 367-7851

YES

SUPPLEMENTAL REPORT EXPECTED '(14)

(if yes, complete EXPECTED SUBMISSION DATE) *

X

WO

ESCRIBED IN THIS REPORT (13)
cAuse | svstem eompom-:vr MANUFACTURER REPT%RE‘,;,B;(-E ‘
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SUBMISSION i
. DATE (15)

]I ABSTRACT (Limit to 1400 spaces, i.e., approximately 15 single—space typewritten lines) (16)

. On 03/28/2001 at 1853-EST, Unit 1 was in the Run mode at a power level of 2763 CMWT (100 percent rated

|~ thermal power). At that time, the reactor scrammed on turbine control valve fast closure caused by a turbine 1np
The turbine tripped when' actuation .of phase 2 and 3 differential relays for unit auxiliary transformer 1B resulted in

~ actuation of a lockout relay, generating a direct turbine trip signal. Following the scram, water level decreased due
to-void collapse from the rapid reduction in power resulting in- closure of Group 2 and the outboard Group 5 primary

.. containment isolation' valves and automatic initiation of the Reactor Core. Isolation Cooling and High Pressure :

" Coolant Injection systems.  The low level initiation signal cleared before either system could inject water to the
vessel. The outboard secondary containment dampers’ automatlcally isolated, and all trains of the Unit 1 and Unit 2

. Standby Gas Treatment systems automatlcal]y started on low water level. Level reached a minimum of 37 inches

+. below instrument zero. The Reactor Feedwater Pumps restored level to its pre-event value of approx1mate1y 35

 inches’ above instrument zero within 30 seconds of the scram. Pressure reached a maximum. value of 1127 psig; five

| of eleven safety/relief valves hﬁed to reduce pressure. Pressure did not reach the nominal actuatlon setpomts for the

- remammg safety/rehef valves : : :

This event was caused by an internal fault in’ unit auxlhary tranisformer 1B. The fault occurred on the high side
- winding of transformer phase 3. The transformer was removed from service; its loads will continue to be supplied
- from the1r altemate supply until a new u'ansformer can be procuned and installed.
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PLANT .AND SYS! EM IQENTIFICA’TlON'
'General Electric - Boiling- Water. Reactor-

_ Energy Industry Identification System codes appear in the text as (EIIS Code- XX)

' DESCRIPTION OF EVENT

On 03/28/2001 at 1853 EST, Unit 1 was in the Run ‘mode at a power level of 2763 CMWT (100 percent rated -

thermal power). At that time, the-reactor automatlcally scrammed on turbine control valve (EIIS Code TA) fast
closure caused by a main turbine (EIIS Code TA) trip. The main turbine tripped when actuation of phase 2 and

phase 3 differential relays ‘monitoring unit auxiliary transformer 1B (EIIS Code. EA) resulted in actuation of

‘lockout relay. 87T1BX. Actuation of this lockout relay generated a direct turbine trip signal and the main turbine -
‘tripped per design. The turbine trip resulted in fast closure. of the turbine control valves Turbme control valve fast
closure is a dxrect input to the reactor protectlon system (ELS Code IO). v

» Followmg the automatic reactor scram, vessel water level decreased due to void collapse ﬁ'om the rapld reductlon '
in -power. Water level reached a minimum of approximately 37 inches below instrument zero (approxrmately 121
inches above the top of the active fuel) resulting in’ closure of the Group 2 and outboard Group 5 primary '
containment isolation valves (EIIS Code JM) and automatic initiation of the Reactor Core Isolation Cooling (RCIC
'EIIS Code BN) and High Pressure Coolant Injection (HPCI, EIIS Code BJ) systems. The outboard secondary
containment isolation dampers automatically closed and all four trains of the Unit 1 and Unit 2 Standby Gas
Treatment (EIIS Code BH) systems (SGTS) automatlcally started.

The Reactor Feedwater. Pumps (EIIS Code SJ) rapidly recovered reactor vessel water level, restoring level to its.
pre-event valve of approximately 35 inches above instrument zero within 30 seconds of the scram. As a result, the
HPCI and RCIC system low water Tevel initiation 51gnals cleared before either system could inject makeup water to

the reactor vessel. Also, the inboard Group S primary. containment isolation valve and the inboard secondary.
containment isolation dampers did not close because water level increased before 2ll of the logic necessary to

. isolate the mboard valve and dampers sensed, and could actuate on, a low water level condrtlon :

Vessel pressure reached a maximum value of 1127 ps1g aﬁer recelpt of the scram. Five of the eleven safety/relref _
~valves actuated to reduce reactor pressure. Vessel pressure did not reach the nominal actuatron setpoints of the
remaining safety/rehef valves; therefore, they did not actuate nor. were they required to actuate. (Although

| safety/relief valve 1B21-F013B has a nominal setpoint of 1140 psig, it actuated during this event. The maximum.

vessel pressure of 1127 psig, however, was within its Technical- Specrﬁcanon-allowed setpoint tolerance of 11155 -

1. psig to 11845, psig. Therefore, the- safety/relief valve functioned properly during the event.) As vessel pressure
| ~was reduced, the low-low set safety/relief valves closed at 887 psig, 877 psig, 862 psig, and 847 psig, respectlvely
.. The mam ‘turbine bypass valves ﬁmctloned to control vessel pressure thereaﬁer, mamtammg pressure below 975

: psig.

' CAUSE OF EVENT -

This event was caused by an internal fault in unit aux1hary transformer 1B. An mspectron rev’ealed a’ tumn-to-turn

failure caused extensive. damage to the high side- winding of transformer phase 3. Although an Event Review Team .
_mvestlgated tlns event, the root causes of the transformer mtemal fault were not determined. : :

1C Form 366A (1-2001)
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Som'e ev1dence gathered by ‘the Event Review Team, that is, transformer winding temperatures from Main Control
‘Room recorder 1N41-R900, six-month load voltage readings, and transformer operating history, appeared to
indicate the possibility of a load-induced or cooling-related problem as the direct cause of the transformer fault
However, other evidence, such as the periodic recording of local. transformer winding and oil temperature gauge
readings, which indicated temperatures significantly lower than the recorder readings, and a successful check of
f.u'ansformer temperature switch operation, was inconsistent w1th this conclus:on '

An intemal transformer fault mlght have developed if contamination had been mtroduced in 1999 when part of '
phase 3 ‘was re-wound as a result of a problem discovered during routine- testing of the transformer. -However, the
damage from the fault destroyed any- -evidence that might have existed. Therefore, it is impossible to confim the
presence, or lack, of contamination and to prove, or disprove, contamination as the direct cause of the internal fault
“in unit auxiliary transformer 1B. It should be noted that internal contamination almost certainly was not the cause
- of failures of the high side winding of transformer phase 3 in 1984 and 1999 due to the many years of in-service ’

| time between those failures, makmg it less llkely to be the cause for this most recent similar failure. -

: REPQRLABILITY ANALYSIS AND SAFETY ASSESSMENT '

" This report is requlred by 10 CFR 50.73 @)()v)(A) because of the unplanned actuation of reportable systems.

Specifically, the reactor protection system actuated on turbine control valve fast closure when the main turbine

tripped following the detection of a fault in unit auxiliary transformer 1B. Group 2 and. outboard Group 5 primary

containment isolation valves.closed and the RCIC and HPCI systems initiated. Five of eleven safety/relief valves

opened on high vessel pressure; four of the valves continued. to operate in the low-low set. mode until pressure
._deereased to their respective closure setpomts ‘

Fast closure of the turbme control valves is initiated whenever the main turbine trips. The turbine control valves close as
!apldly as possible to prevent overspeed of the turbme-generator rotor. Valve closing causes a sudden reductlon in steam
flow that, in turn, results in a reactor vessel pressure increase. If the pressure incréases to the pressure relief setpoints,
some. or all of the safety/rehef valves will briefly dlscharge steam to the suppression pool (EIIS Code BL).

'-Reactor scram mmatlon by turbme control valve fast closure - prevents the core from. exceedmg thermal hydraulic

Il - safety limits following a main turbine trip. ‘Closure of the turbine control valves results i’ the loss of the normal heat

"~ sink’ (main condenser, EIIS Code SQ) thereby producing reactor pressure, neutron’ flux, and heat flux transients that-
" must be lmnted A reactor scram is initiated on turbine control valve fast closure in antrcxpauon of these tansrents

Il The scram ensures that the mmrmum crmcal power ratio safety lnmt is not exceeded.

. In ﬂ1is event, the main turbme mpp_ed when the' unit aux:hary t_ransformer_ lockout relay actuated on signals from the
‘phase 2 and phase 3 differential current relays. The turbine trip actuated the reactor protection system and scrammed -

» . the reactor. All'systems functioned as expected and per their design given the water level and pressure ‘transients

caused by the turbine trip and reactor scram. Vessel water level was mamtamed well above the top’ of the active fuel -
'throughout the tran51ent : o

. Based upon the precedmg analys1s, it is concluded this event had no adverse nnpact on nuclear safety The analysrs

is appllcable to all power levels

. a .
RRC Form 366A (1-2001)
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* CORRECTIVE _ACTIONS
 The unit auxiliaxy transformer was removed from service and taken to an off-site facility for further inspection.
This inspection revealed extensive damage to the high side windings of phase 3 caused by a turn-to-tum fault. The

‘transformer loads will continue to be supplied from their-alternate power supply, startup transformer 1C (EIS
Code EA), until a new_transformer can be procured and installed.

' ADDITIONAL _INFORMATION
| Nh systemé other than those- already mentioned in ‘this report were affected by this event.
. This LER does hot contatn any permanent licensing commitments.
. Faﬂed Component Information: | |

* Master Parts List Number: 1S11-S003 EIIS System Code: EA

Manufacturer: - General - Electric - Reportable to” EPIX: Yes:
- Model Number: NP 167BS 180 Root Cause Code: X ,
Type: Transformer o EIIS Component Code: XFMR .

'Manufacturer Code: GOS80

" Previous similar events in the last two years in which the reactor scrammed automatically while critical were
reported in the following Licensee Event Reports: :

50-321/1999-003, dated 6/1/1999
50-321/2000-002, dated 2/25/2000
50-32 1/2000-004, dated 8/4/2000

- 50-366/1999-005, dated' 5/27/1999

: 50-366/1999-007 dated 7/27/1999

Correctlve actions for these prev1ous similar events could not have prevented th1s event because they involved
different components and were the result of different dxrect causes.

' Similar faxlures of unit auxﬂlary tmnsformer 1B occurred in 1984 and 1999. Specifically, the hngh side windings’

~ of phase 3 of the unit auxiliary transformer failed in- August 1984 after approxnnately ten years of service; this

_-event resulted in an unplanned automatic reactor scram while critical (Licensee Event Report 50-321/1984-015,
‘dated 8/30/1984). The high side windings of this phase also failed a routine doble test in March 1999 after almost
fifteen years of service; this problem was discovered before the windings had deteriorated to the point of causing
an internal transformer fault. The transformer was completely rebuilt as a result of the former event. Part of the
high side windings of phase 3-was rebuilt as a result of the latter event. In neither event were the root causes of the
-faxlure determined; therefore, the comrective action of repairing the transformer- was ot mtended to-address the
causes of the failure and to prevent subsequent fallures

3C Form 368A (1-2001)
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| (S Progress Energy

January 5, 2004 =

'SERIAL: BSEP 03-0158 5 - '10CFR50.73

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

'_ Subject: Brunswick Steam Electric Plant, Unit No. 2'

Docket No. 50-324/License No. DPR-62
Licensee Event Report 2-03-004

' Gcntlcmcn

In accordance with the Code of Federal Regulatxons, Title 10, Part 50.73, Progress Energy

' Carolinas; Inc. submits the enclosed Licensee Event Report. This report fulfills the

reqmrement for a written report thhm snxty (60) days of 2 rcportablc occurrence '

" Please refcr any quesuons regardmg thls submittal to Mr. Edward T O'Nenl

Manager Support Servxces, at (910) 457-3512.

Smcerely,

/J%az

David H. Hinds

Plant General Manéger
. Bnmswxck Steam Elecmc Plant

. .. CRE/cre.

_ Enclosure: Licensee Event Report

e

Progress Energy Carolinas, lnc.

“Brunswick Nuclear Plant

£.0.Box 10429 -
Southport, NC 28461



: . Document Control I‘)csk,
~ BSEP03-0158 /Page2 -

. cc (wrth enclosure)

U. S. Nuclear Regulatory Commlssron, Region II
ATTN: Mr. Luis A. Reyes, Regional Administrator
Sam Nunn Atlanta Federal Center

. 61 Forsyth Street, SW, Suite 23T85

; Atlanta," GA 30303-8931 -

‘U.S. Nuclear Regulatory Commrssnon _

ATTN: Mr. Eugene M. DrPaolo, NRC Senior Resident Inspcctor
~ 8470RiverRoad -

Southport, NC 28461-8869

o U. S. Nuclear Regulatory Commxssron -
"~ ATTN: Ms. Brenda L. M_ozafan (Mail Stop OWFN 869) (Electronic Copy Only)
* 11555 Rockville Pike
Rockville, MD 20852—2738

~ U.S.Nuclear Regulatory Commrssron :
- ATTN: Ms. Margaret Chernoff (Mail Stop OWFN 869A) (Electromc Copy Only)
11555 Rockville Pike.
- Rockville, MD 20852-2738

“Ms.JoA. Sanford
Chair -~ North Carolina Utilities Commrssron
PO.Box 29510 - .

- Raleigh, NC 2762_6-05_1
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OnN ovember 4, 2003 at approxnmatc]y 1732 hours, Unit 2 received a generatorlturbme trip due to loss of -
' generator excitation, which resulted in a Reactor Protection System (RPS) actuation. All control rods fully
inserted into the core. Plant response to the transient also resulted in High Pressure Coolant Injection and
Reactor Core Isolation Cooling System actuations on low reactor pressure vessel (RPV) coolant level with
injection into the RPV. Additionally, Primary. Containment Isolation System (PCIS) actuation signals for Valve
- .| Groups 1, 2,3, 6, and 8 were received and the valves closed as required. All four Emergency Diesel

‘| Generators automatically started but did not load because electrical power was not lost to the emergency buses.

The initiator of the plant transient event and system actuations was the failure of the generator exciter inner
- | collector ring and brush holders, which resulted in loss of excitation to the generator.. The root cause of the
failure is a fabrication deficiency due to poor workmanshxp at the time of original installation of the collector
ring onto the exciter shaft. Weaknesses in brush maintenance, preventxve maintenance, monitoring, and
trending were also identified as the root cause of the event. - :

The damaged components were replaced. Enhanced exciter brush momtormg has been 1mplemented on both
} Units 1 and 2. This event is being reported in accordance with 10 CFR 50 73(@)(2)(iv)(A). The safety
sxgmﬁcance of this occurrence is consndered minimal.

" NRG FORM 366 (7-2001)
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Energy Industry Idenuf cation System (EIIS) codes are identified in the text as [XX]
INTRODUCTION

g On November 4, 2003, at approxlmately 1732 hours, Unit 2 recewed a generator/turbine trip due to loss of
generator excitation [TL}), which resulted in a Reactor Protection System (RPS) [JC] actuation. All control
rods fully inserted into the core. Plant response to the transient also resulted in High Pressure Coolant
In)ecnon (HPCI) [BJ] and Reactor Core Isolation Cooling (RCIC) [BN] System actuations on low reactor
pressure vessel (RPV) coolant level, with injection into the RPV. Additionally, Primary Containment
Isolation System (PCIS) [JM] actuation signals for Valve Groups 1, 2, 3, 6, and 8 were received and the
valves closed as required. As a result of the associated electrical transient, a PCIS Valve Group 6 isolation
was also received on Unit 1. All four Emergency Diesel Generators (EDGs) [EK] automatically started but -
did not load because electrical power was not lost to the emergency buses. At the time of the event, ‘

“Unit 2 was in Mode 1, (i.e., Run) at approximately 96 percent of rated thermal power (RTP) and Unit 1 was.
in Mode 1 at 93 percent of RTP, with all Emergency Core Cooling Systems operable for both units. At
approximately 1857 hours, with Unit 2 in Mode 3 (i.e., Hot Shutdown), another RPS actuation was received
due to low RPV coolant level while cycling Safety Relnef Valves (SRVs) [RV]. At 2120 hours, notification
was made to the NRC (i.e., Event Number 40297) in accordance with 10 CFR 50.72(b)(2)(iv)(A), . :
®)(2)(iv)(B), and (b)(3)(1v)(A) This event is being reported in accordance with 10 CFR 50. 73(a)(2)(1v)(A)
as manual and automatic actuanon of specified systems. -

EVENT DESCRIPTION

On November 4, 2003, at approximately 1732 hours, the Unit 2 generator exciter [EXC] inboard collector
ring (i.e., Alterrex Serial # CH8371544, General Electric Company, Reference TAB 32'S GEK 18539C
Figure 7, Mechanical Outline Drawing GEK 34D105050) and brush holders failed resulting in a loss of
generator excitation. The loss of generator excitation resulted in a decrease in generator voltage and AC bus
voltages on Unit 2 for about three to four seconds, with a dip to approximately 40 percent of nominal
voltage values. After the generator tripped, the Unit 2 bus loads were automatically transferred from the
Unit Auxiliary Transformer to the Site Auxiliary Transformer (SAT). Additionally, all four EDGs
automatically started, as a result of the generator trip, but did not load because electrical power was not lost
to the emergency buses. Upon transfer to the SAT, the bus voltages returned to nominal values. Details of
-] this event will be discussed in two sections: (1) Umt 2 Scram and Associated Transients, and (2) Plant

- Responses to the Voltage Transxent.

