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SAN ONOFRE #1

SONGS #1

SONGS #1 is a 1347 MWt (450 MWe) PWR plant supplied by Westinghouse.

There are three (3) vertical, U-tube steam generators (SG's) of the recircu-
lating type.

Tubing: Mill annealed Inconel 600 0.750", 0.055" wall tubing,
partially expanded (approx. 2 1/2") at the base of
| ‘ the tubesheet; 3794 tubes per SG.

Startup: Initial criticality June, 1967
Commercial Operatibn Jan. 1968

Secondary Chemistry Control Regime

Initial treatment with sodium phosphate, maintained throughout
1ife except for approx. 5 months during 1970 - 1971.
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SAN OMOFRE #1

EDDY CURRENT DATA EVALUATION

ane S IBRENGHOLISE CLASS 3'

. u E

¢ Qutage due to tube leaks in steam generator A,

¢ Leak check showed 2 tubes leaking in SG/A.

¢ One in tubesheet crevice.
e One at top of the tubesheet

e EC Program in SG/A: 639 hot leg tubes to #1 support plate @ 400 kHz.

e 21 tubes with EC Z 50%
e 37 tubes with EC > 20%<50%
¢ 10 tubes with EC <€ 20%
' o Tubes plugged - 21 _
¢ 19 for EC indications at top of the tubesheet.
e 2 for EC indications in the tubesheet crevice.

¢ SG/C inspection program: 215 hot leg tubes to #1 support plate @400 kHz.
e No quantified indications. |

o e No tubes plugged

¢ 52 tubes reported with d1stort1ons of the tubesheet signals- include
R12C36 which leaked in April, 1980.

.
'




.. The EC program was modified to encompass all hot leg tubes to at least

SAN ONOFRE #1
SG TUBE LEAKAGE: APRIL. 1980 | | :

L4

Low level tube leakage {approx. 50 gpd) reported during February-
March, 1980 after outage for maintenance.

Increased tube leakage apparent in early April reached approx. 250 gpd.

Shutdown April 8 was three (3) days in advance of refde]ing outage
schedule. ‘

. _ 1
Hydro test of SG's confirmed tube leakage in SG/C (5 tubes); possible \
tube.1eakage in SG/B. :

Hand probing = of leakers and 2 other tubes showed deep penetration EC
signals at the top of the tubesheet in SG/C

the #1 support plate.

Ll
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STEAM GENERATOR TUBE PLUGGING

Prior to April, 1980

SG/A
' . Number 95
% 2.50

Total = 269 (2.36%)

SG/B

50

1.32

r"?v ).’

SG/C

124

3.27
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Tores rzouirds a Plus gorg

es 10 Le p’,gged because of tube puliing operations.

m
. w
" SUKMARY OF CONVENTIONAL: EDDY CURRENT EXAMINATION (BOBBIN COIL) " =
, P
. . : fep)
TYPE OF INDICATION (> 20%) $/6 A S/G B $/6 ¢ REMARIE-
| — A
Inlet Outlet Inlet Outlet Inlet  Outlet (owm
W |
. m |
At Anti-Vitration Bars . '
Total (tubes) 148 - 215 - 209 - 01d indftations;
Pluggable (> 50%) 4 - 7 - 2 - No signi%i;a"t 97
thove Tubesheet C/) '
Tet21 ECI's 05 629 - . 148 9% 245 39 01d 1ndieu?tions.
ECI's > 53¢ 4 2 1 - 0 7 0 No significant gr
~t op Ct Tub2sreet ) ——
- ' ‘ Previously unrepo
notai ECl's 145 3 56 0 156 0 indications; real
ECI's > £74 128 0 52 0 148 0 apparent growth,
Zalo. tco of il.uesleet . —
Total ECI's ] 0 0 0 0 Only one appareni
ECI's > 50 1 0 0o 0 0 Indication.
Tute Suzzort Plate Elevations
 Total ECI's 0 0 2 0 Linted nunber OT
\ ZAe ndications;
ECl)s 2 50= P 0 0 0 0 ~ Minor impacé.
festrictsd Tutas ' .
vot2] Tubes 178 60 - - 1€5 25 ganifestati?n 0{1
amage previous
- 2 0
Fluggatle 0 2 0 0 shown to be arre
Citer () 23 0 :
- 125 ) 60 - 0 HS
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WESTINGL,

HiCr g |
-o= CLASS 3

‘ SAN ONOFRE #1 | o

SG_TUBE REMOVAL DATA

" : STEAM GENERATOR A

Laboratory evaluation of three tubes was deemed necessary to determine

the nature of tube degradation exhibited by the EC data and the tube
leakage events.

e R24C71 HL - Section frem #1 TSP down.
N In-plant EC data: 95% at tubesheet.

Q ) 26% 12" above tubesheet.

Tube fractured at 95% indication on pulling.

e R31C28 HL - Section from #4 TSP dowm.
In-plant EC data: Complex signal at tubeshest.

Tube fractured at complex signal on pulling.

~ s R17C52 HL - Section from 2" below top of tubesheet down.
In-plant EC data: 93% 4" below top of tubesheet.




WESTINGHq1;

: .
SAN ONOFRE #1

- EXPANDED SCOPE SG INSPECTIONS

Apparent tube degradation on tube with complex signal indicated need for
more specialized NDE techniques and additional tube pulls,

Additional EC testing with probes optimized for locating circumferentially-
oriented degradation. ' '

¢ Multiple, series-wired pzncake coils on a straight pull prche
did not produce significant improvement over original equipment,

« Backup - a single, .retating pancake coil probe did provide increased
sensitivity and circumferential extent of apparent ‘decradation,

Inspection program based on non-routine 100 kHz signal patterns frcm con-
ventional EC data plus one apparently normal tube around the “"red dots*®

calls for 2270 tubes to be tested with the Rotating Pancake Coil (RPC)
probe in Steam Generator A.



~

Tube Examinations:
Third Phase
Tube No.

A-R20C60H

A-R22C84H
A-R23C83H

A-R17C61H

A-R20C85H
A-R12C70H

A-R41C46C

RPC Result

WESTINGH 1

SAN ONOFRE #1

Metallography vs RPC

Tube Condition

at top of tubesheet

at top of tubesheet

Circumferential indication
Jjust below top of tubesheet

80% max. penetratidn

No detectable <5 mil
degradation crack
" <5 mil
15 mil
u <10 mil
<15 mil
- 62%
38%
<20% 50% ma
73% <17% th

cracki

o

2SE CLASS '3

thinning; No
indications

thinning;
penetration

thinning;
penetration

X. penetration

fnning;'no apparent
ng
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. . _SCE_IN-SITU TUBE PRESSURE TESTS - LEAKERS

L4

*  TESTED FIVE (5) LEAKERS IN SG-C

~

"TUBE NO. © | MAX. TEST PRESSURE | MAX. LEAK RATE
RITC4S 5600 PSI 0.17* GPi
R12C36 5900 PSI 0.43 GPM
R12C38 5800 PSI -1+ 0.91 GPH
R12C48 6000 PSI | 025 GPM
R12C51 5600 PSI 0-22 GPM ]

. ® - FIBEROPTICS INSPECTION AFTER TESTS i
LARGE CIRCUMFERENTIAL SEPARATIONS AT TTS ON ALL 5 TUBES

i !NFERE\ICES
¢ LEAK RATES ARE IMPEDED BY THE PRESENCE OF SLUDGE PILE

- e LEAKERS TESTED IN-SITU MEET THE MAXIMUM OPERATING-BASIS
STRENGTH REQUIREMENT '

» LEAK RATES, ALTHOUGH SMALL, FLUCTUATED WIDELY OVER THE ENTIRE TEST

' PRESSURE RANGE

]
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PROPOSCD SLEEVING BOUNDARY

® TUBES PRESSURE-TESTED IN-SITU T0 3000 PpSI.



SCE IN-SITU TUBE PRESSURE TESTS - NONLEAKERS

‘ TESTED TWENTY-THO (22) NonLakers 1 se-aWVES TINGHOU SE CLASS 3

“R-C g e cow. EcT | SMOSE 1 rugeeueer zone

A-13-70 555 | 220° NDD 6 in. SLUDARE-LAJCE
13-71 892 | 240° NDD 6 in ACCESSIRLE OH
11-60 97% | 350° NDD 8 in. MANMAY SIDE
17-61 62% NDD 12 in.

A-12-33 503 | 180° NDD 8 in. SLUDRE-LANCE
13-42 86% | 240° 80% 11 in ACCESSIRLE 0!
9-43 97% | 180° . 45% 7 in. MOZZLE SIDE

12-27 <20 90° NDD 9 in.

A-15-54 NDD | --- NDD 12 in. CENTRAL, RELA-

. 28-52 NDD | --- NDD 19.5 in. | TIVELY QUIET

24-43 643 | 150° NDD .16 in.
24-42 83% | 120° NDD 16 in.
17-63 96% | 180° NDD . 12 in.
17-48 94% | 210° NDD 17 in.

A-38-51 88y | 210° NDD in. RELATIVE ACTIVE
38-53 91% | 180° 33% 9 in BETWEEN ROUS 34-

B 39-58 96% | 150° NDD 8 in 40 AMD COLS. 40-6G

29-73 96% | 360° NDD 14 in.

A-43-59 NDD | --- NDD 0 in. OUTER PERIPHERAL
40-34 | NOD | --- NDD 6 in.
12-13 NDD | --- NDD 5 in.
8-90 - NDD | --- NDD 4 in.

. PRESSURIZED TO 3000
NO LEAKAGE

¢ FIBEROPTICALLY INSPECTED RY7C61 = NO INDICATIONS -

PSI

® INFERENCE - NONLEAKERS TESTED IN-SITU MEET THE MAXIMUH OPERATING BASIS

STRENGTH REQUIREMENT
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- SAN ONOFRE #1

IN-SITU PRESSURE TESTS
OF
NON-LEAKING TUBES

Twenty-two (22) tubes in SG/A were tested.

16 RPC indications
6 No detectable degradation

e Pressurized to 3000 psi. : -

No Leakage,

Y

.0

of the tubesheet.

Inference: Non-leakers tested in-situ meet the max irum operat1ng
basls strength requirements.

Fiber optics inspection of R17C61 revealed no indications at the top -



SAN ONOFRE #1

CORROSION RATE ESTIMATE

Examination of eddy current signals from prior inspections indicates
the presence of signal distortions in 1973 data.

Best estimates on data from 10/76, 9/77, 9/78 and 6/79 inspections
permits rough corrosion rate calculation.

39 tubes in SG/A
Average Growth Rate: 13% per year




i

TOTAL TUBES
PREVIOUSLY PLUGGED
REMAINING IN-SERVICE

PLANNED INSPECTIONS
Through U-Bend
Through 4th Support
Through 1st Support

ACTUAL INSPECTIONS
Through U-Bend
Through 4th Support
Th;ough 1st Support

>

INLET —
3794

95
3699

491
380

- 2828

475

343

2881

CorvennonaL Evoy Q“Q%E:I”

INSPECTION PROGRAM :
A?f\\ ‘\O)BO Q({wq_,\\v\(\ O‘;‘-Ggi

QUTLET

3794
-95

3699

16
1480

16
179
1803

INLET = OUTLET

3794
50
3744

586

3158

754

2990

3794
50
3744

386

12

640

INLET =~ OQUTLET

3794
124
3670

452
3218
592

346
2732

3794
124
3670

279

39
16
305

£ SSY19 ISNCHONIISIM
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® | WESTINGHOUSE CLASS 3

TECON PROCESS [EVELCRIENT
FOR STEAM GEMERATCR
CHAMNELHEAD MAINTENANCE ACTIVITIER -




WESTINGHOUSE (ragg 3

EXPERIENCE ao e

——— .




