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The improvements made in makeup flow control described in Toledo Edison's
September 14, 1988 letter to the NRC (Serial Number 1580) provide assurance that
thermal sleeve life in makeup service is greater than the four operating cycles
experienced by the original thermal sleeve. Minimum bypass makeup flow through
a line bypassing the makeup flow control valve was increased to between 11 and
15 gallons per minute (gpm). Procedures govern setting of the minimum bypass
makeup flow. The flow is initially set when the makeup system is started.
Procedures require verification that the flow remains within this range during
plant startup when reactor coolant system (RCS) pressure is at apjroximately
00 psd, 1000 psi, 1500 psi, and again at normal RCS operating pressure.
Surveillance procedures require mcathly verification of minimum bypass flow in
.orjunction with makeup pump surveillance testing.

By letter dated May 3, 1990 (Serial Number 1802) Toledo Edison stated its plant
to continue to investigate mechanisms which affect thermal sleeve life, and
evaluate alternatives which might be pursued to ensure long-term reliable
operation. Toledo Edison's goal is to arrive at a practical basis for long term
operation. The Staff indicated that they wished to be informed of the plans,
schedule and results of activities by Toledo Edison related Lo the thermal
sleeve lifetime issue. Toledo Edison expects to provide details of the plans to
the NRC within approximately six months after restart from the 6RFO. As
requested by the Staff, these plans will address any related needs for inservice
inspection of the HP1/Makeup nozzle A2.

*he second topic discussed at length at the meeting was the fracture mechanics
model used to determine the limiting flaw size for brittle fracture. The
results of three fracture mechanice analyses of the HPI nozzle which were
submitted to the NRC by Toledo Edison's letters dated September 14, 1988 (Serial
Sumber 1580), November 8, 1989 (Serial Numbe. 1726) and May 3, 1990 (Serial
Number 1802), were reviewed at the meeting. The earliest analysis, which was
performed during the SRFO after discovery of the failed thermal sleeve, was
intentionally based on a conservative simplified model (single edge cracked
plate) in order to support restart of the plant. The single edge cracked plate
(SECP) model is conservative, but not geometrically representative of the nozzle
configuration. Use of the SECP model resulted in an ASME Section XI allowable
flaw size for brittle fracture prevention of 0.5 inch.

A second fracture mechanics analysis was performed in support of Toledo Edison's
request (Serial Number 1726 dated November 8, 1989) for NRC approval of weld
overlay repair of the HPI/makeup nozzle (Al), had the enhanced UT indicated that
repair was necessary. This analysis used SIA's pc-CRACK code nozzle corner flaw
model which is directly applicable to the actual configuration of the HPI
nozzle. The ASME Section X1 allowable flaw depth for brittle fracture
prevention using this model is essentially through-wall indicating that brittle
fracture is not a concern. The pc-CRACK nozzle corner flaw model has been
verified and found to be highly accurate with respect to experimental results of
a study of pressure vessels containing nozzle corner flaws. Two papers which
support this conclusion, "Fracture Mechanics Analysis of Japan Atomic Energy
Research Institute (JAER1) Model Pressure Vessel Test,” and "Fatigue Behavior of
Nozzles of Light Water Reactor Pressure Vessel Model," were included as
Attachments 2 and 4 to Toledo Edison's February 20, 1990 letter to the NRC
(Serial Number 1768).
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The most recent analysis presented in Serial Number 1802 is an update to reflect
the HPl-only duty of nozzle Al, thicker cledding, & sharper inside blend radius,
and assumption of & conservative initial flaw depth consistent with the enhanced
UT system detection capabilities. This analysis slso used the pc-CRACK nozzle
cornet flaw model and concluded that brittle fracture is still not a concern.

At the May 10, 1990 meeting, the Staff questioned the degree of conservatism
afforded by the pc-CRACK nozzle corner flaw model. The Staff suggested
augmenting the analysie by using a crack emanating radially from a hole in an
infinite plate model which is more conservative than the pc«~CRACK corner flaw
model, but is more representative of the configuration than the SECP model. The
staff indicated that the use of this model would provide adequate additional
assurance of nozzle integrity.