1. Unit 2 Scram and: Assocnated Trans:ents

On Novemiber 4, 2003, at approximately 1732 hours, and approximately three seconds into the voltage -
transient, the Unit 2 generator/turbine tripped, resulting in'an RPS actuation. The voltage decrease also
resulted in PCIS Valve Group 1 (i.e., Main Steam Isolation valves (MSIVs), Main Steam Line Drain valves,
-and Reactor Recirculation Sample valves), Group 3 (i.e., Reactor Water Cleanup isolation valves), and
Group 6 (i.c., Contamment Atmosphere Controllelutxon, Containment Atmosphere Monitoring, and Post
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| EvENT DESCRIPTION (continued) |
) Unit 2 Scram and Associated Transrents (contmued)

| Accident Samplmg System 1solatron valves) xsolatrons Event Nonﬁcatron 40297 stated that a Group 10
_(i.e., Non-Interruptible Air to Drywell Isolation Valves) isolation occurred; however, review of the event

‘| and plant documentation could not validate the isolation. Four of 11 SRVs opened for a short duration on

| mechanical setpoints in response to the pressure transient. Maxrmum RPV steam dome pressure measured
' dunng the event was 1108 psig. . :

3 _RPV coolant level decreased to below the Low Level 1 setpomt which resulted in a Group 2 (i.e. Drywell
-| Equipment ‘and Floor Drain, Traversing In-core Probe, Residual Heat Removal (RHR) Discharge to
-Radwaste, and RHR Process Sample isolation valves) isolation and a Group 8 (i.e., RHR Shutdown Coohng
“Suction and RHR Inboard Injection isolation valves) isolation signal; however, the Group 8 valves were
already closed as reqmred by plant conditions prior to the event. RPV coolant level continued to decrease © | -
to the Low Level 2 setpomt at which time the HPCI and RCIC Systems actuated and m_tected into the RPV
to restore level. '

After RPV coolant level was restored the HPCI System was secured RPV coolant level and pressure were
controlled using the Control Rod Drive [AA] System flow, the RCIC System, and by manually cycling

-{ SRVs. The RHR loops were placed in the suppression pool cooling mode of operation as needed to remove
'| decay heat. Activities were in progress to open the MSIVs to use the main condenser for the reactor
‘cooldown. At approximately 1857 hours, a second RPS actuation was received when RPV coolant level -

_ decreased below the Low Level 1 setpoint due to level shrink after an SRV was closed during manual
cyclmg RPS logic was reset at approximately 1922 hours. At approximately 1934 hours, the MSIVs were
“opened to re-establish the main condenser as a heat sink. At approximately 2300 hours, the 2B Reactor
Feed Pump was started to provrde makeup to the RPV-and the RCIC System was secured.

" On November 5 2003, at approxrmately 0452 hours, RHR loop A was placed in the shutdown coolmg
* mode of operation.. At approximately 0554 hours, Unit 2 entered Mode 4 (i.e., Cold Shutdown)

' El ant Responses to Voltage Transr ent

On November4 2003, at approxrmately 1732 hours, the loss of Umt 2 generator excitation resultedina. -

‘voltage transient on Unit 2 AC buses. The transient was characterized as a voltage decrease for about three

or four seconds, with & dip to approximately 40 percent of nominal voltage values, at which time the.

-voltages returned to normal values. The voltage transient caused the main stack radiation monitor, whrch is

‘common to both Units 1 and 2, to initiate a logic signal resulting i in isolation of the Reactor Building

1 Ventilation [VA] Systems, automatic starting of the Standby Gas Treatment (SGT) Systems [BH], and PCIS |

Group 6 isolations for both units. The affected equipment responded successfully except for the Unit 2

‘| SGT System! Train A. Operations personnel reset & high temperature trip signal that was locked in during
the voltage transient and were. able to successfully start Train A manually :
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) EVENT DESCRIPTION continued
Plant Responses to Voltay eTransrent contmued _

~ On November 4, 2003 at approxnmately 1812 hours, the Umt 1 Reactor Buxldmg Venttlatlon System was
restarted and at approximately 1825 hours, it was restarted for Unit 2. At approximately 1824 hours, the
Unit 1 SGT System was secured and at approximately 2055 hours, the Unit 2 SGT System was placed in
standby. The PCIS Group 6 isolations were reset for both units as conditions allowed By 2034 hours, all.
four EDGs were placed in standby .

| The voltage transient also affected other equnpment on both umts which mqulred operator action to restore

| -the equipment. The occurrences were evaluated considering the plant design and it was determined that -

_ these effects were to be expected based on the nature of the voltage transient and automatic load stripping of |
the emergency buses. The adequacy of the plant under-voltage protection logic was evaluated in light of the
voltage transxent assocnated with this event and it was determmed that the present destgn is adequate

1 EVENT CAUSE

- Loss of Generator Excitation

'The initiator of the plant transient event and system actuations was the failure of the generator exciter inner .
collector ring and brush holders, which resulted in loss of excitation to the generator. The root cause of the

failure is a fabrication deficiency due to poor workmanship at the time of ongmal installation of the

| -collector ring-onto the exciter shaft in the early 1970s. The collector ring is designed to have a tight

| interference fit on the exciter shaft to minimize vibration. The poor workmanship was the fit-up of the:

collector ring assembly utilizing a peening methodology on the anti-rotation key in lieu of the proper shrink

fit of the collector ring on the exciter rotor shaft Post-faxlure mspectton and laboratory evaluatton suppon

thts conclusion. :

Weaknesses in ‘brush mamtenance, preventxve mamtenzmce, momtonng, and trendmg were also identified as
the root cause of the event.. Comparison of site activities with original equipment manufacturer and
mdustry recommendations indicate that the event may have been avoided if brush and brush rigging:
vibration monitoring and trending, as well as collector ring strobe light inspection activities, had been ‘
implemented per recommendations. On October 21, 2003, during the weekly exciter brush i inspection, the

 three inboard brush currents were noted to be unequal, indicating a degraded condition with the collector

| ring/brushes. An action plan was developed and being xmplemented to address the degraded condmon, but
the activities were not effective in preventmg the equlpment failure and subsequent event.

-_Addxttonal contributing causal factors include msuft‘ cient detmllmcomplete training for mamtenance and
' engineering personnel as well as: madequate attention to emerging problems and ineffective use of
‘operating expenence General Electric Company notified equtpment users of an improved brush holder and
rigging design in the early 1990 tlmeframe Operating experience from other utilities indicated success
" with mitigation of brush vibration issues using the tmproved design. The improved design was not
implemented at BSEP.
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_ EVENT CAUSE (contmued)

Low Level 1 RPS Actuation due to RPV Coolant Level Shrink

' ‘The cause of the Low I.evel 1 RPS actuation is attnbuted to the level shrink caused by manual SRV cyclmg
until the MSIVs could be re-opened. Although this method is allowed by plant procedures, pressure control °

using manual SRV cycling is not as stable as usmg the HPCI System, in the pressure control mode of
operatnon, and the RCIC System. :

Umt 2 SGT System Tram A Failure to Automatncallv Start on Demand

Each SGT System train is des:gned to be able to automatically start after a complete loss of electrical
power, and incorporates a specific relay logic scheme to allow that capability. On November 4, 2003, the
electrical transient resulted in a short-term voltage drop to approximately 40 percent of the nominal voltage

_value. The voltage value during the transient decreased to a value where some relays in the start logic may -

or may not have dropped out. For the Unit 2 SGT System Tram A only, the relays responded such that the

‘| logic hiad to be reset before the train could start.

CORRECTIVE ACTI ONS -

'l‘he damaged components Ge. the collector- ring, the anti-rotation key, the brushes, and brush rigging) -

- were replaced. The collector ring was properly mstalled on the rotor shaft

~ Preventive maintenance, exciter brush vibration momtormg. and trendmg program 1mprovements are
' bemg developed and will be implemented by February 20, 2004. Program 1mprovements for other brush

applrcauons on site are also bemg considered.

Enhanced exciter ‘brush momtormg has been implemented on both Units 1 and 2. Unit 1 exciter collector
rings are scheduled tobe replaeed dunng the next refuel outage, Wthh is scheduled to beginin -

February 2004.

" Design xmprovements to the excrter brush holders and mspectnon wmdows are bemg reviewed and
_-"developed . :

_ Training is bemg developed for appropnate engmeenng, operanons, and mamtenance personnel on brush
' mamtenance topics. - . v ,

As part of the approved lrcensed operator trarnmg program thls event and the lessons Ieamed assocmted

Awrth RPV coolant level control will be reviewed with the operatmg crews.

’ : A modxﬁcanon has been installed in the loglc for both SGT System trains for both units’ to enhance logic
‘ response under degraded voltage conditions such as those expenenced durmg thrs event.
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SAFETY ASSESSMENT

The safety significance of this occurrence is considered minimal. Plant systems responded as designed to
_ the transient and so the consequences of the transient on the fuel and vessel overpressure were minimal.
The analyses in Chapter 15 of the Updated Final Safety Analysis Report fully bounded this event.

: EREVIOUS SIMILAR EVENTS

Areview of events occurring within the past three years has not identified any previous similar occurrences.

COMMITMENTS

: Those actions commmed to by Progress Energy Carolinas, Inc. (PEC) in this document are identifi ed below.
- Any other actions discussed in this submittal represent intended or planned actions by PEC. They are -
|- described for the NRC’s information and are not regulatory commitments. Please notify the Manager —
Support Services at BSEP of any questions regarding this document or any associated regulatory
comm:tmems

e Preventive mamtenance, exciter brush vibration monitoring, and trending program 1mprovements are
being developed and will be implemented by February 20, 2004,
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6500 North Dresden Road . < : .
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Tel 815-942-2920 - _ o - “
March 24, 2004
SVPLTR#04-0000 . T .

U. S. Nuclear Regulatory Commhlssion
ATTN: Document Control Desk -~ -
Washlngton. DC 20555-0001

Dresden Nuclear Power Station, Unit3
- Facility Operating License No. DRP-25
NRC Docket No 50-249

Subject: " Licensee Event Report 2004-001 -OO “Unit 3 Automatrc Scram Dunng Testmg
of the Maln Turbine Master Trip Solenoid Valves® ,

Enclosed Is Licensee Event Report 2004-001-00 “Unit 3 Automatic Scram Dunng Testmg of
the Main Turbine Master Trip Solenoid Valves,” for Dresden Nuclear Power Station. This .
event is being reported in accordance with 10 CFR 50.73(a)(2)(iv)(A), “Any event or condition
that resulted in manual or automatic actuation of any of the systems listed in paragraph
(a)(2)(iv)(B) of this sectlon

Should you have any questxons concerning this repor, please contact Jeff Hansen.
Regulatory Assurance Manager at (815) 416-2800 ' :

Respectfully,

=4 /wf’

Danny G ost
‘Site Vicé President
Dresden Nuclear Power Statlon

,Enclosure

cc: Reglonal Admlnistrator NRC Reglon .

NRC Senior Resldent Inspector = Dresden Nuclear Power Statton
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16. ABSTRACT (Limit to 1400 spaces, i.e., #pproximately 15 single-spaced typewritten fines)

_On January 24, 2004, at 0037 hours (CST), with Unit 3 at 96 percent power in Mode 1, an automatic scram occurred while
- performing the weekly survelllance of the Main Turbine Master Trip Solenold Valves. The survelllance testing was *
performed In accordance with procedure DOS 5600-02, “Periodic Main Turbine, EHC and Generator Tests.” The event
was caused by a malfunction of the Maln Turbine Master Trip Solenoid Valves, which resulted in the depressurlzahon of
- the Emiergency Trip Supply hydraulic header and the resulting momentary closure of the Main Turbine Stop Valves below
-+ 80 percent full open. The Reactor Protection System acluated as a result of the Main Turbine Stop Valve position and as
) designed automallcally scrammed the reactor. The plant responded as expected to lhe aulomahc scram.

~ Theroot cause of the malfunctuon of the Maln Turbine Master Trlp Solenoid Valves was attributed to an improperly .
"designed position switch rod and its associated housing by the Original Equipment Manufacturer, General Electric. The
corrective actions to prevent reoccurrence are to replace the Maln Turbine Master Tnp Solenold Valves withvalvesof a.

' ,dlfferent deslgn

The safety slgnif cance of Ihis event was minimal.” All conlrol rods fully lnserled and all syslems responded as expecled to
the automatic scram. There were no subsequent major equlpment malfunctions. . :
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N .Dresden Nuclear Power Statron Unit 3 is a General Electric Company Bomng Water Reactor wrth ah censed maxtmum '

. [xxl.
A

power Ievel of 2057 megawatts thermal. The Energy Industry Identification System codes used in the text are identifi ed as -

. Plant Condmons Prior to Event

Unit: 03 . ) , Event Date 01-24-2004 o Event Time: 0037 CST
Reactor Mode: 1 : Mode Name: Power Operat:cn Power Level: 96 percent
Reactor Coolant System Pressure: 1000 psig

Description of Event:
Dresden Nuclear Power Station {Dresden) and other Exelon stations have been experiencing performance Issues

- with their Main Turbine Master Trip Solenold Valves (MTSVs) [TG] [SOL)." The cause of the poor solenoid

performance was determined to be a "silting” phenomenon. General Electric (GE), the Original Equipment
Manufacturer, was requested 1o evaluate the *silting” condition and fi nd an alternate design to improve the solenoid
performance. GE responded to this request by proposing the use of poppet solenoid MTSVs to replace the

‘existing spool solenold MTSVs. GE indicated that, unlike the spool valve, & poppet valve is not prone to stick due .

to its inherent design. The poppet solenocid valve has a line-contact on its seatmg surface verses a sliding surface
contact with t:ght clearance toterances on a spoot solenoid valve.

" GE successfulty tested the poppet solenold MTSVs. However. after completlng the testlng. GE modified the -

position switch on the original poppet solenoid valve assembly. This modification was done to eliminate the need

_ of additional cables to power the position switch. The modified position switch was never tested on the test |

assembly. GE's evaluation concluded that the new poppet solenold MTSV was a direct reptacement for the
currently used spool sotenotd MTSV

ﬁln September 2003, LaSalle County Station (LaSalle) was preparing for a Unit 2 outage and performed pre-

- installation testing of the poppet solenold MTSVs. During pre-installation testing, LaSalle identified that the -

position switch on the poppet valve assembly was not functioning. GE-suspected that the target area at the end of

- the switch rod was too small for it to function properly and decided to increase the target area of the switch.

LaSalle returned the poppet solenold MTSVs for switch modification and the poppet sotenold MTSVs were not
instatled . . ,

: ~In Oclober 2003, Dresden performed pre-tnstattatron testmg on the poppet solenoid MTSVs and found that the limit
_switch was still not functioning properly, even efter the target area on the rod end had been increased based on -

the LaSalle experience. Further Investigation revealed that the switch adapter material should have been stainless
steel instead of carbon steel. GE agreed to make the adapter material change but additional testing fotlowrng the

change by GE was not performed

on October 21, 2003, Dresden Unlt 2 was tn a retue!tng outage and the MTSVs were replaced with the poppet

solenoid MTSVs. Post matntenance testrng was performed satisfactorily without any probtems

- On November 18, 2003 dunng weekty testing on Unit3 per procedure DOS 5600-02 'Pertodxc Main Turblne. EHCA

_and Generator Tests,” MTSV *A" failed to trip. The cause of this MTSV fallure to trip was determinedtobe

*silting.” Based on this, Dresden engineering recommended that the Unit 3 MTSVs be replaced with poppet
solenotd MTSVs during the upccmtng malntenance outage in December 2003. -
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On December 12 2003, the Unit 3 MTSVs were replaced with poppet solenold MTSVs Post maintenance testmg -
- was performed with satlsfactory results. _ -

From November 2003 to January 23,2004, Dresden Unit2 successfully tested the poppet solenold MTSVs during
nine weekly on-line tests and Dresden Unit 3 successfully tested the valves during four weekly on-line tests

, On January 24 2004, at 0037 hours (CST), w:th Unit 3 at 96 percent power ln Mode 1,8an automatic scram
~ occurred while performing the weekly surveillance of the MTSVs. The survelllance testing was performed in-
accordance with applicable site procedures. The scram was caused by the momentary closure of the Main -
Turbine Stop Valves below 90 percent full open. The Reactor Protection System actuated as & result of the Main
Turbine Stop Valve position and as designed, automatrcally scrammed the reactor. The plant responded as
expected to the automatic scram. v

An Emergency Notification System (ENS) call was made on January 24 2004, st 0222 hours (CST) for the above-
descrrbed event. The assigned ENS event number was 40474, -

Post trip testing confirmed that the cause of the automatrc scram was the resutt of the poppet solenold MTSVs
malfunctioning. Dresden decided to replace the Unit 3 poppet solenoid MTSVs with spool solenoid MTSVs. The
' decision was based In part on, the failure mode associated with the poppet solenold MTSVs was not applicable to
the spool solenold MTSVs. The spool solenold MTSVs are installed on all GE turbines of similar design to
Dresden’s turbine and, except for occasional sttcking, the performance of the spool solenoid MTSVs has been
- satisfactory. The unit was synchronlzed tothe grid on January 25, 2004 at 1324 hours (CST).

 This event s being reported ln accordance with 10 CFR 50. 73(a)(2)(|v)(A), 'Any event or condition that resulted in
. manual.or automatic actuation of any of the systems listed in paragraph (_a)(2)(|v)(B) of this section.” The =
-automatic actuation of the reactor protection system is listed in 10 CFR 50 73(a)(2)(lv)(8) '

Dresden Unit2is scheduled to replace its lnstalted poppet solenoid MTSVs wlth the spool solenold MTSVs dunng ,
a maintenance outage. Dresden has completed an engineering evaluatron that permits the suspenslon of MTSV
~ testing until the MTSVs are replaced. . _

- Addrtronally o resolve the *silting” Issue, Dresden replaced the exlstrng electro-hydraullc fluid with higher:
" temperature rated synthetic fluid, cleaned the fluid reservolrs and replaced the filter cartrldges with a different
- designed cartridge in October 2003 on Un‘t 2 and December 2003 on Unit 3. _

c Cause of Event. :

_ The root cause ‘of the malfunction of the poppet sotenoid MTSVs was attnbuted to an improperly deslgned POS“IOI’T _
. vswrtch rod and its assoctated houstng by the Origina! Equipment Manufacturer, GE. y

: The two poppet solenold MTSVs that were removed from- Dresden Unit 3 and two poppet sotenotd MTSVs that
“had not been instalied were subjected to failure analysts testrng The failure analysls testing included response
 time testing, disassembly to inspect for foreign matenal and overalt Inspectron of the lntemal valve oomponents
' The results of the tesling were as tollows ' : T .

. The poppet solenoid MTSVs were bench tested to determine if their response trmes were in the range of
40 to 60 mlllisecond A high response time of the poppet valve is a concern as the poppet solenold
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MTSVs design momentanfy ties the pressure and drain ports together. If the ports are tied together for a
sufficient time, the Emergency Trip Supply hydraulic header will depressurize. One of the poppet solenotd
MTSVs removed from Dresden Unit 3 had a response time of 200 milliseconds.

e An optical microscope i_nspectron of the poppet solenoid MTSVs did not reveal any forelgn material dround
* the valve seat area.: Additionally, the inspection found no indication of tearing or deterioration of the
internal o-rings and backing rings.

« The overall visual Inspection revealed that the Internal position switch rod was bent on all four valves.
Further examination revealed that the target could catch on threads within the switch housing. This defect
would cause the observed delay in the response time of the valves.

