
'gfguLA '.FY DOCKEY ALE CopY

II

File

~ ~~guy Q Jc~

REACTOR PRIMARYSYSTEM INVESTIGATION

AT NINE MILE POINT NUCLEARSTATION

'!AGAMA,M0HAK



\
II ~Jf

L

" a.
g 1



REACTOR PRIMARY SYSTEM INVESTIGATION

AT NINE MILE POINT NUCLEAR STATION

IVlay 1, 1970

NIAGARA','OHAWK





TABLE OF CONTENTS

1. INTRODUCTION AND SUMMARY

2. BACKGROUND INFORMATION

2.1 Furnace Sensitized Stainless Steel

2.2 Nine Mile Point Nuclear Station History

3. LEAKINGCORE SPRAY NOZZLE SAFE END EVALUATION

3.1 Conclusions from Metallurgical Study of N6B

3.2 Conclusions from Stress Analysis Review of N6B

3.3 Examinations of Nozzle N6B

3.4 Leaking Core Spray Safe End N6B (Details)

3.5 Stress Analysis of Leaking Core Spray Nozzle Safe End N6B

3.6 Environment at I.D. of Core Spray System Nozzle N6B Safe End

4. INVESTIGATIONOF OTHER FURNACE SENSITIZED STAINLESS STEEL —INTERIOR OF

P R ESSUR E V ESSE L

4.1 Non.Destructive Examination of Accessible F.S.S.S. Safe End Internal Surfaces and Brackets

4.2 Metallurgical Examination of Interior Brackets

4.3 Summary of Other Stress Analyses

4.4 Interior Condition and Protection of Furnace Sensitized Stainless Steel

4.5 Internal Environment

5. INVESTIGATIONSOF OTHER FURNACE SENSITIZED STAINLESS STEEL —EXTERIOR OF

REACTOR VESSEL

5.1 Non-Destructive Examination of Exterior Surfaces of F.S.S.S. Safe Ends

5.2 Sample No. 2 —Outer Surface of Isolation Condenser Nozzle Safe End N5A

5.3 Drywell Environment

5.4 Protection of Exterior Safe Ends Since System Hydro In Field

5.5 Enviroriment on Exterior Surfaces in Drywell

6. INSPECTION AND ANALYSISOF PIPING SYSTEMS CONNECTED TO REACTOR VESSEL

(TELEDYNE MATERIALSRESEARCH REPORT NO. E-1289)



'I

V

II



TABLE OF CONTENTS (Continued)

7. CORE SPRAY NOZZLE SAFE END AND PIPE REPLACEMENT

7.1 Scope

7.2 Location

7.3 Removal of Safe End

7.4 Intent for Restoration to Service

7.6 Design of Safe End and Sleeve Replacements

7.6 Replacement of Safe End and Sleeve

8. SENSITIVITY LIMITSOF PT, UT AND RT

APPENDICES

A NINE MILE POINT REACTOR VESSEL

B DRAWINGS . ~ . ~

C METALLOGRAPHY OF SAMPLES

D SAFE END REPAIR

E CALCULATION OF OXYGEN LEVEL ~....



I'
~ 'I



1-1

1. INTRODUCTION AND SUMMARY

INTROD UCTION

On March 2, 1970, the station was shut down for repairs to the generator
exciter reduction gear. During this outage, two small cracks were found in the
west (Number 11) core spray nozzle (N68) safe end.

Prior to this outage with the reactor at full 1, 000 pound per square inch
pressure, there was no detectable increase in the drywell equipment drain and
floor drain pump out. With a static head of about twenty feet of water, the
observed leakage at the cracks was estimated at about fiftydrops per minute.

"An immediate investigation was started to determine the cause of the west core
spray nozzle safe end failure:

1. It was first found that excessive stresses were produced at the
location of failure by an inadequately designed pipe suspension
system.

2., An exhaustive program of materials study on the failed safe end
was initiated. Preliminary results of this study are recorded in
the General Electric Report NEDM-10159 dated March 27, 1970.
Further investigations are contained in this report which super-
cedes the previous one. These studies included dye-penetrant
inspection, ultrasonic response traces, radiographic photographs,
chemical tests, and metallographic photomicroscopy.

3. The Teledyne Materials Research Corporation (TMR) was employed
to perform an independent study of all primary system piping
arrangements in the drywell. Advance results of this study were
forwarded to engineering and field personnel to initiate corrective
action, The TMR study included as Section 6 of this report
includes the following:

(a) A field inspection of all primary system piping
hangers and restraints.

(b) Recalculation of all piping stresses which may
exist during operation or shutdown to disclose
whether any additional excessive stresses may
have occurred in the primary systems.

(c) Recommendation for redesign of any piping or
piping suspension systems as required to assure
acceptable stress throughout the primary systems
in the drywell.
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4. Dr. James G. Sylvester, an independent materials consultant„
was employed to represent Niagara Mohawk in the evaluation of
the materials studies.

5. Samples of the failed safe end were delivered to the Atomic
Energy Commission for examination at the Battelle Northwest
Laboratories, Richland, Washington.

Table I is a cross reference of primary system nomenclature used on

the various reports and engineering drawings. It is published to assist in
assuring positive identification of each system when reviewing these documents.

