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LICENSEE: Niagar a Mohawk Power Corporation

FACILITY: Nine Nile Point Nuclear Station, Unit No. 1

SUBJECT: SUHHARY OF MEETINGS 'MITH LICENSEE AND PUBLIC ON APRIL'14, 1997~
REGARDING CORE SHROUD (TAC NO. M98170)

On April 14, 1997, the NRC staff participated in a meeting with Niagara Mohawk
Power Corporation (licensee and NHPC) regarding the Unit 1 core shroud. %he
meeting, held from 5:00 to 7:30 p.m., was followed by an NRC meeting with the
public from about 7:45 p.m. to 10:30 p.m. on the same subject. The meetings
were located at the Joint News Center, 10'Airport Road in Fulton, New York.

The agenda and a list of NRC attendees are given in Enclosure 1. Participants
for NHPC included Hessrs. R. Sylvia, R. Abbott, H. NcCormick, C. Terry, and N.
Rademacher. Contractor-personnel included Dr. R. Smith of Altran Corporation,
Dr. H. Manahan, Sr. of HPH Technologies, and Dr. S. Ranganath of General
Electric Nuclear Energy. Both meetings were well attended by state and local

. officials, members of the public, and local media.

The purpose of the meeting with NHPC was to review the letter to the NRC dated
April 8, 1997. To introduce the technical discussions, Hr. Hermann and
Hs. Kavanagh of NRC provided background discussions, including related generic
activities by the Boiling Mater Reactor Vessel Ihternals Project (BWRYIP),
descriptions and functions of the core shroud, an explanation of intergranular
stress corrosion cracking, and a review of relevant NHP1 and industry
operating experience. Enclosure 2 presents the viewgraph slides and handouts
used by Mr. Hermann and Rs. Kavanagh.

In the April letter and meeting, NHPC discussed recent inspection findings of
cr acking in the heat affected zones of some vertical and horizontal shroud
welds, and anomalies associated with the installation and design of the shroud
tie rod assemblies. The licensee discussed root cause and corrective actions,
reviewed design documentation and analyses regarding the acceptability of the.
as-found vertical weld cracking for a period of at least 10,600 operating
hours, proposed a weld re-inspection schedule, and described actions taken to
restore the tie rod assemblies to the as-designed condition. The licensee's
corrective actions for the tie rod assemblies include a modification of the
lower wedge retainer clip design, for which the licensee has requested NRC

approval under 10 CFR 50.55a prior to restart. Details of the licensee's
presentations are given in the April 8 letter and are not repeated here.
Enclosure 3 presents the viewgraph slides and handouts used by NHPC and its
contractors.

CONTACT: D. Hood, NRR
301-415-3049
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The meeting with the public included introductions of local officials and
members of various organizations by Hs. Barbara Brown, Legislator of Oswego
County. Numerous questions and expressions of concern for shroud integrity
were received and discussed by the NRC staff. Hs. C. Scott of Volney, New
York, expressed a preference that the shroud should be replaced before restart .

and provided the NRC a signed petiti'on to this end. Hr. P. Guenther stated
his belief that cracks associated with vertical welds had extended into the
base metal of the shroud and felt that this condition represented an
unreviewed safety question. Dr. J. Johnsrud of Pennsylvania State College
asked questions regarding aging, operational history, managerial attitudes and
regulatory policy. Some individuals expressed concerns for the present
financial health of NMPC and concerns for the impact that a major accident
could have on the local economy. Some employees and union members indicated
their confidence in the licensee's analyses and their support for continued
operation with shortened inspection intervals as proposed by the licensee.
Asked about the restart plans, Hr. Sylvia replied that although the refueling
efforts would probably be completed by the end of April, the unit will not be
restarted until the NRC has completed its review and approved the modified
shroud repair. Several people expressed appreciation for, the meeting and
requested that more meetings on issues of local concern be held in the future.

The meeting was video recorded and copies of the three VCR cassette tapes are
available for a fee from the NRC Public Document Room, the Gelman Building,

~

~ ~

~

~

2120 L Street, NM., Mashington, DC 20555 (phone 800-397-4209, fax 202-634-
3343, e-mail pdr8nrc.gov).

Docket No. 5Q-22Q

Darl S. ood, Senior Project Hanager
Project Directorate I-I
Division of Reactor Projects - I/II
Office of Nuclear Reactor Regulation

Enclosures: l. Agenda and NRC attendees
2. NRC Slides by Hr. Hermann and Hs. Kavanagh
3. NHPC and contractor slides

cc w/encls: See next page
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AGENDA

April 14, 1997
Meeting on Nine Nile Point Nuclear Station Unit 1 Core Shroud

NRC SESSION MITH NIAGARA NOHAMK POMER CORPORATION (NNPC)

'00 NRC Opening Remarks

Purpose
Introduction of Participants

Oarl Hood

5:15 NHPC Review of April S, 1997, Letter
to NRC and Supplemental Information

5:05 Background on Core Shroud Issue Kerri Kavanagh
Robert Hermann

Hartin HcCormick
et al.