Z.

WESTH

TECRICA. ISSLES

QAT QEDITIC AFTER [EON
RESIIUAL GRIT

- CMISTRY COPATIRLE
- R.C. PUP SEALS/(RIM
DILUTICN |

. #ASTE HATLING

!"!l‘

\uﬁUU

CLASS 3




-t Gt o el S ® -

WESTINGHGOUSE CLASS 3




WESTINGHGUSE CLASS 3




HEALTH PHYSICS PROGRAM
FOR

STEAM GENERATOR REPAIR



WESTINGHOUSE CLASS 3

® QRGANIZATION

« A, A HEALTH PHYSICS ORGANIZATION DEDICATED TO S/G REPAIR
IS DEVELOPED TO PROVIDE:

1. SHIFT COVERAGE IN THE FUNCTIONAL AREAS

2. ADEQUATE STAFF TO SUPPORT ACTIVITIES IN 3 STEAM
GENERATORS

3, ASSURANCE OF CONTAMINANTION CONTROL AND RAD WASTE
HANDLING

B.  STAFFING SUPPLEMENT SUMMARY

, 1. B4 HEALTH PHYSICS TECHNICIANS ARE CONTRACTED
GIID AS OF 10/15/80
- 2. _16 DECON TECHNICIANS ARE AVAILABLE FOR SHIFT
COVERAGE
3, _12_ SCE PERSONNEL ARE DEDICATED TO S/6 REPAIR.



. Revision
H.P." SUPERVISOR 9/9/80
. + | orcx warnock ! .
- HESTINGHOUSE
P sy = = = =l = e = fshFETY 0GR, | .
BILL ALLEN BILL FREIDHOF
18NS DOSIMETRY PROCEDURCS RAD WASTE H.P. OPERATIONS RESP. PROT. ALARA o VESTINGHOUSE
I%ATOR - JEFF MORTENSEN WHOLE BODY CONSULTANT
" GFAHAM SCOTT MEDLING STEVE WILLIAMS (NUS] JDAVE DURAN D BENNETT/JUACK HEFEI%  SHERRY FOLSOM HOWARD XEY AIRKIAVH
I | l CLERICAL ALARA
RUCTORS WRITERS/RCVIEWERS FOREMAN SUPPORT REVIEWERS
GLENN DAVIS
el r————
) TECHNICIANS
MINAL TECH. SUPPORT CLERICAL SUPPORT TECHNICIANS
RATO3S GRCG PECKHAM - , $
— CLERICAL m
SUPPORT W
NoR. A LABOR SUPPORT -
EATE- 864 Paon ==
D
.
' ‘ , D
CONT. FOREMAN DECON FOREMEN SURVEY/ CONTROL POINTS c
' COUNT ING "
v“-' )
[
; (i)
PLATFORI RELIEF DECON TICHS. TECHNICIANS TECHNICIANS
Lecns. TECHS. ;
w
W




WESHNGHOU._ JLASS 3
WESTINGHOUSE CLASS 3

.1. TRAINING
A, THE EXISTING STATION RADIATION PROTECTION TRAINING

PROGRAM IS UTILIZED TO QUALIFY CERTAIN PERSONNEL FOR
UNESCORTED ACCESS.

1, SCE SUPPORT
2, WEC
3. ANS SUPERVISORS & ESCORTS

CONTRACTED HEALTH PHYSICS PERSONNEL RECEIVE:

1, UNESCORTED ACCESS TRAINING |
2, STATION HEALTH PHYSICS PROCEDURE TRAINING

. STEAM GENERATOR ENTRANTS TRAINING SEQUENCE:

1. DAY ONE
“a. FOUR + HOURS CLASSROOM INSTRUCTION RELATED T0
10CFR19-12
B. EXAMINATION |
c. WHOLE BODY COUNT

2. DAY THO
A, FULL PHYSICAL EXAM |
B, DRESS UP/OUT IN FULL PROTECTIVE CLOTHING
c. RESPIRATORY PROTECTION CLASS AND EXAM



3.

4,

ll

WESTH\‘U. 1WWUSE CLASS 3

DAY THREE

A. MOCK UP TRAINING IN CIVILIAW CLOTHES/TOOLING
USE

B, FULL DRESS AND JUMP IN SIMULATED PLATFORM

" ENVIRONMENT

1. STEP OFF PADS
2, H.P. COVERAGE

c. SEQUENCE ABOVE IS REPEATED AT LEAST ONCE WITH

TIMING ON BOTH FOR PROFICIENCY (RECORDED)

 REFRESHER CLASSES ARE HELD AS NECESSARY FOR

PROCEDURE OR EQUIPMENT CHANGES

JOB SPECIFIC TRAINING HAS 15 SEPARATE QUALIFICATIONS

- SYSTEM TRAINING FOR OTHER PERSONNEL

SYSTEM REVIEWS & WALK THROUGHS
A, DECON, HONING, SLEEVING (ENGINEER SHIFT
COORDINATORS)

HEALTH PHYSICS PERSONNEL
A. FOUR HOURS INSTRUCTION ON EQUIPMENT PLUS
MOCKUP/JUMPER OBSERVATION




‘ . PROCEDURES
A.

THE FOLLOWING PROCEDURES HAVE BEEN DEVELOPED ARD
APPROVED TO SUPPORT S/G ACTIVITIES:

1.

2,

7.

ALARA PROGRAM FOR S/G DECON & REPAIR
RESPIRATORY PROTECTION PROGRAM FOR S/G DECON
& REPAIR |
PACKAGING AND TRANSFERRING DECON FILTERS TO
RADWASTE STORAGE AREA
EMERGENCY PROCEDURES FOR S/G DECON & REPAIR
USE, CLEANING AND MAINTENANCE OF THE BIOMARINE
BIOPAK 60P RESPIRATOR |
TRANSFER AND PREPARATION OF HONES FROM S/G
PLATFORMS TO RADWASTE AREA |
PACKAGING AND TRANSFERRING FLEXIHONE WATER FILTERS
TO RADWASTE STORAGE AREA

A. "HEALTH PHYSICS PROGRAM FOR STEAM GENERATOR REPAIR”
PROCEDURE IS NEAR COMPLETION

1.

STANDARDIZE APPROACH AND AS APPLIED TO S/G REPAIR
WILL ADDRESS AREAS SUCH AS:

A
B.
C.

D.
. E.

DOSIMETRY

ACCESS & EGRESS
TRAINING _
RESPIRATORY PROTECTION
EXPOSURE LIMITS



l'I"IV.

.AI

CO

A SEPARATE ENTRAWCE FOR WEC PERSONHEL HAS BEEN
ACTIVATED AND MANNED.

AN ENTRANCE/EXIT FACILITY HAS BEEN CONSTRUCTED ON
THE TURBINE DECK.

1. A COMPUTER TERMINAL WILL BE ACTIVATED TO ASSURE
ACCURATE WORK FUNCTION AT TIME OF ENTRY

PROTECTIVE CLOTHING SEQUENCE -

1. INGRESS
a. TWO LAYERS OF PROTECTIVE CLOTHING, HEAD COVER,
COTTON GLOVES AT OUTER ACCESS
8, THROW AWAY BOOTIES, RUBBERS AND PLASTIC GLOVES
AT EQUIPMENT HATCH ACCESS

2, EGRESS |
A, RUBBERS ARE REMOVED AT FIRST STEP OFF PAD
B, COVERALLS, GREEN GLOVES REMOVED PRIOR TO

| PERSONNEL HATCH EXIT
c. PLASTIC BOOTIES ARE REMOVED ON TURBINE DECK
~ AND SHOES FRISKED |
p. FULL BODY FRISK PRIOR TO EXIT TURBINE DECK
£, UNDER LAYER OF COVERALLS REMOVED AT ACCESS
TRAILER

WEST [\L. x.\,..,t_ LLAQS 3
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WESTING .WL‘LE CLASS 3

A, DOSE REDUCTION EFFORTS

- 1. EXTENSIVE SURVEYS AND POSTING OF HOT SPOTS AND
- _ IDENTIFICATION OF “COOL AREAS”
* 2. TEMPORARY SHIELDING AT ALL PRACTICABLE LOCATIONS
3.. ERECTION OF SHIELDED “DOG HOUSES” FOR HIGH |
OCCUPANCY AREAS
4, SUIT UP FOR STEAM GENERATOR ENTRY ON TURBINE DECK
. WHENEVER PRACTICABLE

B.  DOSE ASSESSMENT

| ‘ 1. BLANKET REP’s RELATED TO WORK FUNCTION HAVE BEEN
‘ ESTABLISHED TO ALLOW EVALUATION OF ACTIVITY BY
STEAM GENERATOR

C. MANAGEMENT ATTENTION

1, SHIFT COVERAGE TO SEARCH FOR IMPROVEMENTS AND
| ~ RECORD DISCREPANCIES THAT NEED RESOLUTION
* 2. DAILY EXPOSURE UPDATES TO ASSURE KNOWLEDGE OF
EXPOSURE STATUS AND TRENDS



‘ D,

| WESTH\ 2] Q'- o
TRAINING e L ASS 3 ’

1. ALARA BRIEFINGS FOR PERSONNEL INVOLVED IN PROJECT
2, USE OF MOCK UP WITH FULL DRESS FOR VARIOUS TOOLING
QUALIFICATIONS
A. PERSONNEL ARE TIMED FOR PROFICIENCY. RECORDS
ARE MAINTAINED SO THE BEST AVAILABLE MAN-
POWER MAY BE USED,



WESTING. .ot CLASS 3
10CFR20,201 - SURVEYS |

1. CONTAMINATION ONCE PER SHIFT (20,103)
2. RADIATION LEVELS ONCE PER SHIFT (20,101, 20.203)

5. SITE PERIMETER RADIATION SURVEYS ONCE PER DAY
(20,105)

4. AIR SAMPLING - CONTINUOUS ON PLATEORMS AND NEAR
- DECON PROCESS EQUIPMENT - GRAB SAMPLES DURING

CHANNEL HEAD WORK IN C/H, ON CATWALKS AND PLATFORM
(20,103)

10CFR20,202 - PERSONNEL MONITORING

1. ALL ACCESS TO SPHERE REQUIRES CHEST BADGE AND
0-200 MR AND 0-1R DOSIMETRY

2. HEAD AND EXTREMETIES ARE REQUIRED FOR PLATFORM AND
CHANNEL HEAD WORK

10CFR20.203 - POSTING & LABELING

1. CONTAINMENT AREAS ARE POSTED T0 ASSURE COMPLIAWCE

~AND INFORM WORKER DURING ACCESS WORK ACTIVITIES
AND EGRESS



—

WESTINGHOUSE ¢ pgq -

H.  10CFR1S.12

1. EXISTING PLANT TRAINING PROGRAMS ARE UTILIZED FOR
UNESCORTED ACCESS
- 2. CLASSROOM INSTRUCTION FOR CHANNEL HEAD WORKERS
. SUPPLEMENTED BY.REALISTIC MOCK UP ACTIVITY
QUALIFICATION (REG GUIDE 8.8)