« GE determined that the damage to the internal components most probably occurred dunng manufacturing

The high response trme of the poppet valves on Unit 3 caused the pressure and drain ports to be tred together for
a sufficient time to cause the Emergency Trip Supply hydraulic header to depressurize and resulted in the
- momentary closure of the Main Turbine Stop Vealves below 90 percent full open.

D, Safety Analysis:

The safety significance of this event was minimal. All control rods fully inserted and all systems responded as
expected to the automatic scram.: There were rio subsequent major equipment malfunctions. Therefore, the
consequences of _this event had minimal impact on the health and safety of the public and reactor safety.

E.  Corrective Actions: .
The poppet solenoid MTSVs were'replaced with  spool solenoid MTSVs on Dresden Unit 3.

The poppet solenoid MTSVs will be replaoed with the spoo! so!enotd MTSVs during a scheduled maintenance
outage on Dresden Unit 2. )

An engrneering evaluation was oompteted to permrt the suspension of MTSV testing on Unit 2 untrl the poppet
solenold MTSVs are reptaced with spool solenold MTSVs.

F. © Previous Occurrences:

Areview of Dresden Nuclear Power Station Llcensee Event Reports (LERs) and operatrng expenenoe over the
previous five years did not find any slmﬂar MTSV occurrences.

G. | : Co__ponent Failure Data;
- GE poppet solenord MTSV Part Number 378A3294P0001




Exeldma

Exelon Generation Company,LtlC  *~ www.exeloncorp.com _ N ‘U_C] ear

_ Dresden Nuclear Power Station
6500 North Dresden Road’

Morris, IL 60450-9765 ) )
10 CFR 50._73

* March 30, 2004
SVPLTR: #04-0013

u. -S.jNuclear'Regulato‘ry Cominission _
ATTN: Document Control Desk
Washington, DC 20555-0001

Dresden Nuclear Power Station, Units 2 and 3
Facility Operating License Nos. DRP-19 and DRP-25
NRC Docket Nos. 50-237 and 50-249

Subject:  Licensee Event Report 2004-002-00 "Umt 3 Automatic Scram Due ToMain
‘ “Turbine Low Oll Pressure Trip and Subsequent Discovery of Inoperability of the-
Units 2 and 3 High Pressure Coolant Injection Systems”
" N .. . ./

Enclosed Is Licensee Event Report 2004-002-00, “Unit 3 Automatic Scram Pue To Main -
Turbine Low Oil Pressure Trip and Subseque_n_t-Discovery of Inoperability,of the Units 2 and 3
High Pressure Coolant Injection Systems,” for Dresden Nuclear Power Station.. Thege events
are being reported in accordance with 10 CFR 50.73(a)(2)(iv)(A), “Any event or condition that
_ resulted in'manual or automatic actuation of any of the systems listed in paragraph (a)(2)(iv)(B)
* of this section,” and 10'CFR 50.73({a){2)(v)(D), “Any event or condition that could have = -
prevented the fulfillment of the safety functron of structures or systems that are needed to
mmgate the consequences of an accident.” _

Should you have any questrons conceming this report, please contact Jeff Hansen, Reguiatory
Assurance Manager. at (815) 416-2800. _

'. Respeptfully. g

Enclosure
cc: Regiona! Admmistrator-— NRC Region Ill 4
’ NRC Semor Resrdent lnspector - Dresden Nuclear Power Statron :

- TED>-
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ATTLE Unit 3 Automatic Scram Due To Main Turbine Low Oil Pressure Trip and
- Subsequent Discovery of Inoperability of the Units 2 and 3 High Pressure Coolant Injection Systems

16. ABS't’RACT (lelt to 1400 spaces le., approxlmately 15 slngte-spaoed.typewdnen tlnes)

E ‘On January 30, 2004 at 1155 hours (CST) with Unit 3 at 97 percent power in Mode 1,an automatic scram occurred due
. to a Main Turbine trip from low lube oll pressure, The event occurred during & swapping of lube ol coolers. After the
" “scram, reactorwater level increased above the Reactor Feed Pump High Level trip set point, Reactor water level was

subsequently restored to normal and the Reactor Feed Pumps were restarted

o On February 1 2004, at 0400 hours (CST), subsequent tnvestrgatnons into the January 30, 2004, event determined that the
" High Pressure Coolant Injection Systems for Dresden Units 2 and 3 were Inoperable. The inoperability was due to

evaluations that determined that the Feedwater Level Control System would not maintain the post scram reactor water

. tevel betow that which would prevent water from entermg the High Pressure Coolant Injection System s turbine steam fine.

The root cause of the automatrc scram was inadequate procedural guxdance for the swapptng of Maln Turbine lube oll

: coolers The root cause of the High Pressure Coolant Injection System inoperability was low margin in the Feedwater
~ Level Control System to accommodate changes to the post-scram vessel level response. The comective action to prevent

reoccurrence of the scram is to modify procedure DOP 5100-04, “Turbine Oil Cooler Operation.”  The corrective action to
prevent reoccurrence of the High Pressure Coolant lnjectlon Systems inoperabillity Is to modrfy the post-scram response of

the Feedwater Level Contro! System.

nmxber.theNHCmaynoteonductorsponsor andapersonlsnotrequ!redbrespmdbm S
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: 'Dresden Nuc!ear Power Station Units 2 and 3 are General Electric Company Boihng Water Reactors wrth a licensed
- maximum power level of 2957 megawatts thermal. The Energy Industry Identification System codes used in the text are

E identrf ed as [XX]. .
A. Plant Condmons Prror to Event: :
Unit: 03 Event Date: 1-30-2004 ~ 'Event Time: 1155 CST
' Reactor Mode:1. -~ - Mode Name: Power Operation . Power Level: 97 percent
- Reactor Coolant System Pressure: 1000 psig
B Description of Event:

- On January 30, 2004, the Shift Manager decided to swap the Unit 3 Main Turbine Lube Oil Coolers [TD] as the

Turbine Oil Continuous Filter Differential Pressure had been increasing for several days. On January 30, 2004, at
1155 hours (CST), with Unit 3 at 97 percent power in Mode 1, an automatic scram occurred due to a Main Turbine
trip from low lube oil pressure. The event occurred during a swapping of lube oll coolers. Immediately foliowing
the scram, the position of the Feedwater Regulating Valves (FRVs) [SJ] increased from 56 percent (%) open to
63 %. The increase In the position of the FRVs, combined with the post-scram decreasing reactor pressure,

-caused an increase In total feedwater flow that led to the trip of the “B” Reactor Feedwater Pump (RFP) [P] on low
~ suction pressure. Additionally, subsequent FRVs response to increasing reactor vessel level was not fast enough
to prevent the level from reaching the RFP High Level trip set point and resulted in the tripping of the *A™ and "C*

RFPs. Reactor water leve! was subsequently restored to normal and the RFPs were restarted. All rods inserted
and other than the feedwater response, all other system responded as expected to the automatic scram.

An Emergency Notrt'cation System (ENS) call was made on January 30, 2004 at 1335 hours (CST) for the above-

described scram event. The assigned ENS event number was 40491.

-On February 1, 2004 at 0400 hours (CST) subsequent Investrgatrons into the January 30, 2004 event determined
. that the High Pressure Coolant Injection (HPCI) Systems [BJ] for Dresden Units 2 and 3 were inoperable. An

evaluation by engineering determined that the Feedwater Level Control System (FWLCS) [SJ] would not maintain
the post-scram reactor water level below that which would prevent water from entering the HPCI turbine steam
line. Dresden Units 2 and 3 have separate HPCI nozzles in the reactor vessels that are located approximately 50.
inches below the main steam nozzles. Technical Specification (TS) 3.5.1, "ECCS-Operating,” requires HPCI
operable in Modes 1, 2 and 3 with reactor steam dome pressure greater than 150 pounds per square inch gage
(psig) Atthe trme of drscovery. Unit 2 was in Mode 1 and Unit 3wasin Mode 4, : '

An ENS call for Umt 2 was made on February 1, 2004 at 0854 hours (CST) for the above-described HPCI event
The assigned ENS event number was 40494,

" The Units 2 and 3 FWLCS post-scram fevel setpotnts were modified on February 2, 2004 and HPCl was declared

cperable Umt 3was synchronrzed to the grid on February 2, 2004, at 1813 hours (CST).

- These events are being reported in accordance with.

e 10 CFR 50 73(a)(2)(rv)(A) 'Any eventor condltron that resulted in manual or automatrc actuatron of any of
the systems listed in paragraph (e)(2)(iv)(B) ¢ of this section.” The automatic actuatton of the reactor
protectron system is listed in 10 CFR 50 73(a){2)(iv)(B).
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"« 10CFRS50. 73(a)(2)(v)(D), “Any event or condition that could have prevented the fulfillment of the safety
function of structures or systems that are needed to mitigate the consequences of an accident.” The HPC!
is a single train system and the water was in the HPCI turbine steam line for approxlmately 20 minutes.

‘ ICause of Event: o o
The root cause of the scram event was incorrect procedural guidance in Dresden Operating Procedure DOP 5100-

04 *Turbine Oil Cooler Operation.” The procedure directs the operator to stop filling the oncoming Main Turbine
lube oil cooler prior to swapping. This caused air to be induced into the oncoming lube oil cooler from the hot lube’
oil volume being cooled by cold service water, and resulted in the Main Turbine trip from low lube oil pressure.

' This procedural guidance had been in place since 1991 and had been used approximately seven times since

1 999 However. system realrgnment had only oocurred once in lhe month of January.

The root cause of the HPCI Inoperabllity was Iow margin in the FWLCS to acoommodate changes to the post-
scram vessel level response. The FWLCS iIs designed to respond to a scram by adjusting the vessel level set
point from +30 inches to +5 inches and then after approximately 2 seconds, to lock the FRVs in place for -

o approximately 15 seconds. After 15 seconds, the valve demand signal positions the FRVs at 30% of thelr previous
- position.. At that time, the FWLCS reverts 1o controlling in the normal mode where the FRVs are positioned based
'on the rate of change in vessel level and the difference between the vessel level and the FWLCS set point.

Following the reactor scram on January 30, 2004 the followmg occurred

" e« - The position of the FRVs Immediately Increased from 56% open to 63% open during the approximately 2
seconds it takes for the FWLCS to lock the FRVSs in place for 15 seconds. During this period, the increase:
“in the posttion of the FRVs, combined with decreasing reactor pressure, caused an increase Intotal
feedwater flow that led to the trip of the “B” RFP on low suction pressure. A RFP had not tripped on
previous similar scrams, as the similar scrams occurred pnor to the need to operate with 3 RFPs at full
power. .

¢ The FRVs began to close from 63% open at approxnmately 16 seconds after the scram signal due to the
©  pulse down signal from the FWLCS to reposition the FRVs to 30% of thelr previous position. The FRVs
never reached 30% of the previous position because at 24 séconds after the scram, FWLCS signaled the
valves to reopen. At approximately 30 seconds after the scram signal the FWLCS signaled the FRVs 16
. close.  However, the rate at which the FRVs closed was not fast enough to prevent overfilling the vessel,
- tripping the “A™and "C" RFPs on high water level, and putting water lnto the HPCI steam'supply line. -

| The FWLCS opérated as deslgned during this evenL The condition that the FWLCS had low marginto ..
.. accommodate changes to the post-scram vesse! level response was not known prior to this event because no-

analytical model capable of predicting the dynamic interaction between the FWLCS and other factors affecting
vessel level was avallable, This resulted in the fallure to adequately evaluate or test the post-scram response of

' - the FWLCS prior to imp!ementatron of 3 RFP operation.

The immediate corrective actnons for Units 2 and 3 were to lower the FWLCS post-scram veseel level set point

* from +5 inches to =10 inches. These set point changes provide reasonabte assurance that a vessel overfill event

will not recur.
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‘ The corrective actnon to prevent reoccurrence is to re-design the FWLCS post-scram response: Exelon
, Englneermg will develop & dynamic model capable of accurately predicting the response of the FWLCS. This
model will be benchmarked against the two most recent scrams and used to optimize the re-design. The -
modifications to install the improved FWLCS design will be implemented If necessary, during the next refueling
outage of each unit or outage of sufficient duration after the development of the analytical model o predlct the:
' lnteractron of the FWLCS and post scram vesse! level response. oL

- ;‘ D.: Safet! AnalyslS' _
' ~ The safety sfgnil'cance of the scram event was mlnlmal All control rods fully inserted and other than the
~ feedwater response. all systems responded as expected tothe automatlc scram. '

The safety srgnll' cance of the HPCI inoperability event was minimal. For Dresden Unfts 2 and 3 2 transients and 2
- design basis accidents have the potentlal for water carryover into the HPCI steam line and assume the availability
. of the HPCI for redundant long term inventory make-up. For these events, a conservative analysis has been '
“. . performed using Automatic Depressurization System and low pressure Emergency Core Cooling Systems as an
. _altemale core coolrng sequence that demonstrates there is a substantial margin to predlcted cladding perforation.

Therefore. the consequences of these events had mlnlmal impact on the health and safety of the pubhc and
, reactor safety

. E. C_orrectlve Actions: :

Procedure DOP 5100-04 has been revrsed

The immediate correctrve actions for Unlts 2and 3 were to lower the FWLCS post-scram level set point from +5
: lnches to-10inches.

E_xelon will develop an analytical model.to predict the interaction of the FWLCS and post scram vessel level
_re_sponse and if’nec_essary. the FWLCS post-scram response will be modified.

F. 'Prevlous Occurrences:

A review of Dresden Nuclear Power Station Licensee Event Reporls (LERs) and operating experience over the
' prevrous five years did not f' nd any slmllar occurrences associated with the Maln Turbine Lube Ol Coolers

. Areview of Dresden Nuclear Power Statuon LERs ldentrt' ed that the rmost recent LER assoclated with the FWLCS
and a reactor vessel high water level was LER 98-003-00, "Reactor Scram Results from MSIV Closure Caused by
a Spurlous Group 1 Isolation Signal due to Inadequate Preventive Maintenance.” Following the scram, & - :
. feedwater transient occurred which resulted in water entering the HPC! steam supply line. The LER corrective
.+ actions included modifications to the FWLCS. The actions were successful in preventing water from entering the
HPCI steam supply line during subsequent similar scram events when the plant was operated with 2 RFPs.
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G. Component Failgre" Data:
' NA
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I:xelon

-Morris, It 60450-9765

. Exelon Generation Company,lLlC ~ www.exeloncorp.com ’ ) - NuC]eaT ‘

Dresden Nuclear Power Station .
6500 North Dresden Road

July 6, 2004

SVPLTR: #04-0045

~ U. S. Nuclear Regulatory Commission
~ ATTN: Document Control Desk -

Washington, DC 20555-0001

Dresden Nuclear Power Station, Units 2 and 3
Facility Operating License Nos. DRP-19 and DPR-25
- NRC Docket Nos 50—237 and 50-249 ‘

Subject:  Licensee Event Report 2004-003-00, "Unit 3 Scram Due to Loss of Ofisite Power
and Subsequent Inoperability of the Standby Gas Treatment System forUnits 2 -
and3” .

Enclosed is chensee Event Report 2004-003-00, “Unit 3 Scram Due to Loss of Offsite Power
and Subsequent Inoperability of the Standby Gas Treatment System for Units 2 and 3," for

- Dresden Nuclear Power Station. This event is being reported in accordance with 10 CFR

50.73(a)(2)(iv)(A), “Any event or condition that resulted in manual or automatic actuation of avny

- of the systems listed In paragraph (a)(2)(iv)(B) of this section,” and- 10 CFR 50.73(a){2)(i)(B),

“Any operatlon or condltion which was prohibited by the plant's Technical Specif ications.”

Should you have any questions concernlng this report, please contact Jeff Hansen Regulatory
Assurance Manager. at (815) 416-2800.

Respectfully,

MW“

Site Vice President

Dresden Nuclear Power Stallon ‘

Enclosure ‘ _
:c¢: Regional Adminlstrator - NRCReglonill . .
' NRC Senior Resrdent lnspector Dresden Nuclear Power Statlon

10 CFR50.73

b
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1 FACILITY NAME

Dresden Nuclear Power Station Unit 3

2. DOCKET NUMBER
05000249

3. PAGE
10f4

'4.'_rrrus Unit3 Scram Dueto Loss of Offsrte Power and Subsequent Inoperability of the Standby Gas Treatment System

for Units 2 and 3
5. EVENT DATE "6, LER NUMBER 7.REPORT DATE 8. OTHER FACILITIES INVOLVED
1 BN B I - _ FACILITY NANE DOCKET NUMBER
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x_| YES _ (it yes, complete EXPECTED SUBMISSIONDATE) - |. |NO. DATE 10 | 30 2004

16. ABSTRACT (Umn fo 1400 spaces. Le., lpprpxlmatery 18 s!ngte-opaced typewrmen Ilnes)

A '-On May 5, 2004, at 1327 hours (CDT), with Unlt 3 &t 100 percent power in Mode 1,an automatrc scram occurred due to a
. Main Generator Load Reject when a loss of offsite power occurred. The Emergency Diesel Generators automatically
“started and powered thelr respective electrical busses. All control rods fully inserted and Group 1, 1l and il isolations

occurred as expected. Operations personnel manually Initiated the Isolation Condenser System for reactor pressure

_control, the High Pressure Coolant Injection System for reactor water level control, and the Low Pressure Coolant Injection
" System for Torus cooling. All systems initially responded to the scram as expected except the Standby Gas Treatment
" System was unable to maintain the Secondary Contalnment at the Technical Specification Survelllance Requirement limit

of greater than or equal to 0.25 inches of vacuum water gauge. An Unusual Event for the loss of ofisite power was
declared at 1342 hours (CDT) and terminated at 1601 hours (CDT) on May 5, 2004. Additionally, during restoration of

- offsite electrical power {o Bus 33 the Emergency Drese! Generator 23 output electrical breaker tripped.