Introduction
Core Shroud Stabilizer Assemblies (Tie Rods)
Core Shroud Meld Inspections and Evaluations
Conclusions

6:30 NRC guestions/Comments

6:50 Break

II. NRC SESSION MITH PUBLIC ON CORE SHROUD

7:00 NRC Opening Statements

7:10 guestions/Comments from Audience

9:30 NRC Closing Remarks

Darl Hood

Singh Bajwa
Richard Wessman
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NRC ATTENDEES

I

Office of Nuclear 'Reactor Regulation, Rockville, ND:

Richard H. Messman

Singh S. Bajwa

Darl S. Hood

Robert A. Hermann

Kerri A. Kavanagh

Milliam H. Koo

Jai Raj N. Rajan

Chief, Mechanical Engineering Branch
Division of Engineering

Acting Director
Project Directorate I-1

Senior Project Hanager
Project Directorate I-l
Senior Level Advisor-Materials Science
Materials and Chemical Engineering Branch
Division of Engineering

Reactor Systems Engineer
Reactor Systems Branch
Division of Systems Safety and Analysis

.Senior Materials Engineer
Materials and Chemical Engineering Branch
Division of Engineering

Mechanical Engineer
Hechanical Engineering Branch
Division of Engineering

Region I, King of Prussia, PA:

.Lawrence T. Doerflein

Barry S. Norris

Diane P. Screnci

Chief, Project Branch I
Division of Reactor Projects

Senior Resident Inspector
Nine Nile Point Nuclear Station

Senior Public Affairs Officer
Public Affairs Staff





April 14, -1997

Robert A. Hermann, Senior Level Advisor
Division of Engineering

Office of Nuclear Reactor Regulation
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o Core Shroud Cracking
~ first detected in U.S. plants in 1993
~ GL 94-03, "Intergranular Stress Corrosion Cracking of Core Shrouds in Boiling Vfater

Reactors," issued July 25, 1994
~ all responses evaluated and SERs issued

' CATEGORY C (22 Plants)
~ All Category C plants'ore shrouds inspected per GL 94-03 (or initiated preemptive

repairs)'3

plants installed core shroud repairs (11 tie-rods arid 2 clamps)

o CATEGORY 8 (6 Plants)
~ A11 Category B plants core shrouds inspected per GL-94-03, met ASMH structural

integrity criteria for at least one operating cycle
~ No repairs

o CATEGORY A (8 Plants)
~ Limited VT inspection performed at 2 plants

1 except Browns Ferry 1, which has been in an extended shutdown

Regulatory tnforaetfon Conference ltprtl 2, $ 997
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o BWRVIP-03, Reactor Pressure Vessel and Internals Examination
Guidelines

o BWRVIP-05, BWR Vessel Shell Weld Inspection Recommendations

o BWRVIP-06, Safety Assessment of Reactor Internals

o BWRVIP-02, Guidelines for Reinspection of BWR Core Shrouds
I

o BWRVIP-14, Evaluation of Crack Growth in BWR Stainless RPV
Internals

o BWRVIP-17, Roll/Expansion of Control Rod Drive and In-Core
Instrument Penetrations in BWR Vessels

Regulatory Inforastfon Conference -3- April 2, 1997





REP

0 BWRVIP-18, Core Spray Internals Inspection and Flaw Evaluation
Guidelines

0 BWRVIP-19, Internal, Core Spray Piping and Sparger Repair Design
Criteria

0 BWRVIP-25,'Core Plate Inspection and Flaw Evaluation Guideline

0 BWRVIP-26, Top Guide Inspection and Flaw Evaluation Guideline

0 BWRVIP-28, Assessment-of BWR Jet Pump Riser Elbow to Thermal
Sleeve Weld Cracking

Regulatory inforwetion Conference April 2, 1997
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INTERGRANULARSTRESS CORROSION
CRACKING (IGSCC MECHANISM

~ Material
Higher Carbon Content More Susceptible

—Rolled.More Susceptible than Forged
Material

~ Environment
—Susceptibility. Increases with Greater Oxygen/

Contaminants in the Reactor Coolant
—Irradiation Increases Susceptibility

Environment Stress

~ Stress
—Higher Stress Levels Increase Susceptibility

18
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Meeting Purpose

The purpose of the meeting is to:

~ Discuss the details of recent hmpections of the core
shroud and stabilized assemblies (tie rods).

~ Discuss the analyses supporting the 10CFR50.55a
submittal for proposed 'ie rod retainer clip
modification.

~ Discuss analyses which demonstrate that the shroud
and tie rods were operable and safe during the
previous cycle.





rou e air ac roun

~ The BWRVIP developed industry standardized
shroud repair criteria which was approved by
the NRC. The repair was designed to
meet standardized criteria.

~ C evaluated the. industry experience related
to core shroud horizontal weld cracking and
concluded that the core shroud could be
susceptible to similar cracking.

~ took a pro-active approach with this issue
and decided to install a shroud repair duroc the

. Spring 1995 refuel outage.





umma o esu s

~ ~

~ The Unit 1 Core Shroud Stabilizers have been restored to
the as-designed condition.

~ Redesigned lower spring wedge retainer clips have been
installed to improve tie rod operation.

~ Steady state and trarmient thermal expansion has been
analyzed and proper function of the tie rods and their
components is assured.





ulema o esu .

~ Abaseline inspection of the shroud vertical
. welds has been completed.

~ The as-found condition has been analyzed,
taking no credit for the integrity of the
horizontal welds.and applying conservative
crack growth rates, and demonstrates the
continued structural integrity of the shroud.





e-ins ection c e ue
~ NMPC requests operation for at least

10,600hours 141 2months beforere-
inspection.

~ A safe evaluation, based on
conservatism with regard to analytical
parameters, concludes no unreviewed
safe questions with regard to tie rod
repairs and vertical weld. integri





OM f"OQ a z izers

R. Corieri
NMPC Engineering





e air escri -ion

~ Shroud repair designed to structurally
replace the shroud circumferential welds.

~ Four tie rod assemblies are placed around the
shroud (azunuths 90', 166', 270', 350').

~ Vertical restraint is provided by an alternate
load path between the top of shroud and
shroud support cone.

~ Horizontal restraint of the shroud is provided
through the use of linear springs and lirIut
sto s.
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ns ection an

air

~ Prior to the 1997 refueling outage, C
submitted its shroud repair irmpection plan to the
NRC for approval.