I. 10CFR20.103 (REG GUIDE 8.15)

1. CLASSROOM INSTRUCTION AND EXAMINATION SUPPLEMENTED
BY HANDS ON USE IN MOCK UP SITUATION
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INDEPENDENT
THIRD PARTY REVIEN
PRESENTATION

 SLEEVE DESIG
SLEEVE CRITERIA
STRESS ANALYSIS

P, P. DERCSA
CctoB R 23, LS80

Al T

T

P
W
W

VP/@3



WESTINGH

TUBE REPAIR AND SLEEVING HISTORY

VP/013
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WESTINGHO

SLEEVE DESIGN CRITERIA

© REPLACES THE TUBE AS PRESSURE ROUNDARY

- STRUCTURAL INTEGRITY
~ PRESSURE CONTAINING

@ METS ASE CDE REQUIPEMENTS

- SECTION 1T MATERTAL
- SECTION I1I DESIGN & ANALYSIS ace s

I —J
- SECTION XTI INSERVICE INSPECTION

@ ACCOMCDATES TUBES IN “FIEID-CONDITION”

- OXIDIZED/RADICACTIVE

- DENTED

- NON-STRAIGHT/NON-PERPENDI CULAR
- DISTORTED TUBE ENDS

© MINIMAL EFFECT ON PRIMARY FLOW RESISTANCE

- ENTRANCE AND EXIT LOSSES
- FRICTION LOSSES

© SPANS THE SECTION OF AFECTED TUBE

- O MATERIAL SELECTION QUALIFIED WITH CORROSION TESTS

PYCT

Joo

CLASS 3

VP/a13



Item

Sleeve Design

Sleeve Material

- a,e,e,{

r JMaterial

WESTIN

TABLE 3.1

ASME CDDE AND REGULATORY REQUIREMENTS

Applicable Criteria

Section I

Westinghouse Egquipment

Specification 675161
Rev 3, Dated 10/28/84
Reg. Guide 1.83
Reg. Guide 1.121
Section II
Section III
Ccde Case 1484-3

'Section I

Section III

Section III '

Section IX

Section XI

3.2

HOUSE CLASS 3

Reguirement
—=21TEment

NB-3200, Analysis
- NB-3300, Sizing Test

Analysis Conditions

S/G Tubing Inspec-
Ctibility

Plugging Margin

Material Composition

NB-2000, Identifi-
cation, Tests and
Examinations

Mechanical Properties
Q,C,a

r —,‘ Materia)

Tompos TTion,

oy lmy

[: :] Identifi-

¢ation

NB-4000, Config-
uration and
Testing

Process Qualification

Inspection
Pressure Testing

AE2-£/8008
VP/013



Sleeve Design

Figure 4.5

\D/MZ

4.12




WESTINGHOUSE CLASS 3

Figure 3.7  Sleeve Configuration

3.5

AE2-£/8008
ve/013 =



Figere 5.2 PHOTO SLERvE [

3.8

8,042,

AE2-£/8008
VP/Q13
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WESTINGHOUSE CLASS 3 | mm

e
A
|

o CLEAN TUBES

DECONTAMINATE.



Fiqure 4.2

3cr.,r:,e

4.3

AE3-A/8008
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WESTINGHOUSE CLASS 3

Q,C)6
Figure 4.8 E :’Systern

4.17 |
' VP/013
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_ WESTINGHGUSE CLASS 3

SLEEVE LOWER JOINT QUALIFICATICN TESTS
ACCEPTANCE CRITERIA

" ® ZERD LEAK RATE (LESS THN qryy 6P PER JOIN)

© STRUCTURAL INTEGRITY

TESTS

€

~

a7

vp/M3
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ve/l3
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AEA74/4938



'WESTINGHOUSE CLASS 3

ac ¢

SLEEVE-TO-TWBE[ _ ~JJOINT TESTING

(BJECTIVE
o DEMONSTRATE AD VERIFY THE LEAK-TIGHTNESS CF[
ST JJoNT
- TEST SPECIMEN
. - ace
- | J
PRELIMINARY RESULTS ac, e
_ _
VP/II3

27



WESTINGHOUSE CLASS 3

SLEEVE ANALYSIS

e DESIGN AND CODE CRITERIA
e SLEEVE DESIGN

e ASME SECTION IIT ANALYSIS

o EQUIPYENT SPECIFICATION RERUIREENTS AND LOATS

o METHM OF ANALYSIS
e SECTION ITT RESULTS
a SPECIAL CONSIDERATIONS

- vp/Ql3




=

I,

"o PLUGGING CRITERIA

CODE AND DESIGN CRITERIA

REQUIREMENT CRITERIA
(e

e SLEEVE STRUCTURAL SECTION IT1

INTEGRITY SECTION XI

REG. GUITE 1.121

1. DESIQN

e DESIGN LIFE - REMAINING LIFE

VERIFICATICN

ANALYSIS
TESTING

AVALYSIS

ANALYSIS



Geometry Anal yz'ed

Figure §.2.1

6.61

ve/013 27



WESTINGHOUSE CLASS 3
CONDITIONS EVALUATED

DESI®N
TEST
FAULTED

NORVAL AND UPSET
- PRIMARY PLUS SECCNDARY STRESS RANGE
- FATIGE '

SPECIAL AND IN-FIELD COMDITIONS
- FLOW SLOT HOURGLASSING
- TUBE/SLEEVE VIBRATION
- FLOW VELOCITY IN SLEEVE



WESTINGHOUSE CLASS 3
TABLE 6.2.3 .
DESIGN, FAULTED AND TEST CONDITIONS

Sleeve Pressure Loading
(psig)

Conditions . " Reference Primary Secondary

6.71 AE2-F /8009

-V P/m3 o~y



WESTINGHOUSE CLASY 4

e | | — ._.
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—

Figure 6.2.71 Secondary Pressyre oading

it

6.90



—

Figure 6.2.8 Primary PressuraUm’t Loading
e

6.86

s /N2



WESTINGHOUSE CLASS 3

Figure 6.2.6 Finite Element Mode]
Sleeve Lower End

6.83
vp/Q13



Figure 6.2.7 Finite Element Model
J=<s

§.84

vp/O13
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Figure 6.2.2 Analysis Cross-Sections
6.62
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DESIGN CONDITIONS

ISSUE

@ NB-33224, REQUIRED THICKNESS
® NB-321, DESIGN LIMITS
©® NB-3133, EXTFRNAL COLLAPSE PRESSURE

LOADING
PRESSURE (PP/PS), =3
O WITH UNPERFORATED TURE 2485/0
VETHID OF ANALYSIS

® FINITE ELEMENT AND HA'D CALCULATIONS
9 (ONSIDERED TUBE SERVERED AND UNSEVERED (NON-LEAKING)

RESULTS

(Q o OI
(I



WESTINGHOUSE CLASS 3

TEST (ONDITIONS

ISSUE
@ NB-3226, TESTING LIMITS
- ® NB-3133, EXTERVAL COLLAPSE PRESSURE
@ CYCLES INCLLDED IN FATIGUE ANALYSIS

LOADING |

- CRITERIA Pressure (P,/P.), Psia
® PRIMARY TEST SECTION XI (L.10P) 2295/0
© PRIMRY LEAK SECTION XI (P) | 2085/0

@ SECNDARY TEST  SECTION XI (L.25P) 0/12%

© SECONDARY LEAK  SECTION XI (P) v 0/695

VETHOD OF ANALYSIS |

© FINITE ELEMENT AND HAND CALCULATIONS

RESULTS

© MAXIMUM STRESS VS, ALLOWABLE RATIO OF , 8 AT SECTION EE
@ MINIMIM COLLAPSE PRESSURE OF 1308 PSIG (PER CODE)

vurn/MM2



WESTINGHOUSE ¢iass 4

FAULTED CONDITIONS

ISE .

@ NB-325, LEVEL D SERVICE LIMITS

@ B-3133, EXTERNAL COLLAPSE PRESSURE
Q APPENDIX F

@ REGULATORY GUITE 1.121

LOADING

| PRESSURE (PP/PS) , PSIG

o SBFB 2085/
o LOcA 0/710

NETHOD OF ANALYSIS

© FINITE ELEVENT AND HA'D CALCULATIONS

RESULTS

@ MAXIMM STERSS VS. ALLOWABLE RATIO OF ,31 SECTION FE
- @ MINIMM COLLAPSE PRESSURE OF 1146 PSIG
- © MINIMM REQUIRED WALL TO MEET REGULATORY QIIE 1.121
IS .0I3 INGES (367 OF WALD




WESTINGUNI10F

A
UL UL

3S 3

I

NORMAL AND UPSET CONDITIONS

[SSUE__

® 'B-322, LEVEL A SERVICE LIMITS
@ B-3223, LEVEL B SERVICE LIMITS
@ REGULATORY GUILE 1,121

LOADING

(SEE TABLE)

FETHOD CF ANALYSIS

© FINITE ELEVENT AMALYSIS

o THERYAL STRESSES INCLUDE TUBE/SLEEVE INTERACTION

& PRESSURE STRESSES CONSIDER TUBE SEVERED AND LSEVERED

D ASSUES REFAINING LIFE | |

© SECONDARY STRESS EVALLATICH INCLUTES BENDING DUE TO
FLOW SLOT HOURGLASSING |

RESULTS

@ PRIMARY PLUS SECONDARY- STRESS RANGE - 45 kst < 3 Sy AT W (79,8¢s1)

9 FATIGE USAGE FACTCR CALCULATIONS - 063 AT W (OF)
@ MINIMM REQUIRED WALL TO MEET REGULATORY GUITE 1.121
IS Q11 INGHES 37 OF WALD) A

Y. = & B 2



WESTINGRULSE CLASS

SPECIAL CONSIDERATIONS

EFFECT OF FLOW SLOT HOURGLASSING

EFFECT OF SLEEVE ON TUBE/SLEEVE VIBRATION
a,c e

. EROSION OF SLEEVE AT[_ | JOINT TRANSITIONS

EFFECT OF TUBE SUPPORT PLATE DENTING

=
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e TABLE 6.1.1

MAIN ASPECTS OF THE CORROSION/MATERIAL
PROGRAM FOR[  _JJOINTS

.'

&<

{



WESTINGHOUSE CLASS 3

" TABLE 6.1.2

e _ CORROSION/MATERIAL ISSUES AND TESTS CONDUCTED
Issue - Test

aSE
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TABLE 6.1.2 continued)

CORROSION/MATERIAL ISSUES AND TESTS CONDUCTED

Issue ) Test

AFY=-0/2008

4 .

