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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555

November 23, 1992

Docket No. 50-275

LICENSEE: Pacific Gas and Electric Company (PG&E)

FACILITY: Diablo Canyon Nuclear Power Plant, Unit 1

SUBJECT: SUMMARY OF OCTOBER 20, 1992 PUBLIC MEETING TO DISCUSS STEAM
GENERATOR FEEDWATER NOZZLE CRACKING

On October 20, 1992, the NRC staff met with the Pacific Gas and Electric
Company (PG&E or the licensee) in Rockville, Maryland to discuss the issue
stated above. Attendees at the meeting are listed in Enclosure 1. Slides
shown by PG&E at the meeting are presented in Enclosure 2. The PG&E
presentation summarized their analysis and long-term plans regarding the
cracks associated with the steam generator nozzles.

PG&E discussed their analysis which included findings of nozzle-to-pipe weld
cracks, thermal sleeve erosion, and elbow pipe cracks. Their actions to
analyze and/or to resolve these problems consisted of replacing the piping and
analyzing the thermal sleeve condition for (1) erosion gap growth,
(2) waterhammer implications, and (3) nozzle implications.

The licensee presented their nondestructive examination (NDE) results.
Ultrasonic testing (UT) examinations were scheduled for the first days of the
outage. UT examinations were used to detect the presence of flaws in the
piping. The UT manual and automatic testing results did verify indications of
cracking. The possibility of cracking was also indicated by visual
examinations. However, no cracks were indicated with the use of radiography.

From the results of the metallurgical analysis, the UT examination results
were shown to be quite conservative (approximately by a factor of 10). The
NDE testing of the samples, sectioned from the nozzle area, showed 0.35-inch-
deep indications; whereas, from the metallurgical analysis, the actual samples
showed indications no deeper than 0.037 inches. The metallurgical results
also indicated evidence of microcracking in the spools.

As a result of the NDE testing, PG&E's action plans included: (1) reviewing
the NDE assignment methods to ensure that the proper welds were clearly
designated for exams and (2) analyzing the UT data and metallurgical results
to determine methods for accurate sizing of thermal fatigue cracking.

The licensee also discussed the likelihood of waterhammer during draining and
filling of the feedline with cold water. PG&E stated that waterhammer would
not occur during draining because, by design, the J-tubes and thermal sleeve
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Pacific Gas and Electric Company — 2—

allow steam to replace the water as the feedline drains. The licensee also
stated that the possibility of waterhammer during filling is very unlikely due
to the J-tubes; however, waterhammer could still be possible due to wave
action. The licensee concluded the following: (1) due to Diablo Canyon's
geometric configuration, a steam volume collapse waterhammer is very unlikely,
(2) plant inspections indicate no evidence of waterhammer to date, and (3) in
the unlikely event of occurrence, there would be insufficient energy to affect
the piping system.

PGKE discussed the probable causes of thermal sleeve erosion. These causes
include: (1) erosion/corrosion due to increased velocities and (2) turbulence
as a result of the complex geometric configuration between the nozzle and the
thermal sleeve.

The licensee stated that initiation of fatigue cracks in the steam generator
nozzle at Indian Point were the result of a significant environmental effect
(water chemistry). However, this was not a problem at Diablo Canyon because
the water chemistry control at Diablo Canyon decreased the likelihood of the
environmental influences.

In addition, the licensee stated that initiation of fatigue cracks in the
knuckle region of the feedwater nozzle is not as likely at Diablo Canyon as it
is at similarly designed facilities. PGEE also stated that fatigue cracks in
the knuckle region are not predicted for Diablo Canyon. This is based on the
following factors: (1) low fatigue usage, (2) the severity of thermal
stratification loads being much less than at the plant where cracking was
found, and (3) a recent UT inspection of a nozzle revealing no indications of
cracking. PGEE stated, however, that if cracks were to exist in the nozzle
region, the predicted size would be acceptable under Section XI of the ASNE
Code. The licensee demonstrated that the future growth of worst case cracks
were found to be relatively small for the next 4 years o} 100 days in Nodes 2
or 3. Therefore, PGKE concluded that the integrity of the feedwater nozzles
would be maintained through the next several years of service.

PG&E's long-term plans include installing resistance temperature detectors
(RTDs) and scratch gages, and reviewing correlations between algorithms and
operating data. The licensee's inspection plans consist of factoring in
lessons learned from outage IR5, performing a UT analysis every outage until a
permanent fix is installed, and baselining the permanent fix after
installation.



r
I'



Pacific Gas and Electric Company — 3—

The NRC staff stated that PGKE had completed a reasonable analysis on the
feedwater nozzle crack issues. In addition, the NRC staff asked the licensee
to keep them informed on their feedwater nozzle crack status and future plans.