WEST CORE SPRAY SYSTEM (N6B)

The excessive stress at the west core spray nozzle safe end was the
result of designing the pipe hanger and seismic restraint system for the assumed

I

most severe case where both the reactor vessel and the core spray line were at
the maximum design temperature of 575 F. In addition, the hanger loadings0

were set for the case with no water in the pipe. The post-failure study disclosed
that the most severe unsupported pipe loading would occur with the reactor vessel,
heated to maximum temperature and the pipe at drywell temperature. Calcula-
tions by General Electric and TMR indicate that the stress near the point of
failure was between 88,000 psi and 92,000 psi. This is about six times the
stress which would normally be allowed by any piping code. Details of the
stress analysis review are contained in the Teledyne Material Research Report
in Section 6. The extra high stress was caused in part by an interference which
caused an ll/16 inch vertical deflection limit.

Metallographic observations of the failed material reveal that the micro-
structure is. typical of solution-treated, furnace-sensitized, austenitic stainless
steel with precipitate carbides at the grain boundaries. Chemical analysis
of the safe end material disclosed no abnormalities. The inner surface of the
failed safe end was coated with a very thin, uniform, adherent, dark brown,
matte-finish oxide layer. Chemical analysis of inner surface scrapings indi-
cated the presence of fluorides. Throughout reactor operations prior to this
outage, reactor water chlorides averaged well below 0. 1 ppm.

Permission was received from the AEC to lower the reactor water
below the core spray nozzle to permit replacement of the safe end without
removal of reactor fuel. A new safe end assembly composed of inner and outer
mating parts was obtained and welded into place. Material for the new safe end

was solution tr'eated (non-sensitized) SA 182F304L stainless steel. Restoration
also required a replacement extension of the core spray nozzle thermal sleeve.

The original 12-inch core spray line fitted to the 6-inch reactor nozzle
safe end through a 12" x 6" reducing elbow. This arrangement served to concen-
trate in the safe end any stresses resulting from forces on the 12-inch line.
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A new ell shaped pipe section was made up to replace the reducing elbow with
a 6" x 6" elbow and a 4' 4" straight section of 6-inch pipe terminating in a
straight 6" x 12" increaser. The new arrangement will serve to relieve some
of the stress concentration at the safe end. Maximum longitudinal stress in the
new safe end with redesigned piping and hanger arrangement is calculated by
TMR at 12, 600 psi.

The original spring hangers on the west core spray line are being
replaced with new hangers to support the full range of expected pipe loadings.
In addition, an additional constant support hanger willbe installed on the vertical
section of 12-inch pipe about 10 feet below the core spray nozzle.

EAST CORE SPRAY SYSTEM (N6A)

The hanger design for this core spray system was essentially the same
as the west core spray system. The only difference was that no collar-type
seismic restrainers were installed on the east system. However, because of
the weak support design, a longitudinal stress of 31, 800 psi would exist at the
reactor nozzle safe end during normal operation of the plant.

Dye-penetrant, ultrasonic, and radiographic inspections did not detect
any cracking in the east core spray safe end; however, it was decided that this
safe end should be removed, inspected, and replaced in an identical manner to
the west core spray. A redesigned pipe hanger system similar to the west core
spray will also be installed. With the redesigned system, maximum longitudinal
stress at the nozzle safe end willbe reduced to 10, 900 psi.

EMERGENCY CONDENSER SYSTEM

A sample was cut from the west emergency condenser nozzle safe end
N5A after indications were disclosed on dye-penetrant examination. Photo micro-
scopy indicated intergranular attack to a maximum depth of 40 mils on
the outside surface. TMR reported total longitudinal stress on the east and west
emergency cooling steam line near the nozzle as 15, 600 and 14, 200 psi respec-
tively. Double wall radiographs and ultrasonic probes disclosed no indication
of internal cracking.

MAINSTEAM AND FEEDWATER SYSTEMS

All feedwater and main steam nozzles were examined by ultrasonic and
radiographic procedures. No indications of cracking were observed. Dye pene-
trant examination disclosed no serious surface flaws. TMR reports no excessive
stress in any of these lines.

RECIRCULATION LOOPS

All ten recirculation loop nozzles were externally examined by dye-
penetrant, ultrasonic, and radiographic procedures. Ultrasonic and radiographic
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indications were noted on the safe end field welds, but these were accounted for
by the step in the pipe structure at this location. Various "strawberries"
occurred in the dye-penetrant indicating minor surface imperfections. Photo-
graphs of these are on file along with maps of the locations. On N2A safe end

the indication at 10 o'lock disappeared after a 15 mil grind. No cracks or
serious pipe imperfections were observed. (Appendix B)

The TMR Corporation calculations of piping stress indicate no excessive
stresses were found in these systems.

REACTOR SAFETY VALVENOZZLES

All reactor safety valve and other head nozzles were examined for flaws
by dye-penetrant and ultrasonic procedures. (Appendix B) Photographs and.maps
are on file at the station. No evidence of attack was observed on the inside of
these nozzles although some probe grinding was done to explore surface indications.
On the outside surface roughly half of these nozzles showed some evidence of
shallow surface attack. Radiographs were made of the outer ring of nozzle safe
ends. These show no cracking.

S HUTDOWN COO LING S YSTEM

Weight stress, expansion stress, and pressure stress were calculated
for the shutdown cooling system to the first isolation valves outside the drywell.
Maximum longitudinal stresses of 36, 900 and 22, 000 psi were found in the suction
and discharge lines respectively. Dye penetrant, ultrasonic, and if indicated,
radiographic examinations willbe made at these locations.