~ The plan was in accordance with the BWRVIP-07
guidance.

~ Visual inspection of all four stabilizer assemblies
to:
—Very the general mechanical and structural

condition.





s- 0Qn on i ion

~ Tie Rod Assemblies

The be rod assemblies were found to be in place and &xndiona1 at the bme .

of the inspecbon with some anomalies.
0 Tie Rod Nuts

- . Allnut locking devices were intact,
A toxclue check on the 270 degree be rod nut identified a lack of the original
insta11atton mechanical preload.
The torque check determined'that an axial clearance in the tie rod assembly
on the order of 0.08" existed.

~ Lower Spring Wedge and Latch
90: latch fractured and lower wedge re-positioned down on wedge guide .

166': latch and lower spring wedge normal
270: latch potentiaHy damaged and lower spring wedge normal
350': latch damaged and lower spring wedge ~1/8" below normal
posibon





~ ~

itiona ns ec ions

~ Based on the as-found conditions, additional inspections
were determined to be required.

~ Acomprehensive procedure was developed to interogate the
condition of each of the tie rod assemblies.

~ Remote operated underwater tooling and inspection
equipment was designed and fabricated to implement the
procedure.

~ The procedure was also intended to obtain data to validate
the root cause theories associated with the degraded latches
and the lack of preload in the 270'ie rod.

~ As a result itwas determjtned that the tie rod assemblies at
the 90, 166 and 350 degree azimuths also had some amount
of axial clearance which ranged from 0.054" to 0.151".





00 QQS8

~ The evaluation of the as-found condition shows that both the latch
failure and the loss of tie rod preload were related.

~ The design of the lower spring contact implicitlyassumed that the
lower spring contact would slide along the Reactor Pressure Vessel
(RPV) wall.

~ There were two conditions causing differential movement that were
not expected:
- The lower support assemblies were able to shift up the shroud cone

toward the shroud due to original installation clearances between
the toggle bolts and the cone holes. The impact of the clearances
was not recognized.
Differential motion could also be caused by the deflection of the C-
spring under tie rod load for heat up. Ttus could also cause
stresses in the latch, although somewhat less than in the previous .

case.





noma ies
C cet ePast0 eratin

Corise uence o Tie Ro
Durin

— ~ No plant operational anomalies noted during the past cycle.
~ Allplant operating design cases evaluated.

— AHstresses are withinASME Code limits.
'

Bypass leakage does not affect plant operation or safety
functions.

— Core cooling operability. unaffected.
— Safe shutdown capability unaffected.

~ How induced vibration did not occur.
~ As found shroud horizontal weld conditions were safe without

tie rod repair in place.
~ Conclusion: no safety concern; no adverse affect on tie rod

repair hardware.
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~

orrec ive c ions

~ Removed clearance between the lower
support toggle bolts and the shroud side
of the cone holes.

~ Re-torqued the tie rods to their original
design installation torque.

~ Installed new modified latches which are
more tolerant of differential vertical
displacement.





esi n ec Eve





esi n ec ive

~ Support lower wedge dead weight
loads

~ Accommodate potential vertical
displacements between lower wedge
and lower spring

~ Prevent release of the lower wedge and .

loss of lower spring contact.





oen ia i in ases

~ Only sliding at vessel wall lower wedge
interface.

~ Only sliding at lower wedge lower spring
interface.

Combination of the above.
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orner e e ower rin
i in cenario

Event Surface Assumed to
SBde

Latch Displacement
(inches)

Initialheatup and
hydrotest

Spring Interface 0.042

Remainder of heatup
to fullpower
o eration
Loss of Feedwafer
Heating

Spring Interface

Spring Interface

0.090.

0.132
/





om ine i in cenario

Event

Initialheatup and
h drotest

, Remainder ofheatup
to fullpower
o ration
Cooldown to
Ambient 0

Heatup to Full Power
ration

Loss of Feedwater
Heatin

Surface Assumed to
Slide

Spring Interface

Spring Interface

Vessel Interface

Spring Interface

Spring Interface

Latch Displacement
inches
0.042

0.090

-0.115"

. 0.182

0.224

~ Maxhnum displacement is limited by the amount of travel down the
5 degree angle of the spring.





ress sis esu s

Sliding
Condition

Sliding only at
lower
wedge/lower
spring interface

Sliding at both
interfaces

Plant
Operating
Condition
Normal

Operation

LOFWH
Operabon

Normal
Operation

LOElhtH
Operation

Displacement

.090 *

.182

.224

Calculated Stress

Allowable Stress

* The stress results reported are for a 0.100 displacement,
which is conservative.





ress
1

orrosion va ua ion

~ Stress Rule Index Methodology sized
~ For probable sliding case, stress

corrosion willnot occur for remaining
life of plant.

~ For worst case sliding, stress corrosion
willnot occur in the next operating
cycle.
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~

om arison o eS1 nS

~ The improved latch design stresses are 8 to 12
times lower than the original design
—membrane + bending

ratio = 8.6
—membrane + bending + peak

ratio = 12.8

~ No permanent deformation in new latch
design even tmder worst case conditions





t.'1" 1Ca e

t1S CCtlOtl all Va gappy

G. B. Inch
t- Engineering





xan e rou
ns ec ion oas

~ Baseline shroud vertical arid horizontal welds.
~ Obtain comparison between vertical and horizontal IGSCC

cracking pattern
— Horizontal cracking at the H4 location consistent with other

BWR-2 cracking and NMP1 H4 analysis predictions.
, ~ Obtain H8 UT re-inspection data

— Re-inspection of H8 co 'o significant IGSCC cracking
which could impact core shroud. support function.