* The root causes associated with the load re]ect and loss of oﬁsrte power and the low Secondary COntainment vacuum
‘ were respectively, equipment fallure in the "C” phase of the 345 kilovolt circuit breaker 8-15 and a degraded Secondary

Contalnment boundary not detected due to an inadequate leak rate test procedure. The cause of the Emergency Diesel
Generator output breaker trrp remains under lnvestrgation
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" Dresden Nuclear Power Statron (DNPS) Unlts 2 and3area General Electric Company Borlmg Water Reactor wrth a

licensed maximum power leve! of 2957 megawatts thermal The Energy Industry Identification System codes used inthe -

. text are identitied as [XX]:
A.  Plant Condrtlons Prior to Event' oL v : . _
' Unit: 03 ~ Event Date: 5-5-2004 Event Time: 1327 CDT .-

Reactor Mode 1 - Mode Name: Power Operation Power Level: 100 percent

" Reactor Coolant System Pressure: 1000 psig
“ Descrigtron of Event: '

on May 5, 2004 electrical breaker swttchrng was belng pertormed in the DNPS swrtchyard fo support the testing -
of a 345 kilovolt (kv) offsite electrical line. A loss of offsite power (LOOP) occurred to Unit 3 when 345 kv breaker

. 8-15[BKR] located in the switchyard [FK] was opened. ‘
- On May5 2004 ‘at 1327 hours (CDT), wrth Unit 3 at 100 percent power in Mode 1, an automatic scram occurred

due a Main Generator Load Reject when the LOOP occurred. The Emergency Dlesel Generators (EDGs) [DG].
automatically started and powered their respective electrical busses. All contro! rods fully inserted and Group I, I
and Iif jsolations occurred as expected. Operations personnel manually Initiated the Isolation Condenser System
[BL) for reactor pressure control, High Pressure Coolant Injection System [BJ] for reactor water level control, and

- Low Pressure Coolant Injection System [BO] for Torus cooling. All systems Initially responded as expected to the

scram except for the Standby Gas Treatment System (SGT) [BH] that was unable to maintain the Secondary -
Containment at the Technical Specification Surveillance Requirement limit of greater than or equal to 0.25 inches

. of vacuum water gauge. Secondary containment was declared lnoperable for Units 2 and 3

- An Unusual Event for the LOOP was declared at 1342 hours (CDT). An ENS call was made at 1429 hours (CDT)
for the above-described event.- The assigned ENS event number was 40727 -

E 'At 1558 hours (CDT), the EDG 2/3 output electrical breaker tripped on reverse power during restoration of offsite

electrical power to Bus 33 thatwas belng led from EDG 2/3. Bus 33 remalned powered from the otfslte source.
The. Unusual Event was termlnated at 1601 hours (CDT) when offsite power was restored to Untt 3.

At 1630 hours (CDT). SGT was declared operable when the Secondary Containment pressure was restored to
greater than 0.25 lnches of vacuum water gauge _ ,

' Thls event ls being reported In accordance wlth

e 10 CFR50 73(a)(2)(|v)(A), "Any event or condrtm that resulted in manual or automatic actuatlon ot any of
the systems lrsted in paragraph (a)(2)(|v)(B) of this section,” and :

e 10CFR50 73(a)(2)()(B), *Any operatron or condrtron whlch was prohiblted by the plant's Techntwl
- Specifications.” _
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‘These events are addressed in the NRC Special Inspection Report Number 05000249/2004009 dated June 21
2004 . o

N Cause of Event'

The root causes assoclated with the load re]ect and LOOP and the low Secondary Contalnment vacuum were
.~ respectively, equipment fallure in the “C” phase of the 345 kv circuit breaker 8-15 and a degraded secondary
- containment boundary not detected due to an inadequate leak rate test procedure. The cause of the EDG output
' breaker trip Is still under investrgatron _

The equipment failure of the 345 kv circult breaker 8-15 cireuit breaker occurred due to age-related and :
application related degradation. The vendor, prior to the event, did not provide information to Exelon Corporation,

" & product advisory issued in July 2003, regarding the possibility of breaker slow operation or failure to operate.’
This Is applicable to circuit breakers 8-15 and 6-7. The corrective action to prevent reoccurrence is to revise the -
preventative maintenance procedure governing both circuit breakers 8-15and 6-7to Imp!ement the product
advisory reoommendatrons A , ,

The degraded secondary contalnment boundary resulted from alr In-leakage lnto the Unit 2 Drywell and Torus -
Purge Exhaust (DTPE) filter housings. At the time of the event, Unit 2 was In a maintenance outage and the -
DTPE fans were in operation due to activities in the Unit 2 drywell. The DTPE fans are not normally in operation
and the secondary containment leak rate test procedure does not test with the DTPE fans operating as a part of
the secondary contatnment barrier. Two corrective actions to prevent reoccurrenoe are belng taken:

The firstIs to modrfy the current design to trip the DTPE fans on both units following an automatic SGT system
-~ initiation from either unit, rather than operate the DTPE fans during the secondary containment leak rate test. The =
second action is to develop a source document that clearly identifies the secondary containment boundaries.

'D.  Safety Analysls:

The safety significance ot the LOOP event was minimal. Al systems initrally responded as expected to the scram
except for the SGT system that was unable to maintain the secondary containment at the Technica! Specification

Surveillance Requirernent limit of greater than or equal to 0.25 inches of vacuum water gauge. However,
‘secondary containment was maintained at a negative pressure at all times during the event. The EDGs were
supplying power to. thelr respective busses, as deslgned and offsite power was avalliable through Unit 2.

- Therefore, the consequences of this event had minimal Impact on the health and safety of the pubt'c and reactor
' 'safety ’ v .

E Corrective Acﬂons-

345 kv circuit breaker 8-15 was repalred and a vendor upgrade kit was lnstalled The circuit breaker upgrade kit
‘will be installed on circuit breaker 6-7 at the next avalliable opportunlty , _

The preventrve malntenance prooedure for circuit breakers 8-15 and 6~7 will be revrsed to lnoorporate appropriate
‘vendor advisory recommendatnons . . _

. DNPS procedures were revised lo require the securing of the DTPE Fans upon imtratron of SGT.
The DTPE irlter housing In-leakage has been repaired ro correct alr inteakage |
' The SGT initiation loglc will be changed to include the tnpping of the DTPE Fans for both’ unlts
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* The final corrective actions to prevent reoccurrence for the Emergency Diesel Generator output breaker will be
described In & supplemental report scheduled to be submitted no later than October 30, 2004.

F. . Previous Occurrences:

Areview of Dresden Nuclear Power Station Licensee Event Reporls (LEHs) and operanng experience identmed
~ the following LER.

Unit 3 LER 89-001-01 described a March 25, 1989, event in which an electrical fault in the 345 kilovolt
circuit breaker 8-15 phase A Internal ground capacitor and slow transfer of the 4 kv Bus 32 from
transformer 32 to 31 caused a LOOP for Unit 3. The corrective actions included the removal of the
internal ground capacitors {rom 345 kilovolt circuit breaker 8-15.

~G.  Component Fallure Data:
I.T.E. Power Circuit Breaker, Model C Type GA
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VERMONT Y ANKEE NUCLEAR PPOWER CORPPORATION

P 0. BOX 157
GOVERNOR HUNT ROAD
VERNON. VERMONT 03354

April 12, 1991
VYV # 91-104

'U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20855

REFERENCE: Operating License DPR-28
’ " Docket No. 50-271 _ ‘
- Reportable Occurrence No. LER # 91-05

‘Dear Sirs:

As defined by 10 CFR 50.73, we are reporting the attached Reportable .
Occurrence as LER # 91-0S. . ' '

' Very truly yours,

VERMONT YANKEE NUCLEAR POWER CORPORATION

14' Donald. A.d

Plant Hanager

cc: . Regional Administrator
USNRC
Region 1 . _
. 475 Allendale Road .
' King of Prussia, PA 19406

7104130244 ﬁnts.,._ o | o ’ ‘\\ -
FOR  ADCCE 05000271 . | | |
S o ehR



4

| [WRC Form 366  U.S. NUCLEAR R-GULATORY COMMISSION.
frees

" LICENSEE EVENT REPORT (LER)

'APPROVED OMS NO. 3150-0104 '

EXPIRES 4/30/92

n\cxuw M ()

| TITLE (%)
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OOCKET NO. (®

ojsjojoloj211]1

ESTIMATED BURDEN PER RESPOMSE - TO CGPLY
WITH THIS INFORMATION COLLECTION REQUEST:
- 50.0 HRS. FORWARD COMMENTS REGARDING . -
BURDEN ESTIMATE TO THE RECORDS AND REPORTS]
_ MANAGEMENT BRANCH (P-630), U.S. NUCLEAR '
REGUILATORY COMMISSION, WASHINGTON, OC
20555, AND TO THE PAPERWORK REDUCTION
PROJECT (3160-0104), OFFICE OF HANAGEHENT
AND BUDGET, WASHINGTON oc 20603.

PAGE (2)
0 JJO0FjOj4

- Reactor Scram due to Nechanical Failure of :usxv Switchyard Bus caused by Broken High

MLD A. REID, PLANT MANAGER
- WLETE ONE_LINE

|___Voltage Insulator Stack
- | EVENT DATE (%) __LER _NUMBER (® neponr DATE (' omga FACILITIES INVOLVED (%)}
| oAv]veAR [ YEAR | Jseq. ¢ T Jreva | wonTH oAy JveEar m:umr. NAMES | DOCKET NO.(S) |
N d -
_ 3l1lalo]1lelrlidojols -940 olalzlzlely ‘ N
. ['OPERATING | | THIS REPORT IS SUBMITTED PURSUANT 10 REQ'MYS OF JOCFR §: 7 ONE OR MORE
1. w00 (*3 {w ["T2c.e02(6) = ]20.405(c) 9 50.73(a) (2) (V) 73.71(b)
TeoMR | 20.405(2) (1) (i) 50.36(c) (1) $0.73(a) (2)(v) 73.71(c)
| ] 20.405(a) (1) (1) 50.36(c)(2) 60.73(a)(2) (vii) OTHER:
eeasevsescecces | 20.405(a) (1) (4it) | | 50.73(a)(2)(4) ] 80.73(a) (2) (viii)(A)
eeseseeneenenf 120.405(a) (1) (V) 50.73(a) (2) (i) $0.73(a)(2) (viii)(B)
 eecsvececeocsce] | 20.805(a v 50.73(a)(2) ({44 £0.13(8) (2) (x)
N LICENSEE CONTACT FOR YHIS LER ('%) . , -
WAME | TELEPHONE NO.
CODE

FOR_EACH WENT FAILURE DESC DESCRIBED IN TIHIS REPORT {**)

,_vﬂve.

: evaluated.

.3/18/91 at 0055 hours.

: CAUSE SYST COMPNT HFR REPORTABLE | -..... CAUSE [ SYST [ comenT | meR REPORTABLE | ......
- _ - . YONPRDS | ..... ' T0 NPRDS 7
x leicldusd g oo wn § 0 JUON]NL) eeeed
jrad L 1ELL 111 e 778 I SN NN TN S
. __SUPPLEMENTAL REPOR'I’ EXPECTED (') EXPECTED MO JOAJYR |
] : SUBMISSION '
] YES (If yes, complete EXPECTED SusMISSION DATE)[X] No DATE (°*) 11111

the necessary repairs and testing were completed.

ABSTRAC‘I’ (Linit to ‘14v0 spaces j.e., approx. fifteen single~space typeuritten Hnes) (v¢)

~ On 3/13/91 at 2228 hours, with reactor power at 1003. a Reactor scram occurred due to a
generator/turbine trip as a result of the failure of an 80 ft. vertical section of 345XV
Switchyard Bus (B Phase) between the Main Transformer aerial T1 disconnect switch and the

-] horizental bus bar spanning the 1T-11- and 81-17-2 disconnect switches.

-} failure s attributed to a broken insulator stack which secured the bus to the tower.
- plant was subsequently stablized by resetting Primary Containment isolations, restarting:

Reactor Water Cleanup and establishing level control using the 10% Feedwater Regulator

Shutdown Cooling was later employed at 0504 hours on 3/14/91 and maintained until

The reactor was returned to critical on

The -need to expand present Suitchyard systea naintenance is being:

The cause of the bus

The

"WIC For 366 (6-89)
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%mymou OF EVENT

On 3[13/91 at 2228 hours, during norsal operation with Reactor power at 100%, a Reactor
" stran occurred as a result of a turbine trip on Gencrator Load Reject due to a 345KV
- Switchyard Tie Line Differential Fault. During the first 14 seconds of the event, the
follcuing automatic systea responses occurred mthout Operator intervention:

RE ,Trip of Tie Line breakers 1T and 81-17.
D.  Fast Transfer of 4KV Buses and 1 and 2 to the Startup transformers.
‘€. Mesctor scram on Turdine Control Valve Fast Closure signal. '
i 'de Primary Containment Isolation System (PCIS) (M%) lnitiation. Groups z. and 3 on
C leoctor Vessel "Lo" water level. ,

vwerotions persomel responded to ‘the scram by iq:leaenting the required steps delineated in
Esergency Operating Procedure OE-3100 "Scram Procedure™ which governs reactor operation in a
. mt-sorn enviranent.

. Mutomatic syste- responses 8) thru c) were anttcspated as a result of the 34SKV Tie Line
] Fault. The Prismary Containment Isolation Systes (PCIS) initiations experienced subsequert
to the turdbine trip were in response to the characteristic drop in Reactor water level f -om
vessel void collapse. Vessel lTevel, which initially dropped to a 120 inch level from
the void collapse, quickly recovered with the “A"™ and "C" Reactor Feedwater pumps running.
. In an effort to-control the increasing Jevel, the "C”" Reactor Feedwater pump was secured
by Operations personnel. At 2230 hours (2 minutes into the event), the “A™ Reactor
Feeavater pusp tripped on High Reactor uater level (177 .inches).

At 2231 hours, the’ neactor scraa was reset and the plant subsequently statnhzed in Hot
Standdy by: restarting Reactor Water Cleanup; resetting PCIS Group 2, 3, and § isolations
and 6tablisnmg level control using the 10% Feedwater negulator valve.

At 2238 hoors operators received a report from Security _that 3 large flash had been
observed in the Switchyard ju:t prior to the Reactor scram. The local Fire Departoent was
notified, but no fire ensued. The flash that had been observed was an electrical arc :
multing from the connection break of the "B" phase.

At 2356 bours Reactor depressurization and cooldown began using the Main Condenser and
" the Bypass Opening Jack At 0504 hours on 3_/14/91. RnR Shutdown Cooling was estadblished on
_ the "8" m loop. - ' : :

 |_*Energy_Information ldentification Systea (F1IS) Component Identifier
mc Fors 366A (6-39)
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DESCRIPTION OF EVENT (Contd.)
The reactor was returned to critical on 3/18/91 at 0055 hours.

Ouring the course of the event, tt_se folloming sdditional anomalies occurred:

a) Turbine Pressure Control switched from Electrical regulation to Mechanical regulation
which resained in effect during Reactor cooldown.

b) ADG "A™ and "B* Train Recombiners tripped and iso‘lated. The “B* Recombiner was reset
and returned to service. , .

c) RPS Altemate Power Supply breakers from MCC 88 tripped. The breakers were sub-
sequently sanually reset. ' :

d) Spurious Reactor and Turbine Area Radiation alaras were received during the event.
: The alarms were subsequently cleared and did not return.

e) The PCIS group 2A, 3A, 5A and 5B (RWCU) isolrtion signals occurred within one second
of the trip. These isolations were expected to occur after the low water level trip
8.5 seconds into the event.

An mlysts of the above events was performed. Recorded data confirmed that the above

equipmsent/circuitry responses occurred coincident with the Suitchyardl Fault. A review of

recorded bus voltage data for buses supplymg the above equipsent and circuitry revealed

that 4 separate voltage dips on the buses had occurred during the fault. These voltage dips
' were concluded significant enough to cause the equipsent responses experienced, which

in each case, the equipeent had Undervoltage features or Seal-In cvrcuitry.

An impection of t_he.‘.imtchyard was performed issediately after the event which revealed
the lTower section of "B Phase bus bar to be broken off at the lower horizontal bus dar
~attachment point. (Reference attached pictorial.) The upper insulator stack and T connec-

" tor which served as a tie point for the lower and upper bus bar sections was ocbserved broken

‘| between the third and fourth ins.lators with the fourth insulator and T connector still

- attached to the buswork. During the course of inspectiors the next morning (on 3/10/91).
gust of wind caused the hanging bus work to break off at the T-1 disconnect switch jaw and
fall to the ground. Mo additional Switchyard dauoe occurred fron the falling bus.

cmss OF EVENT '
.The root cause of the Suitchyard bus failure is attnbuted to a fmled insulator support
between the bus and the tower. The lower insulator stack, which is comprised of four insula-
tors coupled together, broke amay fros the tower at the base of the first insulator. This
caused a swinging moment ars developing a force on the bus connector at the opposite end of
- the insulator. The excessive force snapped the vertical bar out of the welded socket on the
horizontal bus bar. This resulted in an open circuit in “8“ Phase and a "8" to “C" Phase

|_two events initiated the Tie Line Differenual Protective Relg ing.

flashover as the bus swung past the “C* Phaze vertical bus bar. The combination of these

IRC Fors 366A (6-89)
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Q!._\_LYSIS OF EVENT

l’he events detailed in this report did not have adverse safety iaplications

_ 1. . The Tie Line Differential Protective Relaying operated as designed uhich initiated
the generator trip and Fast lransfer of plant buses to the Startup transforsers.

2.  The Reactor Protective System operated as designed and scramsed the reactor after
reoeiving a Turbine Control Valve fast closure signal.

"3. Al other safety systea responded as expected.
' CORRECTIVE ACTIONS |
' IWeEDIATE CORRECTIVE ACTIONS

1. Ismediate corrective actions included recovering froa the Reactor scram utilizing
appropriate plant procedures

2. Efforts were i-ediately initiated to repair the "B™ and "C" phase vertical bus
' - work. A visual and thersography inspection was conducted of the entire Switchyard
to identify any additional trouble spots. An additional insulator on the "A™ Phase
uas found with arc dasage and swsequently ‘replaced.

‘3, ‘The Main and Auxiliary transforners were Doble tested and oil samples were taken to
assess any damage which aight have been caused by the Switchyard fault. No anoma-
lies or degradation were found. The fault effzcts on the transfor-ers were analyzed

and deterained to be bounded by the design.

© LOWG TERM CORRECTIVE ACTIONS
- 1. The plant will meet with VELCO (Vermont Electric Power Co.. Inc. ) and evaluate the

adequacy of the Switchyard Maintenance Prograa.

2. The fsiled insulator has been returned to the oanufacturer for analysis and
~ recoamendations.

A 3 A 'detailed engineering analysis of the Suitchyard vertical buswork will be performed
‘ ;to deteraine the odequacy of the present aounting configuration. .

. The sbove long tera corrective actions are expected to be co-pleted by 12/31/91. Based
upon analysis results and findings, additional corrective actions will be inftiated as

appropriate.

w
There have been no siailar events of this type reported to the Commission in the past

five years.