CLEAN-UP SYSTEM

Weight stress, expansion stress and pressure stress calculations were
made for the clean-up system to the first isolation valve outside the drywell.
Maximum longitudinal stresses of 25, 300 and 25, 300 psi were found in the
suction and discharge lines respectively. Dye penetrant and ultrasonic examina-
tions will be made at these locations.

The stress analysis in drywell primary systems is continuing. Recommen-
dations for hanger changes will be made by TMR as indicated in their report in
Section 6,

SUMMARY

The evaluation of analytical, laboratory, and non-destructive testing work
performed has resulted in the following conclusions:

1. The mechanism of failure of the core spray nozzle safe end N6B
was intergranular cracking that started on the inside surface of
the safe end and progressed at the leaking locations to the outside
diameter.
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The failure of the Nine Mile Point reactor core spray pipe was
due to stress corrosion cracking of furnace sensitized 304
stainless steel. The induced stress was quite high due to a

design error, and the crack initiation propagation rate was
probably accentuated by the presence of a high oxygen concen-
tration in the stagnant core spray pipe leg. Internal fluoride
contamination may also have been a contributing factor.

Furnace-sensitized 304 stainless steel used in Nine Mile Point
is similar to that which may be found on other operating BWR's
for which up to 10 years satisfactory experience exists.

Shallow transgranular and intergranular attack was found on
the outside of the nozzle. Minor transgranular cracking on the
o. d. could be o'f chemical origin or due to original forging
imperfections.

Z. Penetrant examination was performed on all accessible furnace
sensitized stainless steel internal to the vessel, followed by
sampling and metallographic examination of selected indications.
There was no service induced intergranular attack on the
interior accessible surfaces other than the leaking nozzle.
Accessible interior surfaces included all head flange inside
diameters, the inside diameters of both emergency condenser
nozzle safe ends, and surfaces on the four dryer support
bracket lugs and the two guide rod support brackets.

A sample removed from the dryer support bracket showed an
intergranular penetration at the root of a manufacturing defect.
This may have been the result of entrapment of a corrodant
pickling solution or of hot cracking during operations at the
mill.

A sample removed from the guide rod support bracket consisted
of weld metal which contained interdendritic fissuring. This
appears to have been caused by hot tearing during the welding
process.
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2. BACKGROUND INFORMATION

2. l Furnace Sensitized Stainless Steel

Intergranular attack problems were encountered
on sensitized Type 304 components in the Oyster Creek and
Tarapur reactor vessels. All these problems were associated
with construction of the vessels prior to any operation of the
reactors, and have no relation to actual operating conditions
in high temperature, high purity reactor water, The Inter-
granular attack was entirely confined to furnace sensitized 304,
No problems occurred on any annealed or "as welded" stainless
steel components.

There was concern that a similar condition might
exist in the Nine Mile Point„reactor vessel. Therefor".,
extensive dye penetrant tests, metallurgical examinations, and
accelerated corrosion tests were performed to evaluate the
condition of the Nine Mile Point vessel. The results of these
examinations were reported in the Supplements to the FSAR. No
evidence of surface attack, cracking, or abnormal material was
found in any of these examinations. Special precaution., which
included strict cleanliness control and the use of tri-sodium
phosphate in all cleaning operations, were employed to make
certain that no subsequent corrosive attack would occur in the
reactor vessel.

In order to re-affirm the position that normal,
unattacked, furnace sensitized 304 was suitable for use in BWR
reactors, a study of all available data were made. A compre-
hensive review of the literature, loop tests performed in
simulated BWR environments, results obtained on surveillance
specimens exposed in operating BWR's, and actual BWR service
history all showed that furnace sensitized 304 would perform
satisfactorily in high temperature, high purity BWR water.

All the examinations and tests performed in
connection with the Nine Mile Point reactor vessel demonstrated
that the vessel had not been corrosively attacked and contained
normal 304 components which'were considered suitable for
service in the intended BWR environment.
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2. 2 Nine Mile Point Nuclear
Station Histor

2. 2. 1 Reactor Pressure Vessel Summar

The pressure vessel was built by Combustion
Engineering in Chattanooga, Tennessee and completed in
1966. It is constructed of A302B Alloy Steel weld clad on the
i. d. with 308/309 stainless steel. The austenitic stainless
steel safe ends were welded to the alloy steel nozzles prior to
welding the nozzles to the shell, thus, the safe ends were furnace
sensitized by subsequent post weld heat treatments given to the
vessel.

The vessel was installed at the Nine Mile Point
site in 1967 and internals construction completed in 1968.
The system was field hydrotested late in 1968. Initial power
operation was started in November 1969 and initial rated power
was reached in J'anuary 1970. The station was shut down for
repairs in March 1970.

Exceptional care was taken during the entire con-
struction period to avoid surface contamination of the vessel
parts by chlorides. TSP solutions were used to clean the vessel
and systems to counteract any chloride contamination.

During startup and commercial operation, the0vessel experienced 28 thermal cycles in excess of 50 F, and
19 cycles in excess of 150 F. This includes the heatup for hot
functional tests.