Enclosures:
As stated
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See next page
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Pacific Gas and Electric Company — 3-

The NRC staff stated that PG8E had completed a reasonable analysis on the
feedwater nozzle crack issues. In addition, the NRC staff asked the licensee
to keep them informed on their feedwater nozzle crack status and future plans.

Enclosures:
As stated

R.. P
Sheri R. Peterson, Project Manager
Project Directorate V
Division of Reactor Projects III/IV/V
Office of Nuclear Reactor Regulation

cc w/enclosures:
See next page
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Pacific Gas and Electric Company Diablo Canyon

CC:
NRC Resident Inspector
Diablo Canyon Nuclear Power Plant
c/o U.S. Nuclear Regulatory Commission
P. O. Box 369
Avila Beach, California 93424

Dr. Richard Ferguson, Energy Chair
Sierra Club California
6715 Rocky Canyon
Creston, California 93432

Ms. Sandra A. Silver
Mothers for Peace
660 Granite Creek Road
Santa Cruz, California 95065

Ms. Jacquelyn C. Wheeler
3303 Barranca Court
San Luis Obispo, California 93401

Managing Editor
The County Telegram Tribune
1321 Johnson Avenue
P. O. Box 112
San Luis Obispo, California 93406

Chairman
San Luis Obispo County Board of

Supervisors
Room 370
County Government Center
San Luis Obispo, California 93408

Chri stopher J. Warner, Esq.
Pacific Gas 8 Electric Company
Post Office Box 7442
San Francisco, California 94120

Diablo Canyon Independent Safety Committee
ATTN: Robert T. Wellington, Esq.

Legal Counsel
857 Cass Street, Suite D

Monterey, California 93940

Mr. Hank Kocol
Radiologic Health Branch
State Department of Health Services
Post Office Box 942732
Sacramento, California 94234

Regional Administrator, Region V
U.S. Nuclear Regulatory Commission
1450 Maria Lane, Suite 210
Walnut Creek, California 94596

Mr. Peter H. Kaufman
Deputy Attorney General
State of California
110 West A Street, Suite 700
San Diego, California 92101

Ms. Nancy Culver
192 Luneta Street
San Luis Obispo, California 93401

Michael M. Strumwasser, Esq.
Special Assistant Attorney General
State of California
Department of Justice
3580 Wilshire Boulevard, Room 800
Los Angeles, California 90010

Mr. Gregory M. Rueger
Nuclear Power Generation, B14A
Pacific Gas and Electric Company
77 Beale Street, Room 1451
P.O. Box 770000
San Francisco, California 94177
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Enclosure 1

OCTOBER 20 1992

PUBLIC MEETING

STEAM GENERATOR FEEDWATER NOZZLE CRACKS

AT DIABLO CANYON UNIT 1

LIST OF ATTENDEES

NAME

Warren Bamford
Lee Banic
Eric Benner
Warren Fujimoto
David Gonzalez
Robert Hermann
Geoff Hornseth
John Houtman
Meena Khanna
William Koo
Michael Hayfield
James Hedoff
Kris Parczewski
Pete Riccardella
Jac~Roe
Mike Roidt
Harry Rood
Jack Strosnider
Henry Thailer
James Tomkins

ORGANIZATION

Westinghouse — NATD
NRC/NRR/EMCB
NRC/NRR/OEAB
PG&E — NTS
PG&E - ISI & DCPP
NRC/NRR/EHCB
NRC/NRR/EHCB
Westinghouse — NSD
NRC/NRR/PD5
NRC/NRR/EMCB
NRC/OEDO
NRC/NRR/EHCB
NRC/NRR/EMCB
Structural Integrity
NRC/NRR/DRPW
Westinghouse - STC
NRC/NRR/PD5
NRC/NRR/EHCB
PG&E — Engineering
PG&E - Licensing

Associates (SIA)

9212040150
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PACIFIC GAS AND ELECTRIC COMPANY

DIABLO CANYON POWER PLANT

PRESENTATION ON FEEDWATER NOZZLE ISSUES

October 20, 1992
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Overview

NDE Results

Analysis

Long Term plans

Warren Fujimoto

Dave Gonzalez

Henry Thailer

Henry Thailer





DIABLO CANYON POVYER PLANT

Overview

Warren Fujimoto
Vice President-Nuclear Technical Services





SCALE 1 ~ 1

SECOND OFF
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STEAM GENERATOR NOZZLE DETAIL
SCALE 6" ~ 1'-0"
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~ Nozzle-to-Pipe Weld Cracks