» Structural capability assured based on inspection
— Sample inspection of H9 with EVT shows no indications.





x an e rou
ns ec ion oas

~ Determine actual core shroud structural-
margin pri sent in horizontal welds.

~ The tie rod installation assumed horizontal
welds not present.
—Inspection shows signjL6cant margin.

1 Based on structural capability of H4 arid H5
establish the margins associated withvertical
weld cracking



i



i iona ssessmen

nitia ives
~ Obtain comprehensive material condition assessment

using all available inspection tools (enhanced. visual
examination/ultrasonic volumetric examination).

~ Assessment of the shroud vertical cracking performed.
by several independent IGSCC experts to compare
cracking to other industry shroud cracking.

~ Advanced computer modeling of the fabrication
process to better define the most probable residual
stress state which could explain OD dominant cracking.

~ Obtain metaHurgical sampHng ofvertical vrelds (two
boat samples).





itiona ssessment
n1 t1atlVes (continued)

~ More refined analysis of the vertical weld
cracking is expected to increase the
inspection interval to one operating cycle.

~ Re-inspection of vertical weld cracking
most probably willshow deeper cracking
is arrested.

~ The industry has never seen through wall
cracking.





asis or er ica e

na sis oa s
~ Welding residual stresses and the welding

process fitup related induced stress in the .

weld create built in stresses which drive
IGSCC cracking.

~ Pressure stress dominates fracture.
~ The pressure stresses are defined by

reactor internal pressure difference
calculations.
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V

~ Vertical weld cracking is IGSCC.

~ Potential for irradiation enhanced material
sensitization in the HAZ,which, coupled with
enhanced stress relaxation, can affect crack growth.

~ Allfindings show that IGSCC consistent withbasis
for BWRVIP established and NRC approved methods
for analyzing core shroud cracking and establishing
re-inspection requirements.

~ Conclusion is that the BWRVIPcore shroud
inspection and evaluation guidance applies to the

vertical weld cracking.
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rau ics ssessment

~ Potential vertical weld through-wall cracking
could result in (negligible) diverted core flow.

~ Anticipated transients (potentially increased
c der has favorable effect on thermal
limits).

~ LOCA
—Potential leakage has no impact on core spray

flow.
—Core cooling is assured through core spray.





er ica e

rac romt ar ins
~ Uncertain associated with variables

like stress intensi, neutron fluence are
basis for bounding crack growth rates
of 5e-5 inches hour.

~ Detailed crack growth analyses which
account for all the above variables
define V9 and V10 crack site specific
growth rates which demonstrate that
5e-5 inches hour is conservative.
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va uation o rac fn
in ertica e s

Dr. R. Smith
Altran





0 Careful examination of cracking
patterns and other information.

~ Develop a plausible explanation of
what happened.





rac in at erns rovi e

vi enceo e easons or
rac in





serva ions

~ Cracking characteristics
shroud

pical for

favors one; plate
~ Cracking deeper at top more shallow

towards bottom

~ Cracking predominantly on OD
~ Cracking remains axial predominantly

in the weld HAZ
~ Cracking densi
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onsi erations

arameters for IGSCC are well kn
Melding and fabrication practices alt
residual stresses





esi ua ress ources

~ Welding
~ Surface metal working
~ Fabrication and fitup
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e in esi ua resses

~ .Extensively studied
~ Predicted by FEM
~ Confirmed by measurements





rou a ress a tern

~ Depends on heat input and weld sequence
~ High OD stress predicted. for low heat

input welds
0 Fitup shaping adjustments diameter

squeeze

~ Combination produces a stress pattern
that is consistent with the cracking
observations





ime en en

rra ia ion

~ Increase elecbochemical potential ECP

~ Enhances material susceptibili
~ Reduces residual stresses by a creep

mechanism .
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one usion

0 Shroud fabrication practices provide a
plausible explanation of vertical weld
cracking observations

~ Time dependent irradiation effects can
help explain crack depth proMes top to
bottom





na sls 0 rOQ e

rac in

Dr. M. P; Manahan, Sr.-

MPMTechnologies, Inc.





The analyses have focused on:

~ Contributing to the deternunation of the root cause of.
cracking at V9 and V10 from a stress field, crack
growth, and cracking mechmIIism perspective

~ Explaining why cracking along V9 and V10 is
predominantly OD (this behavior would not be
expected from exanunation of double V-groove weld
stress fields)

4 Providing a realistic estimate of the allowable future
operating time based on a conservative, but accurate
model
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ua itative aracteriza ion o

an rac In
~ The cracking'is almost exclusively on the OD side of the weld within

the ERM
~ Most of the cracks run longer in the axial direction and are connected

to a short horizontal crack segment
~ The axial cracks (driven by hoop sbess) are deepest near the H4 weld

.where the fast neutron flux is highest
~ 'oth the left and right sides ofV10 are cracked
~ The left side of V9 is cracked with littlecracking on the right side

, ~ The depth of cracking. correlates with fast (E ) 1 MeV) neutron fluence

Conclusion: The evidence suggests that the cracking mechanism is
irradiation enhanced - intergranular stress corrosion cracking (lE-
IGSCC).





ause o re ominant
rac in a

A'retrospective analysis of the cracking observed has been
performed to obtain an in-depth understanding of the
fabrication processes which contributed to the observed
cracking behavior. The approach involved the following:

~ welding simulations (WELD3)
~ shop load simulations (ALT3D)
~ weld repair simulations (ALT3D)

Conclusion: Itcan be demonstrated that a combination of low
heat input and a diametral squeeze (dead weight and/or
jacking) produce a stress field which would explain the cracking
behavior.
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or on inue era ion