2. Z. Z Reactor Vessel Histor Detailed

Z. R. 2. 1 A~tSho

A review of the manufacturing practices used for
the Nine Mile Point vessel revealed no significant differences
between this vessel and the Oyster Creek and Tarapur vessels,
except some Nine Mile Point nozzles were machined in the
field.
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The forged and bored stainless steel safe
ends for the Nine Mile Point reactor core spray nozzles
were purchased to ASME Specification SA-182 F403.
They were attached to the low-alloy steel nozzles using
the following fabrication sequence.'he nozzle was
received in the rough machined condition. The bore,
inside radius, and nose of the weld prep was weld clad
with stainless steel. Weld praps were machined and the
safe end was fitted and'tack welded to the nozzle. The
root pass between the stainless steel safe end and the
nozzle cladding was made at room temperature, using the
GTAW process. The nozzle was preheated to 250 F
minimum and the weld completed using BP-85 electrodes
(BP-85 is an early designation used by INCO for E Ni Cr
Fe-3). +The nozzle assembly was interstage tempered at
1150 F - 25 F for 15 minutes, and was welded to the0 + 0

vessel shell. The safe ends underwent several cycles of
interstage tempering before the final post weld heat
treatment at 1 hour per inch of wall thickness.

The vessel was hydrostatically tested on
September 14, 19 66, using Chattanooga tap water. Sub-
sequent to the hydro test, the hydro caps were cut off and

'achiningof the final weld preps on the safe ends was
begun. Due to the necessity for crossing the Great Lakes
before the winter freeze, the vessel was shipped incomplete
on October 1, 1966, prior to completion of the final weld
prep on some safe ends (See Table 2-1).

TABLE 2-1

SAFE END SUMMARY
SAFE END

SAFE END FURNACE
NOZZLE QT Y. MATERIAL FIELD MACHINED SENSITIZED

Recir. Inlet 5

Recir. Outlet 5

Energy Con - (2
denser (

Core Spray 2

Top Head 19
Core QP 1

Instrument 8

Protection (2
System (

CRD Return 1

SA-336 F8M
SA-336 F8M
SA-336 F8

SA-182 F304
SA-182 F304
SA-336 F8
SA-336 F8
SA-336 F8

SA-336 F8

Yes -5
4( )

Yes -2
No
No
No
No
No

No

Yes
Yes

Yes

Yes
Yes
No
No
No

Yes

a 0 Recirc. Outlet Nozzle at 330 degrees was shipped
final machined.
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2. 2. 2. 2 At Site

The vessel was sealed and filled with dry nitrogen
before being placed in a covered barge. The shipping
route was via the Missippi and Tennessee Rivers, the
Chicago Sanitary Canal, and the Great Lakes. The vessel
arrived at the site on November 8, 1966 and was stored
at the site February 1967 when the Combustion Engineering
crew arrived and began to machine the remaining safe end
weld preps. The nitr'ogen purge was not in effect during
the machining operation, which was completed in late
April 1967. Subsequent events as the site are outlined
b elow.

1967

May 1

May 3

Late in

year

Vessel moved into 1 't area.
Set on soleplates. Work started on
vessel internals.
Stub tube penetrant and ultrasonic test
program.
Allareas found free of intergranular
attack

1968

September

Nov. 8
Nov. 12 to

20

Chemical cleaning of vessel and associated
system.
Field hydrotest of vessel.
Additional non-destructive testing of sensitized
stainless steel components and field welds of
stub tubes; all areas inspected found free of
inter granular attack.

2. 2. 2. 3 Vessure Pressure and Thermal Histor
1969
Date Event

Temp.

Feb.

May 26
Oct, 2

4
5

6
~ 9ll

12

Hand cleaned ressel with
isopropyl alcohol swabs

Hot Functional
Start Nuclear Heatup
Full Pressure
Scram

Shutdown-valve repairs
Plant Dedication
Scram
Scram and Cold Shutdown

1000

~ 1000
1000~60 ~ 1000

1000~0~ 1000
1000~200 ~360
~000~50

545

545
545~290~ 545
545~120
~45

~380+435
+ 545+Z80
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2. 2. 2. 3 Vessel Pressure and Thermal Histor - (Continued)

1969

Date Event Pressure Ran e ( si)
Temp.
Ran e( F)

Nov. 1

2
3

5
6-7

8

9
10

11-1?
13

30

14

15-19
20

Oct. 13-17
18
19
20
21

22-29

Maintenance and training
Heatup
Scram
Turbine rolled
Shutdown
Maintenance and training;

scram
Pressure Test
Star tup
Cooldown and scram
Hot standby and scram
Hot standby and heatup
Hot standby
Scram
Heatup
Scram and hot standby
Scram
Heatup and scram

Heatup and scram

25% power
Start cold shutdown for

maintenance

0 to 100~1 000
1000~100
100~550 —P 1000
~0

(
(0

0~ 1000~ 0
1000

1 000~1 00

120-330
~545
—+330
~545
—+120

120

~ 545~ 300
100~ 500~ 80+1000 —p545
1 000~400ml 000
1000~ 560~ 100~ 1000
1000~250~540
550~40
~50 —~ 80 ~ 500

545~45~ 330
—+545~ 400~75~ 265

45~C310
465—+960~240 —pp970 -7540 t400~
540~ 1000 545

650 ~495

2 1-12/ 5

Dec. 5
6
7

11

14
15

20
21

22-23
24

25-28
29
30
31

Pressure test
Pressure test
Heatup
Hot standby and heatup
Scram (twice)
Scram, then 50% power

