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PLANT STATUS 

RPC EDDY CURRENT TESTING COMPLETE 

SG A HOT LEG - 2315 TUBES TESTED 

SG A COLD LEG - 104 TUBES TESTED 

SG B HOT LEG - 1923 TUBES TESTED 

SG C HOT LEG - 2720 TUBES TESTED 

IN-SITU PRESSURE TESTS C(PLETE 

SG A - 22 TUBES (NON-LEAKERS) 

SG C - 5 TUBES (LEAKERS) 

TU3E PULLING COMPLETE 

SG A 9 TUBES HL1 TUBE CL 

SG C 4 TUBES HL 

SLEEVING ZONES 

TUBE PLUGGING 

CHEMISTRY PROGRAM - IN DEVELOPMENT 

SITE PREPARATION FOR SLEEVING PROGRAM UNDERWAY 

DECONTAMINATION 

IN PLANT DEFNSTRATION SLEEVIIS



EXPANDED MECHANICAL PLUG 

PRESENTATION TO NRC APRIL, 198) 

* DESIGN 

* PROTOTYPE TESTING 

PLANT INSTALLATION 

a REPORT TO NRC SCHEDULED FOR 

WEEK OFAUGUST 25, 1980



3/w" mE1aiiCAL PLUG STAT 

o IESI(1E IETAILS ITFIETED, COFFIfEI) EVALUATION 7/8" PUG 

S00UTO(IAE TEST STARTED 

o FECmilJCAL IHSTALLATION CRITERIA ESTABLISHED 

o INSTA.ATI(T TOLS AVAILABLE 

0 PU FEUS MW1UF11I



ROLLED TUBE PLUG 
DESIGN CRITERIA 

* THE PLUG SHOULD PREVENT TUBES FROM LEAKING 
- ACCEPTABLE PLUG LEAK RATE = 10 DROPS/MIN (.0035 GPM) 

* THE PLUG SHOULD BE STABI E AND WITHSTAND PRIMARY PRESSURES 

HYDROTFST PRESSURE = 3728 PSIG (150% DESIGN PRESSURE) THE 
PRESSURE IS TO BE CUSERVATIVElY APPLIED FROM WITHIN THE 
TUBE FORCING THE PLUG OT, 

* THE PLUG WHEN REMF SHOULD LEAVE THE TUBE INSIDE SURFACE 
SUITABLE FOR SLEEVING 

O THE PLUG DESIGN SHOULD PERMIT REMO1E INSTALLATION AND 
REMVAL



ROilEDTUBE PLUG 
REPOTE INSTALLATJOI 

THE PLUG IS DESIGNED TO BE DELIVERED TO THE TBE BY AIR PRESSURE 
AND TO STICK IN THE TUBE 

A SEMI-REMOTE MANIPULATOR WILL DIRECT THE AIR HOSE TO THE PROPER 
TUBE AND AFTER ALL ARE INSTALLED WILE EXPAND THE PLUGS.  

THIS OPFRATI(I WILL MST I IKELY TAKE PLACE PRIOR TO DECUl4TAMJNATICN 

FOLLWING IS AN ESTIMATION OF THE RADIATION EXPOSURE ELIMINATED 
BY REUIE INSTALLATION 

MAN-RF = 500 PLUGS 6 HAMBERS [0.5 MIN 0.1 MIN HOUR 10 REM 
SAVINGS TRABER SCE PLUG PLUG ] 60 MIN HOUR 

L REMOTE RATE 200 MAN-REM 
MANUAL PATE



FLED TUBE PLUG 
TEST RESULTS 

ALL THIRTY TEST SAPPLES HAVE BEEN PRESSURIZED AND PASSED THE 
HYDROTEST PRESSURE OF 3728 PSIG.  

THE HICHEST LEAK RATE INITIATED AT 6600 PSIG AND WAS 9 
DROPS/MIN (NO LEAKAGE OCCURED AT LOWER PRESSURE) 

THE LOWEST PRESSURE AT WHICH EAKAGE WAS OBSERVED WAS 3500 
PSIG. THE LEAK RATE WAS 0.03 DROP/MIN (1 DROP IN 30 MIj'lfiES) 

ONLY ONE OF THIRTY SAPiPLES LEAKED AT THE 3728 PSIG HYDPROTEST 
ACCEPTANCE PRESSURE.  

HA LFOF THE SAMPIES DID NOT EAK OR MOVE WHFNISUBJECTFD 
TO 7000 PSIG 

HALF OF THE SAPLES WERE SUBJECTIED TO THERMAL CYCLES 
PRIOR TO PRESSURE TESTING, (ROOM TEfERATURE TO 6500F 
FROM 2 TO 10 CYCLES) 

PLUGS ARE READILY REVNABLE



ROUl- TIUBE PLUG 
SCHEDUlE 

* 500 AVAILABI E BY 8/15 

* WERIAL FOR REMINING 2500 ON HAND* 

* EXPANDING TOOLS AVAILABLE 

e 3 SEMI-REMT MANIRILATORS AVAILABLE BY 8/22 

* PLUG REMVAL EQUIPMENT AVAILABLE 

*REMAINING PLUGS TO BE ORDERED HiEN NEEDED



NOZLE SEAL IESIGN FEATUPES 

(ONCERN 

0 WATER TIGHT BALLOMJ SEAL INFLATED IN R.C. PIPE (DROPS PER 
HOUR) 

0 METAL NOZZLE COVER INSTPllE OVER POZlF AREA, PROVIDING 
SECDfO SEAL LIMITING LEAK PATE 

O 0 BALL.1R4 SFAL t1ITORED VIA PPESSURE GAGE OLfSIlE CW.!EL HEAD
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PIPE NOZZLE 

CONCERN 

0 PIPE FOZZE SEAL FAILURE 

- CLED CYCLE EECX SYSTEM WITH 200 TO 300 GALLCS OF WATER 

- ACTOR COLANT SYrTEM SHUTM4N1 (DOITION WILL ALLI 
ADIMmN OF UNBORATED WATER (50 PPM CHAGE) 

- R.C. SYSTM AT,3410 PPM - TECHNICAL SPECIFICATTIO IEQUIPES 
2000 -PPM MININUM



FAKEl1E ADDITION 

UNCERN 

0 1%NETITE GRIT ADITION TO REACTOR COOLIf SYSTEM THRU 
FAILIE OF NOZZE PUJG 

- LMITED VOUP1E ACCESSILE TO R.C. SYSTEM WITh NOZZE COVER 
IN PLA(E - ESTIMATED 100/20 GPNS 

- ID MICUN OR GIEA1ER PARTICULATES WILL BE FILTERED DURING 
CLENUP. OF REACTOR CO0\T SYSTEM AFTER SLEEVING VIA CVCS 
FIIJUl SEAL INJECTION FLTERS, ETC. (IAGNETIIE IS 10 
MICRNS OR GIEATER)
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SUMMARY OF MANWAY DIAPHRAM 