¢
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/ESTINGHOUSE CLASS 3

6.1.5 Acceptance Criteria for Verification and Qualification Tests

of SCE Sleeving - The following lists each criterion, the
e justification for the selection of the criterion and the '
specific Task which addresses each criterion. - @5 f

CRITERA JUSTIFICATION

6.8 = AE3-D/8010
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CRITERA - JUSTIFICATION
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WESTINGHOUS:

o

-

CONCLUSIONS TO DATE

\
| e Issue

1. Effect of high temperature braze

cycle on:
a. Mechanical properties of tube
-and sleeve

" b. Micro-structure

c. Corrosion resistance of
tube and sleeve

d. Possible diffusion of 0D

contaminants
e. Possible sensitization of
tube or sleeve
e, c, €
2. Effect of [ Jin

primary side crevice

3. Cpmpat12}g1}y ofl:

4. Effect of outer tube leak and
exposure of sleeve to secondary
side contaminants

a,c €

5. Structural integrity of[ j
assembly

R i L e
- . -t - A . ",

Findings




IN pPLACE
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107037480 16:39:1

Ladad A A X X R X R K T X X X T RN F Y I SR APy --n--o--- --- ----- ---------o-n-.-c---O------..--------------n---------

100 SERIES =~ STEAM GENERATOR DECON OPERATIONS 1980 OUTAGE

100 RESERVED | .
B 101 EQUIPHMENT SETUP/TEST _ . o
102 . NOZZLE PLUG INSTALLATION
B 103 AUTOMATIC DECON o

104 _MANUAL  DECON
105  INSTALL NOZZLE SHIELDING

106 1 CHANNELHEAD INSPECTION/SURVEY | ,
107 ©  EQUIPMENT MOVEMENT/REMOVAL i o o
.108 . TOUR OF DECON EQUIP | o oo
109 L SHIELDING SUPERVISION o | a g;%
110 | ALARA INSPECTION <=
111 ' REPAIR/MAINT CHANNELHEAD 3 j .
112 = REPAIR/MAINT OTHER o , Lt
113 FILTER CHANGE , ' &
114 RADWASTE REMOVAL o R ' e
115 SUPERVISORY REVIEW = ~—
116 HP SURVEILLANCE: S

- 17 HOUSCKEEPING 7 . E
.18 SHIELDING o - - , .fiz

119=148 - RESERVED : | - | =

149 OTHER DECON IN STEAM GENERATORS

i'xso SERIES~- STEAM GENERATOR SLEEVING OPERATIONS x9ao-ex ' ;o

151 | R=THETA SETUP/FIXTURE CHG
152 5 TUBE HONING

153 | SLEEVE INSERTION/EXPANSION

154 BRAZE '

155  END PREP & ROLL | ' ' | . .




DSN=SONRD+SR.CODES]1+TEXT : ' 10703780 16:39:11

156 ° TUBE SHEET WELD/HARD ROLL

157 TUBE REWORK & REPAIR .
158 INSPECTION & TESTING | y i ,
159 - TOOLING INSTALL/CHANGE -
160  TUBE PLUGGING o
161 MAINT - CHANNEL HEAD
162 MAINT = OTHER
163 HePs SURVEILLANCE
164 SUPERVISORY REVIEW
165, .  HOUSEKEEPING )
166 .  SHIELDING - Zj; | } :
167=379 (RESERVED) | - | ' | ;

180 ~ OTHER SLEEVING OPERATIONS . . =
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® WESTING

[

/ALIDATICH 'IF CONPLETE - DATA FIELDS .

F. NO.- 07103 LAST UFDATED:
IRATION TIME: 09:00  EXFIRATION DAT
LOC . 07 - Uf STEAM GEN E

DESC 002 - ROUTINE MAINTENANCE
{ DESC 103 - AUTOMATIC DECON
CLASS 002 - BLANKET '

QUAL 00
4 EMFLOYER DESC OR
SE NAME

34 WESTINGHOUSE
»X WESTINGHOUSE

4 WESTINGHOUSE

93 OTHER

36 WESTINGHOUSE

01 Q’iF'ER (k&M OR FROTR

5 FER (R&M OR FROTR

Eé MFER (R&M OR FROTR

NO CHANGES - DEFRESS FF 7 KEY

NT REQUESTED RY Z5D FROH TERMINAL 49

S0 CLASS 3

Z54 09/22/8¢ - .5
E: §2/31/80
MFC- 00.80

WORKER DESC OR

QTR REM 7-MFCH

MAINTEMNAMCE WORKER
INSTRUMENT TECHMNICIA
ADMIN, SUFERVISR, CL
INSTRUMENT TECHNICIA
ENGINEER

ADMIN, SUFERVISR, CL
MAINTENANCE WORKER
ENGINEER

Q2 ON 10/03 AT 18:39

ITH O OIMPUT SHOWN IN HIGH INTENSITV:



© - GUBJECT:
" October 18, _ 1980

DATEL:

EXPOSURE SIHCE 9-3-80

ALARA UPDATE

WESTIM HOIiS E Ci

ALARA UPDATE ILFORMATION

ALA&A'anquER

’ _
i INSIDZ SECOMDARY | A STEAM GEM. ! 8 STEAM GEN. ! ¢ STEMM GEN. | spuza: To-.:
. ‘ : |
MAN-REMS 32.131 13.630 92.649 0.545 l *139.160 |
VAA — % ¢ ‘
PROJECTION - ‘
= /,~‘-L:_lol'£""5 K F T —
ACTUAL DECON HORIN SLEEVING o COMPLETION ! . EXEQCL
‘BCE 3.315 - 36,00 - 17 9.21
ESTINGHOUSE | 14.085 - 61.00 _ 17 2399 |
e | ' ' * - ' |
HOTAL 17.400 97.00 i 1T 17.94
REMARKS: . B
‘ SIGRED' // ’77 /j ; ://’E.-A s



VI. CONTAMINATION CONTROL

AIR EXHAUST

1, FILTERED EXHAUST BLOWER ON OPPOSITE MANWAY TO CONTROL

ATRBORNE CONCENTRATIONS

STEP OFF PADS

1. LOCATED AT PLATFORM EXIT TO CONFINE HIGHEST SOURCE
TO A LOCAL AREA )

2, ESTABLISHED WITHIN SPHERE TO CONFINE LOWER SOURCES.
WITHIN CONTAINMENT

PLATFORMS

1. COVERED WITH MULTIPLE LAYERS OF PLASTIC
A. ALLOWS DECON AND FROTECTS GRATING AND LOVER
ELEVATIONS
B. LAYER MAY BE REMOVED IF LEVELS OR DECDN TIME
BECOME PROHIBITIVE

*ROUTINE DECONTAMINATION

1. WALKWAYS FROM PLATFORMS OUT ARE WIPED DOWN ON A

SHIFT BASIS
2. STEP OFF PADS ARE ROUTINELY CHANGES )
3 THREE SHIFT COVERAGE IS SUPPLIED TO ASSURE POSITIVE
~ CONTROL OF CONTAMINATION SPREAD



VII. COMPLICANCE SUMMARY - WEST!,”\ HOLICE ny ASS ?

e A. lOCFRZO 101 - EXPOSURE OF INDIVIDUALS

l. FILM APPLIED HEAD AND CHEST TLD RINGS FOR EXTREMITIES
- FOR PLATFORM AND CHANNEL HEAD WORK
2. MOST RESTRICTIVE SELF READING DOSIMETER RESULT IS
ENTERED UPON EACH EXIT FOR LIVE TIME EXPOSURE
UPDATE

-

B.T 10CFR20.102 - DETERMINATION OF ACCUMULATED DOSE

1. FORMS NRC 4 EQUIVALENT ARE COMPLETED PRIOR TO FILM'
ISSUANCE AND APPROPRIATE LIMITS ARE ESTABLISHED

C. 10CFR20,103 - EXPOSURE OF INDIVIDUALS TO CONCENTRATIONS
OF RADIOACTIVE MATERIAL IN RESTRICTED AREAS

1. USE OF SUPPLIED AIR HOODS FOR PLATFORM AND CHANNEL

~ HEAD WORK |
"2, EXHAUST AND FILTRATION OF THE OPPOSITE LEG
3, USE OF PROTECTIVE CLOTHING AND EQUIPMENT TO PREVENT
. INADVERTENT INTAKE OF RADIOACTIVE MATERIAL
4, CONTINUOUS AWD GRAB AIR SAMPLES o

-D,  10CFR20.105 - PERMISSIBLE LEVELS OF RADIATION IN
. - %UNRESTRICTED AREAS

1. 'CONTROLLED STORAGE OF RADIOACTIVE MATERIAL AND
SURVEYS



. : | TASK C4
e ‘ : MODEL BOILER TESTS

OBJECTIVE:

- APPROACH:

TEST SETUP:

Refer to Figure 6.1.3

ENVIRONMENT:

-

c ¢



“WESTINGHOUSE CLASS 3

BOILER OPERATING CONDITIONS

Primary Loop Temperéture

Primary Loop Pressure

Primary Boiler Inlet Temperature
Primary Boiler Qutlet Temperature
Steam Bleed |

Blowdowﬁ (Initial)

620°F + sOF

2200 psi
615°F + 5°F
595%F + 59F

8 c¢/min for 1 hour/day

10 cc/min for 23*/hours
day

*The blowdown is shut off for 1 hour/day while the steam bleed 1s turned

on.

—— .



Figure 6.13.
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Single Tube Model Boller
Test Setup
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TABLE 6.1.15

RESULTS OF DESTRUCTIVE EXAMINATION

Conclusions

6.38 "AFRD/8010
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Figure 7.11 . _
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Figure 7.15 E ]
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ac Figure 7.18 a, e

[; JSie:natures of the[ Jaegion :

7.27



WESTINGHOUSE CLASS 3 ;
e | : | Figure 7.20 ;

]7+4

_ "
®
— _

7.30



——

 WESTINGHOUSE CLASS 3

_ Figure 7.21(a)
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~ ULTRASONIC PROBE
FOR BRAZE EVALUATION
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Figure 7.8
Ultrasonic System Resolution

e ) Reference
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Figure 7.2 .

|
Response of Focused Ultrasonic Iransducer
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. PROCESS INSPECTION SAMPLING PLAN
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Figure 4.12 FLOW CHART OF PROPOSED SAMPLING PLAN
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ACCEPTANCE CRITERIA

E | ]a,c
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INSERVICE INSPECTION PLAN FOR SLEEVED TUBES
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WESTINGHOUSE CLASS 3

e ' o ~ SAN ONOFRE #1 | -

“  STEAM GENERATOR TUBE SLEEVING ‘ \

CRITERIA FOR TUBE SELECTION

s A1l tubes with RPC - detectable indications at the top of the tube
sheet are to be sleeved or plugged. , | '

Any tube immediately adjacent to an RPC indication = 50% will also be
sleeved or plugged.

A1l acceésib]e tubes within the broad boundary formed by tubes identified
above will be sleeved.
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WESTINGHOUSE CLASS 3

. . SAN ONOFRE #1 /

SG TUBE SLEEVING BOUNDARY

SG/A SG/B SG/C
Tubes within boundary 2527 2371 2343
Tubes previously plugged , 54 8 17
(prior to 1980)
Tubes plugged in 1980 131 60 ;4
- \/
Tubes in pattern not to be 15 - 14 7
. sleeved T :
Tubes to be sleeved ' . 2327 2289 2315 = 2.(930
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WESTINGHGU\)_ CLASS 3

\ - SAN ONOFRE #1

SG TUBE SLEEVING BOUNDARY , //-

PERIPHERAL TUBES

o RPC testing was performed at least'one tube beyond last indication found
in pattern and the peripheral region was sampled on a 4 x 4 basis.

e Results in peripheral region - beyond‘s1eeving boundary - are free from
indications.