Hot standby
Scram

Manual scram
Hot standby
Heatup
Manual scram
Heatup

0—+1000~0
$ 1000~0

~1000~ 450 —+1 000
-+80 ~00~150

1000~500 ~1000

~ 230~500
300~500

~ 1000~ 40~ 500~ 1000
1000 ~170~ 500 +1000

~ 120
120
120
-+ 545
~455+545
M 310~85
~ 54~65~ 545
~395~65~ 415+465
~545
~265
~465~ 545
~ 370
~465y545
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1970

Jan. 1

24
5-9

10
11

12-16

17
'IS

19

20-22

23
24

25.31

Feb. 1

2
3-7

8

~ 9.14

16

17

18

,
20
24
25

26 to
Mar. 2

3

9

Scram

Cold shutdown
Heatup-completed 50% power test
Shutdown and heatup

Scram, then 75% power
Hot standby
Heatup-rated power
Standby scram and heatup

Scram, cooldown and heatup
Shutdown
Shutdown and pressure test
Heatup-hot standby
Heatup
Power. start 100-hr run
Scram and heatup

Scram

Heatup and plant turnover
Scram

Heatup
Shutdown

Heatup

Shutdown

~360
~40
~1000
~160+1000

~40M1 000
'50&+240

~100
~26M1000
1000
~40M1 000
100M80
20/50 and 1000
~520
~44W1000
1000
~26M1000
1000
~30
~1000
~300
~1000
~140
~20
~66M14M1000
1000

~2MO
0

~435
~265
~545
~365~545

~445~545
~400
~545
~405~545
~545
m445m545
~310
225
~470
~455M 45

545
~405M 45

545
~250
~545
~420
M45
~355
~230
~495~355~545
545

~230
MO

"Converted from pressure from steam tables, or from computer printout. Computer temperatures are from thermocouples
located at inlet to recirc pump No. 1
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2. 2. 3 Core S ra S stem Histor

The west (leaker) cor'e spray system has been
operated on two occasions. After chemical cleaning, but
before hydro test on 11. 8. 68, both core spr'ay systems
were tested for about 2 minutes. Source of the de-
mineralized water for this test was the condensing storage
tank. On 11. 12. 68, the vessel and systems were drained.
The core spray systems were drained through the small
valves on the bottom of the inside isolation valves.

Both systems remained empty until late May
1969. At this time, the hot functional test was performed,
and the vessel was at full operating pressure and
temperature. Reactor pressure forces water to backup
through the core spray spargers, compressing the air
in the system to a very small volume. This air would
occupy the high points of the systems, i. e., the
penetration nozzle to the reducing elbow. When the
reactor was depressurized on 5. 30. 69, the compressed
air would force water out of the systems as far back as
the reducing elbow.

On 9. 5. 69, the west core spray system was
used to supply demineralized water for leak testing of
the head cavity and reactor internals pool. The east
system was not used. Neither core spray system was
drained at this time or subsequently. The west system
would now be essentially full of water, while the east
system would be empty in the reducing elbow to
sparger section,

On subsequent reactor pressurizations, the air
in the east, system would compress to a small volume. On
de-pressurizations, the air would expand and again drain
the elbow to sparger section. The west system would be
expected to remain essentially air free.
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2. 2. 3 Core S ra S stem Histor - (Continued)

Both systems were checked for operability
on l. 28. 70 using the test loop for testing pumps and
motors. The outside isolation valve is closed, test
loop valve opened, and water is circulated through the
test loop. The valve system is arranged so that the
test loop valve cannot be opened until the outside
isolation valve is closed. For checking valve
operability, the pump motors are locked out. There
is no circulation possible during these operability
t ests. The inside isolation valves, normally closed,
have been actuated on other occasions for checkout
of the reactor protection system, but there has been
no flow through the valves on these occasions.
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3. LEAKING CORE SPRAY NOZZLE SAFE END EVALUATION

A metallurgical investigation of the leaker core spray safe end was made

at the Vallecitos Nuclear Center (VNC). The safe end was removed and shipped there
in two sections labelled Sample 1 and Sample 3. Sample 1 was the pipe end of the
piece, contained the leak and was exposed to core spray water. Sample 3 was the
portion of the safe end behind the thermal sleeve. Sample 4 was a short separate
section of thermal sleeve.

3.1 CONCLUSIONS FROM METALLURGICAL STUDY OF N6B

1. Cracking on the inside of the safe end was shown to be due to intergranular
stress corrosion in areas of high stress in the presence of high oxygen.

2. The furnace sensitized material behaved similar to accelerated laboratory
tests at high stresses in an oxygen-water environment.

3 ~

4.

The annealed 304 thermal sleeve material is satisfactory for continued use.

Intergranular attack was found on the o.d. surfaces similar to the cracking
found at Oyster Creek.

5. A few isolated transgranular penetrations were found on the o.d. which are
considered to be incidental to the investigation.

3.2 CONCLUSIONS FROM STRESS ANALYSIS REVIEW OF N6B

1. The N6B nozzle safe end was overstressed due to weight loading which in turn
was caused by improper hanger design.

2. The N6B nozzle was further stressed due to thermal expansion interference with
one of the vertical and horizontal earthquake restraints. The maximum strain
caused by both of the overstress sources has been estimated to be about 2%

which corresponds in this analysis to a sustained real stress of about 125% of
the yield stress at temperature. Tgis sustained tensile stress is estimated
to have a total time at NMP service of approximately 2000 hours. (88,000 - 92,000
psi calculated elastic stress).

3. 3 EXAMINATIONS OF NOZZLE N6B

The following examinations were performed on the leaking nozzle N6B.