Model Descri tion
~ Credit was not taken for crack arrest
~ LEFM,EPFM, and limitload calculations were performed
~ Crack growth rates were calculated using GE fluence dependent model
~ . Initialcrack depths which bound the measured depths were used
~ Variation of fluence through the wall was modeled using plant-specific

Quxes

~ Kvs. a data were calculated using finite element methods for a
representabve stress Beld

~ Cracks initiate under axial stress, grow 0.3 to 0.5 inches deep, and then
grow under hoop stress

~ Cases with, and without, credit for integrity of the H4 and H5 welds
were analyzed





tructura ar in ssessment o

or on inue era ion

Conclusions

~ The bounding 5 x 10-5 in/hr crack growth rate
is conservative

~ The analyses show that safe operation can be
ensured for at least ~x additional 2 years of
hot operation
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Dl'. S. Ranganath
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ont e ie o unc ion

~ Tie rod repair design basis does not require vertical welds to be
crack free

— Any flaws should be within the allowable size
'

No credit for horizontal welds
~ Structural analysis ofNMP1 vertical weld indications based on

separate stand-alone cylindrical model
— Acceptability demonstrated assunung horizontal welds to be.

fullycracked
— No adverse effect on the tie rod repair function ..

Vertical TVeld Cracking does not lead to
Violation ofTie Rod Repair Design Basis





CC 0 le 0 oa 1n onI;e
CPI;lCQ ~ fQC EO

~ Analysis performed to determined whether
tie rod loading can cause stresses which could
cause crack growth in the vertical welds
—3D finite element modeling

~ Results confirm that the stresses due to tie
rod loading are negligibly small

Tie Rod Repair has no Impact on

Vertical lVeld Cracking





ructura va uation

~ Two types of evaluations performed; withcomjmon
features:
— Fracture and LimitLoad considered
— ASME Code safety factors included.

4 Screening Criteria Approach
— Assumes through wall cracking
— Analysis for 16,000 hours

~ Detailed Analysis using UT Depth Data
— Credit for uncracked ligaments
— Maximum period of operation based on allowable K





rac rout ate ssessment

~ ~

~ Several predictive models evaluated

BWRVIP correlation
-. GE PLEDGE model

SKI crack growth model
- NRC crack growth rates

~ NRC accepted growth rate of 5 x 10 in/hr is bounding
- Irradiation effects are bounded by the NRC curve

BWR shroud field cracking data confirms that actual growth rates
are lower; 2 x 10 in/hr bounds data

NMP1 water chemistry during the last cycle has been exceHent fess
than 0.1 micro-siemen/cm)

NMPX Crack Growth Rates Expected to be Much Less than
the Bounding Crack Growth Rate used in the Analysis





creenin riteria na sis

ec nica
~ Cracks assumed through wall in aH mdnspected regions
~ VVhere indications found (UT/VT),through wall Qaw assumed
~ LEFMand LimitLoad analysis
~ ASME Code safety factors

— 3.0 Normal and upset; 1.5 Emergency and faulted
~ Uncertainty factors for UT and VT included
~ Evaluations performed for 16,000 hours

— Crack growth rate of 5 x 10 s in/hr
— Indications acceptable iffinal length less than allowable value

AllWelds except V4, V9 and V10 shoron acceptable

by the Screening Criteria Analysis





etai e va ua ion o

~ Detailed evaluations for the V9, V10, and V4 indications
— Credit for remaining ligament after crack growth of

5 x 10 in/hr and inspection uncertainty factors
— LEFM and limitload analysis with ASME code safety

factors
— Covers normal/upset and accident conditions
— Acceptable period for continued operation deternuned

~ Analysis shows that continued operation is justified for at
least 10,600 hours
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rue ura na sis one usions

~ Tie rod repair design basis maintained even with the
observed vertical weld cracking
— No credit taken for horizontal weld. integrity

- ~ Structural margin demonstrated for continued operation
for at least 10,600 hours

— ASME Cod.e safety factors m maintained

— Bounding crack growth rates used
— Conservative flaw sizing assumed

Required Structural Margins Maintained
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Reactor internals Pressure Differentials

Event

Normal and

Upset
Faulted

H'l to H-2

Delta P

8.9 psl.

22 psi

H-3 to H-Sa

Delta P

8.9 psi

22 psi

Below core
Plate

Delta.P

23.6 psi

63.0 psi





Leakage FIows at Rated Conditions

Vertical Weld Cracks
V-9 and V-10

Horizontal Weld Repair

Flow

{gpmj
200

1510

% Core Flow

0.11

~ ~~ o ~ «ww o a oo ~

0.54
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Heat input Sensitivity
Weld+, Operating at 550 F

40

30

e 20

10

0

-10

I~1.5 baseline

~baseline
~0.75 baseline

~0.5 baseline

20
0.0 0.2 OA 0.6 0.8 1.0

DIstance from Inner Surface (In)

1.6

40

Heat input Sensitivity
Weld + Operating at 650 F

10

0I
Ao -10
x

-20

40
0.0

~ ~1$ baseline

~baseline
~ ~0.75 baseline

~0.5 baseline

OA 0.6 0.8 1.0

DIstance from Inner Surface (in)

1A 1.6

Axialand Hoop Stresses at Operating Temperature for the
V9IVI0%'elds as a Function ofHeat Input During %elding
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Surface Stress Summary for Several Weld Heat Input Cases

Showing the Effect ofDiametral Squeeze on the Stresses

HAZ Surface Stress Summa (Baseline Weld Heat)

Hoop Stress (ksi) Axial Stress (ksi)