""WRC Form 366A (6-89)
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VERMONT YA.\'KM - U
NL’(‘LI:AR POWER C()m’(m ATION

June 6,‘1991
VYV # 91-135

U.S. Nuclear Regulatory cOmmillion
Document Control Desk
Washington, D.C. 20555

REFERENCE: Operating License DPR-28
o Docket No, 50-271 . :
Peportable Occurrence No. LER 91-09

" Dear Sirs:

As defined by 10 CFR 50,73, we are reporting the attached Reportable
Occurrence as LER 91-09. ' B :

This report vii‘Otiqlnalxyvlcheduledifor submittal on 05/23/91. However,
a two week extension was granted on 05/22/91 by R. Barkley, Acting Section Chief,
Reactor Projects JA (via T. Hiltz, NRC Resident Engineer at Vermont Yankee).

Very truly yours,

VERMONT YANKEE NUCLEAR POWER CORPOﬁATION

/iléx /léa%[.
An, Donald. A"yaexd _
Plant Manager

‘cc: Regional Administrator
. USNRC '
Region I
‘475 Allendale Road
King of Prussia, PA 19406
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ABSTRACT (Ltlit to 1400 spaces. i.e., approx. fifteen single- space typewritten lines) ('¢)

On 04/23/91 at 1448 hours, durinq norna! operatwon n1th Reactor poucr at 100:.
Reactor Scram occurred as a result of a Generator/Turbine trip on Generator Load Re)ect
due to. the receipt of a 345KV Breaker Failure Signal. The Failure Signal was the result of
Breaker Failure Interlock (BFI) signals that occurred simultaneously in the 345KV and 115KV
 Breaker control circuitry during the restoration of a battery bank to Switchyard Bus DOC 4A.
“The cumulative effects of both (BFI) signals resulted in a total loss of 345KV and 115KV
‘off-site power. An Unusual Event was declared at 1507 hours. Both Emergency Diesel
Generators provided power for essential safety related systems during the LNP until
- approxisately 0430 hours on n8/24/91 at mhich point off-site 345KV power was restored
and backfed through the Station Auxiliary Transformer. During the evert, Torus Water
volume exceeded the Technical Specification limit of 70,000 cubic ft.  The Unusual Event
was terminated at 1950 hours on 04/24/91. The rcactor reached Cold Shutdown at '
0357 hours on 04/25/91 and was returned to critical at 0300 hours on 04/30/91. The
- Root Cause of this event is failure of the repair department personnel to recognize
. the consequences of operating a DC bus without a connected battery bank. Corrective
Actions to prevent reoccurence are pre ently being finalized and will be presented in a

‘supple-ental report.
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QESCRIPTIOH OF EVEN

_:On 0‘/23/91 at 1448 hours. during normal opcration with Reactor power at IOOt. a Reactor

- serem occurred as a result of a Generator/Turbine trip on Generator Load Reject due to the

| receipt of a 345KV Breaker Failure Signal. - The 348KV Breaker Failure Signal was received

J as a result of Breaker Failure Interlock (BFI) signals that occurred sinultaneously in the
ZQASKV areaker 81-1T and 115 KV Breaker K-1 control circuitry.

_~The (BFI) ‘signal frou 116KV. Breaker K-1 initiated the follouing autosat ic syste- responses:

L g
e

e e = Opening of 116XV Breaker K-xas _
- Opening of 345KV Breakers 379 and 381

’-the loss of 381 and 379 breakers removed all pouer sources to the Auto Transforaer which
] fn conjunction with the Kxes trip resulted in a total loss of 115KV power.

AT Sy

t71he (BFI) signal fron 345KV Breaker 81 -1T initiated the folloming automatic systea
: responses v

- Generation of 345KV Breaker Failure Signal
= Opening of 345KV Breakers 381 and 1T ’
- Lockout of Main Generator 86GP and 86GB relays, causing the Main Generator
and Exciter Field breakers to open

.| The Generator Pri-ary and Backup Lockout relays 1nit1ated the following autonatic systes
1 _

- Hain Turbine Trxp ~ '

~ Opening of 345XV Breaker 81-17 and Northfield Ltne trip at uorthfield

= Attempted Fast Transfer of 4KV Buses 1 and 2 to the Startup Transformers
but 115xv ‘power was unavatlabIe

| The cumulative effects of both (BFI) signals resulted in a total loss of 345KV and .
- | 116KV off-site power. ‘However, an additional off-site power source was available’ through

the Vernon Hydro Station Tie line. The 4KV Hydro station output, which is designated as a
dclayed access off-site power source, was available throughout- the event.

_ ‘Prior to the event, the pIant was in the process of conp1eting the replacesent of
SNitchyard Battery Bank 4A in accordance with a Maintenance Department guideline, AV work

 with the exception of restoring. the connection of the battery bank to the DC 4A bus,

was completed without incident. While performing the final sequence of actions necessary to

] reconnect the battery bank to DC Bus 4A, a DC voltage transient occurred on the bus which
..initiated the event.

- mc For- 36“ (6-89)
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nescatp'rmn OF EVENT (cont.)

During the first second of the event (1448:29 hours), as a result of the inablility
.| to reenergize 4KV buses 1 and 2 from Fast Transfer to the Startup transformers, all ,
11 station loads fed from these buses were lost. Major system responses to the loss of the
-1 power included the trip of Reactor Protection System (RPS)(*JC) "A" and "B" MG sets and
receipt of Primary Containment Isolation Signals (PCIS)(*JM) Groups 1, 2, 3 and S resulting
in the required closure of PCIS Groups 1, 2, and 3 isolation valves. {(Motor operated valve
closures within these Groups occurred after Energency Diesel aenerator power was supplied
to the respective buses)

o The loss of all power on 4KV Buses 1 thru 4 initiated the opening of Tie breakers
3T1 and 472 to provide isolation of Safety Buses 3 and 4 which, in the event of norsal
power loss, are aligned with the station Emergency Diesel Generators.  An autostart of
1 both diesels followed which reenergized Bus 3 and Bus 4 at 1448:45 hours. Both diesels
~| resained in operation without incident until approximately 0430 hours on 04/24/91 at which
- time off-site 345KV pouer was restored and backfed through the Statfon Auxiliary
,_Transforaer.

e In response to the Scram, Operation personnel entered Emergency Operating Procedure
OF 3100, "Scras Procedure” which governs reactor operation in a post-scram environment.

1 Immediate actions initiated at 1450 hours by Operations personnel to stabilize Reactor
- pressure and level included the manual lifting of Safety Relief valve (SRV)-A, the manua)l
‘initiation of High Pressure Coolant Injection System (HPCI)(*BJ), and startup of both RHR
loops in the Torus Cooling mode. Both RPS MG sets were successfully restarted and RPS

- buses reenergized at 1515 hours. The initial scram was reset at 1533 hours,

; . During the period from 1450 hours on 04/23/91 to 1346 hours on 04/24/91, the ,
‘combination of HPCI and Reactor Core Isolation Cooling (RCIC) (*BN) systems and SRV's were
sanually esployed in accordance with procedure OE 3100 to control Reactor pressure level.

.1 The first use of RCIC system began at 1645 hours on 04/23/91. 0Ouring the above 23 hour

.| period, several additional events transpired. The following is a summary and discussion.
- of those events: . :

_a'Energy Information Identificatibn Systea (EIiS) component Identifier

" MNRC Form 366A (6-89)
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QFSCRIPT!ON OF EVENT (cont.)

Reactor 8crans on "Lo"™ Reactor Water Lev-} were experienced at 1531 ‘hours and
2112 hours on 04/23/91.

The first Scram occurred diue to low Reactor water level during the process of securing
'HPCI and transferring to RCIC. Prior to the scram, reactor pressure and level had been
steadily decreasing during the first 30 minutes of HPCI operation which. pro-pted a.
change in cooling systems by Operations personnel. Ouring the process of securing HPCL J}.
-Reactor Water level continued to decline to the 132 inch “Lo" level setpoint which

- {nitiated the Reactor scram.  PCIS - Groups 2, 3, and 5§ isolations which would nor-ally
initiate on "Lo" Reactor nater level were already present from the initial Scraam at
1448 hours. After receiving the,Scra-, Operations personnel completed the transfer to
RCIC for level and pressure control. Reactor pressure and level recovered after RCIC

- {nitiation. The Scras and PCIS Groups 2, 3, and § isolations were subsequently reset

at 1548 hours.

The second Scram resulted as a eo-entary_drop in water level was experienced,due _
to level shrink resulting from an increase. in Reactor pressure experienced after
“cycling SRV-D. Water level dropped to approxisately 112 inches during the pressure
surge. The initiation of PCIS Groups 2,3, and § logic occurred coincident with the
level drop as required The scram was subsequently reset at 2127 hours. PCIS Groups 2
and §- 1ogic were reset et 2128 hours and Group 3 logic. later reset at 215! hours.

, Emergency Operating Procedure OF 3104, "Torus Teuperature and Level Control Procedure .
was entered at 1633 hours and 2112 hours on 04/23/91 due to Torus water volume
exceeding the Technical Specificatnon limit of 70,000 cubic ft.

in both occurrences, actions were teken in accordance uith OE 310l to reduce
Torus water volume. Water reduction actions undertaken after the first entry into
OFf 3104 were successful and Torus water volume was reduced and maintained below
70,000 cudbic ft. Later in the event, at 2112 hours, Torus water volume was not able
' to be maintained below 70,000 cubic ft. This resulted in the entry into the
Technical Specification. "Required Cold Shutdown in 24 Hour" requirement. Due to the
“volume limitations of Torus water being processed through Radwaste, the Torus voluee_
renained above 70,000 cubic ft. until 1925 hours on 04/24/91. The Technical
Speeification cold shutdoun require-ent and OF 310‘ were excited at this tile.

RCIC tripped on overspeed at 1904 hours on 01/23/91. The overspeed trip was reset
at 1912 hours and operation of the systen resumed. ‘

j * Energy lnfornation ldentification Systenm (EIIS) COnponent ldentifier

mc Forn 366A (6-89)
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QESGIPT!N OF EVENY ]cont.)

v The t1 ip is attributed to an operator error in the adjustuent of the RCIC Flowm
Controller prior to suitehing from the MANUAL to AUTO node

D. The "A" Station Air Compressor tripped at 1542 hours on 04/23/91 due to- inadequate
Service Water cooling flow. A reserve diesel air compressor was subsequently connected
to the autlet of the "D" Station air compressor and became operable at 1759 hours.
The reeaining "g* Station Air compressor also tripped at 1731 hours on thermal overload
due to inadequate Service Water cooling flow and was subsequently restarted at 1736

- hours. The "C" and "D" statfon Air compressors were unavailable due to the LNP. The

- five (5) minute interval in which all Station Air compressors were out of service
resulted in a 15 psig. Instrument Air header pressure drop. In response to the "8"
‘Station Air Compressor Trip, Operations personnel entered procedure ON 3146, "Low -
-Instrusent/Scram Air Header Pressure”, and initiated immediate efforts to restart the

- %" Station Air Compressor. HNo air supplied equipment malfunctions were experienced
during this interval. The reduced Service Water flow to the Station Air compressors
~and other plant equipnent is being reported separately as Licensee Event Report
{LER) 91-12.

At 1925 hours on 04/23/91. 115KV Breaker K186 was sanually closed which restored
‘power to the Startup transforsers via the Keene (X186) line. 4 KV bus breakers 13 and
23 were subsequently closed to reenergize Buses 1 and 2 which power the normsal station
" loads. Because of the fact that testing was continuing in the Switchyard with only
one breaker closed, the decision was sade to leave the emergency diesels connected to
4KV buses 3 and 4. This would ensure- that power to 4KV buses 3 and 4 would not dbe
interrwted if another LNP occurred.

At 1950 hwrs on 0‘/24/91 based on noreal off-site pouer having been restored
and Torus water voluse having been reduced below 70,000 cubic ft., the Unusual
Event was tersinated. At 0207 hours on 04/25/91, Shutdown Cooling using the "D" RHR

~ pump on the “B” loop was initiated. The reactor reached cold shutdown at 0357 hours.
The reactor was returned to critical at oaoo hours on 04/30/91. -

i ‘ lnvestigations into the cause of the event. a‘long with troubleshooting, testing.
© and repair efforts were initiated immediately after the start of the event. A Switchyard
| response tean was formed with specific directives to:

- recover off-site power

- stabilize the switchyard :

- gather technical information related to the event
- begin root cause analysis research v

‘MRIC Forn I66A (6-09{
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]ESCR!PTIN OF EVENT jeont.[

: " The recovery of off-site power began with the attempt to restore usxv power from
“the snitehyard via 115KV Breaker K186 and the Startup transformers. This was determined to
.be the easiest path in obtaining an off-site power source due to the need to close only
one breaker. However, the K1 Breaker BFI signal remained locked in due to a failed :
zener diode on the associated trip card and prevented the closure of K186. At 1925 hours,
- the BFI signal from the K1 to the K186 Breaker was blocked allowing reclosure of K186 and
‘subsequent restoration of power to 4KV buses 1 and 2. - The K1 BFI trip card was subsequently
: replaced with an identical card from a spare breaker. The & hour effort to close the -
" K186 breaker was a direct result of the length of time required for New England Power
, j:}ervie: l’::;w(llEPSCO) relay technicians to travel to Vermont Yankee from Providence. '
- fthode Is

After 115 KV power .sas established through the Keene K186 line. efforts to close
. Bireaker K1 continued in order to estsblish a more reliable source of 115KV power through
the Auto Transformer. Homever, due to communication prodblems between VY and the New England
Switching Authority (RENVEC) concerning priorities over breaker testing, a three hour
- delay occurred dbefore 115KV power was made available through the Auto Transformer. While
Versont Yankee was atteapting to close the K1 bresker, REMVEC was pursuing efforts to
_.e-:t:lisha:omections between the ring bus and the Northfield line by reclosing the
- §1~17 breaker.

‘Ina p&nllel ‘effort, at 1900 hours, Operation orders were. given to co-plete
tmckfeeaing of the plant from the 345 yard through the Main Transformer. The effort
| to backfeed was possible due to the availability of the Coolidge. and Scobie lines.
 The Northfield line was unavailable due to. the 81-1T BFI signal. Again, the backfeed
effort was hampered by communication problems with REMVEC, personne) delays, and
_equipment salfunctions. Backfeeding was completed at 0410 hours on 04/24/91.
- Vermont Yankee Technical Specification requirements for Off-Site Power were met during
‘the Backfeeding effort by the availability of one off-site transaission line (Keene K186
llne in service) and a delayed access power source (Vernon Hydro Station)

In conjunction nith the above efforts. Mafntenance deparnent personnel with the
‘ help of  technicians supp'Hed by NEPSCO and the battery charger vendor, performed
] preventative and corrective maintenance on the four battery chargers related te OC Bus
. 4A and SA. Sigmficant repairs and testing were perforsed on the affected units,
Additional testing and repairs were initiated to the Stuck Breaker Failure Unit (SBFU) Logic
trip cards for the 81-17, 381 and X1 breakers. The cards for 381 and K1 breakers were found
- to have failed zener diodes. The 81-1T (SBFU) relay was found to be functioning properly.

WAC Fors 366A (6-89)
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 pEScR 'xpttou OF EVENT (cont.)

- Discussions with the manufacturer mdlcated that the zener diodes are no longer
employed on newer revision trip cards and have recommended the removal of the zener
diodes based on their vulnerability to voltage transients. Based on this recomsendation,
the Maintenance Dept. has removed the zener diodes froam these units in accordance with -
written direction from the vendor. _

After response tean efforts were completed, a Root Cause/(:orrective Action
Report (CAR) was drafted on the event fros a Switchyard perspective In the draft
report, the folloumg conclusions were reached

- The voltage transient on the OC 4A bus occurred when battery charger 4A-S5A was
disconnected from the DC-5A bus which rendered bus DC 4A susceptible to voltage
 spikes due to the absence of a battery bank.

- The specific cause of the zener diode failures which resulted in the 81-17 and
K1 breaker (BFI) signals is attributed to the voltage transient which occurred on-

eusocu.

-A portion of the additiona)l probie-s found with DC Bus 4A end 5A battery
chargers which ranged froa shorted diodes/SCRs and blown surge suppressor fuses,
were concluded to be pre-existing and were responsible for the voltage transient.

!:Auss Of EVENT

The Root Cause of this event is the failure of the repair departaent personnel
to recognize the consequences of operating -a DC bus without a connected battery bank.
The Maintenance Guideline, an interna) Maintenance Department document prepared dy
the department Electrical Engineering staff, was inadequate in that it did not take into
consf{deration all battery charger failure modes when floating a DC bus without a battery

‘1 tank. The consequences of losing battery charger power while the bus is energized -
1 srithout a dbattery connected were considered during the revision of the Guideline, dbut not

the potential of the battery chargers to fail high or induce a high voltage spike on the
tus, doth which have the potential to damage electronic circuitry.

The previous. revision of the Buioeline called for the two DC buses (u & 5A) to
be cross-connected and fed jointly by the 4A/SA battery charger during the maintenance on
. the patteries. Following cross-connection, the Guideline required opening of the battery
treakers. This evolution was successfully accomplished and the regquired work on the

"WRC Fors 366A (6-89)
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. CIUSE OF EVENT (eont )

J_.bmtterfes was completed without incident. Recovery of the battery required the closure

- of the battery output breaker first, essentially paralleling the two battery banks until

~_ the 4A/BA charger output dreaker was opened. In June 1990, the Guideline was rev1sed
due to Operations Department concern with paralleling batteries. The new revision required
that the cross connection between bus 4A and 5A provided by battery charger 4A/5A be

- opened prior to the reclosure of the bus 4A battey breaker. This configuration rendered
bus 4A without a battery and susceptible to voltage excurs1ons from either the 4A or

_AAJSA battery chargers.,

COITRIBUT!NG CAUSES

' lb 3‘5KV and 115KV breaker failure relays were susceptible to false init‘at1on due to
~_control voltage transients. v

'i. " The switchyard battery chargers were in a degraded mode such that they creaxed
DC bus control voltage dtsturbance when the chargers were disconnected fron
assoc1ated batteries.-

3. .Lack of Su(tchyard battery charger and overall Switchyard preventative maintenance.

ANALYSIS OF EVENY EVENT

The events had -ininal adverse safety 1-pl1catvons.

o 1. The plant responded to the reactor trip and LNP as destgned The Esergency
" piesel Generators operated as designed and supplied power to Emergency plant buses
‘ until off-site power was restored.

2. . The Reactor Protective 8ysten operated as designed ‘and scra-eea the reactor on
.Generator Load Reject resulting from the 345KV Breaker Failure Signal

-3 ,An evaluat1on was perfor-ed ty the Operations Depart-ent relevant to the loss of
both "A" and "B" Station Air cospressors. The analysis concluded that the 5 sinute
interval in which tie “B" Station Air compressor was out of service which resulted in
a 15 psig. drop in the station air supply system did not significantly challenge any

. plant. equip-ent.
l. All other safety syste-s responded as expected.

unc For. 366A {6-89)
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battery: reooval

operations.