DECON TEST 

STEAM GENERATOR "A" COLD LEG 

DATE DIAPHRAM S.G. BOWL SURFACE 

1978 5 R 

AFTER MAGNITE 
DECON 50 MR 

INSTALLED 
5-21-79 50 MR 2-3 R 

REMOVED FOR 
INSPECTION 
5-21-80



SUMMARY OF RADIATIONS LEVEL 

IN "A" STEAM GENERATOR 

BEFORE AND AFTER DECON 

(5/72) 

BEFORE DECON 
4/25/72 STEAM GENERATOR A STEAM GENERATOR B 

HOT LEG COLD LEG HOT LEG COLD LEG 

Tubesheet 20-30 11-12 11 10 

Channel Head 13- 12 8 9 

AFTER DECON 
5/7/72 

Tubesheet 8 5 No Decon 

General Area 6 5 

AFTER OPERATION .  
11/5/74 

Tubesheet 25-35 10 13-14 10-11 

Channel Head 15 13. 15 10 

OTHER OBSERVATIONS 

1. Radiation levels in "A" steam generator hot leg was a factor of 2 higher 
than cold leg before decon, 4/25/72. (Hot leg, 20 R/Hr, Cold Leg 10 R/Hr.) 

2. Hot leg levels were the sane as cold leg shortly after decon, 10/77/72 
about 10 R/Hr in both "A" and "B" steam generator.  

3. Radiation levels in "A" steam generator, 11/4/74 were 35 R/Hr hot leg, 16 R/Hr 
cold leg. "B" steam generator levels were 13 R/Hr hot leg, 10 R/Hr cold leg.  

4. "A" hot leg (4-3-80): 35 R/Hr 
"A" cold leg (4/3/80): '30 R/Hr 
"B" hot 'eg (4/3/80): 16 .R/Hr 
"B" cold leg (4/3/80): 14' R/Hr 

5. A 03 decon appear not to have increased levels significantly.



VEkIFY ADLUATE MECHAiCAL PROPERTIES OF JOINT 

ACTION REQUIRED STATUS 

1. Perform pressure tests. Tests underway.  

2. Perform collapse tests . Tests underway.  

3. Perform axial fatigue tests. Tests underway.  

4. Perform thermal and pressure 
cycling tests.  

a. Plant heat-up and shutdown Tests underway.  
transients.  

b. Plant load and unload Tests to start w/o 
transients. Aug. 18.  

5. Determine effect of brazing on Completed.  
tensile strength of tubing.  

6. Determine effect of flow induced Analysis completed; 
vibration. indicates no problem.



VERIFY ADEQUATE CORROSION RESISTANCE OF JOINTS 

ACTION REQUIRED STATUS 

1. Determine effect of brazing Tests underway. Literature 
cycle on corrosion resistance search completed.  
of tube/sleeve.  

2. Determine corrosion resistance Tests underway.  
of joints, including effect 
of residual flux.  

3. Determine effect of brazing Tests to start Aug. 23, 
cycle on diffusion of OD results anticipated Aug. 29.  
contaminants.  

4. Determine corrosion resistance Model boiler tests to 
of brazed assembly under start Aug. 15.  
operating conditions.



CRITERION JUSTIFICATION 

1. Retain structural integrity Maintain factor of safety of three 
(no burst) and leak tightness over maximum operating AP, which 
of tube/sleeve joint when is 1400 psi.  
internally pressurized at 
4200 psi.  

2. Retain structural integrity Prevent collapse under 1.25 times 

(no collapse) and leak tightness maximum secondary to primary 
of tube/sleeve .joint when pressure differential, which is.  
externally pressurized to 700 psi.  
875 psi.  

3. Retain structural integrity and Satisfy E-Spec 675161 requirement 
leak tightness of tube/sleeve through 30 year operation.  
joint after exposure to 150 cycles 
of plant heatup and cooldown 
transients.  

4. Retain structural integrity and Satisfy E-Spec 675161 requirement 
leak tightness of tube/sleeve joint through 30 year operation.  
after exposure to 7500 .cycles of 
simulated plant loading and 
unloading transients.  

5. Retain structural integrity and Assure that joint can sustain 
leak tightness after exposure at operating cyclic loads.  
600'F to 8500 cycles at maximum 
alternating axial loads 
anticipated.  

6. Tensile strength at 6000F of tube/ Satisfy ASME Section IX 
sleeve joint shall not be less procedure qualification.  
than minimum strength of tubing.  

7. Peel test shall not reveal Satisfy ASME Section IX 
defective areas greater than procedure qualification.  
30% of faying surface area.  

8. Sectioning test shall not reveal Satisfy ASME Section IX 
defects longer than 20% of length procedure qualification.  
of ovf ofltp.



(UALIFICA ION IEST OF SUE SLEEVING (Cont) 

CRITERION JUSTIFICATION.  

9. Ultimate strength of tube/sleeve Confirm that brazing has not 
assembly tested in tension at reduced the minimum tensile 
room temperature shall equal or strength of the tubing specified 
exceed 80,000 psi. in SB 163.  

10. Retain structural integrity of Assure that the brazing cycle has 
tube/sleeve assembly, with no not degraded the inherent corrosion 
evidence of excessive attack resistance of the tubing such as 
when exposed to accelerated to cause premature failure.  
corrosion tests in various 
primary and secondary environments.  

11. Demonstrated non-destructive test Satisfy. Reg. Guide 1.83 
capability to (1) assure acceptable 
braze joints and (2) detect 
unacceptable defects in the 
tubing and sleeve in subsequent 
operation.



MATERIAL AND CORROSION VERIFICATION 

PROGRAM FOR BRAZED SLEEVES 

SCHEDULE 
ACTION 7/28 8/4 8/11 8/18 8/25 9/1 9/8 9/15 

ITEM 

TENSILE PROPERTIES 
VS BRAZE TEMP.  

BURN-IN OF A A 

OD CONTAMINANTS 

BRAZE CYCLE VS A 

MATERIAL MICROSTRUCTURE 
AND COR. RES.: 

REVIEW OF CORROSION 
DATA ON HIGH TEMP.  
PROCESSED 1-600 

COR. AND SCC TESTS: A 

EFFECT OF RESIDUAL FLUX 
START 

MODEL BOILER TESTS 

METALLOGRAPHIC EXAM.  
OF PRODUCTION MOCK-UP A 

AND CONFIRMATION COR.  
TFSTING ON SCE JOINTS



TABLE 1 

TENSILE PROPERTIES OF INCONEL 600 

AS A FUNCTION OF BRAZING TEMPERATURE 

TEST PLAN 

OBJECTIVE: 

DETERMINE MECHANICAL PROPERTIES OF 3/4" OD INCONEL 

600 STEAM GENERATOR TUBING FOLLOWING EXPOSURE TO 

HIGH TEMPERATURE BRAZING CYCLES.  