. o This region.cbrresponds to zone of high tubesheet flow velocities and to

area of 1ittle or no sludge.

e Corrosion observations on peripheral tubes on these and other SG's are
gene?a]1y much Tower than found in the sludge-covered central area.

o Given the absence of detectable indications, an upper bound of 49% applied
to these tubes yields plausible corrosion estimate of approximately 4% per
for life of the plant. '




\ WESTINGHOUSE CLASS 3

SAN ONOFRE #1

OVERALL PERSPECTIVE ON PLANT OPERABILITY
WITH SLEEVING REPAIR

e Tubes not repaired generally are free from both bobbin probe of
RPC probe eddy current indications.

e Even if those tubes have degradation 1e§s than 50%, tests show
strength close to virgin tubing. '

o The peripheral zone and low row area are usually low corrosion zones
due to tubesheet velocities; demonstrated by sludge distribution.

o Sludge distribution correlates strongly with location of tube
corrosion. '

o In the unlikely event of tube leakage on tubes close to boundary
.some reinforcement can be expected from sludge, limiting leakage.

e— iy

- s Leak before break expected based on corrosion seen on tubes examined.

e Whole bundle hydro will demonstrate strength.



VVESTENG:*ECJCZ CLASS 3

MATERIAL CORROSION
TESTING

BY
A. R,V
AW Keet
STRATEGIC OPERATIONS DIVISION

WESTINGHOUSE ELECTRIC CORPORATION



MATERIAL AND CORROSION PROGRAM

WESTINGHOUSE CLASS 3




" MATERIAL CORROSION PROGRAM

ac €

_[HAS NOT AFFECTED THE INHERENT

ASSURE THAT THE[

CORROSION RESISTANCE OF THE TUBING WHEN EXPOSED TO ACCELERATED
- CORROSION TESTS IN VARIOUS PRIMARY AND SECONDARY ENVIROMMENTS.

»-

ENVIRONMENT
CAUSTIC

PURE WATER

TEST
JTECHNTQUE

IMMERSION
(C-RINGS)

CONTROL
POTENTIAL
(C-RINGS)

IMMERSION
(U-BENDS)

PRIMARY

_ WATER
OH™ +CL”
POL} + (L

PRESSURIZED
CAPSULE

_ MODEL
" BOILER

WESTINGHOU

TEMPERATURE: 650°F

STRESS: > 50KSI
CONCENTRATION: 107

STRESS: > 50KS]
CONCENTRATION: 10%

POTENTIAL: AEX%%%GE

TEMPERATURE: 680°F

STRESS:>Y.S,

TEMPERATURE: 650°F

NONE

B AU T

- EL

NOﬁMAL

593°F INLET

S49°F QUTLET
15/20 KS]

15/20 KSI

5930F INLET
S49%F 0
JESF U{LET

59 3 FINLET.
L8OF QUTLET

SECLASS 3



- o EFFECT OF BRAZE CYCLE ON MECHANICAL
: PROPERTIES, MICROSTRUCTURE AND
é CORROSION RESISTANCE OF INCONEL 600
v -

X} WESTINGHOUSE CLASS 3

6.20 AE3-D/8008
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WESTINGHOUSE CLASS 3

PEAK BRAZE TEMPERATURE (°F)

| a,C
Results ol-! .”T.mmnu For

Single qcammm _ . , -u“p.
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TABLE 6.1.5

HARDNESS, TEMPERATURE AND GRAIN SIZE VARIANCE

ALONG BRAZE HEAT-AFFECTED-ZONE
(SCE SIZE TUBING)

WESTINGHOUSE CLASS 3

1

(4




TABLE 6.1.5

RESULTS OF SENSITIZATION STUDIES
FOR BRAZED HEAT~AFFECTED-ZONE

WESTINGHOUSE CLASS 3

6.23 AE3-D/8009




TABLE 6.1.8
CONTROL POTENTIAL

\
fi' WESTINGHOUSE GLASS 3
x

6.25 AE3-D/8010
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TABLE 6.1.13
RESULTS OF TESTS TO DETERMINE THE EXTENT

6.34
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AE3-D/8009
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WESTIN

PHOSPHATE
SobiuM
NA/POt% L H)

pH at 25°C

CHLORIDE

MAYE P VATER

USE CLASS 3

 SECONDARY SIDE

20pPM
(Rarice 15 - 30) }

11.6 ppM
(Rance 8,4 - 18,9)

2.4
(RanGE 2.3 - 2.6)

Q.8
(Rance 9.4 - 10,2)

0.5 ppM Maximm

Mare Up EvaporaTor Srould Pe MoniTorep CLoseLy To PReVENT
CarrY OVER OF Harouess IMPURITIES To CONDENSATE STORAGE

TANK.

A SN:'PLING ScHEDULE OF THE STORED CONDENSATE SHould D
MAINTAINED To PReSERVE THE QuALITY OF THE CONDENSATE

Make Up.






195 1m0 1B 190

267
3.3
2.4
2,6
0.6

2.2

0.6
1.0

- FILTERED LIQUID

160

3,0
4.7
0.2
0.01

0.1

0.3

0.3

0.05

17.0
10,7
33
2,0
1,0

0.3
0.2
1.0
37,0
%.2

0.45

2,5
1.4

3,2 |

4,9
0.7
1,2
15,6

%52

0.31
11.00

CHONILSIM

Ul

0 Doy i,
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WESTINGHOUSE CLASS 3
SAN ONOFRE- STEA GENERATOR SLUDGES

; - JUNE 1930
o T
‘ S,6. A 8,6, B 8.6, C
e vl 3y 33 i5
CU n 17 ’ . ll ll
YN 2.2 2.9 2.4
Nt 13 1l 1.4
NA ' 1.1 | 1.7 2.3
mq " . | 818 : 113 2.0
CA " 0:6 o 102 ' 0.9
| e 1.2 | 2.2 15
M 0.4 06 0.5
. A S
| . 1 " < U, o < U, ' '
" pg " < 0,05 0 0.05
K " <0001 < 0,001 < 0,001
b 7 < 0,002 < 0,002 < 0,07
S (L eed < 1) R Y
SO, PR < 140 < 160 <160
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'WESTINGHOUSE CLASS 3

- SCE SIUDGE SIMIANT
NazPOy - 15
Cu 19
F;zgoq h 60.9
10 _. . 1.7
NIO:I . ~ © 2.2
INO 1.2
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PREOPERATIOMNAL PRIMARY SI

MDA IAR TN AR TT

PROGRAM TO N’JUVE.IHU{EIII

St C‘LASS 3

%
)
2
3

¢ INITIALLY CLEAN THE MAGMETITE IN THE PIPE BY RECIRCULATIOM-
FILTRATICN CLEAMING PRIOR TO PLANT SYSTEM REFILL OR IN
CO'BINATION WITH PICKUP BY ELECTROMAGMET,

e START-UP WITH ONE MIX BED CHARGED WITH A MEW CHARGE OF
HOH RESIN,

e OPERATE THE CVCS FILTRATION (HOH BED PLUS RCS FILTER)
WITH 2 MICRON SIZE FILTERS UNTIL WESTIMGHOUSE RECOMENDED
LIMITS ARE FET, ’

o CLEAH-UP PRIOR TO HEAT-UP ABOVE 150°F,

¢ 10 NOT OPERATE (CRDM) MECHAMISM PRIOR TO CLEAN-UP,

¢ ASSURE THAT RCP SEAL INJECTION IS OPERATING AT TIIF. OF

CLEAN-UP,

o FOLLOVING CLEAN-UP OPERATION AT 150°F TO PREVENT SOLLBILITY
OF THESE IMPURITIES, CHECK CHEMISTRY FOR ALLMIMNUT AMD 8102
CONCENTRATION TO CONFIRM THAT WESTINGHOUSE CHEMISTRY SPEC,
IS NOT VIOLATED FOR IMPURITIES,

e [F IMPURITIES ARE BEYGMD LIMITS, COMENCE RCS BLEED AMD FEID,




WESTINGHOUSE €

INITIAL OPERATION

HYDROSTATIC TESTING

IN-SERVICE INSPECTION PROGRAM

INITIAL OPERATING PERIOD

PRIMARY TO SECONDARY LEAKAGE LIMIT

R
£

n

are)

LN
IV
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ROSTATIC PRESSURE TESTING

QBJECTIVE: TO TEST INTEGRITY OF BRAZED JOINT/SLEEVE SYSTEM
| AND THE PERIPHERAL TUBES.

" CRITERIA: * LEAK (OR) NO LEAK
AT MAXIMUM ACHIEVABLE PRIMARY TO SECONDARY AP

[ECHNIQUE: ‘WHOLE BUNDLE PRIMARY TO SECONDARY (S.L.B.) AND
SECONDARY TO PRIMARY (L.0.C.A.) PRESSURE LOADINGS,



C'b

‘ FIGURE 9.1 . PERIODIC TUBE/SLEEVE‘B MAPGIN TEST
h { .

Primary/Secondary
Pressure Load
1900 psi
to test joints
for margin

-

800 psi secondary
side leak test

Y

Inspect
for \
Leaks /
no leaks
Teaks
\4 found

Remove leakers
from service

or repair

N\ 4

Test
Complete




ngEC [IVE:

CRITERIA:

CHNIQUE:

é

WESTINGHGUSE E_ASS 3

NSERVICE INSPECT]ON PROG

TO ASSURE CONTINUED RELIABILITY OF SLEEVED AND
NON-SLEEVED TUBES.

PROVIDE ASSURANCE OF FURTHER NONDEGRADATION BY
SECONDARY WATER OF THE TUBE BUNDLE. THAT IS NO
INDICATIONS >50% FOR NON-SLEEVED TUBES AND NO
DEGRADATION >507% FOR THE SLEEVES.

“£.C. TESTING”

(A) E.C. SIGNATURES WILL BE OBTAINED ON ALL TUBES
PRIOR TO OPERATION. ‘

(B) FIRST E.C. PROGRAM WILL INCLUDE AT LEAST 3% OF
TUBES IN EACH SG AND WILL BE CONSISTENT WITH
REG. GUIDE 1.83,

(C) SUBSEQUENT E.C. PROGRAMS WILL BE CONDUCTED
CONSISTENT WITH REG, GUIDE 1.83,

”LEADER TUBES"”

(A) FOUR REPRESENTATIVE TUBES IN EACH SG WILL BE

PERFORATED JUST ABOVE THE TUBESHEET IN ORDER
TO EXPOSE THE[: _jTO THE SECONDARY SIDE
ENVIRONMENT.

(B) DURING FUTURE OUTAGES ONE OF THESE TUBES WILL
BE REMOVED FROM EACH SG AND EXAMINED.

(C) FROM THESE EXAMINATIONS A DEGRADATION QATE FOR

THE TUBE/SLEEVE JOINT CAN BE INFERRED AND |
FACTORED INTO CONTINUED OPERATING CONSIDERATIONS..



-

OBJECTIVE:

»-

BASIS

CHNIQUE:

WESTINGHTUSE CLASS 3
L 0P

RETURN THE UNIT TO FULL POWER CONSISTENT:HITH
SAFE OPERATION.