Toledo Edison believes that the pc-CRACK corner flaw model most accurately
represente the nozele configuration, is experimentally validated and is
appropriately congervative. However, Toledo Edison will perform an additional
analyeis to provide information on the sensitivity cf the results to a more
conservative model. The configuration will be modeled as a crack emanating
radially from a hole in an infinite plate. The results of this additional
analysis will be submitted to the NRC approximately two months after restart
from the 6RFO.

In summary, Toledo Edison has taken actions which have comprehensively addressed
the HPI/Makeup nozzle thermal sleeve fajilure discovered during the fifth
refueling outage. Toledo Edison considers that there are no additional
activities which must be completed prior to restart from the 6RFO and intends to
proceed on this basis. The additional follow-up activities described in this
letter will be accomplished, after restart as noted above.

Should you have any questions concerning this matter, please contact Mr. R. W,
Schrauder, Manager-Nuclear Licensing, at (419) 249-2366.

Very tr, yours,
' .
PWS
Attachment
cc: P, M. Byron, DB-1 NRC Senjor Resident Inspector

A. B. Davis, Regional Administrator, NRC Region 111
T. V. Wambach, DB-1 NRC Senior Project Manager.
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DAVIS-BESSE NUCLEAR POWER STATION, UNIT 1

HPI/MAKEUP NOZZLE PROGRAM

PRESENTED TO
NUCLEAR REGULATORY COMMISSION
MAY 10, 1990

BY
TOLEDO EDISON COMPANY
B&W NUCLEAR SERVICE COMPANY
STRUCTURAL INTEGRITY ASSOCIATES



OBJECTIVES

o To Review Actions Taken in 6RFO to
Address the Consequences of Failed
Thermal Sleeve Discovered in 5RFO

eTO Slé?port NRC Approval cf Operation for
Fuel Cycle 7 and Bevond




AGENDA

«INTRODUCTION P. SMITH
«SUMMARY OF ACTIONS - 6RFO H. CORDLE
«ENHANCED UT M. SHEPHERD /
M. HACKER
+«FRACTURE MECHANICS J. NEVSHEMAL /
UPDATE P. RICCARDELLA

FUTURE ACTIONS & CONCLUSIONS




BACKGROUND

eHPI/Makeup Nozzle Thermal Sleeve Faiiure Discovered
During ERFO

- Failure Occured During Fifth Cycle of Ciperation

.'(r:wo Pieces From Discharge End Found Below F.eactor
ore

eFailure Attributed to Thermal Fatigue

eFailure Exposed End of Nozzle to Cold Makeup Water

«Dye Penetrant Examination Indications Seen in Exposed
Area of Nozzle During SRFO

oeNo Indications of Flaws Found With External Manual
Ultrasonic Examination

eConservative Fracture Mechanics Analysis Showed
Potential Flaw Growth With Thermal Sleeve in Place to
be Acceptable
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SRFO ACTIONS

eReplacement of Thermal Sleeves

- HPI/Makeup Nozzle A1

-HPI Nozzle A2

eincreased Continuous Minimum Makeup Flow

eMade Provisions for Accurate Setting of Minimum Flow

eimproved Control Cver Minimum Makeup Flow

eConservative Analysis Demostrates Nozzle Flaw Growth
to be Within Acceptable Limits for Additional 40 Years
Operation With Thermal Sleeve in Place

e Toledo Edison Committed to Identify Additional Actions
to be Taken During 6RFO

«NRC Approved Operation for Cycle 6
(LOG 2725, OCTOBER 4, 1988)