~ Analyzed Thermal Sleeve Erosion

Acceptable for Additional Cycle

~ Elbow Cracks

~ PGBE Operating Experience

~ 1986 Unit 1 Radiographs
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ACTIQNS

~ Replaced- Piping
- Flappered Elbow Counterbores

~ Analyzed Thermal Sleeve Condition for:
- Erosion Gap Growth:

Waterhammer Implications—
- Nozzle Implications:

~ Unit 2 Operability Evaluation Satisfactory-

'valuate PG8E Operating Experience

~ Evaluate Lessons Learned, Long Term
Solutions, and Data Collection
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INDUSTRY EXPERIENCE

~ IE Bulletin 79-13
~ NUREG-0691

~ NUREGlCR 5285

U. S. Industry Experience
25 of 84 Plants Reported Nozzle/
Pipe Cracking
One Plant Reported Nozzle Knuckle
Cracks, Poor Chemistry

~ Thermal Sleeves





DIABLO CANYON POVYER PLANT

NDE Results

David Gonzalez
Supervisor Inservice inspection

Sh-AORAP HICSWSO-MOMT.MTOXDO





fgg2 NDE EXAMINATIONS OF
FEED WATER NOZZLES

~ Planning for Feedwater Exams
Commenced in May of 1992

~ Inquiries for Industry Experience
- Seqvoyah
- Turkey Point

- Code Examinations Not Adequate
for Small Thermal Fatigue Cracking- Became Aware of the Need
for Enhanced UT

~ Automated Scanning Selected for
Accuracy and Repeatability

8h-AORAP HlC8%8O-MOM7.MTOXDO-A





ULTRASONIC EXAMINATIONS

Scheduled for First Days of Outage

~ UT Examinations Detect Presence of Indications

- Use Multiple Techniques for Detection and Sizing

- Calibrate Using Sizing Notch Block (.10'p)
- UT Results Not Immediately Conclusive

Low Amplitude Signals
Some Crack Like Signal Characteristics
No Positive Geometrical Origins
Research ID Preparations

Sh..AORAP HlCSWSO-MOIIT.MTWDO-S





ATTEMPT TO YERIFY INDICATIONS

~ Radiography Performed on S/G 1-4

- Gamma Plug Removed
- Single Wall Shots With

Max Source/Eilm Distance
- No Cracks Detected

~ Radiography of S/G 1-1 and 1-2
- Panoramic Shots
- No Cracks Detected

~ Video Probe Inspection of ID

- Results Inconclusive (Possible indication}

8A..DORA'IC8%8O-MOMT.MTOXDO-C
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FINAL NDE RECOMMENDATIONS

~ UT Manual
- Indications of Cracking

~ UT Automated
- Indications of Cracking

~ Radiography
- No Cracks

~ Visual
- Possible indication

~ Other Factors
- Industry Experience
- DGPP Experience

4977 Crack on 1-2
Extended Hot Functional Testing (U1)

~ Final Disposition
- Inform Management of Crack Indications- Discuss Uncertainties- Decide to Remove Spools

8A..AGRhPHtC8%8G-MGMT.MTGXDG D
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RESULTS OF UL IC INSPECT'ION
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METALLURGICAL RESULTS

~ Metallurgical Sample Taken on 1-3 and 1-1 Spools

~ Results Show UT Very Conservative

:- UT Sized at 0.36'eep
j- Samples Shows "0.037 Deepest

~ Evidence of Microcracking in Spools

Segregates Found in Material

- May Mislead UT Sizing

~ Must Factor Into UT Analysis (Long Term)
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FW Nozzle1-3: 83/8" CCW from TDC. Cracks in A106 spool
attached to nozzle. Deepest crack is 0.035".
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ELBOW EXAMINATIONSUMMARY

~ Access for Prep/Exam Difficult

~ Surface Preparation Necessary for
Adequate Examination

~ MT Indications Detected After Prep

~ indications Removed with Flapper Wheel

~ Indications Were Allowable Per Code

~ Deepest Indication {S/6 1-3) Did Not
Appear to be a Crack

8sl...%GRAPH) CSKSO-M OMT.M
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ELBOW INDICATIONS

S/8

1-2

INDICATION
DEPTH/LENGTH

INCHES

.030 / 7 3/4'ong
Intermittent lnd's.
Longest 0/8

.010 / 2'ong
Intermittent Ind's.
Longest 3/16

CODE ALLOWABLE
DEPTH/LENGTH

INCHES

AOO / 20

.400 / 20

1-3

1-4

.107 / 360 Intermittent Ind's.
Longest 2.0

.047 / .125

.400 / 20

.400 / 20

8A..AORAPHIC8%8O-MOMT.MTOKDO-H
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NOE SUMMARY

ACTION PLANS

~ Review NDE Assignment Methods to Ensure
the Proper Welds are Clearly Designated
for Exams.