Nondestructive testing performed at the site included liquid penetrant, radio-
graphic, and ultrasonic examinations.

2. Sample No. 1 included a portion of the safe end, outboard of the weld to the
thermal sleeve, the field weld between the safe end and pipe, and a short
length of the pipe. The sample was delivered to VNC for evaluation.

a. The sample was visually inspected, marked with a Vibratool to preserve
orientation identity, and photographed in black and white and in color.
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b. Surface samples were machined from the safe end for chemical analysis of
halogen contaminants.

Co The sample was liquid penetrant tested and again photographed in black
and white and in color to record the location and character of indications
found.

d. The sample was sectioned into longitudinal. strips as shown in Figure C-12,
Appendix C.

e. Metallographic evaluations were performed on samples from selected circum-
ferential locations to determine the nature and depth of PT indications
and visible cracks,

Bend tests were performed to assess the propagation behavior of fine
cracks found by PT or visual observation.

ge Tensile tests were performed on the material to determiqe its mechanical
properties in air at room temperature and at 550 F.

h. Hardness tests were performed to evaluate the cold worked condition of
the material. Hardness tests were also performed on a tensile sample to
determine the relationship between tensile strain and hardness for the
material.

i. Tests were performed at constant load in 550 F oxygenated water to
evaluate the fracture characteristics of the material.

j. Chemical analyses were performed to verify that the material satisfied
the requirements of the ASTM-specifications used.

k. Specialized metallographic techniques including X-ray diffraction,
electron microprobe, and scanning electron microscope, were utilized to
evaluate the nature of the crack surfaces and of deposits found in the
grain boundaries.

1. Metallography was performed on the field weld to evaluate weld quality
and to search for cracks.

- I
the thermal sleeve and safe end, and a 7/8 in. length of the thermal sleeve
(welded to the safe end). The sample was delivered to VNC for evaluation.

a ~ The sample was visually inspected, marked with a Vibratool, and photo-
graphed in black and white and in color.

b. Wipe samples were collected from the undisturbed safe end i.d. and o.d.
surfaces and from the thermal sleeve i.d. surface. The samples were
analyzed for fluoride and chloride contamination.
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c. Surface samples were machined from the i.d. and o.d. of the safe end

and from the i.d. surface of the thermal sleeve for chemical analysis
of fluoride and chloride contaminants.

d. The safe end was sectioned to provide longitudinal strips for metallo-
graphic examination and bend testing, as shown in Figure C-13,
Appendix C.

e. The thermal sleeve section attached to one of the strips was removed
and analyzed to determine the level of fluoride and chloride surface
contamination in the crevice.

f. Remaining parts of the safe end and thermal sleeve were ultrasonically
cleaned and nondestructively tested by PT and ultrasonic methods. The
results of the liquid penetrant tests were recorded photographically.

g. Metallographic samples of the safe end material were examined to determine
the nature and depth of cracks existing in the material surfaces.

h. Bend tests were performed to open cracks in both the i.d. and o.d. surfaces
of the safe end and thereby facilitate their evaluation.

i. Metallographic samples of the safe end material were examined to determine
the depth and nature of any cracks found.

a. The sample was visually inspected, marked with a Vibratool, and photographed.

b. Longitudinal strips were cut at the 6, 9, and 12 o'lock positions for
metal lographic examination.

c. Rockwell B hardness measurements were taken on the i.d. and o.d. surfaces
of strips cut from the thermal sleeve.

3.4 LEAKING CORE SPRAY SAFE END N6B (Details)

A water leak was detected in this item, March 6, 1970, by following the
drippage noted. from a lower level in the drywell to its source. When the mirror
insulation was removed, water was coming from two cracks in the safe end located at
the 12 and 3 o'lock positions. The inner surface of the mirror insulation had a

discoloration at each of the impingement points. Station personnel conducted a

liquid penetrant (PT) examination of the safe end. General Electric personnel
conducted ultrasonic (UT) and radiographic (RT) examination of the pipe end of the
part in the period March 7 to 16. The results are plotted on Figures 3-1 and 3-2,
respectively. The sample was cut in accordance with NMP Procedure No. 1, Rev. l.,
see Appendix D, using a power hacksaw without lubricant. The severed pipe at the ell
moved 3/16-inch down, 15/32-inch toward the reactor vessel, and 5/8-inch to the left
of the vessel nozzle when viewed facing the vessel. An azimuthal position mark was

placed on the safe end prior to cutting. Positions are designated by clock notation
facing the reactor vessel with 12 o'lock at the top of the safe end. A 1-inch-wide
sample (G.E. Designation No. 1A) was dry cut at a position of approximately 10:30
for the AEC. The remainder of the sample (G.E. Designation No. 1) was delivered to
the Vallecitos Nuclear Center (VNC) on March 15, 1970, for investigation in accordance
with the procedure outlined above.





Following removal of Sample 1, the remainder of the safe end (Sample 3) was
examined by PT, RT and UT. PT results are presented in Sketch 209A7144, Sheet 6.
No indications were detected by UT or RT. Samples 1 and 3 were examined at the
Vallecitos Lab on both the i.d. and o.d. by liquid penetrant. The results of these
examinations are presented in Figures 3-3 and 3-4, respectively.

Sample 3 was removed by cutting the thermal sleeve from the i.d. with an
abrasive cutter and then cutting the safe end wall near the nozzle weld almost
through with an abrasive cutter and chiseling through the remainder. (See Appendix D.)