ID OD tD OD

as welded
welded+ operating

weld+ 4" squeeze+ op

19.8 -3.7 39.9 42.6
16.6 -2.8 29.1 32.7

9.0 -1.9 19.5 25.5

HAZ Surface Stress Summa (O.T5 Baseline Heat Weld)

as welded
welded+ operating

weld+ 2" squeeze+ op
weld+ 4" squeeze+ op
weld+ 6" squeeze+ op

Hoop Stress (ksi)
ID OD

29.4 0.2
23.6 0.0
17.2 0.7
8.4 Z.4
-2.6 0.7

Axial Stress (ksi)
ID OD

37.1 43.8
26.0 33.6
20.2 26.4
13.4 26.0
8.1 14.0

HAZ Surface Stress Summa (0.5 Baseline Heat Weld)

Hoop Stress (ksi) Axial Stress (ksi)

as welded
welded+ operating

weld+ 2" squeeze+ op
weld+ 4" squeeze+ op
weld+ 6" squeeze+ op

ID OD
38.8 11.0
28A 8.5
15.3 7.1

62 5.4
-5.0 5.2

ID OD
27.7 50.3
19.6 38.8
13.8 31.7
10.4 28.7
7.0 19 A
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Weld V9 OD Fluence and Crack Depth Profiles
(left side of V9)
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O
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~O
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0.25

0.0
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Distance Along V9 Measured from H4 (inches)

Correlation Between Fast Neutron Fluence and Crack Depth at
NMP-1 Vertical Weld V9
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ANSYS 4. 4A1
MAR 31 1997
10:46:46
PP~EP7 ELEMENTS
TYPE NUN

YV "-I
+BEST 144.627
~VF 53.25
ZF 258.521

L

~-»-5- ,I
~ » ~

I
I

180-degrees eode1

OlP shroud : four t$ e-rods

Figure 2. Analysis Model

(Four tie-rods)





Infinite and Finite Plate with Through Thickness Cracking
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Infinite Plate Finite Plate





LimitEoad Model

Partial Shell Section





I/Veld V-9 UTData

V-9 Flaw Data
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V-9and V-10 Flaw Data Comparison

Y-9 and Y40 Flaw Oah
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Finite Element Model of the
Shroud
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Details of the Crack Tip Element

Part
Through
Crack Special Crack Tip

Elements

Through Wall
Crack





V-4 Depth and Depth after 10,600 hours
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V-9 Depth and Depth after 10600 hours
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Idealized Compound Crack for V-S
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ENCLOSURE

Figures, tables, and Appendix C from General Electr)c Nuclear Energy Document

6E-NE-Bl3-01869-043,. Revision 0.
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V-50

V.55 V-52

Y55 V 50
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'fable 24
Summary ofRecent Shroud Vertical%eid hepectioas gtFO 14)

Y-3

V-5 rin

Y-7

%aid
Length

~ A)
31M

3MS

lasycction

Coverage'5"

Left
15" t
22" Left
ll"Ri t
Not located
Not located
9" Leftll"Ri t
M"Left
93"

Shroud
ID/OD

OD

OD

Nh
Nh

OD

UT

Nh
Nh

18" ID Right HAZ
0.8" OD, Right HAZ
22 "IDLeft HAZ,
1 8 "IDRt t HAZ

Nh
No Indications

No Indications

90.12 = IDand EVT-1
OD

OD

Indications on over 9ÃS OD
right HhZ
Minorcracking on OD left side
and oa IDboth sides
Numerous indicatioas on OD,
Left HAZ
Two minor Saws on ID,Right
HAZ

V0]0 90.12 100/i ID and
OD

EVT-1 Crackiag oa OD, Right HAZ
Crackiag on ID, Left and Kght
HAZ

OD UT Flaws detected oa ~ gpss oa
OD, Right HAZ
Fiavrs detected on > IOS on
OD, Left HAZ

V 11

V-12

633

638

100/i OD
50'/i ID
100'/i OD
SP/~ ID

IDaad .
OD
ID and
OD

EVT-I

EVT-1

No Indications

6" OD, Right HhZ

V015 22.13 11" Lef't
11" Right

OD UT 6". ID,LeftHAZ ~

X2" ID Right HAZ
V016 22,13 1R/~

104" Left
20" Kght

OD
OD

EVT-1 .75" OD, Left HhZ
5" ID Left HAZ
4" ID IUght HAZ
3" IDLeft HhZ 5am right aide
exam

~ The inspeaed regions indicated oa each aide of the weld are not needily coincident, hence the integrated
hspectioa coverage may be less than ~icated. but has been taken into accwmt ia determining the ttncracked
figament length.
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Appendh C
Shroud Inspection Summary
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ge following is a weld by weld summary detailing the scope of inspections and results of the

ihm3d exazninations performed to date.

%cd U 3

Performed ultrasonic examination ofapproximately IS inches of each side of the weld &am the
shroud OD surface. Approximately ld" ofQaw was detected on the ID surface and 0.8" ofSaw
on the OD space.

%cM VA
4

Performed ultrasonic examination ofayprordmately 11" ofthe leh HAZand 22" ofthe right HAZ.
. ID Saws were detected over the entire examined length of the M HAZ and lS" of Qaw was

detected on the ID ofthe right HAZ.

%cM V-7

Performed ultnLsonic examination ofapproximately 9" ofthe ldllHAZand 11" ofthe right HAZ.
No Saws were detected during the examination..

O.
%Veld V4

0

Performed ultrasonic examination of approxim!Wly SE'f the leh HAZ and M" of the right
HAZ.No Saws were detected during the euunination.