APPROACH: 

SUBJECT SINGLE TUBES TO BRAZING CYCLES WITH INCREASING 

PEAK TEMPERATURES FROM 18000 F TO 22500 F AT 500 F 

INTERVALS.  

EVAUATONY-_ 

ROOM TEMPERATURE STRESS/ST RINCURVES, 

STATUS: 

CONCLUSION: 

THE 19500 F BRAZE CYCLE REDUCED THE ROOM TEMPERATURE 
YIELD STRENGTH BY L400 WHILE THE ULT1IATE WAS REDUCED 
BY 10%. FOR ALL BRAZE CYCLES TESTED THE ULTIMATE 
STRENGTH WAS 85 KSI OR GREATER.
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BURN-IN OF OD 

CONTAMINANTS 

TEST PLAN 

OBJECTIVE: 

EVALUATE THE EXTENT OF DIFFUSION OF OD CONTAMINANTS 
DURING THE BRAZING CYCLE.  

APPROACH: 

CHARACTERIZE THE OD SURFACE CONTAMINANTS OBSERVED ON 
STEAM GENERATOR TUBES REMOVED FROM SCE USING 
MICROANALYTICAL TECHNIQUES. COMPARE THIS DISTRIBUTION 
WITH THAT OBSERVED FOLLOWING A SIMULATED HIGH TEMPERATURE 
BRAZINS CYCLE, 

REVIEW PREVIOUS LABORATORY RESULTS ON THE BURN-IN OF 
OD CONTAMINANT'S BOTH FROM THE EXTENT OF DIFFUSION 
AND TH. EFFECT ON-CORROSION AND SCG RESISTANCE.  

* SIMULATED LABORATORY TESTS 

* WELDING STUDIES 

EVALUATION: 

SEM/EDAX AND MICROPROBE ANALYSIS OF OD SURFACE BEFORE 
AND AFTER BRAZING CYCLE.  

STATUS: 

WORK TO BE COMPLETED WEEK OF AUGUST 25, 1980.



EFFECT OF BRAZE CYCLE ON MATERIAL 

MICROSTRUCTURE-AND SUBSEQUENT 

CORROSION RESISTANCE 

TEST PLAN.  

OBJECTIVE: 

EVALUATE THE MICROSTRUCTURAL RESPONSE AND SUBSEQUENT 
CORROSION AND SCC RESISTANCE OF BOTH MILL ANNEALED AND 
THERMAL TREATED INCONEL 600 STEAM GENERATOR TUBING EXPOSED 
TO BRAZING TEMPERATURES.  

APPROACH: 

SUBJECT TUBE/SLEEVE JOINTS TO BRAZE CYCLES AT PEAK 
TEMPERATURES OF 1850. 1950 AND 20500 F WITHOUT BRAZE 
METAL, RECORD HEATING AND COOLING RATES FOR LATER 
CORRELATION WITH METALLOGRAPHIC RESULTS., 

EVALUATION: 
* HARDNESS READINGS ALONG HEAT-AFFECTED-ZONE 

* DETERMINE DEGREE AND EXTENT OF SENSITIZATION WITHIN 
HEAT-AFFECTED-ZONE USING MODIFIED HUEY AND REACTIVATION/ 
POLARIZATION TECHNIQUES.  

* SELECT AREAS WITHIN HAZ FOR EXPOSURE TO 10% NA0H AT 
6000 F USING THE CONTROL POTENTIAL TEST TECHNIQUE (COMPARE 
RESULTS TO MILL ANNEALED AND STT DATA BASE), 

STATUS: 

IN PROGRESS - COMPLETION BY AUGUST 25,'1930,



TAblL E 

REVIEW OF EXISTING DATA ON 

THE MICROSTRUCTURAL CHANGES AND 

SUBSEQUENT CORROSION RESISTANCE 

OF INCONEL 600 TUBING EXPOSED 

TO TEMPERATURES BETWEEN 1850 - 19500 F 

OBJECTIVE: 

INVESTIGATE EXISTING DATA BASE AVAILABLE FOR DETERMINING 
THE CORROSION AND SCC RESISTANCE OF INCONEL 600 SUBJECTED 
TO ELEVATED TEMPERATURE (>18000 F).  

APPROACH: 

REVIEW WESTINGHOUSE DATA AND DATA AVAILABLE IN THE PUBLIC 
DOMAIN.  

RESULTS: 

REFER TO TABLE 4-A, 

STATUS: 

WORK TO EL CO7 LETED EE OF AL UST 10 .10,



ALL 

SCC DATA FOR HIGH TEMPERATURE 

(>18500 F) EXPOSED INCONEL 600 

MATERIAL 10% NAOH 10% NA0H + 10% Cu0 PURE WATER 
CONDITION C--RINGS @ 6500 F C-RINGS @ 6000 F U-BENDS @ 6800 F 

M.A. SCC (1000 HRS) UNDER EVALUATION 2-4 WEEKS CRACKING 
(1000 HRS) 

19100 F UNDER EVALUATION UNDER EVALUATION NC (8 WEEKS) 
(1000 HRs) (1000 HRS)



TABLE 5 

CORROSION AND SCC EVALUATION 
OF BRAZED JOINTS 

OBJECTIVE: 

EVALUATE THE CORROSION AND SCC PERFORMANCE OF THE BRAZED 
AREA IN CAUSTIC, PRIMARY WATER AND HIGH TEMPERATURE WATER 
ENVIRONMENTS.  

APPROACH: 

* BRAZE JOINTS AT PEAK TEMPERATURES OF 1850, 1950, 20500 F.  

* U-BEND EXPOSURE TO HIGH TEMPERATURE WATER AT 6800 F.  

* C-RING EXPOSURE TO OHF AT 600oF/6500F.  

* CAPSULE EXPOSURE TO PRIMARY WATER AT 6500 F.  

EVALUATION: 

METALLOGRAPHIC EXAMINATION TO DETERMINE DEGREE AND 
EXTENT OF ATTACK.  

STATUS: 
TESTING UNDERWAY - COMPLETION WEEK OF SEPTE-BER 15, 19o0



TABLE 6 

MODEL BOILER TESTS 

TEST PLAN 

OBJECTIVE: 

* DETERMINE THE CORROSION AND SCC RESISTANCE OF THE BRAZED 
REGIONS FOR BOTH MILL ANNEALED AND THERMAL TREATED INCONEL 
600 UNDER HEAT TRANSFER CONDITIONS, 

* DETERMINE THE CONSEQUENCES OF LEAKAGE THROUGH THE OUTER 
TUBE AND SUBSEQUENT CONCENTRATION OF BULK WATER IMPURITIES 
IN THE SFCONDARY-SIDE CREVICE BETWEEN THE TUBE AND SLEEVE.  