THE FIRST INSERVICE INSPECTION WILL OCCIR AFTER
THE SLEEVES HAVE SEEN 6 MONTHS OF EFFECTEVE FULL
POWER OPERATION.

THIS NUMBER IS CONSERVATIVE SINCE A REVIEW OF PAST

.E.C. DATA. SHOW THIS PHEOMENA PROGRESSING AT A RATE

OF ~15%/YR (OR) ~8 MILS/YR.

CONSIDER THESE CONDITIORS:
UNSLEEVED PERIPHERY: (MILL ANNEALED I-G20)
40% (OR) 22 MILS PENETRATION
6 MONTHS OPERATION = 4 MILS ADDITIONAL PENETRATION
TOTAL PENETRATION = 26 MILS (OR) 4b6% PENETRATION
SLEEVED TUBE: (THERMALLY TREATED I-600) |
VIRGIN MATERIAL FOR SLEEVE
6 MONTHS OPERATION = 4 MILS PENETRATIOE

RESIDUAL STRENGTH PROPERTIES OF TUBES SIBJECT

T0 1GA.

SUBSEQUENT INSPECTIONS WILL BE CONDUCTEB DURING
STANDARD REFUELING OUTAGES AND TUBES PL%ED (OR)
SLEEVED AS NECESSARY,

MULTI-FREQUENCY E.C. SAMPLING LEADER TUEE PROGRAM




_ STATUS:
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| CONCLUSIONS:
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TABLE 6.1.9

|

|

1

|

- "9‘1{ ‘

e RESULTS OF METALLOGRAPHIC EXAMINATION OF U-BEN{)S ‘

) FROM BRAZED JOINTS AFTER EIGHT - WEEKS EXPOSURE '
TO HIGH PURITY WATER AT 680°F
—_— (TASK €2)
|
‘e

|

|
\
|
and . - . -
- -
i
r'. O .

6.27 AE3-D/8010 J




-
]
-
-
- ‘
P
-

qleS“:l"l‘Mrjijt‘\i e 14 A

Y TN i oo Wil

j © TABLE 6.1.10

[ 14 JTEST

1 e

SS 3

AE3-D/8003

a,{



- WESTIHGHCUSE CLASS 3

TABLE 6.1.11
a,¢c {

o | )

i

6.29 AE3-0/8009




TABLE 6.1.11 (Cont.)

~AE3-DNsRN1IN

6.30




TABLE 6.1.12 ]
B CAPSULE EXPOSURE OF BRAZED JOINTS

e TO FLOWING HIGH PURITY WATER

WESTINGHOUSE CLASS 3

|
S 6.31 AE3-D/8010 - J
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WESTINGHOUSE CLASS 3
SUMMARY OF SYSTEMS CHEMISTRY OPCPATIONS
AT SAN OMOFRE WMIT MNE

M. J. WOOTTEN, MAMAGER
CHEMISTRY OPERATIONS APD FIELD DEVELOR'EMT

8 CHEMISTRY HisTORY

6 PrRoPOSED PrROGRAM

@ CHEMISTRY DURING START-UP

® CHEMISTRY DURING SURSEQUENT CPERATION



WEST[ y lvuu[’. bL.r'\SS 3
STEAM GEMERATOR CHEMISTRY PEVIRY!

Since Cctoper 1970, Seconpary Sipe VATER TReEATMENT Has
Been Arvep At Ha/PO)yy = 2,6 Wimh TPOyd = 5 To 10 pewm,

RaTios As Low As 2.4 AD IN Sove Cases Exceeping 3.0
REPORTED.,

WHEN DeviaTions From 2,€ Qccurrep, CORRECTIVE TREATMENT

| ‘ Cause OF FLuctuaTions ATTRIBUTED To SEA YWATER INGRESS
| From ConDENsER LEAkaGE. AT Tives bHeN PH CF THe Steam
GeneraTOR BuLk Sorutton MenT Berow 7.0, Sopruv Hyproxipe
¥as ADDED.,

|
|
|
|
|
|
|
\
\
\
i
\
|
|
|
|
|
\
Br CreMicAL Means PR CoNDENSER MAIMTENANCE IMPLEMENTED, i
|
|
|
|
|
|
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CHLORIDE BUILDHUP IN STEAM GEMNERATOR
‘ PROVIDES INDICATION OF CONDEMNSER LEAKAGE

e 1974 AND 1975, CHLCRIDE CONCENTPATIONS BETVEEM 0.3 AID
0.5 ppr MD GREATER WERE PRESENT FOR 907 OF OPERATING
TIME,

e IN 1976, CHLORIDE LEVELS ABOVE 0.5 pem REDUCED TO 657
OF OPERATING TIME,

0 Ifi 1977 AD 1978, FURTHER REDUCTIGNS FADE AS EVIDENCED
‘ BY LEVELS AT OiLY 25 TO 307 OF OPERATIMG TIME,

o IN 1970 THROUGH TO MARCH 1980, SEVERAL OCCURRENCES (F
SALT WATER IN-LEAKAGE AT LOW 1 EAKAGE RATES WHICH OOt
TINUED FOR SFVERAL WEEKS, CHLNRINE LEVFLS GEMERALLY
RANGED FROM 0.5 T0 1.5 pem,
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WESTINGHOUSE CLASS 3

LOAD FOLLOW CAUSED FLUCTUATIONS IM CHEMISTRY CONTROL

o DURING MAY AND JUNE 1978, WHEN SAN OHOFRE VIAS BEIMG
USED TO LOAD FOLLCY, FLUCTUATIONS IN MARCY-HALSTEAD

RATIO CBSERVED,
e SIGNIFICANT TIME PERICDS WHEM RATIO EXCEEDLD 3.0.

L e DIFFICULT TO STABILIZE DUE TO EFFECTS OF HIDECUT AD
| ‘ HIDEQUT RETURM DURING TRAMSIEMT PERICRS.



WESTINGHGLSE CLASS
ColiiNurivucr iAo

SODIUM/PHOSPHATE RATIO HAS
TRENDED) UPHARD IN RECENT TIMES

6 From 0cToBerR 1979 THrRougH To SHuTDOWN IN
SprING 1980, Marcy-HALSTEAD PATIO Has StowLy
INCREASED, AVERAGE RATIO OF 3.0 TWRING FIRST
QuarTER OF 1820,

o AnaLyticaL Ratio MoT So CLEAR ALTHOUGH SPIKES
0r GReATER THAN 3.0 Mere Seen AT Times,



Wr_STiimi*.wu_ LLASS 3

CHEICAL AMDITIONS DO HOT EXPLAIN
e -~ UPHARD MARCY-HALSTEAD RATIO TREZD

1/79 To 5/79 (5 monTHS)
/769 Poups HABPO[;

616 Powps  fialP1,

5/ Pounps MaH

£ = 372 Ponos 1A AT MRy = 2,54
8/79 To 12/79 (5 MONTHS)

912 Pounps - ”AzHPOL
z-BFBPowns Ha AT Ma/Py = 2,13

AppRT From U/79 AeD 5/79, No PPPRECIABLE DIFFERENCE
IN ConpenserR INLEAKAGE., CAuSTIC ADDITIONS STOPPED
From 9/79 OnwiarDS.,



WESTIN iCUSE C S 3

SHUTDOYN AMD START-UP OPERATIONS RELFASE. PHOSPHATES -

-/

o SHuTDOWN AND CoolpowN APPARENTLY Cause Low PaTios
To ReTurn TO SoLuTion,

® START-uUP OPerATIONS TEMD TO PeELEASE HicH PATI1OS,
Hied PaT10 RETWRN Was Mot CoNTROLLABLE By BLowpowmi.
Tream™eNT Wi1TH Mono SoniuM ProsPHATE PEQUIRED,

o ConTINUING Hipeour RETURN INVENTORIES INDICATE
| ' THAT STEam GeENerRATOR CrREVICES MD StupGe CONTIMNUE
To HarRBOR APPRECIABLE QUANTITIES OrF ProsPHATE CHEMICALS,




WESTINGHCUSE CLiss
ANALYSIS 0OF WASHINGS FROM SIX TUBESHEET HOLE
- DEPOSITS FROM SAH (HOFRE TMDICATIVE OF FREE CAUSTIC,

AVERAGE RANGE,

| | M, MAX,
Na ppM 43,2 | 18.0 108
PR PP 3.0 8.8 IR
Ratio Ma/Poy . 53 2.9 18.0
N | 3.8 <2.0 11.8
CL pPM uwe 0.8 35.0
K’PPM 0.7 0.1 1.4
M PPM 0.2 0.01 0.3
CA pPPM 0.3 <0.05 1.7

Si0, Pm 0.3 - <l 0.5
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WESTINGHOUSE CLASS 3

MAKE UP WATER SCURCE CHANGED I RECENT YEARS

o FroM PLANT START-uUP UNTIL Pecent YEARS, SEAWATER
EvaporaTED For Make Up,

© Two orR THREE YEARS Aco, Raw YATER Source CHANGED
To San Cievente CiTy WaTEr (Comes FroM CoLoraDo
AD FEATHER RIVERS),

o 1978 - 1980 NaTA SucGesTs AN INCrease IN HARDNESS

. OF Make Up, PrecipITATION OF HARDNESS ELEMENTS -
WiTH ProsPHATE Coulp LeaD To DifricuLties In
ControL AND INcrease IN HIDDEN OuT PHOSPHATES.
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WESTINGHOUSE CLASS 3

SUMARY OF CHEMISTRY HISTORY

REVIEW OF OPERATING PLANT CHEMISTRY SHOMS EVIPEMCE OF
FREE CAUSTIC PRESENT IN BILK WATER,

ADDITION OF SCDIUM HYDROXIDE FOR pH CONTROL WAS
DISCONTINUED IN MID 1979,

SHUTNOWRY/START LP/POWER OPEPATION CHEMISTRY CYCLED FROM
LOW PATIO TO HIGH PATIO | .DSPHl\TES.

PHOSPHATE IXVEMTORIES KT PEFIVED OOYPLETELY MRING HIDEOLT
 PETURY SITUATICES,

CONDEMSER LEAKAGE (LOW RATES) CONTINUED FOR A MIMBER OF
WEEKS.

MAKE UP WATER SOURCE CHAMGED TO CITY WATER,



WESTINGHOUSE LASS

SAIN ONOFRE UNIT 1
STEAM GENERATOR CHEMISTRY PROGRAM

OBJECTIVE:

TO REDUCE THE COMCENTRATION OF CONTAMINANTS WHICH HAVE' LED
T0 CORROSICH OF THE STEAY GENERATOR TUBES. THESE CONTAMINANTS
ARE CONTAIMED WITHIN STEAM GEFERATOR DEPOSITS A'D SLUDGE

A PROGRAM DESIGNED TO MAXIMIZE THE REDUCTIOH IH COMCENTRATION
OF CORRODENT A'D PROVITE BUFFERING WITH 2.4.RATIO SODILM
PHOSPHATE. I LOCALIZED REGICNS AT THE TUBE SHEET; EXPECTED TO
REDUCE THE POTEMNTIAL FOR TUBE CORROSIOM, COVSISTS OF THE
FOLLOWING MINIFUY OPERATIONS:

COLD WATER SCAKS
HOT WATER SOAK
PLANT START UP

ANOTHER OEPRATIC, PRESENTLY {MDER DEVELOPMENT WHICH IWOLVES
DEPRESSURIZATION, MAY ALSO BE BENEFICIAL, THIS WILL BE COM-
SIDERED AT A LATER TIME VWHEN OPTIMM PROCEDURES FOR CONTAMIHANT
REMGVAL ARE IDENTIFIED.