PLANNED 6RFO ACTIONS

eRe-route the Makeup Flow Path to HPI Nozzle, A2

eFiberoptic Examination of HPI/Makeup Thermal Sleeve

eEnhanced UT of the HPI/Makeup Nozzle (A1) From the
Outside

eEnhanced UT of Alternate Nozzle (A2) to Provide
Baseline Information

«Contingency Plans

-Weld Overlay Reinforcement

- Thermal Sleeve Replacement




6RFO STATUS

o Plant Off-line on January 26, 1980 for Planned Four
Monti: Quiage

eNozzle (UT) and Thermal Sleeve (VT) Inspection
Coumplete

o Reroute of Makeup Line Complete

o Fuel Reloaded

eCurrently In Mode 5

e Anticipate Mode 4 by May 30, 1990




MU/HPT FLOW CONF IGURATION
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NORMAL MAKEUP FLOW PATH
RE-ROUTED TO NOZZLE A2

s Removes Exposure of Former HPI/Makeup Nozzle
to Potential Fatigue Effect of Cold Makeup Water

o HP! Nozzle A2 Has No History of Makeup Flow
Exposure




VISUAL EXAMINATION REVEALS
THERMAL SLEEVE IS ACCEPTABLE

o Fiberoptic Visual Examination Was Performed

eNoO Service-Iinduced Indications Were Found

«Observations Included Only

-Shallow Scratches From Insertion of Camera
or Tubing

- Marks Due to Rolling Process at Installation
of Sleeve

eSleeve Was Determinead Acceptable for Further
Unrestricted Use in Intended Service




Makeup/HPI Nozzle Replacement
Thermal Sleeve Design

From HPI

i7 5/8" REF

Thermal Sleeve

HCS Pping




ENHANCED ULTRASONIC EXAMINATION
OF HPI/MAKEUP NOZZLE

Development and Inspection By B&W Nuclear Service Company

RESULTS
«Development Program Proved the Methodology
- Examination From Quiside the Nozzle

- Reliabie Detection of Flaws Extending
>1/8 Inch Into Nozzle Base Material

sNo Service Induced Flaws Were Detected
- Penetrating Into Base Metal
-In Cladding

oFlaws |dentified By PT During 5th RFO Are
Probably Contained Within the Cladding




FRACTURE MECHANICS ANALYSIS
CONFIRMS EXISTING LARGE MARGINS

STRUCTURAL INTEGRITY ASSCCIATES gSlA) PERFORMED
UPDATED FRACTURE MECHANICS ANALYSIS

RESULTS

oFinite Element Analysis Shows Section X! Allowable
Flaw Size to be Through-Wall

sLarge Margins to ASME Section Ili Structural
Reinforcement Requirements

oFlaw Growth Analysis for Former HPI/Makeup
Nozzle A1

-Initial Flaw Size Was Conservatively Assumed
At the Limit of Enhanced UT Resolution
(Penetration 1/8 Inch into Base Metal)

- Potential Flaw Growth For Additional 40 Years
< 20 Mils




HPI

LEVELOPMENT PROGRAM ACHIEVEMENTS

DESCRIPTION OF METHODOLOGY

Automated Capability

ACCUSONEXR

o Provides automatic collection of UT data and
imaging capability for analysis.

PUMA Robot

© Provides automated scanning of complex nozzle
geometry.

UT Techniques

Techniques were developed using various
combinations of transducer angles and scan
patterns to assure reliable flaw detection.

Detection and sizing capabilities have been
guantified.




Battelle Blocks

- 100% detection of flaws.
- No flaws were called in non-flawed areas.

Blocks

100% detection of flavs.
No flaws were called in non-flawed areas.
Flaw tips were detected better with shear wvaves.

HPI Mockup

All flaws penetrating greater than 0.100" into the
base metal were detected.

No flaws were called in non-flawed areas.

Three of the flaws contained entirely within the
clad were detected.




BWNS TEST BLOCK

- DEVELOP DETECTION TECHNIQUE
- DEVELOP SIZING TECHNIQUE
-  DEFINE TRANSDUCER PARAMETERS

- DETERMINE DETECTABILITY AS A FUNCTION OF
FLAW ORIENTATION

4 CARBON STEEL \
s TYPICAL EDM j




EPRI NEAR SURFACE TEST BLOCKS (2)

"FINE TUNE" DETECTION/SIZING TECHNIQUES
DETERMINE DETECTION PROBABILITIES
DETERMINE FALSE CALL PROBABILITIES
DETERMINE SIZING ACCURACY

CARBON STEEL

~—— TYPICAL EOM |
| NOTCH




BATTELLE PIPING TEST BLOCKS

- DETERMINE DETECTION PROBABILITIES
- DETERMINE FALSE CALL PROBABILITIES
- DETERMINE SIZING ACCURACY

CARBON STEEL

—— STAINLESS STEEL

DRI

TYPICAL




SUMMARY OF EXAMINATIONS

HP=-59 (NOZZLE Al)

No service induced flaws detected.