* DETERMINE THE CONSEQUENCES OF RESIDUAL FLUX WITHIN THE 
PRIMARY-SIDE AND SECONDARY-SIDE CREVICES.  

APPROACH: 

SINGLE TUBE MODEL BOILER (2 TESTS) 

TEST SET-UP: 

REFER TO FIGURE 4 

ENVIRONMENT: 

'OH + 

* PHOSPHATE + CL 

STATUS: 
START-UP WEEK OF AUGUST 10, 1930, COMPLETION WEEK OF 
SEPTEMBER 15, 1980.
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TABLE 7 

METALLOGRAPHIC EXAMINATION 

OF MOCK-UP JOINTS AND CONFIRMATION 

CORROSION TESTING OF SCE JOINTS 

OBJECTIVE: 

CONDUCT SUFFICIENT METALLOGRAPHIC EXAMINATIONS, MECHANICAL 
AND CORROSION TESTS TO VERIFY SCE JOINTS.  

APPROACH: 

* METALLOGRAPHIC EXAMINATIONS OF A NUMBER OF MOCK-UP 
BRAZED JOINTS, . * SENSITIZATION AND CONTROL POTENTIAL TESTS.  

* MECHANICAL PROPERTY TESTS AT 600/650OF 

STATUS: 

MOCK-UP FABRICATION UNDERWAY; TESTS TO BE COMPLETED BY 
SEPTEMBER 15, 1980.



POSTULATED MECHANISM OF OBSERVED CORROSION INDICATIONS 

* Top OF TUBESHEET INDICATIONS ASSOCIATED WITH THE 

ACCUMULATION OF CONCENTRATED CAUSTIC SOLUTION ON TOP OF 

TUBESHEET, (ACCUMULATION APPROXIMATELY 1/4" HIGH).  

0 CAUSTIC FORMED BY SODIUM RETURNING TO SOLUTION IN 

A STEAM ENVIRONMENT IN SLUDGE, OR BY CONCENTRATION OF 

CAUSTIC IN BULK.  

* CAUSTIC TRICKLES DOWN DURING OPERATION AND IS SUCKED 

DOWN DURING SHUTDOWN.  

a CAUSTIC DOES NOT PENETRATE INTO MOST TUBESHEET CREVICES 

BECAUSE OF PLUGGING DURING EARLY PHOSPHATE OPERATION.  

a CREVICES IN AREAS OF HIGHEST SLUDGE ACCUMULATION ALSO HAD 

SLUDGE DURING EARLIEST PHOSPHATE OPERATION. THEREFORE, 

PLUGGING OCCURRED IN SLUDGE ABOVE CREVICE. CAUSTIC 

CAN THEN PENETRATE UNPLUGGED CREVICES IN THESE LOCATIONS.



'* HERE ARE NO UNIQUE PRIMARY SIDE CONCERNS ASSOCIATED WITH THE SLEEVE 

6 SODIUM TETRABORATE FLUX CAN GO INTO SOLUTION IN CREVICE 

ABOVE ROLLED SECTION, FORMING CAUSTIC.  

* CREVICE ABOVE ROLLED SECTION WILL INITIALLY BE OXYGENATED, 

0 CAUSTIC CONCENTRATION IN CREVICE WILL BE LIMITED TO 

<30% BY SOLUILITY OF SODIUM TETRABORATE AND COMPETITION 
BETWEEN BORATE AND HYDROXIDE IONS.  

0 DIFFUSION CALCULATIONS INDICATE THAT ALL SODIUM TETRABORATE 

WILL GO INTO SOLUTION AND MAXIMUM CREVICE CONCENTRATION 

WILL BE REDUCED BELOW 1000 PPM WITHIN 100 HOURS OF HOT 
OPERATION.  

0 MAXIMUM OXYGEN CONCENTRATION Is 1221 PPM. 99% WILL DIFFUSE 
OUT OF CREVICE WITHIN 80 HOURS.



DOMINANT SECONDARY SIDE CORROSION IS ASSOCIATED WITH POTENTIAL 
ACCUMULATION OF SECONDARY SIDE CONTAMINANTS: NOT WITH 

DISSOLUTION OF FLUX MATERIAL 

0 IN THE ABSENCE OF AILEAK THROUGH THE ORIGINAL TUBE, SODIUM 

TETRABORATE WILL NOT GO INTO SOLUTION IN AN AIR ENVIRONMENT.  

a IN THE PRESENCE OF A LEAK, ~50% CAUSTIC SOLUTION PLUS 
PERHAPS SOME STEAM WILL ENTER GAP BETWEEN SLEEVE AND TUBE.  

a CREVICE IS LIKELY TO FILL WITH CAUSTIC SOLUTION TO AT LEAST 

LEVEL OF DEFECT.  

* WICKING ACTION OF CAUSTIC MAY CAUSE WETTING OF ALL INTERNAL 

SURFACES OF CREVICE.  

. CREVICE WILL BECOME FILLED WITH CAUSTIC SOLUTION AND/OR WATER 
UPON SHUTDOWN. WATER WILL BE BOILED OUT DURING SUBSEQUENT 

SHUTDOWNS.  

I CREVICE MAY BECOME RICH IN CAUSTIC SOLUTION FOLLOWING SEVERAL 
START-UPS.



THF.PMAI/\1 LY -11 A~i : D 1-6010 LLLVE HAIS SUN'L R I 01k 
CORROS EN RESISTANCE TO CAUSTIC ATTACK 

e SCE attack is judged to be stress assisted intergranular attack, 

caused by cpncentrated caustic solutions.  

* Attack occurs as general grain boundary dissolution (IGA) in 
absence of appreciable tensile stress, (and favored by increasing 
caustic concentrations and temperatures) or as discrete stress 

corrosion cracks (SCC) in presence of tensile stress (and favored 

by lower caustic concentrations).  

* In either case, thermally treated Inconel 600 is superior to 

mill annealed material: 

- By a factor of 10 for SCC 

- By a factor of 4-5 for IGA 

* Local region in HAZ of brazed joint may loose benefit of thermal 
treatment; the effect of this is being assessed in accelerated 
caustip tests.  

* The benefit of a gold plate in the HAZ of the sleeve is being 
assessed.
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HEATUP AND COOLDOWN AND LOADING AND 

UNLOADING TRANSIENTS 

OBJECTIVE 

EVALUATE EFFECTS WHICH PLANT NORMAL HEATUP & COOLDOWN AND 

LOADING & UNLOADING TRANSIENTS HAVE ON SEALING INTEGRITY 

QF JOINT. EFFECTS OF THESE TRANSIENTS WILL BE DETERMINED 

IN SEPARATE TESTS BUT THE SAME TEST SPECIMEN WILL BE USED 

IN BOTH TESTS.  