= SR In o o
V\J_ST”\»\: :a.;!.,'rgii C;_Abs 3
OLD WATER SOAK 70°F

RATIONALE  REVIEW OF PAST DATA SHOWS THAT EVEN AT COLD
SHUTDOKN SIGHIFICANT RETURN OF PHOSPHATES
EXPERIENCED,  THIS SOAK WILL BE FIRST ATTEMPT
70 REMOVE MORE ACCESSIBLE SOLUBLE MATERTAL,

TIMING IMVEDEATELY FOLLOWING THE COMPLETION OF THE
SLEFVING OPFRATION, THE SOAKS ARE NOT ON THE
" CRITICAL PATH. SECCHDARY HYDRO CAN BE ACHIEVED
DIRING THIS TIVE,

PROCEDURE ~ FILL STEAM GEMERATCR WITH PURE F,0 TO CDVER
TURE BUMDLE.

SMPLE AD ANALYZE FOR pH, CONDUCTIVITY, SODIWM,
PHOSPHATE, CHLORIDE, SILICA. ANALYZE LATER FOR
SULFATE, POTASSIWM, MAGESIWM, CALCILM, IRON,
(OPPER, NICKEL, LEAD, |

NU'BER OF SOAKS AS PRACTICABLE PRICR TO HOT SOAK.




 WESTINGHOUSE 0LASS 3
HOT WATER SOAK 350 - 4OCOF

e RATIONALE  LABORATORY DATA SHOWS THAT 300 - 400°F IS -
" TEMPERATURE RANGE FOR OPTIMLM SCLUBILITY OF
SDILM PHOSPHATE.  SOLUBILITY DROPS CFF WITH
HIGHER TEYPERATURES, HIGHER TEMPEPATURE IS
MORE -KINETICALLY FAVORABLE, EXPECT THIS SOAK
TO HAVE GREATER PENETRATICN THAN FIRST SOAK,

PROCEDURE  FILL STEA! GENERATOR WITH PURE Hy0 (PLLS th
- SPARGING) TO THE PRIMARY SEPARATOR LEVEL,
HEAT TO 350 - 4OOOF USING PUMP HEAT.
. SOAK FOR UP TO 48 HOURS (COIVECTION MIYIFE).

FOLLOW CONCEMTRATION IMCREASE, IF CONCENTRATION
PLATEAU REACHED BEFORE 48 HOURS, STNP SOAK,

SAYPLE AND ANALYZE AS IN COLD SOAK.

FEED AND BLEED TO ~100tw DILUTIOM AND A
NA/mq <2.8,



- CHEMISTRY CONTROL DURIMG HEATUP FOR RESTART L

o HEAT TO HOT STANDBY, APPLY MAXIMUM BLOWDOWN A'D MONITOR CHEMISTRY, J" J
HOLD UNTIL BLOWDOWN CHEMISTRY IS STABILIZED FOR AT LEAST 244 HOURS
- (RESIDUAL Na/PCy, RATIO TO BE <2.8)

e PROCEED TO 25% POHER, HOLD FOR CHEMISTRY STABILITY AS ABOVE,
MONITOR TRANSPORT OF CONTAMIMANTS AMD CORRCSION PROTUCTS FROM
THE CONDENSATE/FEETMATER SYSTEMS.

o IF 1O HIGH PATIO PHOSPHATE HIDECUT RETURN IS EXPERIFMCED
POy, <2 prv, Na/POy <2.8), COMMENCE PO, THJECTION TO REACH PO,
LEVEL OF 50 pem anD Na/POy, = 2.3, HOLD FOR AT LEAST 24 HOURS,

o RAP TO S0Z, 75% AND 100Z WITH AT LEAST 24 HOUR HOLDS TO MAINTAIN
STABILITY, -

e FREDUCE PO, LEVEL TO 20 ppm WITH LIMITS OF 15 TO 30 pem AD TARGET
RATIC OF 2.4 (LIMITS 2.3 TO 2.6) DETERMINED USING THE MARCY/

HALSTEAD RATIO.
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WESTINGHOUSE CLASS 3

CHEMISTRY CONTPOL DURING HEATUP FOR RESTART (COMTIMUED)

IF HIGH RATIO PHOSPHATE HIDECUT PETURN IS (BSERVED AT 257 POER,
COMTINUE BLOWDOWH AND HOLD FOR CHEMISTRY STABILITY FOR AT LEAST
24 HOLRS,

RAP TN 507 POVER, IF MO HIGH RATIO PHOSPHATE HIDECUT RETURM IS
OBSERVED, COMPLETE ADDITION OF PHOSPHATE AS IeSCRIBED ABOVE, IF
HIGH RATIO PHOSPHATE IS EXPERIENCED, CQITIME TO BLOWDOKN AXD
HOLD FOR CHEMISTRY STABILITY, [IMCREASE POWER TO /5% TO ESTABLISH
IF RETURN OCCURS THERE.

OHCE STEAM GENERATOR IS WFDER 2.4 Ma/POy, POy = 20 pem COMTREL,
MATFTAIN CHEMISTRY FOLLOW O & HOUR FREQUENCY, |

VHEN BLOWDOHM CHEMISTRY HAS STABILIZED FOR AT LEAST 24 HOURS,
RETURY TO NORMAL ANALYTICAL SCHEDULE.



PRIFARY SITE

| ‘ . CONDUCTIVITY

PH

OXYGEN

CHLORIDE
FLUORIDE
HYDROGEN
SUSPENDED SOLIDS

PH ConTROL AGENT

- BUD)
’ Boric Acip

SiLica
ALUMINUM
CALCIW

MAGNESIUM

WESTINGHCULE CLRGO 3

CHEMISTRY TURIHG OPERATION

_DETERMINED Ry THE ConceNTRATION OF

Boric AciD AND ALKALI PRESENT.-

As For ConpucTIVITY., EXPECTED VALUES
Rance Betveen 4.2 avp 10,5 At 25°C,

0,005 prM MaXIMIM

- 0,15 peM Maximm

0.5 ppM Maximum
25 - 50 cc (STP)/Ke 0
1.0 ppM Maximum

0.7 - 2.2 pp1 as L1

=

VaRIABLE FrRoM 0 - 4000 ppM As B
0,2 pem Maxarn
0.05 ppM FAXIMUM
0.C5 ppM Maximum

0.05 PPM MaAXIMUM
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WESTINGHOUSE CLASS 3

SECOMDARY SIDE

BLOWDOLAY CHEMISTPY

PHOSPHATE B 20 pPM
. (Ranee 15 - 30)

Sob1uM 11.6 pPM

(Rance 8,4 - 18.,9)
Ma/PCy, L HD) 2.4

(RanGe 2.3 - 2,R)
PH aT 25°C | 9,8

(Pance 9.4 - 10,2)
CHLORIDE 0.5 ppM Maximum
MAYE P WATER

Mae Up EvaporaTOR SHould Pe beITORED CLoseLy To PrevenT
CarrYy Over OF HarDrESS THPURITIES To CoNDENSATE STORAGE
TANK,

A WLING ScHepuLe (OF THE Storep CONDENSATE SHould De
MAINTAINED To PReSERVE THE QuALITY OF THe CONDENSATE
Make Up, |
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WESTINGHOUSE CLASS 3
SAN ONOFRE- STEN'T GENERATOR SLUDGES

111

e

CRFPISFFSLIF

=

I

~ JUNE 1980

WL 3 3% 15
" 17 11 1
" 2.2 2.9 2.4
" 1.3 1.1 1.4
n 1.1 1.7 2.3
n 8.8 1,3 2.0
" 0.6 12 0.9
n 1.2 2,2 1,5
" 0.4 0.6 0.5
n 0.3 0.2 0.3
n <0,1 <01 0.1
" < 0,05 005 0.05
" < 0,001 < 0,001 < 0,001
" < 0,002 < 0,002 < 0.0
PPM < I0 <32 <3
PPM < 140 < 160

<160
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. SCE SLUDGE SIMIANT
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WESTINGHOUSE CLASS 3

PREQPERATIONAL PRIMRY SITE CHEMISTRY
’ ' PROGRAM TO REMOVE MAGHETITE

" o INITIALLY CLEAN THE MAGNETITE IN THE PIPE BY RECIRCULATION-
FILTRATION CLEAMING PRIOR TO PLANT SYSTEM REFILL OR IN
COMBINATION WITH PICKUP BY ELECTROMAGMET,

o START-UP WITH ONE MIX BED CHARGED WITH A NEM CHARGE 0OF
HOH RESIH,

¢ OPERATE THE CVCS FILTRATINY (HOH BED PLUS RCS FILTER)
WITH 2 MICRON SIZE FILTERS UNTIL WESTINGHOUSE RECOMENDED
LIMITS ARE FET,

. ¢ CLEAH-UP PRIOR TO HEAT-UP ABTWE 150CF,
o 10 NOT OPERATE (CRDW) MECHAMISM PRIOR TO CLEAM-UP,

¢ ASSURE THAT RCP SEAL IMJECTION IS OPERATING AT TIIF. OF
CLEAN-UP,

o FOLLOVMING CLEAN-UP OPERATION AT 150°F TO PREVE‘W SOLLBILITY
OF THESE IMPURITIES, CHECK CHEMISTRY FOR ALLMINUM A'D 8102
CONCENTRATIGN TO CORFIRM THAT WESTINGHOUSE CHEMISTRY SPEC,
IS NOT VICLATED FOR IMPURITIES,

o [F IMPURITIES ARE BEYOD LIMITS, COMENCE RCS BLEED AND FEED,



WESTINGHOUSE CLASS 3

INITIAL OPERATION

HYDROSTATIC TESTING
IN-SERVICE INSPECTION PROGRAM
INITIAL OPERATING PERIOD

PRIMARY TO SECONDARY LEAKAGE LIMIT
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WESTINGHOUSE ULAGS

HYDROSTATIC PRESSURE TESTING

OBJECTIVE: TO TEST INTEGRITY OF BRAZED JOINT/SLEEVE SYSTEM

B AND THE PERIPHERAL TUBES.

~ CRITERIA: - LEAK (OR) NO LEAK
AT MAXIMUM ACHIEVABLE PRIMARY TO SECONDARY AP

i
. JECHNIQUE:  "WHOLE BUNDLE PRIMARY TO SECONDARY (S.L.B.) AND
1 SECONDARY TO PRIMARY (L.0.C.A.) PRESSURE LOADINGS,

I‘ N



")

.  FIGURE 9.1 . PERIODIC TUBE/SLEEVE.. MAPAIN TEST
, |

Primary/Secondary
Pressure Load
1900 psi
to test joints
for margin

N

800 psi secondary
side leak test

~/

Inspect
for
Leaks

Test

leaks
A% found

Remove leakers
from service
or repair

>A Complete

no leaks

vV
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CRITERIA:

CHNIQUE:

WESTINGHOUSE CLASS 3
INSERVICE JNS;ECIJON_PRQGRAM |

TO ASSURE CONTINUED RELIABILITY OF SLEEVED AND
NON-SLEEVED TUBES.