~ Analyze UT Data and Metallurgical Results
and Determine Methods for Accurate Sizing
of Thermal Fatigue Cracking.

Ih..AORAPHIC8%8O-MONT.MTOXDO-J
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DIABLO CANYON POWER PLANT

Analysis

Henry Thaller, Aeeletant Prospect Engineer
Wllllam Crockett, Manager - Technical Services
Peter Rlccardella, Structural Integrity
Warren Bamford, Weetlnghouee
Michael Roldt, Weetlnghouse
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ANALYSES

~ AFW Operational Characteristics

~ Nozzle-to-Pipe Cracks

~ Elbow-to-Pipe Cracks

~ Thermal Sleeve Degradation

~ S/6 Nozzle and Feedring

Drainage
— Knuckle Region
- Water Hammer
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POSSIBLE CAUSES

~ Thermal Fatigue
Stratification

~ Erosion/Corrosion

~ Corrosion Fatigue
Contributory Mechanism

~ Overstress
Water hammer
Locked/Bound Supports-
Global Stratification:

~ Fabrication
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GKHERALLOCATIM
Of CRACKS

HOT

5TEAhh GENERATOR

WATER

50PF OR MORE)
'ENSITt~ 46 LbH/FT

g ~
~ 'i 'eo

"COLD.'WATER FEKOVtATER

LINE
5TE.Vh Gc; IERATQR WALL

LQV F LOW, RELATIVELY
COLO WATER IlUPF OR

LE55, MAY 8E INTERMITTENT)

DEHSITY ~ 62 LhN/FT

HOT STNOSY CONDITICNS

TEMPERATURE GRADIENT 5

ISTRAT IF I CAT ICN) IN
HORIiSPAL P IPE

CYCUC TEMPERATURES

AT HOTICOLO INTERFACE

KVEL

SCHEMATIC OF THERMAL STRATIFICATION
AT LOW FLOW

IN PWR FEEDWATER NOZZI ES

PC R51789





DIABLO CANYON POWER PLANT
UNITS 1 AND 2

Auxiliary Feedwater

Operational Characteristics

Bill Crockett
Manager-Technical Services
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STEAM
GENERATOR
(SIMPLIFIED}

:587" Namwv Range ~
Normal

Water Level

443" Names Range ~
1

Feed Ring

Shell

U - Tube

il LL

I I

t

)a a]

I I

I I ~

Steam Outlet

Moisture
Separators

Tube Bundle
Wrapper

Channe1 Head

Inlet Nozzle

Tube Sheet

Outlet Nozzle





TYPICALAUXILIARYFEEDWATER EVOLUTIONS

EVOLUTION

REACTOR TRIP RECOVERY

HOLDINGAT MODE 3 FROM A FORCED
OUTAGE

SHUTDOWN (COO&DOWN)TO RHR

STARTUP FROM A REFUELING OUTAGE

HOT FUNCTIONALTESTING

DURATION

20-30 MINUTES

TYPICALLY24 DAYS

BORATION

COOL-DOWN FROM $47F TO 300F

TRANSFER TO RHR

HEAT-UP TO MODE 3

MODE 3

MODE 2 ON AUX FEEDWATER

9I DAYS FOR UNIT I
40 DAYS FOR UNIT2

AUXILIARYFEEDWATER FLOW

APPROXIMATELY400 GPM

STEADY

8 HRS INTIALLYSTEADY

8 HRS 0-20 GPM AS YOU NEAR THE RHR TRANSFER
POINT

~
~8'4

HRS

~ 20 HRS (HO GPM

~ 72HRS

~ 4~8//

I40 HRS

SIMILARTO STARTUP FROM REFUEUNG
OUTAGE
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IME P NT M E
(RCS > 350 F)