TEST SPECIMEN 

CONSISTS OF SHORT SECTION OF 1-600 TT SLEEVE MATERIAL 

0.620 IN. 00 BRAZED 3600 ALONG SPECIFIED AXIAL LENGTH OF 

INSIDE SURFACE OF SHORT SECTION OF 1-600 MA TUBE MATERIAL 

0.75 IN. OD.  

FACILITY 
HEATUP & COOLDOWN TEST: SPECIMEN PLACED IN PROTECTIVE 

CANNISTER INSIDE FURNACE - FIG. 2 

LOADING & UNLOADING TEST: SYSTEM WILL IMPOSE CYCLICAL 

PRESSURE ON ANNULAR SPACE BETWEEN 

TUBE & SLEEVE. SLEEVE ID WILL BE 

PRESSURIZED - FIG. 3 

TEST & CRITERIA 

FIVE YEAR PERIOD OF CYCLES WILL BE IMPOSED: 

HEATUP & COOLDOWN: 125 CYCLES 

LOADING & UNLOADING: 7500 CYCLES 

CRITERIA: 

JOINT MUST NOT LEAK FOR 10 MINUTES AT HYDRO TEST 

-, SSURE OF 3,720 PSI 

STATUS 

UNDERWAY.



TUBE-TO-SLEEVE BRAZED JOINT 

PRESSURE COLLAPSE TEST 

OBJECTIVE 

EVALUATE EFFECTS WHICH A MULTIPLE OF SECONDARY SIDE DESIGN 

PRESSURE, WITH NO PRIMARY SIDE PRESSURE, HAS ON SEALING 

INTEGRITY OF JOINT. PRESSURE APPLIED TO ANNULUS BETWEEN 

SLEEVE AND TUBE.  

TEST SPECIMEN 

CONSISTS OF SHORT SECTION OF 1-600 TT SLEEVE MATERIAL 

0.620 IN. 00 BRAZED 3600 ALONG SPECIFIED AXIAL LENGTH OF 

INSIDE SURFACE OF SHORT SECTION OF 1-600 MA TUBE MATERIAL 

0.75 IN. 00 - REF. FIG.  

FACILITY 

ROOM TEMP TEST: PRESSURIZING PUMP AND GAGE 

ELEVATED TEMP TEST.: FURNACE AND PROTECTIVE CANNISTER 

TEST AND CRITERIA 

PRESSURE TO BE APPLIED TO ANNULUS BETWEEN TUBE AND SLEEVE 

TO BE 875 (1.25 TIMES SEC. SIDE PRESSURE OF 700 PSI).  

JOINT MUST BE LEAK TIGHT FOR 10 MINUTES UNDER HYDRQ TEST 

AT 3,728 PSI BEFORE AND AFTER TEST.  

STATUS 

SPECIMENS PREPARED. TEST TO START 8/18/80.



TEST FACILITY FOR BRAZED TUBE JOINT 

COLLAPSE-DUE-TO-PRESSURE TEST 

Pressurizing Fluid 

NOTE: Fluid must not cause 
4* chemical degradation of tube, 

urnae tomainainsleeve, braze and flux.  -urnace to maintain 
specimen at elevated 
temperature (for 
elevated temperature 
test only) 

Swagelok Fittings -To transition 
from 3/4" tube (mockup) to 1/4" tube 

-Containment cannister 
(for elevated tempera- Tube -,3/4" O.D. x 55 mil wall 
ture test only) 

Annular space to be loaded with 
pressure 

Brazed Joint - 3600 

Sleeve - 0.620" O.D. x 36 mil wall 

Swagelok Fittings - To transition 

from 3/4" tube (mockup) to 1/4" 
--tube 

EDSK-IAN-8930



TUBE-TO-SLEEVE BRAZED JOINT 

PROOF PRESSURE TEST 

OBJECTIVE 

EVALUATE EFFECTS WHICH A MULTIPLE OFOPERATING PRIMARY-TO

SECONDARY DIFFERENTIAL PRESSURE HAS ON SEALING INTEGRITY 

OF JOINT.  

TEST SPECIMEN 

CqNSTSTS OF SHORT SECTION OF 1-600 TT SLEEVE MATERIAL 

0.620 IN. OD BRAZED 3609 ALONG SPECIFIED AXIAL LENGTH OF 

INSIDE SURFACE OF SHORT SECTION OF 1-600 MA'TUBE MATERIAL 

0.75 IN OD.  

FACILITY 

HYDRO TEST PUMP WITH PRESSURE GAGE - REF. FIG. 2 

TEST AND CRITERION 

PROOF PRESSURE TO BE 4,200 PSI, I.E., THREE TIMES THE 

MAXIMUM OPERATING PRIMARY-TO-SECONDARY DIFFERENTIAL PRESSURE.  

SPECIMEN AT ROOM TEMPERATURE. PRESSURE TO BE HELD FOR 
10 MINUTES WITH NO LEAKS.  

STATUS 

SPECIMENS ARE PREPARED. TEST TO START 8/18/80.



Fluid from Pressurizing Pump 

__ -Swagelok Fittings - to 
Transition from 0.620" dia.  
to 0.25" dia. Tube 

Sleeve 0.620" 00 x 36 mil 
Wall 1600 TT 

-Brazed Joint 

-Tube 3/4" 00 x 55 mi 
Wall 

Swagelok Cap 

Above-Tubesheet Tube-to-Sleeve Brazed Joint Test Specimen 
and Test Facility Configuration for Proof Pressure and 
Hydrostatic Leak Testing.



TUBE-TO-SLEEVE BRAZED JOINT 

AXIAL SHEAR FATIGUE STRENGTH TEST 

OBJECTIVE 

EVALUATE EFFECTS OF THERMAL AND PRESSURE CYCLES ON THE 

SEALING INTEGRITY OF THE JOINT.  

TEST SPECIMEN 

CONSISTS OF SHORT SECTION OF 1-600 TT SLEEVE MATERIAL 

0.620 IN. OD BRAZED 3600 ALONG SPECIFIED AXIAL LENGTH OF 

INSIDE SURFACE OF SHORT SECTION OF 1-600 MA TUBE MATERIAL 

0.75 IN. OD - REF. FIG.  

FACILITY 

CONSISTS OF AMBIENT PRESSURE FURNACE WHICH ENCLOSES SPECIMENS.  

FATIGUE LOAD APPLIED BY TESTING MACHINE THROUGH END PLUGS 

MAINTAINS SPECIMEN AT 600 0 F t 10oF.  