Small volumetric inclusions were detected in nozzle to
pipe weld.

o Three ware recordable (>20% DAC) to ASME standards~-
all acceptable.

Base metal and clad thickness measurements were
performed.



LOCATIONS FOR THICKNESS MEASUREMENTS

4 locations from
cach srea shown below

Main pipe

Nozzle-to-pipe weld region

A~ / Clad Thickness Range
Nozzle-shoulder section o . 15"=.30" (HP-59)

.24"-.,30" (HP-58)

Clad Thickness Range
.55"~.65" (HP-59)
.48'"~.54" (HP-58)

3

Clad Thickness Range
« 18'"=,20" (HP~58)
 18"=,21" (HP-58)




SUMMARY OF EXAMINATIONS

HP-58 (NOZZLE A2)

No service induced flaws detected.

Small volumetric inclusions were detected in nozzle to
pipe weld.

(o) Four were recordable (>20% DAC) to ASME standards-
all acceptable.

Base metal and clad thickness measurements were
performed.
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DAVIS-BESSE HPI/MAKEUP NOZZLE

SUMMARY OF FRACTURE MECHANICS
ANALYSES PERFORMED

* ORIGINAL ANALYSIS BY B&W DURING
SRFO

* UPDATED ANALYSES BY SI

- In Support of Contingency
Planning for 6RFO+

- Nozzie Reinforcement Evaluation*

- Revised to Reflect New Cladding
Geometry During 6RFO

« previously presented - 1/24/90

f;‘. STRUCTURAL
R
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ORIGINAL F.M. ANALYSIS BY B&W
DURING SRFO

* USED SINGLE EDGE CRACKED PLATE
FRACTURE MECHANICS MODEL (SECP)

* PURPOSE - TO DEMONSTRATE THAT
CLAD DEPTH FLAWS ARE ACCEF TABLE

* RESULTS:

- Section XI Allowable Flaw
Size » 0.58"

- Not Exceeded by Expected Growth
of Clad Depth Flaw (0.050")

> STRUCTURAL
INTEGRITY

2 ASSOC

ATES, 'N




SUPPORT OF QQNT&NQgN@Y PLANNING
FOR BRFO

e USED STRESSES AND GEOMETRY PROVIDED
BY B&W

« USED pc-CRACK NOZZLE CORNER
FLAW MODEL

- Directly Applicable to Davis-Besse
HPI/Makeup Nozzle

- Verified With Respect to JAERI
Experimental Model

- More Realistic Than B&W SECP Model

» RESULTS:

- Section X! Allowable Flaw
Size Essentially Through-wall

- Ensures Brittle Fracture Prevention

~ STRUCTURAL
s . INTEGRITY

00-032PR
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ASME SECTION XI ALLOWABLE FLAW DEPTH DETERMINATION
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NOZZLE REINFORCEMENT
EVALUATION

* REQUIRED BY SECTION X! IN ADDITION
TO FRACTURE MECHANICS ANALYSIS
(IWB-3610-D-2)

« SECTION Il NOZZI.LE AREA REPLACEMENT
REQUIREMENTS EVALUATED WITH AND
WITHOUT CORNER FLAW

* RESULTS:

- Excess Reinforcement Available to
Support 1.6" Radius "Flawed Zone"
in Base Metal

- More Limiting Than Brittle Fracture
Considerations

e~ STRUCTURAL
: | INTEGRITY
~ ASSOCIATES, INC




LIMITS OF REINFORCEMENT
Greazar of

L‘ « D (or) D/2 + Tr*Tb

L" = .svfnfb + .3 r,

(t- = D/s + Tb/Z)

]

e T "
AREA AVAILABLE FOR REINFORCEMENT:

Sn Nozz.
2 -+ A3] x 5;_565_-

where: A, = 2 Ly (Ty - &)