LONG TERM CORRECTIVE ACTIONS

| gboxfxoun’ iuroﬁmnou
the post five years,
‘ .TTAcnﬂns

--Sketches a. Suitchyard Distrabntion

b. Switchyard DC Bus System

| TEXT (If wore space — is required, use additional NRC Fors 366A) (")

.- . Long Term Corrective Actions are presently being addressed per our Root ,
* Cause/Corrective Action process. The Corrective Action Report is presently being
finalized. In ‘accardance with prior commitments sade to the NRC at the AIT exit
meeting held in King of Prussia on 05/14/91, a letter detailing plant Corrective
Actions to be initiated in response to the event and NRC concerns will be forwarded
to the NRC by 07/15/91. Based on information presented in the finalized Corrective

Action Report, a supple-ent to this report will be foruarded to the Commission.

There have been no sin:lar events of this type reported to: the connission in

1. Ismediate corrective actions included recovering from the reactor scrao,,restoratioa
of off-site power, and Suitchyard and reactor stabilisation util1zsng appropriate

2. The current revision of the Haintenance Dept. Gu1deline has been cancelled and
the previous revision reinstated with an additions! requirement that a review be
performed prior to its use for dealing uith any evolution requ1r1nq switchyard

3., Review all other plant guvdeltnes and Procedtres pertaining ‘to oattery switching
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July 11, 1991
VIV § 91-148 -

U.S. Muclear Mguhtory on-nlnlw
Document Control Desk
Washington, D.C. 20383

uunmi Operating License DPR-28
" pocket Wo. $0-271
Reportadbls Occurrence No. LER 91-14

D.lt Sire:

- A dotl.aod by 10 CFre 30.13. we are reporting the attached lopornble

Occurrence as LER 91-14.

Very truly yours,
vmm YANKER m&l PONER eonmrxou

-«

¢ [~
" Donald A. Reid
Plant Manager

-ecs  Regional Adainistrator
‘Region X
475 Allendale Road _
King of Prussis, PA 19406
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Co oli‘osll;]n &t 2224 hours, during sormal ration vith Reactor power &t 100X, a BReactor

- Scram occurred due to s Turbine Control Valve Fast Clusure on Generator Liad Beject resulting
fzom 8 loss of the 34SKV North Svitchyard Bus. The event vas initiated during a thunderstorm

© in which a l_i;hmug sttike occurted on the *B* phase of the 381 transmission line betveen

Veimont Yankee Northfield. The fault resulted in the opening ~f all 343KV Air Trip

- - Breakers (ATSS). : .
Dur

signals (PCI8)(+JN) Groups 2 and 3 vere teceived dua to

ing the event, a nbn!unt Resctor scu-ndco‘rnsmdm Primety Containment Isolation
P | daa Low Reactor Vater level. The Reactor
vas stabilized in Mot Standdy using the Nain Condemser, Condensate, and Feedvater systems.

At 2100 bours on 06/16/91, after Reactor depressurization vas completed, Shutdown Cooling ‘u%,
0

~ the "D" RER on the *B" loop vas initiated. The reactor reached Cold Shutdovn at

hours on 06/17/91. The teactor uac returned to critical at 1413 hours on 06/20/91.

. The Root Cause of this event is a defective (shorted) transistor in offsite (Scobie Pond) ‘.

Protective Relayi tea Carrier equipmont. The need to perfora additional testing of
Carrier systeas is evaluated. S A - » '

alhoru: infqmttdu l‘llentiﬂcatlou;syam (RI1S) Component ldentifier
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- 811 load paths for Vermount

 On 06/15/91 at 2224122 hours, during normal operation vith Beactor pover at 1001, a Reactor
scram occurred as a result of Turbine trol Valve Fast Closure on Generator Load Reject due

" to a-loss of the 345KV Morth Svitchyard Bus. The event vas initiated during a rstorm

in vhich s lightning strike occurred on the "B" phase of the 381 transmission line betveen
VYermont Yankee and Northfield, Ma. The fault resulted in the opening of the 81-1T and 381 Adr

" Trip Brezkers (ATBs). An unanticipated trip of the 379 Scobie line on Carrier Overreach also

occured coincident vith the fault resulting in trips of the 379 and 79-40 ATBs. The cumulative
effect of cthe breaker openings left onl{ Coolidge 8:0) Line connected to Vermont Yankee.
This line subsequently tr ;pod on overload, opening 1T ATB. VUith all 345KV ATBs open, -

ankee’s output vere shed vhich resulted in a Generator Load Reject

and subsequent plant scram. _ _ . L ,
" Pollowing the Generator Load Reject and Turbine Cootrol Valve Past Closure, plant buses

" romained connected to the Main Generator via the Aux Transformer for approximately 30 seconds
" at vhich point the Turbine tripped from & "Lo® Scram Air Header Pressurc Time Delayed Signal.
During the first 10 seconds of this interval, plant buses experienced voltage oscillations

vhile the Hain Generator voltage output attespted to regulate during the transition from 100X

- to approximately 5X load. The voltage oscillations experienced resulted in the folloving

~ BRJOT system responses:

" = _Primary Containment ioolatibh Sylte- (PCIS)(-J:} Groupl 1A, 2a, 3‘; SA and 5B vere received.

.dus_to lov 120VAC Instrument bus voltage res

| ting in the closure of Group 5 Isolation
valves as tequired. ' , : ' ’ L

- ®A® and *B* Station Air Compressors tripped due to lov l!OVACImtrment bus voltage. Both
air compressors vere restarted st 2233 hours. _ . o .

< Reactor Recirculation Units (RAUs) 2 and & Tripped dus to dropout of a 120VAC Dryvell

Cooling and Control Room Air Conditioning Blocking relay from lov voltage. Both RRUs ver=
_testarted at 2233 hours. S S R A

"o *p" and "C" BReactor Peedvater Pumps Tripped on Low Suction Pressure . nsultini from

transients in the Condensate System vhich vere caused by the undervoltage conditions. Feed
flov vas restored vithin 10 seconds. . Co S o '

" <" *A" and "B* Recirc Pump Breakers cpened due to Lov Lube 011 Pressure. The loss of Lube 01l

- collapse from the initial Scram.

vas a result of blown control circuit tu_su.

. = ®A" and *B* Advanced Off Gas '(A0G) loco-bi'ndts,ttippe'd'due to 1ov 120VAC Instrument bus -

- voltage. This resulted in the blovout of a Stean Jet Air Eiector (SJAE) Rupture Disc.
In additfon to the (lov voltage) received PCIS signals, a decreasing 127 inch "LO* ﬁeactoi

" Water lovel  vas experienced 7 seconds into the event, at 2224:29 hours, generating a Reactor

Scram and remaining PCIS Group 2B and 3B isolation signals resulting in the required Group 2
and 3 isolations. The vater level reached a lov of 122 inches and is attributed to void

sEnergy Information Identification System (tlls-) Component Identifier
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. Approximately 10 seconds into the event, at 2224:32 hours, the 381 ATB reclosed vhich

: umtg:cd the Auto Transformer. The 379 ATE reclosed 12 seconds later at 2224:44 hours.

.. Coineci .
“.resulted in Yast Transfer of plant buses to the Sta Transformers. Vith reliable 115KV .

| IO\l'Otf available from the Auto Transformer, 4KV and 480V voltages remained stable from this
point on. D . . . ' o

t vith the turbine trip at 2224:50 hours, a Generator Lockout vas initiated vhich

In response to the Scram, Opsrations personnel cntered Emergency Operating Procedure OF-
3100 "Scram Procedure® vhich governs reactor operation in a post-scram environment. Operators
noted during the Scrams that approximately 25X of the Control Rods lacked "Full In" indicatfion
(the associated rod display vas blank). Reactor pover vas verified to be less tham 2%, by

" Average Pover Range Monitor (APAM) dowvnscale indication. This condition prompted the entry

. 4into . umutm Procedure 02-3101 *Reactor Pressure Vessel (RPV) Control Procedure* "

= 4dn vhich 8

Scran vas initiated at 2226 hours and subsequently reset at 2228 hours. Upon

- resetting of the Scram, all rods indicated "00" and OR-3101 vas exited. The loss of indication

" for 8 portion of the Control Rods is attributed to a knovn phenomena called rod overtravel in’

vhich a loss of position indication can occur if a control rod inserts slightly past the full

| in position resulting in a misalignment of the corresponding position indication svitches.

During the event, Reactor pressure and level vore maintained using the Main Condenser,

'C‘oMonntn and Feedvater systems. At 2100 hours on 06/16/91, Shutdovn Cooling vas initiated

using the *D* RHR pump on the "B* loop. The reactor reached Cold Shutdown at 0500 hours on

u . \
06/17/91. The reactor vas returned to critical at 1413 hours on 06/20/91. - .

CARER QF KYENZ

‘The Root Cause of this event is a defective (shorted) transistor in offsite (Scobie Pond)
Protective Relaying System Carrier equipmwent. The lightning strike vhich occurred on the *"B*
hase of the 381 Transmission line between VY and Northfield, Ma. would normally have only.

- guulttd in an isolation of the 381 line. Hovever, the defective component in the Scobie Pond

 Carrier equipment caused a subsequent loss of the 379 line. This routed the full Generator

AR

output through the 340 (Coolidge) line. The Coolidge line cannot handle full generator output

~ and tripped out on overload vhich resulted in a loss of the 345KV yard and caused the Reactor
:tp Bcram on Generator Load Reject. | | n IS sed-the o

_After the plant Scram, an extensive testing and troublshooting effort vas performed by

" Yermont Yankee and Nev England Pover Service Co. (NEPSCO) to determine the cause of the Scobie

" Line Carrier trip. It vas found that the the equipment on the VY end operated as designed

and sent & Carrier block signal to Scobie to prevent tripping. Although the signal vas received

- at Scoble Pond, the trip signal vas mot blocked. A failed transistor in the Carrier equipment

logic section prevented the blocking signal from reaching the tripping logic. Since the

N tripping logic did not see a blocking signal it caused the Scobie line to trip at Scobie Pond |

and Vermont Yankee.
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. COWNTRIBUTING CAUSES
1.  Lightning strike on the B phase of the llorthfield llno vas the contributing cause to
the ‘event.
Almuz.m

‘l‘ho evontc had ainimal adverse safety. hplications.

1. ‘l‘hc Reactor Protective System operated as designed and scranmed the reactor on
o Genoutor Load lejcct resulting from the loss of 345KV pover.

2. 'l.oc”;o transfer to an off-site source occurced as designed upon receipt of a Generator -
' ut. .

3. | All other safety systeu- responded as expected.

* CORRECTIVR ACTIONS | |
I-ediato cortectivc actions included recovering from the reactor scrams, troubleshooting
and repair of the Scobie Pond equiplent. and reactor stabilization utilizing appropriate

plant proceduru. A ‘
' lhintenance Departlent and VELCO Sﬂtchyard !ngineen vill evaluate testing requirements
for Sﬂtchyard Carrier systems. :

‘ "m abovc Long Term Corrective Action vill be completed by 11/01/91.

°"Alﬂl!lﬂlﬂigll!ﬂlll!lﬂl

There have been no sililar events of this type teported to the comission in the past five
years. .

ATIACIMRITS B
" SKETCH: Switchyard Distribution
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Entergy. Nuclear Northeast

» {_ 7. ' : : : S ) | Entergy Nuclear Operations, Inc.
¥ .- L fmmme T
_ 185 Old Ferry Road A
= knlergy L mnene
: _ E - - Telso2zsisart :
June 14, 2005
BVY 05-064

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

Subject: Vermont Yankee Nuclear Power Station’
' License No. DPR-28 (Docket No. §0-271)
Reportable Occurrence No LER 2004-003-01

As defrned by 10 CFR 50 73(a)(2)(iv)(A). we are submlmng the attached revision fora -

Reportable Occurrence that occurred on June 18, 2004 as LER 2004-003-01 to reporta changé
to the root cause of the event based upon the resuilts of laboratory analysis. _

Sincerely,

S e ompar " p—— . - m—omam o : - . -

Entergy Nuclear Operatrons, lnc.
Vermont Yankee

. - o
- William F. agui ’
General anagey/ Plant Operatrons
cc: USNRC Region | Administrator L
USNRC Resident Inspector - VYNPS

USNRC Project Manager - VYNPS
Vermont Department of Public Service
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On 06/18/04 &t 0640, with the plant at full power, & turbine load reject scram occurred due to a two phase
electrical fault to ground on the 22 kV iso-phase bus. All safety systems responded as designed and the
reactor was shutdown without incident. Off-site power transmission lines and station emergency power-

" sources were available throughout the event. Arcing and heat generated during the fault damaged an
area around the iso-phase bus ducts and Main Transformer low voltage bushings. The electrical faults
disrupted an ol line fiange between the Main Transformer oll conservator (expansion tank) and the “C” -
phase low voltage bushing box, and the leaking oll ignited. Fire suppression systems activated

~ automatically. An Unusual Event was declared at 0650 for a fire lasting greater than 10 minutes. The VY

_ fire brigade and local community fire departments declared the firé under control at 0717. At 1245, the

‘Unusual Event was terminated. The electrical grounds that initiated the event were caused by loose
‘material in the *B" Iso-phase bus duct as a result of the failure of a flexible connector. The grounds ralsed

-the voltage on the “A” and "C" Iso-phase busses contnbuung to the failure of the *A” phase surge arrester.
The root causes of the event were determined to be the result of a flexible connector fabrication deficiency

-and preventative maintenance not being performed on the surge arresters located in the Main Generator

" Potential Transformer (PT) Cabinet. There was no release of radaoactmty breach of secondary
contamment or personnel injury during this event
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DESCRIPTION

On 06/1 8/04 at 0640 wiih the plant operating atfull power. a two-phase electrical fault-to-ground occurred on
the 22KV System (EIIS=IPBU, BDUC). The “B” phase faulted to ground in the low voltage bushing box on top of -

| the Main Transformer (ElIS=XFMR), and the “A" phase faulted to ground in the surge atrester cubicle of the

Main Generator Potential Transformer (PT) Cabinei through the “A” phase surge arrester (ENIS=LAR).

Within less than one cycle (11 milliseconds). of the initial electrical fault, the Main Generator protective relaying
sensed the condition and Isolated the generator from the grid within the following 5 cycles (80 milliseconds). A
generalor load rejection reactor scram then occurred. Approximately 400 milliseconds following the initial -
electrical faults to ground from “A® and “B" phases, arcing and lonization in the “B” phase low voltage bushing
box carried over to the “C” phase low voltage bushing box on top of the Main Transformer. The electrical faults
disrupted a flange in the oil piping between the Main Transformer oll conservator (expansion tank) and the “C”
phase low voltage bushing box. The arcing or heat from the fault ignited the oil, resulting in a fire. Fire
suppression systems activated automancaiiy as expected. _

The plant response following the scram was as expected, thh the exceptlon that both Recirculation pumps
-tripped and other AC voltage effects were observed as a result of the voltage transient associated with the high -
fault current. All safety systems functioned as designed and the reactor was shutdown without incident. There |

_Jwas no release of radi oaciivity and no personnel lnjuries DU R I

The VY fire brigade was dispatched at 0641. An Unusuai Event was declared at 0650 due to “Any unpianned
on-site or in-plant fire not extinguished within 10 minutes™. The VY fire brigade initiated fire hose spray from a
nearby hydrant and quenched the fire. Local fire departments began amiving at 0705. The fire was declared
under control at approximately 0717 and re-flash watches were established. Off-site power transmission lines
and station emergency power sources were avallable at all times throughout the event. . .

_The States of Vermont, New Hampshire and Massachusetts were provided with initial notification of the event at
0721. The NRC Operations Center was notified of the event at 0748, recorded as NRC Event Number 40827. In
addition to the declaration of the emergency classification, a 4-Hour NRC Non-Emergency Notification was
completed due to an RPS actuation with ihe reactor critical, pursuant to 1OCFRSO 72(b)(2)(iv)(B) At 1245, the

* | Unusual Event was lerminated

“The Iso-phase bus flexible connector (EIIS_FCON) that failed (expansion ]omis) was part of the original bus
supplied and designed by H. K. Porter, Drawing Numbers G-191144 & G-191146. All flexible connectors were
replaced with an upgraded design supplied by Delta-Unibus. The surge arresters were GE Alugard Station -

| Arrestors, Model Number SL11LAB, lnstailed as original plant equupment Al oi the surge amesters were -

replaced.

CAUSES _ _

The root causes oi the event were determined to be the result of a flexible oonnecior iabricailon dei‘ iclency and
preventative maintenance not being performed on the surge arresters located in the Generator Poiennai ‘
Transformer (PT) Cabinet. . _ .

The electrical grounds that Initiaied the event were caused by loose material in the "B‘ iso-phase bus ductasa

{ result of the failed flexible connector that allows the Iso-phase bus to thermally expand and contract. The

-grounds ralsed the voltage on the “A" and "C" iso-phase busses, contnbuimg to the failure of the “A” phiase -
surge arrester. -

- NRC FORM 366A (1-2001)
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Although the tso-phase bus is subjected to preventative maintenance cleaning and Doble Testing each
refueling outage, the cleaning and Inspection Is limited to the stand-off insulators. Additional inspections to
evaluate the condition of the bus (including its ﬂexible connectors) would have detected the degraded flexible
connectors. o

A det'ailed equipment failure evaluation was conducted on the flexible connectors associated with the Main
Generator 22 kV Electrical System. The cause of the "B" phase flexible connector failure was that weld porosity
and excessive weld grinding (reinforcement removal) during original fabrication weakened the laminate weld.

- During approximately 32 years of plant operation, differential thermal expansion and contraction caused
thermally induced stress at the flexible connector attachment welds. These thermally induced stresses caused .

-the propagation of fatigue cracks at the attachment welds. The fatigue cracks grew and, combined with voids in -
the weld metal and lack of edge welds, resulted in over stressing the remaining weld metal that failed due to .
tensile and shear over load ultimately leading to the fallure and separation of the outer laminate from the bus.
The end closest to the generator on the "B" phase fiexible connector failed first allowing the outer laminate to
be lifted Into the cooling air flow, thereby placing additional stresses on the undersized weld ligaments at the

' transformer end. ,

There was no sign of cracking at any other flexible connector weld, indicating that the increased air

-+ | ~flow/velocity in the bus duct did not résult in flow induced vibration of the outer-laminates and contribute to the |-

fallure. The Increased air flow within the bus duct following the refueling outage modifications may have
accelerated the failure timetable for the laminate; however, the failure would have occurred at some time in the
near future at the original flow rates.