TEST AND ACCEPTANCE CRITERIA 

AXIAL LOAD TO BE t 2,500 LB FOR 8,500 CYCLES, LOAD CONTROLLED.  

JOINT MUST BE LEAK TIGHT FOR 10 MINUTES UNDER HYDROSTATIC 

TEST AT 3,728 PSI BEFORE AND AFTER LOAD CYCLING.  

STATUS 

TEST UNDERWAY. 2,500 CYCLES NO FAILURES.



at Elevated Temp.  
K Force Applied by Testing Machine 

at Crosshead 

End Plug for 0.620" OD Skve; 

We d for Strongth 'l !\ Aruid 

_-Sleeve 0.620" 00 x 36 miI Wall 
1600 TT 

SThermocouple I(Axial length of upper portion 
for Temp. of joint) - 3600 

(Axial length of lower portion 
of joint) - 3600 

d-- Tube 3/4" 00 x 55 mil Wall 
Joint....  1600 MA 

-End Plug for 3/4 00 Tube - 1600 

---- Weld for Strength -All Around 

-".Testing Machine Base 

lest Conigunctio for Drazed Joint!\:ial Shear Fati te 
Stir nItIlh lcstinhJ



NDE 
OF 

SLEEVED 
TUBING 

INSERVICE BRAZE 
INSPECTION QUALITY



llBRAZE 
ISI 

QUALITY 

REGIONS OF INTEREST BRAZE PARAMETERS 

A. SLEEVE (TUBE) A. EXTENT OF BRAZE 

B. TRANSITIONS B. BRAZE WETTING 

C. SLEEVE END



EDDY CURRENT 
INSTRUMENTATION 

Single frequency 

Multiple frequency 

04



INSERVICE 

INSPECTION 
SUMMARY 

CONVENTIONAL EDDY CURRENT PROBES AND 

MULTIFREQUENCY INSTRUMENTATION 

PROVIDE A VIABLE INSPECTION IN ALL 

BUT THE BRAZE REGION



RAZ-de 

-atWO35-160 WIVEFOAM

. NO 
GRAZ2E 

(G-000

* U7O7 

1 0E4&rBAAF



0.--Tube 
Sleeve 

Ultrasonic Probe 

Braze void 

Couplant 

Braze



ULTRASONIC RESPONSE 

FROM BRAZE REGION 

Good Braze 

NoBrz 

No-Braz



BRAZE QUALITY 

SUMMARY 

ULTRASONIC TECHNIQUES 

PROVIDE A VIABLE MEANS OF 

ASSURING BRAZE EXTENT



FUTURE DEVELORWT: 

IMPVE EDDY CURRENT INSPECTION OF BRAZE REGION



RECOWENDATIO: 

BASE LINE EDDY CURRENT INSPECTION BE CONDUCTED WITH MPGNETICALLY 

BIASED EDDY CURRENT PRDBES



8/14/80 

SAN ONOFRE UNIT I 

SUPPORTING TECHNOLOGY 

EDDY CURRENT DIAGNOSTICS (DDM) 

--DEFINITION OF SLEEVING BOUNDARY 

--APPARENT RATE OF CORROSION 

--SLUDGE DISTRIBUTION MAPPING 

METALLURGY OF TUBE SAMPLES (EPM) 

--SUMMARY OF TUBES EMOVED AND REASONS 

--CONDITION OF COLD LEG TUBES 

--CRACK MORPHOLOGY OF HOT LEG TUBES 

--DESCRIPTION OF BURST TEST OF TUBE SAMPLE 14-70 

--CONDITION OF TUBES ABOVE TUBESHEET 

CHEMISTRY PROGRAM (WDF) 

--COLD AND HOT FLUSHES 

--STARTUP CHEMISTRY CONTROL 

--OPERATIONAL CONTROLS 

TUBE PRESSURE TESTING (TT) 

--SUMMARY OF TESTS 

--WHOLE BUNDLE PRESSURE TESTS 

--RESIDUAL STRENGTH 

SUMMARY OF BASIS FOR SLEEVING BOUNDARY (WDF)
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BACKG MD 

s REVIW OF OPERATING PIWNf HMISTRY SHWS EVIfENCE OF 
FlEE CAUSTIC PFESENT IN BJU( WATERI 

* ADDITIOI OF SODII HYDMXIDE FOR PH COML WAS 
DISCUNTIllED IN MID 1979.  

* SHIfltlSTART UP/PMER OPEPATION CHEMISTRY CYCLED F" 

LIW RATIO TO HIGH PATIO PHOSPHATES, 

* PHOSPHATE INVENfORIES NOT PS /B CIPLETELY 1URING HIDEOUT 
FERRI SITUATIONS.  

* CUEENSER LEAKAGE (L0 PATES) CONTINUED FOR A N IFIER OF 
WEEKS.  

* MAE UP WATER SOURCE CHANGED TO CITY WATER.



COL WATER SOAK 7(PF 

RATIOALE IfEIEW OF PAST DATA SHOWS THAT EVEN AT COLD 
SHLl)0WN SIGNIFICANT RETURN OF PHOSPHA1ES 
EERIENCED. THIS SOAK WILL BE FIRST ATTi1R 
TO W FRE ACCESSIBLE COAMIIMTS 

PR)CFUPE FILL STEAM GENERATOR WITH PURE HO 1TO COVER 

SK FOR 24 b'URS (4ITH CIRCULATION HR1UGH 
HAND HOLES) 

SNPE AN ANALYZE FOR PH, CONDUCTIVITY, S)II 
PHAPHATE, CHLORIDE, SILICA. PI#Y2E LATER FOR 
SULFATE)o POTASSIUM, tiMEIIM. CIM,. I R)N,# 
COPPER, NIGELL LEAD, 

F1LMi BUILD UP., E CONEN TPAT PlATEAU 
REACHED, DRAIN AND SOAK AGAIN. IF NEW PLATEAU 
IS LESS THAN 10 - 15% OF ORIGINAL, DRAIN AND 
PROCED TO HOT SOAK, 

IF PLATEAU IS MORE, REPEAT SOAK,



HOT WATER SOAK 350- 40OF 

RATIONALE LABOPATORY DATA SHOW THAT 300 - 4009F IS 

TBlfERATURE RANGE FOR OPTIlll SOLUBILIlY OF 

SCIUM ROSPHATE. SOUBILITY DROPS OFF WITH 
HIGER TE1ERA111RES. HIGHER TBTPEPATURE IS 

MRE KINETICALLY FAVORABE, EXPECT THIS SOAK 
TO HAVE GREA1ER PENETRATIOLTHAN FIRST SOAK.  