[A1 + A

R B T 2
A, = 2(r,* = 3 1,) =3,

A3 - 2(LA~D/2-tb)(Tr-Lr)

DAVIS-BESSE HPI NOZZLE
REINFORCEMENT REQUIREMENTS




ILIMITS ¥ REJINE
reatar of

LA = D (or) D/2 ¢ Tr*Tb

L" o .Sfr‘Tb + .5 r2

(Tp = D/2 + rb/a)

& o X= (r -t ) i£>0
Al = 2 (L N X) (Tb tb) M

= 0 otherwise
A3 = 2(L "ty D/2 - rc) (Tr-tr)

REINFORCEMENT REQUIREMENTS CONSIDERING
FLAWED ZONE EFFECT




REVISED F.M. ANALYSIS BY SI
DURING 6RFO

e UT MOCKUP STUDY INDICATED DIFFERENT
CLAD GEOMETRY THAN DESIGN DRAWING

- Cladding Much Thicker (0.8" vs 0.2")

- Sharper Corner Radius

- Affects Flaw Depth/Lecation
Assumpiions in F.M. Analysis

e F.M. ANALYSIS REDONE TO ADDRESS:

- Pressure and Thermal Stresses from
New Finite Element Model
- Revised Flaw Depths and Locations

¢ NOZZLE REINFORCEMENT EVALUATION
UNAFFECTED

e RESULTS:

- Section X! Allowable Flaw Size
Essentially Through-wall

- Flaw Growth for 40 years HPI Operation
Negligible (<.020")

- Confirms Existing Large Margins
Between Projected Flaws and Ductile
and Brittle Fracture Limits

b~ STRUCTURAL
R intecRiTY
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CEMI-CIRCULAR CRACK-
PROFILE-1,0 INCH
MAXIMUM PENETRATION

REACTOR COOLANT PIPE BORE

SEM]-CIRCULAR CRACK=__| _, NORNANNNY

LOCATION OF
MAXTHUM STRESS

UT DETECTION LIMIT -
FOR FLAWS

PENFTRATING INTO
NC_JLE BASE METAL

CLAD DEPTH MEASUREMENTS

AT NOZZLE-TO-PIPE WELD
THICKNESS90.65 INCH

AT NOZZLE SHOULDER REGION:
THICKNESS=0,20 INCH

REVISED NOZZLE GEOMETRY AND
ASSUMED CRACK CONFIGURATIONS

90-040PR
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FINITE ELEMENT MODEL
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HPI INITIATION TRANSIENT

TEMP (F)

COLD LEG FLOW = 88,000 GPM AT 580F
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THERMAL BOUNDARY CONDITIONS

90-043PR




HdFPrO0-06

SIALANIN SI 1V
INIISNVHL NOILVILINI IdH HO4 SHNOLNOD SS3H1S dOOH

a9 <2 i
LR oot e R -

~§8d ujy
218 826823138 IV

1330}




1: PRESSURE 2: THERMAL1 3: TOTAL-SF 4:KIC

K
TENS

CRACK SIZE
CRITICAL CRACK SIZE EVALUATION

APPLIED VERSUS ALLOWABLE STRESS INTENSITY
FOR SECTION A-A

90-047PR
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OPERATION FOR CYCLE 7 AND BEYOND
IS JUSTIFIED

eRe-route of Makeup Flow Eliminated Cold Makeup
Water as a Driving Force for Thermal Fatigue in
Former HPi/Makeup Nozzle A1

eEnhanced UT Indicated That There are No
Mechanisms Acting to Cause Significant Flaw
Propagation in Nozzle A1

eFracture Mechanics Analysis Has Confirmed Existing
Large Margins To:

-ASME Section XI Allowable Flaw Size

-ASME Section |l Structural Reinforcement
Requirements




a." "

FUTURE PLANS

eEnhanced UT of Nozzle A1 During 7RFO

eEnhanced UT of Nozzle A1 at Next 10 YEAR ISI

eContinue to lnvesti%ete Thermal Sleeve Life and
Alternatives Which Will Ensure Increased Reliability