UNIT 1

A

UNIT 2

HOT FUNCTIONAL TESTING 90.80 40.26

CYCLE 1
PRE-COHHERC IAL
FORCED OUTAGE
IN/OUT REFUEL

TOTAL

129.56
16.77
21.25

167.58

86.84
24.65
12.00

123.49

CYCLE 2
FORCED OUTAGE
IN/OUT REFUEL

TOTAL

19.89
16.17
36.06

15.66
9.83

25.49

CYCLE 3
FORCED OUTAGE
IN/OUT REFUEL

TOTAL

3.18
9.96

13.14

25.12
8.04

33.16

CYCLE 4
FORCED OUTAGE

IN/OUT REFUEL
TOTAL

13.90
6.75

20.65

0
11.67
11.67

CYCLE 5
FORCED OUTAGE
IN/OUT REFUEL

TOTAL

10.45
0.79

11.24

5.51
N/A
5.51

PRE-CONNERCIAL
POST-COHHERC IAL

220.36
119.11

127.10
112.48

TOTAL TiNE 339.47 239.58
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IMPROVEMENTS

Outage Time
~ Better Planning and Scheduling

Hit
~ OCC

Best Maintenance Practices
~ Training
~ Procedures

Reliability for Extended Runs
~ Equipment Modifications
~ Quality Maintenance
~ Minimize Reactor Trips





DIABLO CANYON POWER PLANT

Nozzle-to-Pipe Crack Evaluation

Peter Riccardella
Structural Integrity Associates
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DCPP FEEDMfATER NOZZLE/PlPE
CRACKING EVALUATION

~ ASME Section XI Flaw Evaluation

Allowable Flaw Size
Crack Growth Projections

~ AFW Cycling Estimates
(Flow Stratification)

~ Critical Flaw Size Assessment
{Leak Before Break}

~ Unit 2 Operability Evaluation

SA..AORAP HlCSKHT-2d
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Diablo Canyon Unit 1
FW Piping Elbow Flaw Size Limits

0.9

0.8

0.7

8 0.6

0.5

K
I 0.4

0.3

0.2

0.1
0.107" Max.

INCREMENTAL
GRIND & MT

See Note

20

Raw Length (inches)
Sect XIAllow Criticai

40

*0.020'eneral
Cleanup





0.6

Diablo Canyon Unit 1
FW Nozzle-Pipe Flaw Size Ltmits

Through-Wall,

0.S

0.4
380', 0.41'eep

Qo~o ~ ~~0~1~t~t~1~1~0~t~1~0~
P

0.3

~ 1-1

x $ -2

0.2

0.1
0.050'ax.

METAlLOGRAPHICEXAMINATION
(1-1 ~ 1N) y

20

Flaw Length (inches)

Sect XI Allow Crltlcel





DIABLO CANYON UNIT 1 COOLDOWN 9/13/92
S/C 1 Steom dc FW Temperoturea

600

500

400

0

a
300

200

100

0.00 2.00 4.00 5.00 B.00 10.00

Time (Hra)—koln FW —Aus Flh —Steom Cen.

DIABLO CANYON UNIT 1 COOLDOWN (9/13/92)'/0 1 Aux Feedwoter Flow Rote (FT50)
300

250

200

Ea

0
C
k
0

150

100

50

-50

100
0.00 2.00 4.00

Time (Hrs)

6.00 5.00 10.00





16

15

14

13

12

Stratification Height at FW Nozzle

Scale-Model
Test Results*

t3
10

cP
9

8
C7

7

Q Test Data
Scakd to Actual
Plant Conditions

(ASME-81 -PVP4)

20 40 60 80 100 120 140 160 180 200 .

Flow Rate, gprn
O 200 + 250 o 350 h 450 x 500 V 550
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DIABLO CANYON U1 COOLDN (9/13/92-0100)
5/C 1 FW Hoaje 5tratiCaatian Dvel

19

180

170

160

150

140

130

120

110

100

90

80

70

60
50
40

30

20
10

0
0 nn nh 00

llrne (Mins)—inst. —w/Delay

DCPP U1 COOLDOWN (9/13/92 —0000 —0100)
5/C 1 FW Nazzlt 5tratitcatbn Stresses

50

40

30

20

10

-10

-20

-40

-50
0.00 20.00

llrne (Mins)—w/Delay
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DCPP UNIT I FEEDWATER NOZZLE
NOZZLE-PlPE CRACK GROWTH PROJECTlONS

0.7

0.6

ELBOW Rnite
ALLOWABLES

360

0.5
O
C

k 0.4

o 03

0.2

UNIT)
CURRENT STATUS

NOZZLE
ALLOWABLES

360
Elbow

Finite .