PIOCEliRE FILL STFil GENERATOR WITH PURE H20 (PUS 

SPARGING) TO COVER TUBE BUNDE.  

HEAT 1 35 - 40(PF USING PIPP HEAT, 

SOAK FOR 24 HOURS (CONVECTION MIXING).  

SNRE AO AALYZE AS IN COLD SOAK.  

FOLliO CONCElfPATION INCFEASE, 

DRAIN 4 - 5 FEET FROM GENERATORS, 

FEED AND BLEED TO 10H DILLTION.  

REFILL AND REHEAT, HOLD FOR AT LEAST 8 HOURS 

IF CONCENTRATION PLATEAU IS LESS THI 10 - 15% 
OF ORIGINAL, COOL IN AN DRAIN. IF MORE, 
CONTINUE SOAK AND REPEAT,



CEVICE FISH WITH NITROGEN OVERPRFSSUR AT 275 - 35POF 

RATIONALE COLD WA1ER SOAK AND HOT WATER SAS HAVE FMED 
IEADILY ACCESSIBLE CONTAMINANTS. THE CREVICE FISH 
WILL REMOVE TE CONTAMINANTS DEEP 1814 IN SLEDGE 
PILE AND IN TUBE-T1BESHEET CREVICES.  

JAPANESE AND U.S. PLANT DPERIENCE HAS SHOWN THAT 
SUCH A PROCEDURE WILL M MATERIAL FROM RESTRICTED 
AREAS.  

PROCEDUE FILL STEAM GENERATOR TO TWO FEET AB(VE TOP OF 
SIEGE PILE, 

PRESSURIZE WITH N TO 15 PsiG, 

HEAT TO 2759F USING PIRP HEAT. (WITH CIRCULATI(I 
TROUGH HAND HOLES) 

MITOR CHEMISTRY AS IN SOA(S, 

HOLD TEPERAlliRE FOR MINItIM OF XNE HOUR, 

JITOR CrMISTRY., 

DEPRESSURIZE BY OPENING STEAM Dll VALVES, 

FEPRESSURIZE, 

MITOR CHEMISTRY, 

REFEAT CYCLE.  

FEED AND BLEED WHEi NECESSARY.  

NEVER DRAIN LEVEL BELOW SLUDGE PIE.



CHEMISTRY CONTROL DURING HEATUP FOR RESTART 

.FOLLWING CfEVICE FLUSH AND POSSIBLE SLUDGE LANCING, REFILL STEAM 
GENERATORS WITH PURE H20 WITH N2H4, 

* HEAT TO HOT STANDBY, APPLY MAXIMU BLWDWI A NMONITOR CHEIISTPY, 
HOII) UNTIL BLOWMCN CHEMISTFY IS STABILIZED FOR AT LFAST 24 HOURS 
(RESIDUAL NA/P04 RATIO TO BE <2.8) 

e PROCEED TO 25% PER. HOLD FOR CHEMISTRY STABILITY AS ABOVE, 
MONITOR TRANSPORT OF CONTAMINNTS AND CORROSION PRODUCTS FROM 
THE CONIENSATE/FEEDWATER SYSTEMS.  

* IF NO HIGH RATIO PHOSPHATE HIDEOIfT RETURN IS E)PERIINCED 

(P04 <2 Ppm, NA/P04 <2.8), CINENCE P04 INJECTION TO REACH PO 
LEVEL OF 50 PPMAND NA/P4 =2,3. HOLD FOR AT LEAST 24 HOURS, 

PAPP TO 50%J 75% AND 100% WITH AT LEAST 24 HOUR HOLDS TO MAINTAIN 
STABILITY, 

REDUCE P04 LEVEL TO 20 PPM WITH LIMITS OF 15 TO 30 PPM A'@ TARGET 
RATIO OF 2.4 (LIMITS 2.3 TO 2:6) DETERMINED USING THE MARCY/ 
HALSTEAD RATIO.



.EMISTRY CuTOL DURING HEA11P FOR FESTART (COwINED) 

* IF HIGH RATIO PHOSPHATE HIDEOUT RETURN IS OBSERVED AT 25% POWER, 
CONTINUE BUW11N AND HOLD FOR C6HMISTRY STABILITY FOR AT LEAST 
24 HOURS 

RAMP TO 50% POWER, IF NO HIGH RATIO PHOPHATE HIDEOUT RETURN IS 
(ESERVED, COWENCE ADDITION OF PHOSPHATE AS DESCRIBED ABOVE. IF 
HIGH RATIO PHOSPHATE IS EXPERIENCED., CONTINLE TO BL[OWN AND 
INCREASE POWER TO 75% TO ESTABLISH IF EURN OCCURS THERE.  

* ONCE STEAM GENERATOR IS NDER 2.4 NA/PO, P04 =20 PPM OfilL, 
MAINTAIN MISTRY RLLM ON 4 HOUR FREQUENCY.  

* WHEN BLDIDIN CHEMISTRY HAS STABILIZED FOR AT LEAST 24 HOURS, 
IETURiTO NORMAL ANALYTICAL SCHEIUE.



SOF CONVENTIONAL EDDY CURRENT EXAMINATIO' 

TYPE OF ITCICATION (. 20%) S/G A S/G B S/G C 

INLET OUTLET INLET OUTLET INLET OUTLET ECIIS r50t 
ECIs--50% 

At Anti-Vibration Bars 

Total (tubes) 148 - 215 - 209 1 

Pluggable (..50%) 4 7 - 2 - 13 

Atove Tutesheet 

Total ECI's 415 629 148 96 245 39 

ECI's 50% 4 2 1 0 7 0 14 

At Top Of Tubesheet 

Total ECI's 145 3 .56 0 156 0 

ECI's"5O% 128 0 52 0 148 0 328 

Below Top Of Tubesheet 

Total ECI's 1 0 0 0 0 0 

ECI's'50% 1 0 0 0 0 0 

Tube Support Plate Elevations 

Total ECI's 0 6 1 0 2 0 

ECI's505 0 0 0 0 0 0 

RestrictEd Tubes 

Total Tubes 178 60 - - 185 25 

Pluggable 0 2 0 0 2 0 

Other (1) 23 0 4 

Tubes Requiring Plugging 125 1 60 0 16 

(1) Tubes to be plugged because 
of tube pulling operations.