PROVIDE ASSURANCE OF FURTHER NONDEGRADATION BY
SECONDARY WATER OF THE TUBE BUNDLE. THAT IS NO
INDICATIONS >50% FOR NON-SLEEVED TUBES AND NO
DEGRADATION >50%7 FOR THE SLEEVES.

"E,C. TESTING” |

(A) E.C. SIGNATURES WILL BE OBTAINED ON ALL TUBES
PRIOR TO OPERATION. :

(B) FIRST E.C. PROGRAM WILL INCLUDE AT LEAST 3% OF
TUBES IN EACH SG AND WILL BE CONSISTENT WITH
REG. GUIDE 1.83,

(C) SUBSEQUENT E.C. PROGRAMS WILL BE CONDUCTED
CONSISTENT WITH REG. GUIDE 1.83,

“LEADER TUBES”

'(A) FOUR REPRESENTATIVE TUBES IN EACH S6 WILL BE

PERFORATED JUST ABOVE THE TUBESHEET IN ORDER
T0 EXPOSE THE[ . JT0 THE SECONDARY SIDE
ENVIRONMENT, |

(B) DURING FUTURE OUTAGES ONE OF THESE TUBES WILL
BE REMOVED FROM EACH SG AND EXAMINED.

(C) FROM THESE EXAMINATIONS A DEGRADATION RATE FOR

THE TUBE/SLEEVE JOINT CAN BE INFERRED AND

FACTORED INTO CONTINUED OPERATING CONSIDERATIONS.:~



QBJECTIVE:

(3

BASIS

WESTINGHCUSE CLASS 3
INITIAL OPERATING PERIOD

RETURN THE UNIT TO FULL POWER CONSISTENT?ITH
SAFE OPERATION.

THE FIRST INSERVICE INSPECTION WILL OCCIR AFTER
THE SLEEVES HAVE SEEN 6 MONTHS OF EFFECTEIVE FULL
POWER OPERATION.

THIS NUMBER IS CONSERVATIVE SINCE A REVIEW OF PAST

'E.C. DATA SHOW THIS PHEOMENA PROGRESSING AT A RATE

OF ~15%/YR (OR) ~ 8 MILS/YR.

CONSIDER THESE CONDITIONS:
UNSLEEVED PERIPHERY: (MILL ANNEALED I-830)
40% (OR) 22 MILS PENETRATION
6 MONTHS OPERATION = 4 MILS ADDITIONAL PENETRATION
TOTAL PENETRATION = 26 MILS (OR) 467% PENETRATION
SLEEVED TUBE: (THERMALLY TREATED I-600)
VIRGIN MATERIAL FOR SLEEVE
6 MONTHS OPERATION = 4 MILS PENETRATICE

RESIDUAL STRENGTH PROPERTIES OF TUBES SIBJECT

TO 1GA.

SUBSEQUENT INSPECTIONS WILL BE CONDUCTEB DURING
STANDARD REFUELING OUTAGES AND TUBES PLE&GED (OR)
SLEEVED AS NECESSARY, -

[ECHNIQUE: - MULTI-FREQUENCY E.C. SAMPLING LEADER TIEE PROGRAM



- WESTINGHOUSE CLASS 3

'PRIMARY TO SECONDARY LEAKAGE LIMIT

Q MONITOR PRIMARY TO SECONDARY LEAKAGE _.

SHUTDOWN FOR TUBE PLUGGING ON DETECTION AND CONFIRMATION OF
ANY OF THE FOLLOWING: | ;

o SUDDEN PRIMARY TO SECONDARY LEAKAGE OF 140 GPD (0.1 GPM)
IN ANY STEAM GENERATOR

‘o ANY PRIMARY TO SECONDARY LEAKAGE IN EXCESS OF 215 GPD
(0.15 GPM) IN ANY STEAM GENERATOR

o MEASURED INCREASE IN PRIMARY TO SECONDARY LEAKAGE IN
EXCESS OF 15 GPD (0,01 GPM) PER DAY, WHEN MEASURED
PRIMARY TO SECONDARY LEAKAGE IS ABOVE 140 GPD

~ SHUTDOWN FOR TUBE PLUGGING AND.EDDY CURRENT INSPECTION ON
DETECTION AND CONFIRMATION OF THE FOLLOWING:

e PRIMARY TO SECONDARY LEAKAGE IN EXCESS OF 430 GPD
(0.3 GPM) IN ANY STEAM GENERATOR



WESTINGHSUSE CLASS 3

UMMARY_AND CONCLUST

@ . ProcRAY OF STEAM GENERATOR INSPECTION HAS SHOMWN:,

o SIGNIFICANT CAUSTIC INDUCED IGA OCCURRING AT TOP OF
TUBESHEET FOR TUBES IN INTERIOR REGIONS OF STEAM
GENERATORS A, B, AND C.

o PERIPHERAL TUBES IN EACH STEAM GENERATOR NOT
SIGNIFICANTLY DEGRADED.

8  EVIDENCE OF OPERATIONS WITH FREE.CAUSTIC AND OTHER OFF-
NORMAL CHEMISTRY BASED ON SECONDARY SIDE CHEMISTRY REVIENW.

8  SLEEVING PROGRAM RESTORES INTEGRITY OF STEAM GENERATOR
. . TUBE BUNDLES.

s PERMITS FULL POWER OPERATION CONSISTENT WITH PLANT
SAFETY REQUIREMENTS. |

o PROGRAM VALIDATED BY EXTENSIVE TESTING, ANALYSES AND
DESIGN REVIEWS '

o PROGRAM IMPLEMENTED WITH REGARD FOR OPERATIONAL ALARA
GUIDELINES |

@ - CHEMISTRY PROGRAM FOR STARTUP AND OPERATION REDUCES
CONCENTRATION OF CONTAMINANTS AND POTENTIAL FOR CONTINUING

f‘l" 16A,



WESTINGHCUSE CLASS 3
PRIMARY TO SECONDARY LEAKAGE LIMIT

e MONITOR PRIMARY TO SECONDARY LEAKAGE

SHUTDOWN FOR TUBE PLUGGING ON DETECTION AND CONFIRMATION OF
ANY OF THE FOLLOWING: -

o SUDDEN PRIMARY TO SECONDARY LEAKAGE OF 1AD GPD (0.1 GPM)
IN ANY STEAM GENERATOR |

o ANY PRIMARY TO SECONDARY LEAKAGE IN EXCESS OF 215 GPD
(0,15 GPM) IN ANY STEAM GENERATOR

o MEASURED INCREASE IN PRIMARY TO SECONDARY LEAKAGE IN
EXCESS OF 15 GPD (0.01 GPM) PER DAY, WHEN MEASURED
PRIMARY TO SECONDARY LEAKAGE 1S ABOVE 140 GPD |

SHUTDOWN FOR TUBE PLUGGING AND EDDY CURRENT INSPECTION ON
~ DETECTION AND CONFIRMATION OF THE FOLLOWI‘\JG |

~e  PRIMARY TO SECONDARY LEAKAGE IN. EXCESS OF 430 GPD
(0.3 -GPM) IN ANY STEAH GENERATOR ”



WESTINGHCUSE CLASS 3

1ARY AN UST

PROGRAM OF STEAM GENERATOR INSPECTION HAS ‘SHOWN:

o SIGNIFICANT CAUSTIC INDUCED 16A OCCURRING AT TOP OF

TUBESHEET FOR TUBES IN INTERIOR REGIONS OF STEAM
GENERATORS A, B, AND C.

o PERIPHERAL TUBES IN EACH STEAM GENERATOR NOT
SIGNIFICANTLY DEGRADED.

EVIDENCE OF OPERATIONS WITH FREE CAUSTIC AND OTHER OFF-
NORMAL CHEMISTRY BASED ON SECONDARY SIDE CHEMISTRY REVIENW.

SLEEVING PROGRAM RESTORES INTEGRITY OF STEAM GENERATOR

TUBE BUNDLES.

o PERMITS FULL POKER OPERATION CONSISTENT WITH PLANT
SAFETY REQUIREMENTS. | -

o PROGRAM VALIDATED BY EXTENSIVE TESTING, ANALYSES AND
DESIGN REVIEWS '

o PROGRAM IMPLEMENTED WITH REGARD FOR OPERATIONAL ALARA
GUIDELINES o

CHEMISTRY PROGRAM FOR STARTUP AND OPERATION REDUCES

CONCENTRATION OF CONTAMINANTS AND POTENTIAL FOR CONTINUING
16A, |



WESTINGHSUSE CLASS 3

"I

HYDROSTATIC PRESSURE'TEST.DURING,INITIAL STARTUP CONFIRMS
BUNDLE INTEGRITY,

INSERVICE INSPECTION PROGRAM MONITORS INTEGRITY OF SLEEVED -
AND UNSLEEVED TUBES.
o EDDY CURRENT TESTING

) 'LEADER'TUBE REMOVAL/ INSPECTION PROGRAM

PRIMARY TO SECONDARY LEAKAGE LIMITS ARE CONSERVATIVE AND

'PROVIDE PROMPT REMEDIAL ACTION CONSISTENT WITH SAFE

OPERATION.

o TUBES AFFECTED BY ‘IGA STILL RETAIN SIGNIFICANT
RESIDUAL PROPERTIES

o LEAK BEFORE BREAK MECHANISM APPLIES TO DUCTILE
- ‘INCONEL 600 TUBING -

o MARGIN IS APPLIED TO EXISTING TECHNICAL SPECIFICATION

LEAKAGE LIMITS

COMPREHENSIVE PROGRAM OF STEAM GENERATOR DIAGNOSTICS,
SLEEVING, OPERATIONAL MONITORING AND TNSERVICE INSPECTIONS

- ASSURES THAT SAN ONOFRE UNIT'1 CAN RETURN TO FULL POWER
OPERATION WITH ADEQUATE SAFETY MARGIN,
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WESTINGHOUSE 1 ASS 3
HYDROSTATIC PRESSURE TEST DURING INITIAL STARTUP CONFIRMS
BUNDLE INTEGRITY, |

INSERVICE INSPECTION PROGRAM MONITORS INTEGRITY OF SLEEVED
AND UNSLEEVED TUBES.

e EDDY CURRENT TESTING

o LEADER TUBE REMOVAL/INSPECTION PROGRAM

PRIMARY TO SECONDARY LEAKAGE LIMITS ARE CONSERVATIVE AND

PROVIDE PROMPT REMEDIAL ACTION CONSISTENT WITH SAFE
OPERATION,

o TUBES AFFECTED BY IGA STILL RETAIN SIGNIFICANT
RESIDUAL PROPERTIES

e LEAK BEFORE BREAK MECHANISM APPLIES T0 DUCTILE

~ INCONEL 600 TUBING
o MARGIN IS APPLIED TO EXISTING TECHNICAL SPECIFICATION
LEAKAGE LIMITS

COMPREHENSIVE PROGRAM OF STEAM GENERATOR DIAGNOSTICS,
SLEEVING, OPERATIONAL MONITORING AND INSERVICE INSPECTIONS

" ASSURES THAT SAN ONOFRE UNIT 1 CAN RETURN TO FULL POWER
OPERATION WITH ADEQUATE SAFETY MARGIN,