0.1
fnNathn Time

-200 Days,
e e e e e

200 240

Nozz.

280 320

Mode 2 & 3 Operating Days

Nozz-Pipe Weld < Elbaw Weld

360 400
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DCPP UNIT 2 FEEDWATER NOZZLE
NOZZLE-PIPE CRACK GROWTM PROJECTIONS

0.5

0.4

a 0.3

02
UNIT 1

AS FOUND

EIbow S604

Finite

0.1

UNIT2
CURRENT STATUS UNIT2

ALLQWABLES

lnlthtion Time
-200 Oays

+ O e e e o e o o e o o o o o o)

0
240 280 320

Mode 2 8 3 Operating Days
Q Nozz. fQ + Nozz. 2-1





NOZZLE/PIPE CRACKING
CONCLUSIONS

~ 'Observed Cracking In Unit 1:

Significantly Below Code Allowables
Consistent with Industry Experience (IEB-79-13)
Consistent with DGPP AFW Flow/Stratification Cycles
Would Not Have Grown to Unacceptable Depth for
Several Subsequent Fuel Cycles

~ Potential for Unit 2 Cracking Evaluated and Not a
Concern .

100 Days Less AFW Days (240 vs 340)
> 160 Days Additional AFW Days Before Postulated
Cracking Would Reach Code Allowable

6 Additional AFW Days Expected Until 2R6
(Spring, 1 993)

~ AFW Cycling Will Be Accurately Monitored During Future
Operation

Local Thermocouples (Unit 1)
On-Line Fatigue Monitoring (Both Units)

IA..AQRAPHlCSLHT-2h





FILM COEFFICIENT

~ No Gap, h = 100 B/hr. ft. F

2 o

~ Large Gap, h 900 B/hr. ft. F
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FATIGUE ANALYSIS

~ AII. Design and Operating Transients were
Considered

~ Total Transient Cases About 30, Including
a Complete Set of Eeedwater Line Stratification
Transients, at Various Interface Levels and
Temperature Differences

~ Two Cases: No Bypass, and Large Bypass

~ Two Locations: Bore Region
Nozzle Knuckle Eace Region

~ All Other Locations Under the Thermal Sleeve
were Less Limiting





FATIGUE RESULTS

Results: Nozzle Bore for 9700 hrs IMode 2/3

No Bypass:
Significant Bypass:

V~0.17
U-O.20

e Results: Nozzle ~uckle pace 9700 hrs Mode 2/3

No Bypass:
Significant Bypass:

V~0.08
U~0.22

~ The Fact that Cracks Did Initiate in these Regions
at One Plant Indicates a Significant Environmental
Effect was Present

~ Water. Chemistry Control at Diablo Canyon Makes
Environmental influences Here Much Less Likely.
Therefore the Fatigue Usage Results are Considered
Directly Applicable
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DISSOLVED OXYGEN: UNIT 1

CONDENSATE S TORAGE TANK

Note: Average Ree&y 415.5 yyb
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STRATIFICATIONPROFILES

Distribution by Profile Type

% Cycles ln ProfIle

Plant ¹3 ¹2

D.C. Cook
Salem

Ginna

Robinson

11.5

14.6

22.4

0.0

6.4

1.9

20.9

8.7

23.8

35.7

14.9
~ 19.6

24.7

12.1

28.4

17.4

33.6

35.7

13.1

54.3

Interface Level

Profile Percent of Pipe Diameter

>85
76 to 85

56 to 75

46 to 55

<45

Distribution by Temperature Difference

Plant

Duration

(Hours)

% Cycles by hT,'F

>250 <150

D.C. Cook 11143 74.1 13.2 9.2 3.0

Salem 2.8

40.1

35.1

31 A
28.1

13.6

34.1

15.0

Ginna 3604

3737

31.3

26.6

25.8

27.8

42.0

41.6

0.9

4.0

Robinson 4374

2672

54.5

34.3

39.7 5.1

3.2

0.7

0.0
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PLANT FATIGUE COINPARISONS

Hours at Hot Standby

Plant S/G Model Configuratio Hours Cycle Mix

Ginna

Salem

indian Point 2
Diablo Canyon

44

51

44

51

Elbow

Elbow

Straight Pipe

Elbow

5038

8203

9764

8160

Ginna

Salem

Ginna

Ginna/Salem

Fatigue Usage

Fatigue Usage«)