%el'-9

Performed ultrasonic examination &em the shroud OD surface for approximately the entire length
ofboth the leA and right HAZs as well as EVT&om both the ID and the OD. Visual cracking was
detected over gramr than 90/i of the right HAZon the OD and minimal cricking was detected on .

the ID in both the left an right HAZs. Minor cracking was also detected on the OD in the leh HAZ.'he cracks detected visually on the shroud lD surface were found to be'predominantly transverse
to the weld whereas the cracking detected visually on the shroud OD surface was mostly parallel to
the weld with components that branched tran!wase to the 'weld. Ultrasonic euaninations of
essentially the entire length of the weld was performed Sum the shroud OD surface and detected
numerous Saws over the length of the left HAZ emanating &nn the shroud OD surface. Two
Imall Saws on the ID surface'were detected in the right HAZ.

%cMV 10

Performed ultrasonic examination &om the shroud OD surface for approximately the'entire length
ofboth the leh and right HAZs as well as EVT &om both the ID and the OD. Flaws were detected

on greater than SPYo of the right HAZ on the OD surface and greater than Spyo of the le& HAZ
revealed Saws on the OD surface. The EVT examination revealed cracking in the leh and right
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~-
0AZs on the OD NufiLce for most ofthe length ofthe weld and on the ID in both the left and right
HAZs. The cracks detected visually on the shroud ID surface were found to be predominantly
aan!werse to the weld whereas the erasing detected visually on the shroud OD Nuface was mostly
paraM to the weld with components that branched transverse to the weld.

4

%cld V-11

EVTemmlnations were performed on the accesable weld length &om both the ID and the OD of
both the Mand right KQ~. No crachng was detected during. the euuniruaion.

%eld V-12

EVTeutminadons were performed on the accessible weld length Sam both the IDad the OD of
both the Ieh and right HAZs. One 6" crack was detected on the length OD surface in the right
HAZ. No other cracking was detected.

%eld V 15

Ultrasonic examination was performed &nn the shroud OD surface on approximateiy 11 inches of
both the Ieh and right HAZs. One 6" Qaw was detected in the left HAZ on the ID Nuface and

'everal ID Qaws totaling 22" in total length was detected on the ID in the right HAZ. No Qaw
detected in either HAZwas greater than ]0/ithrough wali.

%aid V 16

Ultrasonic examination was performed &om the shroud OD surface ofapproximate)y 10.5" ofIeh
HAZ. Two Qaws were detected on the ID Nufa'ce. One Qaw was 5" in length, 10'hrough wall.
%he other ID Qaw'm the left HAZwas detected &om the scan on the right HAZ and was.3" long
and 3P/o through wall. Approximately 22 mches ofthe right HAZwas examine &om the shroud
OD Nuface. One Qaw was detected on the IDwhichmeasured 4" in length and 21% through wall.
hn EVT cxamiretion of both HAZs &om the shroud OD surface revealed one crack in the lef't

HAZ.

Recent Inspection Results for Shroud Horhontal%elds

In addition to the shroud vertical veld inspections, the borixontal welds H-2, Hg, H-5, Hha, H-
6b, and H-7 were also inspect+ for analytical purposes, to evaluate the overall integrity of the
shroud using assumptions ~ of mast case cracking of the ical welds.
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%Vdd 8-2

Ultnsonic examu~on was performed Scan the shroud OD surface ofapproximately 24 inches

P of the upper HAZ adjacent to weld VA. hyproxinuLte]y 7 hches of intermittent Qaws were
cktected on the OD surhLce, with the deepest area having a through wall depth of22 inches.

Ultrasonic examiietion &om the shroud OD surge was yerfanned on approximately 60/i of the
, Iower HAZ. ID and/or OD Qaws were detected intermittently throughout the extanination Nrea.

Some ID Qaws were detected in the upper HAZ. Approximately 32 inches ofthe upper HAZwas
. ultrasonically earned. 3 inches ofshallow OD Qaws were detected in the upper HAZand one 6

inch long ID Qaw was detected with the maximum through wall depth of23 inches.. hn EVT
memitueon of the OD was performed ofover 70Yi of the upper and lover HAZs. Cracks were
detectedinboth the upper and'lower Hdqrs.

WcM H-5

'ltrasonic eamination Som the shroud OD surface was performed on approximately 30/o of the
upper and lower HAZs. OD and ID Qaws were detected in the upper HAZ only. No Qaws were
detected in the lower HAZ. EVTofapproximately 60/i ofthe shroud OD surface revealed crack!i
intermittently in both the upper and lower HAZs. Most of the Qaws detected visually on the OD
surface were oriented perpendicular to the weld. No Qaws were detected in the uyper HAZat the
intersections ofwelds V9 or Vl0.

%Vdd 84h

Ultrasonic eam~tion was performed on both the upper and lower HAZs ofapproximately 30/o
of the circumference Som the shroud OD surface, Flaws were detected on the OD surface of the
hwer HAZonly. No Qaws were detected in the upper HAZor on the IDofeither HAZ.

. Weld HAB

tm; ' wf a ba Ih WW dl RIZ f~fvN%
ofthe circumference &om the shroud OD Naface. 'Flaws were detected on the OD suttee of the
upper HAZonly. No Qaws were detected in the lower HAZor on the IDofeither HAZ.

Wdd 8-7

Ultrasonic examination was performed for the shroud OD surface on the upper HAZ on
approximately 3@ii ofthe circumference. No Qaws were detected during the examinILtion.
Weld 84

UltnLsonic elimination was performed for the shroud OD surface on the lower HAZ on
Iyproximately 3PYi of the circumference. A Qaw which was identiQed by UT during a prior
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cetage was located as well as one additional Saw h the same arei. This Qaw was ultrasonically
axed to be of lesser through ve11 depth than in RFO13. A review'of the previous data indicates
that the 'previous RzLQg performed %as very cor~rvative, AD EVT %Ms performed on

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~

~ ~

~

~

~ ~ ~

«pproxhnately 3P/o of the circumference &om the shroud OD surface. Of the Sve small cracks
visually detect during RFO13 only I was viable during this inspection. The inspection ln the
area of the other four was hampered by the placement of a Tie Rod support whch prevented a
goad EVTinspection. Cracks were visually detected in three new locations in the upper HAZ. The
largest ofthese cracks (9"-12"j is located predominantly in the ring segment Upper HAZand runs
into the weM toe and bac1'nto the ring segment.