The need for inspecting the flexible connectors was identified during a recent review of industry operating
experience (OE). This OE is belng included as recommended preventative maintenance for future outages;
however, it was not included in the preventative maintenance inspection performed during RFO-24.

The “A” surge arrester failure was the result of the combination of a ground occurring on the “B" iso-phase bus
that caused an increase In voltage on the “A” and "C" iso-phase busses and not performing preventative

maintenance necessary to monitor age related degradation of the “A” surge atrester. Industry experience has
revealed that surge arresters degrade over time due to & combination of age, service environment and service
conditions. Perlodic Inspectlonnestlng could have detected degradation and allowed replacement prior to
fallure. - v

Three oontributing causes were Identlified by the Investigation: fallure to effectively use industry OE to prevent
similar events from occurring at VY, inadequate preventive maintenance of the generator iso-phase bus, and
Inadequate fallure modes and effects evaluation. Specifically, it was noted that; the actions taken by VY in
response to recommendations provided within the INPO Significant Operating Experience Report (SOER)
90-01 for "Ground Faults on AC Electrical Distribution” were inadequate. In addition to the SOER, guidance
provided within EPRI's “Isolated Phase Bus Maintenance Guide” TR-112784 (1999) for the 22 kV ﬂexrble
connectors and period«c inspectlonsltestrng was not utilized.

NRC FORM 365A (1-2001)
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ASSESSMENT OF SAFETY CONSEQUENCES A b

| All safety systems and fire suppression systems responded as destgned The reactor was shutdown without

. Incident. Off-site power sources and station emergency power sources were available at all times throughout
the event. Emergency response personnel acted promptly to prevent the fire from significantly damaging or

_ breaching the adjacent turbine building. There was no release of radioactivity or personnel injury during this
event Therefore. this event did not significantly |ncrease the risk to the health and safety of the public.

~_CORRECTIVE ACTIONS . , _ L
Immediate‘ _

'1 An Unusual Event was declared at 0650.

|2 The station fire brigade on scene to combat the fire at 0652. Local fire departments arrived on-site at 0705 to

provide assistance. The fire was under contro! at 0717.

3. Completed the Initial notification to the States of Vermont, New Hampshlre and Massachusetis at 0721.

~ 4. Notified the NRC Operations Center of the Unusual Event at 0748.

- 5. Secured all affected site and ptant areas for personnet safety and isolated affected equipment as necessary
1o maintain investigation integrity.

: “6 -Condition Reports were generated for thtsevent and potentiatty assoctated issues as appropriate forentry -1

into the Corrective Actions Program.
7. A Root Cause Investigation team was estabhshed {o assess damage and to secure the area. .
8. Initial testing was completed on the maln transformer, station auxiliary transformer, and main generator with
no indication of damage that would affect the operation of the transtormers or generator.
9. A Preliminary Nuclear Network Entry was completed to inform the industry of the Initia! findings and
- conditions of the event, _

‘Priorto Plant Start Up:

1. The phase A, B, and G 22 KV surge arresters and capacitors were veplaced prior to energizing the 22kV bus.
2. The phase A, B, and C 22 kV flexible connectors were replaced wtth an upgraded design supptled by
Delta-Unibus prior to energizing the 22kV bus. *

| 3. Acleanfiness inspection was performed and documented as part of lso-Phase Bus Duct Modtficatton

4. Maintenance department personnel Inspected the cooler and leads fans for forelgn material. Following
operation of the fans, an additiona! Inspection of the fans and coolers was performed.

5. Operator Alarm response sheets were revised to enhance operator actions in the event ot future ground -
faults,

- 6. A preventative matntenance schedule was established for increased samptmg of transformer oll for the main,
auxiliary, and two startup transformers for four weeks after start-up.

7 The Iso-phase bus duct system was monitored after. assembly with the fans running 1o ensure that vibration
levels were acceptable.

‘8. VY discussed this event and assoctated Issues with the Entergy Fleet and industry experts as'necessary to
gather information pertinent to the root cause Investigation and equipment recovery.

" NRC FORM 368A (1-2001)
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Long Term:

1. The 22kV surge arresters and capacitors have been Included in the preventative matntenance program with
 specifically defined periodic replacement requirements. With this change the cubicles containing these ,
components have been assigned unique Preventative Maintenance identification numbers and the activities
associated with the planned maintenance has been expanded to reflect lessons leamed from this event.
2. The 22kV iso-phase bus preventative maintenance program was revised to provide periodic inspection -
requirements to prevent recurrence of this event. This revision provides direction for extensive iso-phase bus
. Inspection, including the flexible connections.
~ 8. Completed testing of the selected components involved in the event, The root cause analysis report has
been revised to reflect the findings from the off-site lab analysis.

ADDtTIONAL INFORMAT!ON-
Approximately 350 Condmon Heports generated since 06/01/1 995 regardmg the components and systems

“involved with this event were reviewed during the root cause investigation. No similar event wtth arelated
cause was Identified to have occurred at Vermont Yankee during this period. »

NRC FORM 356A (1-2001)
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Entergy Nuclear Northeast

. Entergy Nuclear Operations, Inc. -
Vermont Yankee - :
_P.O. Box 0500 . a? /

185 Old Fenry Road -
Brattieboro; VT 05302-0500
Tel 802 257 527+

September 22, 2005

BVY 05-087
- U.S. Nuclear Regulatory Commission
. ATTN: Document Control Desk
Washington, DC 20555.
Subject: Vermont Yankee Nuclear Power Station

License No. DPR-28 (Docket No. 50-271) ,
Reportable Occurrence No. LER 2005-001-00

. As defined by 10 CFR 50. 73(a)(2)(|v)(A), we are reporting the attached’ Reportable Occurre'nce ;
- . that occurred on July 25, 2005 as LER 2005-001-00. No Regulatory Commltments have been

generated as a result of this event.

Sincerely,

Entergy Nuclear Operations, Inc. -

Vermont Yankee

UM pgume

WllllamF guire\ -
General Mgnager, Plant Operatlons

cc: USNRC Region | Administrator
~ USNRC Resident inspector - VYNPS
USNHC_PrOJect Manager - VYNPS
Vermont Department of Public Service
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ABSTRACT (Limit o 1400 spaces, le., approximately 15 ﬂndmawd typewritten kines) .
On July 25, 2005 at 1525, with the reactor at full power, a generator load reject trip and subsequent reactor '
trip occurred as a result of an electrical transient that originated in the 345 kV Switchyard. The electrical
transient was due to a failure of the 345 kV Motor Operated Disconnect (MOD) Switch, T-1,
- Jwas caused by the failure of an electrical insulator. An off-site laboratory performed an examlnatron of the

* -} porcelain insulator revealing that the failure was caused by a manufacturing defect. The appropriate NRC
4-hour rotifications were completed at 1735 in accordance with 10 CFR 50.72(b) as NRC Event Number
'|41868. This event is being reported as an LER pursuant to 10 CFR 50.73(a){2)(iv)(A) as an event that
resulted in the automatic actuation of systems listed within 10 CFR 50.73(a)(2)(iv)(B). Plant equipment and
operator response to the event was as expected, and the reactor was shutdown with no complications. No
. Jrelease of radioactivity or personnel injury occurred as a result of this event Therefore this event did not

: Increase the risk to the health and safety of the public.

*C" phase that
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DESCRIPTION:

On July 25, 2005 at 1525 with the reactor at full power, a generator load reject trip and reactor scram occurred due

to an electrical transient that originated in the 345 kV Switchyard. An electrical insulator [ENIS=INS, FK] failed,

.causing a failure of the "C" phase on the 345 kV Motor Operated Disconnect (MOD) Switch T-1 [ElS=, MOD,FK]
ultimately leading to a reactor scram. The plant was placed in a stable condition and reactor water level was restored

" to its normal band within 25 seconds of the condition that promulgated the event. Plant equipment and operator .
_response to the event was as expected and the reactor was shutdown with no complications. The appropriate NRC 4
hour notifications were completed at 1735 in accordance with 10CFR50.72(b) as NRC Event Number 41868. This

- event is being reported as an LER pursuant to 10CFR50.73(a)(2)(iv)(A) as an event that resulted in the automatic

’ actuatlon of systems llsted w1thm 1OCFR50 73(a)(2)(iv)(B). _ _

‘The T-1 MOD is physlcally located between the 345 kV windings of the Main Transformer and the Main Generator

" output breakers 1T and 81-1T. The electrical insulator that failed was located on the line side of T-1 MOD, providing
support for the "C" phase of T-1 MOD. The insulator that failed was manufactured by Lapp Insulator Company,
Model J80104-70 Post Stack Insulator, Drawing 3597-51, RO.

Following the plant trip, interviews were conducted with personnel who observed the 345 kV Switchyard events as
-they transpired thereby supporting the followlng oonclusions ,

1, Arcmg occurred at the "C" phase of the T-1 MOD switch.
2. Part of the T-1 MOD switch fell, resulting in a number of audible sounds.
3. Flashes occurred while the T-1 parts fell.
" 4. The 345 kV high line between the tower and the 345 kv Swntchyard moved up and down after the insulator fell.
5.

T-1 MOD opened after the fault occurred.

: During the first 14 seconds of the event, the following automatic system responses occurred as designed ‘without
operator intervention. Action times are provided in the brackets succeeding each item where appropriate:

1. The "C" Phase 87/TL1 Differential Relay senses the development of & *C* Phase to Ground Fault thatis a result

of the arcing at the T-1 disconnect ¢aused by the insulator failure.
. - The Generator 86/TL1 Tie Line Lockout Relay actuated due to a trip slgnal from the assoclated *C" Phase

2

- . 87/TL1 Differential Relay. [T=0]

- 8. Main Generator Breakers 81-1T and 1T open from the 86/TL1 srgnal isolatmg the fault from the 345115 kV
 system. [T=30 to 33 milliseconds] .

4. 4KkVBus 1 and 2 High Speed Synch Check Relays 25/1 and 25/2 indicated a loss of synchromsm between the
Auxiliary and Startup Transformers. As designed, this blocks a Fast Transfer of station loads to the Startup
Transformers as necessary to prevent possible equipment damage that oould oceur due toan out-of-phase

- ‘transfer. [T=33 milliseconds]

* 5. Generator Primary Lockout Relay Trip indrcatron tecelved on ERFIS. [41 milliseconds] NOTE: The Lockout Relay
to ERFIS is received via an auxiliary relay, therefore the trip actually occurred 10 mmiseoonds before the

. Indication was received.

- 6. Turbine Trip is actuated by a Main Generator Lockout Relay [T=S0 milliseconds] -

.. 7. :Both channels of the Reactor Protection System (RPS) are received for a full Reactor SCHAM all rods fully

inserted. The ERFIS sequence of events log indicates that the Main Generator Load Reject Scram Signal was
. recelved just prior to the Turbine Stop valve Closure Signal. [T=136 milliseconds) RPS system actuation is
- reportable to the NRC as an LER pursuant to 10CFR50.73(a){2)(iv)(A).
8. "A"and "C" Reactor Feedwater Pumps are automatically tripped by the 4 kV Bus Fast/Residual Transfer
‘Scheme. This occurs as a result of the Startup Transformer Breakers not closing within 0.3 seconds of the
“opening of the Auxiliary Transformer Breakers. Heactor Feedwater Pump trips are expected on a Residual Bus

~ Transfer. [T= -350 mllhseconds]

. NRC FORM 366A (1-2001)
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9. Breakers 13 and 23 close to re-energize Bus 1 and 2 after bus voltage has decayed to 1000 volts. [T=623-705

- milliseconds] ,

10. "A" Service Water Pump Starts. [T=1 second]

_11. "B" Standby Gas Treatment System (SBGT) starts as a result of the Residual Bus Transfer. [T-2 seconds]

12. Reactor Water Level Low (127") Scram Signal initiates a Primary Containment Isolation System (PCIS) Group
2,3 and 5 Isolation. [T=5.5 seconds] PCIS actuation is reportable to the NRC as an LER pursuant to
10CFR50.73(a)(2)(iv)(A).

13. "A" SBGT System starts on a Reactor Water Low' Level Signal. [T=7 seconds)

14. The 4 kV Supply Breaker to the "B" Recirculation Motor Generator (MG) trips on MG system oil pressure

~ following a six second delay in MG control logic. [T=8 seconds]

15. Reactor Low-Low Water Level (82.5") and PCIS Group 1 Isolation. The following system actions occurred for
the Group 1 Isolation; Main Steam Isolation Valves (MSIVs) closed, Reactor Core Isolation Cooling (RCIC)
System start and Inject signal, High Pressure Coolant Injection (HPCI) system start and inject signal, both
Emergency Diese! Generators started (running unloaded), and the “A* Recirculation Pump MG Supply Breaker

tripped. [T=14 seconds]

PCIS acmatrons are reporlable to the NRC asanLER pursuant to 10CFR50.73(a)(2)(iv)(A). The NRC was notified of
the PCIS actuation 10CFR50.72(b)(3)(iv)(A).

ECCS actuations are reportab!e to the NRC as an LER pursuant to 10CFR50. 73(a)(2)(|v)(A) The NRC was notmed
. of this event per 10CFR50.72(b)(3)(iv)(A) and 10CFR50.72(b){2)(iv)(A)

- The following operator actions were taken to stabilize the plant:

1. Placed the Mode Switch to Shutdown. [T=21 seconds]
2. Staned "B" Reactor Feedwater Pump to re-establish normal level control [1'-25 seconds]

Wthln 25 seconds following the operator actions, all reactor water low level alarms were clear.

At 2248, Operatzons documented that HPCI, RCIC, SBGT, and both EDGs had been secured and returned to
standby status. Operations then oommenced cool down of the reactor.

ANALYSIS:

"The events detailed in'this report did not have adverse safety implications. The 4 kV Bus Fast/Resldual Transfer
Scheme operated as designed to.secure and transfer electrical loads as necessary to prevent damage to equipment,
- The Reactor Protection System operated as designed and scrammed the reactor after receiving the Generator Load

_Fleject Scram signal. All other safety systems responded as expected.

An off-site laboratory performed an examination of the porcelaln insulator revealing that the failure was caused bya:
manufacturing defect located below the top of the cemented joint obscuring visual Inspection. The lab determined

- that the defect was not detectable by visual inspection or predictive maintenance. The failure was found to be

- structural and evidence of a dielectric breakdown was not present; therefore, predictive maintenanoe techmques,
such as corona, acoustic and thermography would not have detected the failure. '

CAUSE

A root cause mvestrgation team determined that the MOD failure was caused by the failure of & porcelain electrical
insulator as a result of a manufacturing defect. A laboratory examination of the insulator was performed by an off-site
lab. The examination revealed a void area in the cement that attached the failed section of the insulator to the metal
flanges and a geometric off-set in the placement of the insulator in the flanges. Close examination of the void

NRC FORM 366A (1-2001)
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‘'surfaces showed that this void was pre-existing and occurred during the manufacturing of the assembly These ,
condrtions caused & stress riser to occur on the northwest side when wind and other cyclic loads were applied to the
insulator. The repeated cyclical loading and unloading produced a stress crack in the porcelain, weakening the .

" insulator and ultimately Ieadmg to failure, prior to it's design lifetime of 40 years The insulator was original plant

equipment.
* CORRECTIVE ACTIONS:

1. Failed components in the 345 kV Switchyard were tagged out, grounded and replaced.
- 2. Visual, thermography and corona inspections of the 345 kV and 115 kV Switchyards was performed No
. -additional anomalies were identified. The inspections included components such as bus work, drsconnect ”
switches, insulators, etc.
.. Testing was performed to evaluate any potential impact on the Main Transformer and found aweptable
'The 345 kV high line section between the tower and Switchyard was inspected and found acceptable (that
included insulators, disconnects, bus work, etc.). _
Other T-1. MOD, 1T-22 and 1T-11 insulators were inspected for damage, and none was found.
. ‘Preliminary lab analysrs of failed compohents was performed.
The five remaining Lapp Mode! J80104-70 insulators on the line and load ends of the T-1 disconnect swntch are
scheduled for further inspection and replacement during the Fall 2005 scheduled outage (RF-25). Laboratory ‘
analysis will be performed on the insulators removed.
. Insulators in the Switchyard that pose a risk to generation or potential for a loss of off-site power will be
" evaluated for replacement..
-9. The preventative maintenance frequency for the 345 kV and 115 kV Disconnect Switches and Vertical Bus
Insulators will be revised. VY will also ensure that the visual inspection attributes include the flange to porcelain
cemented joints and entails inspecting for voids, cracks and off-center assemblies.

-Nﬁp'ﬁw

o

ASSESSMENT OF SAFETY CONSEQUENCES:

The reactor was safely shutdown without complrcatron’s No fdilure of safety related equipment occurred during or as
& result of this event. The T-1 MOD disconnect is a non-safety related component and is not relied upon for the safe
shutdown of the plant; hence, there was no impact.on nuclear safety. Mitigating safety systems and non-safety
" systems responded as designed. A reactor trip with a Primary Containment Isolation System (PCIS) Group 1

"{ isolation, concurrent with a loss of feed water is an analyzed event. The T-1 MOD is physically located in the 345 kV

“Switchyard, outside of the Radiological Controﬂed Area (RCA). There was no increased radiological risk to plant

_ personnel or the general public

. ADDITIONAL lNFORMATION

A similar event occurred on 03/1 3/91 at VY that was’ reported to the NRC as LER 91 -005-00 on 04/12/91, "Reactor
Scram due to Mechanica! Fallure of 345 kV Switchyard Bus caused by Broken High Voltage Insulator Stack‘ The
root cause of the bus failure was attributed to a loose bus connection at the lower insulator stack between the bus

_ and the tower. Off-site lab analysis of the fractured insulator completed during the two months succeeding the event

. were inconclusive. The remaining intact pieces were subjected to specific gravity and dye penetration testingin
addition 1o visual examination and mechanical testing for strength versus rating. Other than some evidence of
sand-glaze separation on the porcelain surface within the cap, it was determined that the Insulator had been properly
fired and that no.porosity was present. No defects were discovered and the insulator was demonstrated as capable

~of performing within its designed rating.