3.4.1 Macxo Observations

The outside surface of Samples No.' and 3, with silvery metallic in appearance
and had a very thin oxide interference film, with considerable surface grinding marks.
The leak at 12 o'lock was clearly visible and was surrounded by a thin, tan, tear-
drop-shaped film leading toward the 9 o'lock side of the pipe. On the exterior
surface the leaking crack was tight, 3/10 inch long and parallel to the pipe axis with
four circumferential branches from 1/32 to 3/32 inch long. The leak at 3 o'lock was
destroyed by the cutting operations at the site.

A penetrant test of the outside surface of Sample No. 1 shows large indications
at the leak with some small linear indications between 12 and 2 o'lock (generally
circumferential) and between 5 and 8 o'lock (generally axial) as shown in Figure 3-3.

The inside surface of Sample No. 1 was covered with a very thin, uniform, adherent,
dark-brown, matte-finish oxide layer. Cracking was clearly visible on the inner
surface as three distinct sets of roughly parallel, circumferential crack systems.
Their course and length can be seen in Figure 3-4. As shown in the figure, the main
cracking pattern was slightly skewed, being closest to the field weld at the 9 o'lock
position, and farthest from the field weld at the 12 to 3 o'lock position. No
cracking was observed in the bottom half of the safe end. Liquid penetrant examination
outlined the cracks more clearly as shown in Figure C-10, Appendix C.

The inside surface of Sample No. 3 was also covered with a thin, uniform,
adherent, dark-brown, matte-finish oxide layer. No cracks were observed by visual
inspection and only a small number of PT indications were found as shown in Figure
C-12, Appendix C, in the corner where the large diameter meets the conical section of
the safe end. A few PT indications were found on the outside surface as shown in
Figure C-12, Appendix C. No other unusual featureswere found.

Sample No. 4 was a 3-inch long section of the 5-inch schedule 40 thermal sleeve
pipe. This sample was taken between a point beginning about 1 inch from the field
weld between the thermal sleeve and safe end. Both inside and outside surfaces of
the sample were covered with a dark-brown adherent oxide. The outside surface of the
section of thermal sleeve had been machined throughout its length to a wall thickness
of 0.200 in. (nominal wall thickness of unmachined pipe is 0.258 in.)

3.4.2 Metallographic Observations

Samples for various tests were cut from safe end Sample No. 1, as shown in
Figure C-12, Appendix C. The microstructure is typical of .annealed, furnace-
sensitized, austenitic stainless steel with equiaxed grains outlined by precipitated
carbides. The approximate grain size is 0.25 mm (approximately grain size 1) at the
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inner surface, and 0.50 mm (approximately grain 00) at the outer surface. Continuous
carbides have precipitated in both the grain boundaries and on twin bands. Non-
metallics are small, randomly distributed, and normal for forged material. Cold
work from machining is present on both surfaces.

The location and pattern of the cracks found on the inside surface of the safe
end are illustrated in Drawing lljC4602. The depths of the cracks that were measured
metallographically are also shown. The deepest crack penetrations found, except for
the leak, were 0.40 in. and 0.39 in. The ma)ority of the cracks in this area ranged from
0.18 in. to 0.22 in. in depth, and were interspersed with smaller cracks having depths
of 0.01 to 0.07 in. All of the cracks were found to be completely intergranular. The
circumferential failure cracks are widest and longest at the inner surface, thus,
supporting the conclusion that the cracking progressed from the inside toward the
outside.

Several axial intergranular cracks originate internally at the circumferential
crack tips and progress toward the o.d. One of these axial cracks penetrated the o.d.
at 12 o'lock and caused the leak there.

There is no transgranular cracking on the inner surface. Gross plastic strain
is less than 5% by metallographic determination.

Some intergranular attack is evident on the outer surface. In addition, there
are occasional spots of shallow (0.005-inch deep) transgranular penetrations which
could be chemically induced or due to original forging imperfections. A metallo-
graphic survey of the sample is shown on Figure C-l, Appendix C.

Metallographic evaluation of the safe end-to-pipe weld did not reveal any
cracks in the weld deposit or in the heat affected zone. However, some lack of
fusion between the weld root and the safe end material was found as illustrated in
Figure C-2, Appendix C. The maximum depth observed for this condition was about 0.012
in. and no cracks were found near or emanating from the crevices. One crack with a
depth of about 0.040 in. was found in the safe end material at about 1/4 inch from
the side of the weld bead. This crack is shown in Figure C-2, Appendix C.

3.4.2.1 Thermal Sleeve, Sample No. 4

Metallographic examination of the thermal sleeve material revealed very shallow
surface imperfections having a mixed intergranular-transgranular mode as shown in
Figure C-6, Appendix C. These imperfections had a maximum depth of about 0.004 in.,
an average depth of about 0.002 in., and were fairly uniformly dispersed over the
inside surface of the thermal sleeve. No imperfections were found on the machined
o.d. surface of the thermal sleeve.

Tensile tests of the safe end material in air at room temperature and at 550 F,
stress rupture tests at 550 F in an oxygenated water environment, hardness tests, bend
tests, analyses of the chemical composition of the materi'al, and anslyses to evaluate
contaminants on the surfaces of the safe end were made.
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The tensile test data for the safe end material are listed in the table
below. No abnormal behavior was observed. The material is well within the specifi-
cation requirements and the normal tensile property range expected.