Plant

Ginna

Location

0'R
67.5'R

Cycle Mlx

Ginna

Minimum

7.2

2.5
32.5

11.0

Salem 0'R
97.5 ER

Salem 2.1

0.9

9,3

4.7

Indian Point 2

Straight Pipe

0'R
90'R
Knuckle

Ginna 0.04

0.01

0.10

0.17

0.03

0.47

Diablo Canyon O'R
97.5'R
Knuckle

Salem

Ginna

Salem

2.09

0.90

0.09

0.02

9,25

4.68

0.39

0.07

«) Excludes thermal striping effects





DESTRUCTIVE EXAMINATIONMAXIMUMCRACK DEPTHS (INCH)

Plant

Ginna

Crack Location

ounterbor Knuckle

0.11

PIpe

Conflg

Elbow

Salem

Indian Point 2

Diablo Canyon

0.12

0.34

0.05

0.34 (UT)

0.40

Not Expected

Elbow

Straight

Elbow
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HISTORY OF MODE 2/MODE 8 OPERATION
DCPP UNIT 1

Days Mode 2/3
40

38.0
38.4

30

20

$ 0

$ 3.1

0
10.000 20.000 30,000

EFPH
40,000 50,000 80,000





FATIGUE CRACK GROWTH

~ All Design and Operating Transients Considered

~ Total Transient Cases About 30 - Same as
Fatigue Analysis

~ One Load Case: Large Bypass

~ Two Locations: Bore Region
Nozzle Knuckle Face Region

~ Two Fracture Analysis Approaches:
Raju Newman K Expression
BWR Nozzle Corner K Expression (Most
Realistic Geometry}





CRACK GROWTH RESULTS

~ R ul: Nozzle Bore

Initial Flaw Depth Flaw Depth in 4 Calendar Years

0.10
0.20

Raju Newman

0.24
0.48

Nozzle Knuckle

0.1.6
0.32

~ Re l s. Nozzle Knuckle Face

0.10
0.20

0.23
0.46

0.16
0.32

Note: 4 Years Corresponds to Approximately 100 Days
at Mode 2/Mode 3





ALLOWABLEFLAW SIZE: FEEDWATER NOZZLE BORE

gc
IR

I

'120

Iml

ml

m
m

0
0. D 0.2 0.4 D.b 0.8 1.0 1.2 I A I.b I.8 2.0

Flar Oepth (l~)





ALLOPVABLEFLAW SIZE: FEEDPVATER NOZZLE FACE

gc
IIS

I

I20

I

0
0.0 O.l 0.2 0.3 0.4 0.5 O.b 0.7 O.b 0.0 I.O I.I I.2 I.3 f.~

F lao Oepth ( Incheo)
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'ONCLUSIONS

~ Cracks in the Knuckle Region are not Predicted for
Diablo Canyon

Fatigue Usage is Low
Severity of Thermal Stratification Loads is Much
Less Than at the Plant Where Cracking Was Found
A Recent UT Inspection of One Nozzle Revealed no
Cracking (2-15-91)

~ Although Cracking is not Predicted, if Worst Case
Cracks were to Exist in the Nozzle Region, the
Predicted Size Would be Acceptable to Section XI

~ Predicted Future Growth of Worst Case Cracks Was
Found to be Relatively Small for a Future Service
Period of 4 Years or 100 Days in Mode 2/Mode 3

~ Therefore the Integrity of the Feedwater Nozzle Will
be Maintained Through the Next Several Years of
Service

WHI11
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DIABLO CANYON POWER PLANT

Water hammer

Mike Roldt
Westinghouse
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WATERHAMMER

4

There are Two Ways of Developing Steam Void
Collapse in the Horizontal Section of a Feedline

~ Isolation of a Steam Volume While Filling
the Feedline with Gold Water

~ Isolation of a Steam Volume While Draining
a Feedline Filled with Cold Water
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owg. 7711A85

+— Vapor Flaw

'eed

Hater Flav —~

Start of Slug Formation

(b)

Slug Motion

Nave NotIon after Bubble
Collapse

Rg.9- Schematic representation of sluggIng mechanism
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COLLAPSES

DRAININGA FEEDLINE FILLED WITH COL D WATER.



g,g
1



Ph'Y$1CS (8+PROAINATE) 0/ TjVZ QATERHAkk'E'R
VAk'E'I

mo or seve

FWWi POSirioe N NuaNe

PEZSSCJEZ IvyV6 FEINTS

REFT E'CTED
RARE'FACTiOh





~ Both Filling and Draining Configurations
Require the Ability of the System to
Isolate an Upper Section of Piping From
the Steam Supply, the 8/8