%dd 8-9

hn EVTeemination +as performed ln one area 26 inches long. No hdications mme sots during
the eeminanon.
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'Vabh 5-2
hS~h ~ Shes for the Nhe MQe Poht UaB 1

SJeeud VcrtIhal%ehh
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Qatmra
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%IMED Length, mach leogth, h ~eeet, lL,

ls

48
Mh. Iigsaeirt
4edsdhg eraelt~h (tiro
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aa0'as

peale
Sacertalaty; la.

ote 1)

(6)
Avalhbk
Iqalvakat
lJa cracked
ligamcat

4eagth, h.

7Q (V~3)
Note 2 (V4

V 7,V4 lSDP . 1!3

Y.9o 90.12 NAP
V 10

V 11, 4380 .$ $20
V 12

V 1$ , 22.13
V 16

i7.7i

51.03

1943

0.7E
r

14.72

$47 .

17A17

930
Note 5

9.0 (V 7)
5.6 (V4)

Note 2 (V-9)
Note 2 (V 10)

$ 1.7$ (Y 11)
2S.7$ (V 12

Note 4 (V-]5)
M(V 1

Nates l. Based oa cnck Iro~ ofEAi fn. and UThspactloa ancertahty of2 x 08'l5
inch at each crack 1y tor length ahhg.

2; Meets iequbements based oa thrther cvaluadoa reported h Subsection 58.*The mhhnum Qgameat forEVThspeeloa Is hrger to account for greater
Incertahty In the ohms htspedioa The'Incertdaty Isctor ayyM ks ~M
fo2x L2h*~e equlvdent Iealth ster Subtrattkeg crack IroM>and hspeclon
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MICHAELJ. BRAGMAN
MAJORITYLEADER

THE ASSEMBLY
STATE OF NEW YORK

ALBANY

District Office
0 305 South Main Street

North Syracuse, New York 13212
(315) 452-1 044

0 Room 926
Legislative Office Building
Albany, New York 12248

(518) 4554567

0 Room 436
Capitol Building

Albany, New York 12224
(51 8) 455-4225

April 20, 1997

Shirley A. Jackson
Chairwoman
United States Nuclear
Regulatory Commission

11555 Rockville Pike
Rockville, Maryland 20852-2738

Dear Shirley:
I have enclosed copies of two recent letters that I have received
from Michael Slee, 21 Lower Road, Constantia, New York 13044 and.
Sandra J. Weston, ESDW AC for Environmental Concerns, Inc., 819
West Third Street South, Fulton, New York 13069-3200. These
letters, relative to concerns regarding the cracked shroud at
Niagara Mohawk's Nine Mile One nuclear reactor', are self-
explanatory.

Would you please review this matter and provide me with your
comments and recommendations. Subsequent to receiving your
response, I will be able to determine what further action on my
part is necessary and appropriate.

Thank you for your anticipated cooperation.

Best wishe

Very rul yours,

Mi ael J. Bragman
Majority Leader

MJB/kev

Enclosures

cc: Michael Slee
Sandra J.. Weston





From: Sandra J. teston
To: Honorable Michael Bragman
Company: Assembly Majority l.cad r

Date: 'April 9, 1997
Time: '4:10 PM
FAX4 '(355) 4624872

Message:

Residents of Os'! ego County are ve!p concerned about the Cracked Core
Shroud at Nine hlile Point Unit 1. lt is our belief that the reactor should not be
restarted wi;hou! total replacement of the core shroud.

I

We are not only concerned about the health and sa'ety of cdunty residents but
a valuable end irreplaceab:e natura! resource, Lake Ontario, which adds an
economic factor to conside;..

VYe would like to suggest that exper',."- not a5liated w!th Niagara Mohawk, nor
company employees, inspect and e a!uate the plant.

I

VOCE. {31 5) 502-978'! PAX'3:;".; 602-578'! EMell: SWasto 724@80!.corn
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On April.'l7 1997; the'NRC wiO make a decision on
allowing'iagara-MowhawkPower Authority to re start the reactor at

Nine Mi1e One in the town ofScriba NY.
Niagara.Mowhawk maintains, that cracks in a shroud around

the reactor., willnot get any worse for at least [2] years,
and wants to re start itwith out making any kind. ofrepairs.

The Nuclear Information and Resource Group, maintain,
that the shroud must be replaced be fore the reictor is restarted.

As a resident of Oswego County ware the reactor is located,
I Qnd it very distressing that the main meeting with Ni Mo

is to be held in Maryland? Why there?

%by 'don.'t they want itheld locally, so the residents can voice,
their opinions an'd concerns?

Its clear,that they are trying to do a restart on a dangerous „.
; unit:and at the.'iame'time, white wash"it m the'e jes ofthe

public.
They are looking at the dollar side ofthis, instead ofthe

impact ofwhat may happen ifthis animal blows and poisons
. New York State and who knows ware else.

I ask you fo please take a stand with us in. insisting that
the repairs be done safely and properly. This is your stat~ also

Thank You
sincerely

NICAQqt Q (e +
2/ Lower g~
CcnsMha, MY ia~V9--

y+E Pdg~.~
fLBA~~r ~„
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