8/13/80 
DDM 

DIAGNOSTIC STUDIES 

ROTATING PANCAKE COIL (RPC) EDDY CURRENT 

(EC§LDATA STATISTICS - TOP OF TUBESHEET 

a. SG/A Complete 

HL - 2315 tubes 

354 2 50% 
106 450% 7 20% 

194 20% 

CL - 104 tubes 

4 50% 

0 d450% 2 0% 

3 < 20% 

b. SG/B Data through 8/9/80 

HL - 1923 tubes 

159 .t 50% (+60 tubes plugged) 

86 < 50% 3t20% 

183 4 20% 

c. SG/C Data through 8/9/80 

HL - 2720 tubes 

320 . 50% 

120 < 50% .20% 

278 20%



SAN ONOFRE #1 

EDDY CURRENT DATA CORRELATION 

BOBBIN AND ROTATING PANCAKE COIL 

Tubesheet entrance signal derived from 400 kHz channel of the bobbin 
probe data was qualitatively evaluated to determine populations of 
normal, distorted entries, dents and distorted dents.  

RPC results for SG/A have been compared with the bobbin probe results 
to establish whether RPC data is anticipated by bobbin signature.  

RESULT 

RPC findings, i.e. any detectable indication, are common to all cate
gories of bobbin probe results.
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8/13/80 
DM 

Sludge Inventory Considerations 

a. Sludge lancing performed 4/80prior to EC examinations.  

Inventory %Removal Residual 

S/G A 77.2 gal. 57 33.2 

S/G B 69.8 gal. 44 39.1 

S/G C 62.8 gal. 46 33.9 

b. Results indicate 2 - 3" sludge uniformly across the tubesheet.  

c. 100 kHz EC data indicates sludge up to approx. 23" in SG/A after 
lancing.  

d. Sludge above the height of the float is not included in inventory 
Inventory value incorrect.
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San Onofre #1 

Progression of Tube Degradation 

at the Top of the Tubesheet 

Tube Corrosion reported during the 1980 SG inspections was not 
a new or 

sudden occurrence.  

-1979 Leakers in SG/A 
-1976 Findings in SG/A 

The chemical environment leading to a caustic condition was consistent 
over 

an extended period back to the early 1970's.  

Review of prior EC data from tubes with deep indications in 1980 shows the 

presence of probable degradation in several prior inspections.  

-Observable effects suggests degradation beyond 40% minimum.  

-Sampling of tubes so characterized show 60-70% penetration 

3-4 years ago; present values range from 80-100%.  

Semi - quantitative estimate of progression of corrosion of less than 15% 

per year appears reasonable.



TUBE PRESSURE TESTS 

SUMMARY OF TESTS 

SLUDGE VS INSITU TESTS 

WHOLE BUNDLE PRESSURE TEST 

RESIDUAL STRENGTH OF TUBES 

SUMMARY



SUMMARY OF TUBE PRESSURE TESTS 

1. LEAKING TUBES 

--LEAKED AT STABLE RATE 

--SLUDGE MAY HAVE IMPEDED LEAK RATE 

--VISUAL INSPECTION SHOWED LARGE SEPARATION 

2. BENCH TEST 

--50% CRACK OVER 1800 

--BURST AXIALLY AT 15,000 PSI 

--EXHIBITED FULL WALL STRENGTH 

3. NON-LEAKING TUBES IN-SITU 

--NDD TO 97% CRACK BY RPC 

--NO MEASURED LEAKAGE AT 3000 PSI
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WHOLE BUNDLE PRESSURE TEST 

1. PERFORM SECONDARY & PRIMARY HYDRO 

--AFTER SLEEVING 

--PRIOR TO OPERATIQN 

--SECONDARY HYDRO AT 800 PSID 

--PRIMARY HYDRO AT 1900 PSID 

2. HYDROTEST CONFIRMS INTEGRITY OF PRIMARY PRESSURE 

BOUNDARY



RESIDUAL STRENGTH OF TUBES 

RESIDUAL STRENGTH OF TUBES IS SUFFICIENT TO WITHSTAND 

ACCIDENT LOADS 

--CORROSION PROFILES INDICATE NON-UNIFORM CORROSION 

--ANALYSIS OF CORROSION PROFILES INDICATES BURST STRENGTH 

>3000 PSI 

--PULLED TUBES SHOWED SIGNIFICANT DUCTILE TEARING 

--ANALYSIS OF BURST PRESSURE VS ARC LENGTH OF CRACK SHOWS 

THAT A 900 ARC CRACK WITH 270Oo CORROSION TO 25% REMAINING 

WALL WILL WITHSTAND 3000 PSI WITHOUT BURST
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TUBE RESIDUAL STRENGTH 

TUBE 14-70 

BURST AT 15,000 PSI WITH 50% CORROSION OVER 1800 

(NO SLUDGE) 

TUBE 24-71 

95% IGA - FRACTURED DURING PULL WITH SIGNIFICANT AREA OF 

DUCTILE MATERIAL - FRACTOGRAPHY ANALYSIS INDICATES BURST 

STRENGTH OF >3000 PSI 

TUBE 31-28 

70% IGA - FRACTURED DURING PULL WITH SIGNIFICANT AREA OF 

DUCTILE MATERIAL - FRACTQGRAPHY ANALYSIS INDICATES BURST 

STRENGTH OF >4000 PSI



SUMMARY OF TUBE PRESSURE TESTS 
0 

1. ALL TUBES HAVE SIGNIFICANT REMAINING RESIDUAL 

STRENGTH 

2. LEAKING TUPS ARE EXPECTED TO EXHIBIT STABLE 

LEAKAGE 

3. PRIMARY AND SECONDARY HYDROTEST WILL CONFIRM INTEGRITY 

OF UNSLEEVED TUBES



8/14/80 

SUMMARY 

BASIS FOR SLEEVING BOUNDARY 

WITHIN THE PERIPHERAL ZONE DEFINED, THERE ARE NO RPC 

INDICATIONS IN THE TUBES TESTED.  

TO TUBES REMOVED NEAR ZONE BOUNDARY WITH NDD BY RPC WERE 

REMOVED WITHOUT FRACTURE AND SHOWED 20-30% PENETRATION 

(22-84, 23-84) 

IN-SITU PRESSURE TESTS OF TUBES IN PERIPHERAL ZONE SHOW 

NO LEAKAGE AT 3000 PSI 

--22 TUBES WITH NDD TO 97% PENETRATION SHOWED 

NO LEAKAGE AT 3000 PSI 

TUBE 14-70 (50% CIRCUMFERENTIAL PENETRATION) BURST 

LONGITUDINALLY AT 15,000 PSI ( VIRGIN TUBE STRENGTH) 

ADDITIONAL CONSIDERATIONS 

--THERE WILL BE .A PRIMARY-SECONDARY PRESSURE TEST 

AT 1900 PSI AFTER SLEEVING AS OVERALL STRUCTURAL 

INTEGRITY TEST.  

--FOR TUBES THAT MAY CONTINUE TO UNDERGO CORROSION, 

METALLOGRAPHIC DATA INDICATES "LEAK BEFORE BREAK" 

APPLIES.  

--CHEMISTRY PROGRAM IS EXPECTED TO R[DUCE CORROSION 

PROCESS.