~ The Configuration at Diablo Canyon Does
Not Lend Itself to Such Isolation
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DIABLO CANYON LAYOUT





WATERHAMMEREVENTS CONSIDERED
AT DIABLO CANYON

~ Waterhammer will Not Occur During Draining,
Because, by Design the J Tubes and Thermal
Sleeve Allow Steam to Replace the Water as
the Feedline Drains

~ Waterhammer is also Unlikely During Filling,
Because of the J Tubes, but Cannot be Ruled
Out, Because of the Possibility of Wave Action

~ Therefore, the Cases of Waterhammer During
Filling were Considered:

A Steam Volume Occupying 10% of the
Pipe Cross-Section Extending from the
Thermal Sleeve to the Elbows
A Steam Volume Occupying 10% of the
Pipe Cross-Section Extending from
the J Tube Nearest the Elbow to the
Elbow





4P S/6 Pressure - Feedwater Vapor Pressure

~ Water Density

6 ~ Gravitational Constant

A ~ Pipe Cross-Section Area

f ~ Fraction of Pipe Cross-Section
Occupied by Steam Volume

Length of Pressure Wave ~ 2L

Duration of Pressure Wave ~ 2L,

Increase in Pressure Acrcss Wave ~ C
C P~P

29
Kinetic Energy in Wave K.E. ~ fLDPA

L ~ Initial Length of the Isolated Steam Volume

C ~ Acoustic Speed in Water

eit~ isa
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Assume:
L 4.5 ft, 2.25 ft
G - 4500 ft/sec

LP - 1000 - 346 ~ 655 psi
C - 623 ib/ft 3

g - 32.17 ft/sec2
f
A " 154in 2

Length of Pressure Wave 9 ft
Duration of Wave -.002 seconds
Pressure Rise Across Wave -8,650 psi
Kinetic Energy in Wave - 45,000 ft-Ib {L 4.6ft}

22,500 ft-Ib (L%2.25ft)
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CONCLUSION

~ A Steam Volume Collapse Waterhammer is Extremely
Unlikely at Diablo Canyon, Because of the Geometry

~ Plant Inspections Indicate no Evidence of Waterhammer
to Date

~ In the Unlikely Event of an Occurrence, there Would
be Insufficient Energy to Seriously Affect the Piping
System
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DCPP EXPERIENCE

~ No Reports or Evidence of MFW Waterhammer

~ No Evidence of FW System Support Damage

Walkdowns

Snubber Stroking

8:X..AQRAPHICSKHT-dO
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CONCLUSIONS

~ DCPP Design of the Feedring is to Preclude and
Minimize Effects of Waterhammer

~ Eroded Thermal Sleeve May Increase the Probability
of a Waterhammer, but Also Acts to Decrease its Severity

~ Improbable Event

~ Waterhammer Effects are not Expected to Affect the
Integrity of the DCPP Feedwater Line

Experience of a Hammer at Trojan, with an Eroded
Sleeve, and Crack About 40% Through the Wall Did
Not Affect the Pipe Integrity.
Over Twenty Waterhammers at Other Plants Have Been
Experienced in Feedwater Lines, with Only One Failure.
Calculated Kinetic Energy For This Case Was More than
an Order of Magnitude Higher than for DCPP.

Is%..AORhPHICS'LHT df
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DlABLO CANYON POWER PLANT

Long Term Plans

Henry Thailer
Assistant Project Engineer
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PLANT MONITORING

Install RTD Instrumentation

Install Scratch Gages

Software/Hardware

On-Line Monitoring

~ Data Evaluation

~ Review Correlation Between
Algorithm & Operating Data

8A..AORAPHICSKHT-t2
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INSPECTION PLAN

~ Factor in Lessons Learned from MRS

~ UT Every Outage Until Permanent Fix
is Installed

~ Baseline Permanent Fix After Installation

8:W..AORAPHICSXHT 13
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LONG-TERM OF'TIONS

Pipe
Monitor 8 Replace
Alternate Materials
Thermal Sleeve

Nozzle/Thermal Sleeve
Replace
Westinghouse Elbow Liner Design
Altran Seal Design
SIA Seal Design
Flame Spray-

~ Evaluate/Modify Operating Procedures
Minimize Time in AFW
Reduce Cyciing When in AFW
Digital AFW Control

SA..AGRAP HICSXHT-10
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