NRC FORM 366A (1-2001)
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January 4, 2006

The Honorable Nils J. Diaz

Chairman '

U. S. Nuclear Regulatory Commission
W ashington, DC 20555-0001

SUBJECT: VERMONT YANKEE EXTENDED POWER UPRATE

Dear Chairman Diaz:

During the 528" meeting of the Advisory Committee on Reactor Safeguards, December 7-9,
2005, we discussed the Vermont Yankee Extended Power Uprate (EPU) Application. As part of
this review, our Subcommittee on Power Uprates held a meeting on November 15 -16, 2005 in
Brattleboro, Vermont to recerve input from the public, the applicant, and the staff. A second
Subcommittee meeting was 'held in Rockville, Maryland on November 29 - 30, 2005. During our
review, we had the benefit of discussions with the staff, the public, and Entergy Nuclear
Vermont Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy), the licensee. We also
had the benefit of the documents referenced. ,

CONCLUSIONS AND RECOMMENDATlONS

1. The Entergy application for the extended power uprate at the Vermont Yankee Nuclear
Power Station (VY) should be approved. '

2. The change in the licensing basis associated with the requested containment
overpressure credit should be approved.

3. Load rejection and main steam isolation valve closure transient tests are not warranted.
The planned transient testing program adequately addresses the performance of the
modified syetems. .

4. The times available to perform critical operator actions remain adequate under EPU
conditrons
5. . The margin added to the safety limit minimum criticai‘power ratio (SLMCPR) is an

appropriate interim measure until General Electric (GE) obtains additional data to
complete the validation of nuclear analysis methods.

6. The monitoring that will be performed during the ascension to uprate poviier provides
adequate assurance that, if resonant vibrational modes are induced in the steam dryer,
they will be identified prior to component failure.

7. An enhanced, focused engineering mspectron was performed An additional expanded
inspection is not warranted

8. The review standard for extended power uprates (RS-001) provides a structured process
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 for the review of applications for extended power uprates. Its continued use and
improvement are encouraged.

BACKGROUND

: Vermont‘Yankee Nuclear Power Station (VY) is a boiling-water reactor of the BWR/4 design

with a Mark-1 containment. Entergy has applied for an extended power uprate of approximately
20% from the current maximum authorized power level of 1593 MWt to 1912 MWt. The
application is similar to other uprates that have been approved within the last five years at
Duane Arnold, Dresden Units 2 and 3, Quad Cities Units 1 and 2, and Brunswick Units 1 and 2.
In Constant Pressure Power Uprates (CPPU), except for steam and feedwater flow rates, plant
operating conditions are essentially unchanged from the pre-EPU values. The extra poweris
generated largely by flattening the power distribution across the core, and the fuel design safety
limits are met at the proposed extended power uprate conditions.

DISCUSSION

When a large-break design-basis ioss-of-coolant accident (LOCA) and anticipated transient
without scram (ATWS) were analyzed at VY at the proposed EPU level using current design
basis assumptions and methodologies, the available net positive suction head (NPSH) was _
found to be insufficient to avoid cavitation of the low pressure coolant injection (LPCI) and core
spray pumps. The need for increased NPSH occurs because at the higher power level the ;
suppression pool heats up more in both of these scenarios than at the currently licensed power
level. In the calculations performed to support VY's existing operating license, containment
pressure was assumed to be atmospheric when computing the available NPSH.

In its application, Entergy requests changing its licensing basis methodology to grant credit for
containment accident pressure in determining available NPSH for emergency core cooling
pumps for these LOCA and ATWS scenarios. Using conservative methods and a containment
leak rate consistent with its technical specifications, Entergy has determined a conservative
lower bound for the time-dependent pressure in containment that would result from these

scenarios under EPU conditions. The incremental pressure credits that are requested for these
two scenarios are less than these computed pressures. For the LOCA scenario, the maximum

containment pressure credit is 6 psi, and the total time for which some overpressure credit is
required is 56 hours. For the ATWS scenario, the corresponding values are 2 psi and 1 hour.

The ACRS has hiétorically opposed a general granting of containment overpressure credit. In

" determining whether such credit should be granted, one'aspect to be.considered is whether

practical alternatives exist, such as the replacement of pumps with those with less restrictive
NPSH requirements. If no practical alternatives are available, important considerations include
(1) the length of time for which containment pressure credit.is required and (2) the margin
between the magnitude of the pressure increment that is being granted and the expected

-minimum. containment pressure. Another consideration is the nature of the containment design
. and whether it provides a positive indication of integrity, prior to the event, as is the case in

subatmospheric and inerted designs.
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Because of the plant configuration, extent of modifications required, and worker dose that would
be involved, we conclude that there are no practical design modifications that wouid preclude _
the need to consider the request for containment overpressure credit. VY has an inerted '
containment. There is, then, a low likelihood of significant pre-existing containment leakage.
For the ATWS scenario, the magnitude of pressure required to show adequate NPSH is small
compared to the accident pressure, and the time during which the overpressure creditis
required is short. Forthe LOCA scenario, although the duration for which the containment
overpressure credit is required is comparatively long, the overpressure credit requested is
smaller than what is conservatively predicted to be available.

Under the EPU conditions at VY, the general design requirements regarding single failures in
design-basis accidents do not prevent granting of the overpressure credit for the LOCA scenario

- of concern. The worst single failure that was identified by the licensee involves loss of one train.

of heat removal from the suppression pool. Conservative, bounding calculations show that the
containment overpressures during this scenario are higher than needed to provide sufficient
NPSH. Allowing no credit for containment overpressure is equivalent to assuming an additional
failure that causes loss of the overpressure. Thus, for all scenarios invoiving only a single
failure, sufficient NPSH is available to ensure that pump cavitation damage is avoided. To
maintain. defense-in-depth, however, it has been staff practice to require the assumption that
containment overpressure is not available in assessing the potential for pump damage.

In evaluating Entergy’s request for containment overpressure credit, the staff included in its
decisionmaking process mo're. realistic analyses to determine whether containment
overpressure would be needed at the proposed EPU power level to prevent pump cavitation in
actual accident scenarios. The staff also considered the results of probabilistic analyses to
assess the risk significance of scenarios in which containment overpressure is lost.

Design-basis accidents are typically analyzed using conservative methodologies and input

~assumptions to ensure safety in spite of uncertainties in input and methodology. An alternative
" approach is to use realistic analyses with a more complete and explicit consideration of -

uncertainties. Such a methodology has not yet been fully developed for analysis of the need for
containment overpressure credit. The staff and the licensee have instead performed sensitivity
analyses to determine the effect of relaxing some of the conservative -assumptions. More
realistic values were used for a number of input parameters to determine the associated
reduction in the predicted temperature of the suppression pool, which is the major parameter in
determining whether overpressure credit is necessary. The staff concluded that, ona more
realistic but still conservative basis, the temperature of the suppression pool would not become
high enough in the LOCA scenario to require a credit for containment overpressure.

Independent risk analyses were performed by the staff and the licensee to determine the
potential risk significance of granting credit for containment overpressure. These analyses
included the conservative assumption that the emergency core cooling system (ECCS) success
criteria would not be met whenever containment overpressure is lost and design-basis analyses
would suggest that overpressure credit was needed, although the licensee’s sensitivity studies
indicated that peak suppression pool temperature would probably not be high enough that

-containment overpressure credit would be required. The results of the analyses indicate that

the overall risk associated with the EPU is small and that the change in risk resulting from

- allowing the requested containment overpressure credit is also small.
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Although we concur with the staff's conclusion to grant credit for containment overpressure, we
would have preferred to see the assessment performed and presented in a more coherent
manner, with a more complete and rigorous consideration of uncertainties. The staff is
developing additional guidance to be used in the consideration of overpressure credit in the
future. We look forward to reviewing their proposed approach.

The staff performed an expanded engineering inspection of VY. Such an inspection was
requested by the Public Service Board of the State of Vermont. The inspection focused on
safety-significant components and operator actions. It was performed under the direction of the
NRC Office of Nuclear Reactor Regulation (NRR) and included regional inspectors and
contractors who had no recent oversight responsibilities for VY. There were eight findings, but
they were of low safety significance. A number of members of the public asked for a more
extensive inspection, similar to that performed at the Maine Yankee plant. Based on the results .
of the inspection that was performed and the performance of VY as determined by the Reactor
Oversight Process such an extensive inspection is not warranted. :

Hardware and operational changes are required for the power uprate. In order to achieve the
proposed EPU power level, all three feedwater pumps must operate, rather than the two pumps
currently required. If one of these pumps fails, the plant will undergo an automatic runback of
power so that the two remaining pumps will be sufficient. A new signal has been added to trip a
feedwater pump in the event of a condensate pump trip. A concern has been raised about the
potential for loss of all feed pumps due to low suction pressure as a result of a condensate
pump trip. Consequently, Entergy has agreed to perform a trip of a condensate pump to
demonstrate that it will not cause loss of all feedwater. This will also test the integrated
response of control systems associated with recirculation flow runback, feedwater level control,
and reactor pressure control.

Entergy does not plan to undertake large transient tests, such as a main steam isolation valve
closure that would result in a reactor trip. Such tests would not directly address confirmation of

" the performance of systems changed to support EPU. The ACRS concurs with the staff's

assessment that the large transient tests are not warranted.

Only minor changes have been made in the emergency operating procedures to accommodate
EPU modifications. One of the impacts of the power uprate is a reduction in available response
time for operator actions. The operators respond in essentially the same manner as for the
current operating conditions but, in some cases, have less time to take an action. A systematic
assessment has been made by Entergy of the maximum time available for critical operator

. actions. The VY simulator has been modified to represent the EPU condition and operators

have been trained for EPU conditions. The simulator exercises have demonstrated the ability of
the operators to respond correctly within the required time period.

The reactor operating domain is defined so that: (1) the core will not be operated in an unstable
regime, (2) the minimum critical power ratio is low enough to prevent dryout of the fuel pins, and
(3) the linear heat generation rate is low enough to assure the integrity of fuel cladding during .
steady and transient conditions. The boundaries of this operating domain are based on

-neutronic and thermal-hydraulic calculations performed by GE. The computer codes that are

used in these analyses have been reviewed and approved by the staff.
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In reviewing the application of these methods to EPU uprates, the staff determined that the
operation of the fuel extends into a region where the expected void fraction within the fuel

-bundle is greater than that for which the codes have been validated. To demonstrate the ability

of the code to predict isotopic concentrations in this regime, GE has committed to performing
gamma scans on the fuel design that is being used in the power uprate. In the interim, Entergy

- has undertaken an "Altemative Approach” in which it has performed an uncertainty analysis for

the model predictions and, as a result, has added an additional margin of 0.02 to the SLMCPR.
We concur with the staff's assessment that the addition of such a margin is an appropriate
interim measure. The review of the adequacy of the GE computer codes is a generic activity
that is being undertaken by the staff. We will have an opportunity to review the staff's
assessment of these codes in more detail when we consider the MELLLA+ topical report in
2006.

Higher steam and feedwater flow rates at EPU conditions may lead to an increase in flow

accelerated corrosion for some components. The evidence indicates that current flow
accelerated corrosion rates at VY are low. Many of the components that would most likely be
affected use chromium- molybdenum alloy materials that are resistant to flow accelerated
corrosion, and Entergy has committed to an inspection program that will provide reasonable
assurance that degradation will be detected prior to reaching an unsafe condition.

Increased flow rates also have the potential to induce vibrations that could lead to failure of
components. Because of the previous experience at Quad Cities, the steam dryer has been the
primary focus of attention. A number of cracks have been found in inspections of the VY steam
dryer. Two cracks found near the lifting lugs were attributed to the initial fabrication of the
steam dryer. These cracks have been ground out and repaired. The other cracks that have
been found appear to be superficial and were deemed to be the result of intergranular stress
corrosion, not flow-induced vibration. Stiffeners have been added to the dryer to provide
additional strength and also to raise its natural frequencies.

Entergy has performed hydrodynamic, acoustic and structural resonance analyses to assess
the potential for stimulation of a resonant mode of the dryer. These analyses indicate that there
is margin between the magnitude of the potential stresses imposed on the steam dryer and the
level at which fatigue failure would occur. However, the state of validation of these methods is

poor.

To provide further assurance of the integrity of the dryer, additional strain gages have been
added to the steam lines at VY. Experiments performed in a scale-model system by GE
indicate that acoustic signals initiated in the region of the steam dryer can be correlated with
signals measured by strain gages on the steam lines. A similar correlation has been observed
at Quad Cities Unit 2 where both the steam dryer and steam lines have been instrumented.

Entergy has developed a program for power ascension involving holds at a number of power
levels. The steam line strain gages will be monitored at the various power levels. Any

. anomalies will lead to a reduction in power until the issue is resolved. Entergy has also

committed to inspections of the steam dryers in the next three outages following the uprate.
The additional monitoring, the power ascension program, and the inspections provide
confidence that, if excessive excitation does occur in the steam dryer, it will be identified before

substantial damage is incurred.
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Power uprates are not submitted as risk-informed license applications. Nevertheless, licensees
have submitted assessments of risk associated with the extended power uprates and the staff
includes consideration of this risk information in its decisionmaking process. The purpose of the
staff's risk review as stated in RS-001 is to "determine if there are any issues that would
potentially rebut the presumption of adequate protection provided by the licensee meeting the
deterministic requirements and regulations.” The staff has reviewed Entergy's assessment of
risk at the proposed EPU conditions and compared the VY probabilistic risk assessment (PRA)
results with the staff's SPAR model results for this plant. The values of core damage frequency
(CDF) and large early release frequency (LERF) are low and provide substantial margin to
values that raise questions of adequate levels of safety. As we noted previously, the staff also
used risk insights in their independent determination of the acceptability of the potential for
pump cavitation during long-term core cooling in LOCA and ATWS scenarios.

This was the second application by the staff of RS-001 in the review of an EPU proposed
upgrade. RS-001 provides a structured approach to the review.

Sincerely, -

IRA/

Graham B. Wallis
Chairman

Additional Comments by ACRS Members Richard S. Denning, Thomas S. Kress, Victor H.
Ransom, and Graham B. Wallis ’ '

. Considering all the evidence, including precedents set at other similar plants, we agreed with

our colleagues to approve the proposed 20% EPU for VY.

It seems unlikely that there will be a problem with adequate NPSH of the core spray and
residual heat removal (RHR) pumps at Vermont Yankee, with a 20% power uprate. However,
we were asked to make a professional judgment that would have been more straightforward if
the information supplied to us had been more complete. We suspect that more information
already exists that could be reorganized, supplemented as needed, and presented logically to
provide a more convincing case in the following way, which would set a better precedent for
future applications: .

1. Derive sufficient detail of the probability distribution for containment pressure following
large LOCA and ATW S sequences, based on realistic analysis of the physical
phenomena and the attendant uncertainties.
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Derive sufficient detail of the probability distribution for suppression pool temperature
following these events, based on realistic analysis of the physical phenomena and the
attendant uncertainties.

Combine the results of steps 1 and 2 with realistic and uncertainty analyses of other
phenomena influencing NPSH to derive the probability of successful operation of RHR
and core spray pumps. This may provide adequate evidence for a conclusion to be
reached, if it can be shown that only a small containment overpressure is likely to be _
needed for a short time, if at all, and it has a high probability of being available. If
further evidence is required, these results can be incorporated into the PRA to derive the
realistic contribution, if any, to total plant risk due to insufficient NPSH.

Both Entergy and the staff have shown that relaxing a few of the many conservatisms
and using realistic values (for example, of the initial temperature of the suppression
pool) removes the need for additional NPSH. Such arguments.are insufficiently
conclusive. The reason is that when one gives up an element of conservatism, without

- replacing it by a less stringent assumption that is still demonstrably conservative, there

is a finite probability that values of the derived parameter will not bound all possibilities.
The proper way to relax the many conservative assumptions is to make (some of) them
realistic with the inclusion of uncertainty. This will lead to a probability distribution (or
more precisely some aspects of it, such as the 95/95 confidence level) for an output
such as pool temperature.

From the analyses that we have seen in presentations by Entergy and by the staff, it
appears likely that the realistic contribution to risk from inadequate RHR and core spray
pump NPSH will prove to be very small, even essentially zero, for the case of the
proposed power uprate at VY, but this could be better demonstrated in a manner which
is both physically and logically consistent. The probabilities associated with the
governing physical phenomena may be regarded as more secure than some other
inputs to the usual PRA assessment. Conclusions based on them may help to convince
those who doubt if conventional risk-based arguments alone shouid allow the relaxation
of defense-in-depth that is achieved by the independence of cladding and containment
barriers to radioactivity release. In particular, if it can be shown that the probability of
needing containment overpressure is sufficiently small, the independence of these
barriers would effectively be preserved.

REFERENCES:

1.

Memorandum from Ledyard B. Marsh to John Lérkins, “Vermont Yankee Nuclear Power
Station - Draft Safety Evaluation for the Proposed Extended Power Uprate (TAC No.
MCO0761)", October 21, 2005

Letter from Wayne Lanning to Jay Thayer, “Vermont Yankee Nuclear Power Station,
NRC Inspection Report 05000271/2004008", December 2, 2004 -
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. Power uprates are not submitted as risk-informed license applications. Nevertheless, licensees
have submitted assessments of risk associated with the extended power uprates and the staff
includes consideration of this risk information in its decisionmaking process. The purpose of the
staff's risk review as stated in RS-001 is to "determine if there are any issues that would
potentially rebut the presumption of adequate protection provided by the licensee meeting the
detemministic requirements and regulations.” The staff has reviewed Entergy's assessment of
risk at the proposed EPU conditions and compared the VY probabilistic risk assessment (PRA)
results with the staffs SPAR model results for this plant. The values of core damage frequency
(CDF) and large early release frequency (LERF) are low and provide substantial margin to
values that raise questions of adequate levels of safety. As we noted previously, the staff also
used risk insights in their independent determination of the acceptability of the potential for
pump cavitation during long-term core cooling in LOCA and ATWS scenarios.

This was the second application by the staff of RS-001 in the review of an EPU proposed
upgrade. RS-001 provides a structured approach to the review.

Sincerely,

Graham B. Wallis
Chairman

Additional. Comments by ACRS Members Richard S. Denning, Thomas 8. Kress, Victor H.
Ransom, and Graham B. Wallis

Considering all the evidence, including precedents set at other similar plants, we agreed with
our colleagues to approve the proposed 20% EPU for VY.
It seems unlikely that there will be a problem with adequate NPSH of the core spray and

residual heat removal (RHR) pumps at Vermont Yankee, with a 20% power uprate. However,
we were asked to make a professional judgment that would have been more straightforward if

the information supplied to us had been more complete. We suspect that more information
already exists that could be reorganized, supplemented as needed, and presented logically to
provide a more convincing case in the followmg way, which would set a better precedent for
future applications: .

1. Derive sufficient detail of the probability distribution for containment pressure following

large LOCA and ATW S sequences, based on realistic analysis of the physical
phenomena and the attendant uncertainties. :

. * See previous concurrence.
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