Specimen
Clock Ident.

Position
Elong

(%)

TENSILE PROPERTIES OF NGB SAFE END MATERIAL

Test

Temp. Strength (ksi)

( F in air) Ult. Yield"
RA

(%)

Fracture

Mode

3:30 W RT 83.5 39.5 77.4 77.3 Transgranular

5:30 RT '7.4 Test interrupted
after about 8%

strain-no fracture

4:40 U 550 61.6 25.3 36.5 55.4 Transgranular

'0.2% offset

Hardness tests were performed on sections of the safe end material and on the thermal sleeve. The results of these tests
are shown below.

The safe end material is within the normal commercial hardness range for this material although as shown by the
annealing test it was not in the softest possible condition. The thermal sleeve material obviously has been work hardened by
the rolling process at the welded end.

HARDNESS MEASUREMENT DATAFOR SAFE END AND THERMALSLEEVE MATERIALS

Sample Description Hardness Number, Rb
I.D. O.D.

Safe end, 6 o'lock 76 81

Safe end, 10 o'lock 74 82

Safe end, 12 o'lock 80 84

Safe end, after annealing 24 minutes
at 1950 F, one of 4 samples

67.8 67.8

Thermal sleeve, 5:30 o'lock, in
area that was rolled

97.5
96

87
86

Thermal sleeve, 1-1/2 inches from rolled area

6 o'lock
9 o'lock
12 o'lock

73.1

73.5
72.5

72.3
74.5
76
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A portion of the sample was strained in tension at room temperature with hardness measurements at the increments
shown below. Note that after up to 8% strain the material is still within the hardness range for commercial material.

STRAIN
(in./in.)
0
4
8

HARDNESS
(Rb)
76
82

87

Failure Time

(hr)

Constant load rupture testing was conducted on several specimens from Sample 1 in demineralized water in an

autoclave. The time to.failure data measured are shown below and are in good agreement with data obtained from other tests
'on similar material. AII failures were intergranular.

Clock - Oz Content Stress

Position (ppm) (ksi)

8:00 8 55 150
6:45 100 50, 38
7:00 100 50 13
7:30 100 50
3:30 100 55 25

Bend tests were used on selected samples to assist in evaluating surface cracks. Tyoical results of the effect of the bendt tests on the surface cracks are shown .'n Figures 3.3 and 3 4.
I

In addition to these tests, specialized techniques including electron microprobe, X.ray diffraction, and scanning

electron microscopy were used to evaluate the nature of the cracking and the precipitates in the grain boundaries. Using an

extraction replica technique together with X-ray diffraction two grain boundary precipitates were identified. These were

MzOa oxides, and Mss C6 type carbides. Electron microprobe analysis of the cracks detected only the constituents of the
stainless steel; no contaminants such as chlorine or fluorine were found. With the scanning electron microscope it was

determined that there was no evidence of ductivity on the surfaces of the intergranular cracks. Approximately 50 percent

ductile fracture was found in the area where the crack was extended to completion at liquid nitrogen temperatures.

The results of chemical analyses of the safe end material are tabulated in the table below. The analyses are with the

specification limits and are normal for this material.

CHEMICALANALYSIS

Safe End Pipe Field Weld

~ C
Mn
P

S

Cr
Mo
Cu

Zn

SA 182
F304

(cA)

0.08
2.00
0.04
0.03
1.00

8.0-11.0
18,0-20,0

C.E.
~ Data

(a)

0.06
1.35
0.009
0.010
0.36

10.7

18.9

G.E.

Data

(b)

0.05
128
0.006
0.009
029

10.5
192
0.06
0.06

<0.01

SA 376
TY 304

(c,d) ~

0.08
2.00
0.03
0.03
0.75

8.0-11.0
18.0-20.0

G.E.
Data

(b)

0.07
1.74
0.028
0.015
0.53

10.8

18.7
0.33
0.10

< 0.01

SA 298
TY 308

- (c,d)

0.08
25
0.04
0.03
0.90

9.0.11.0
18.0-21.0

G.E.
Data

(b)

0.04
1.54

0.025
0.012
0.42
9.9

20.4
0.32
0.06

< 0.01
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a. Mill test report - safe end heat B 1235

b. Anamet, March 1970

c. Max. unless otherwise indicated

d. 1964 applicable specification

3.5 STRESS ANALYSIS OF LEAKING'ORE SPRAY NOZZLE SAFE END N6B

Several tasks have been defined in order to supplement the failure analysis
of the N6B nozzle safe end.

The analysis which supports the conclusions given at the start of this
section follows: (Photographs of several views of the piping loop are shown in
Figure 3-5 for information).

3.5.1 Analysis of N6B Core Spray Loop

On the basis of serveral weight and flexibilityanalyses, performed using a
variety of different assumptions, the following deductions have been reached as to
the sequence of events which occurred.

During the first cycle of vessel heatup, the elastic calculated stresses in
the safe end at the core spray nozzle increased to a value of about 45,000 psi.
These stresses were caused by the piping lifting off the inadequately designed
suspension system. Such weight stresses should normally be limited to about
2000 psi and should not exceed 10,000 to 15,000 psi; depending upon the design
code used (B31 F 1 or B31.7). Thus, the pipe was clearly overstressed for weight
loading under any code.

As the piping continued to raise, interference occurred between a shock
suppressor support bracket on the core spray line and the structural steel on
a seismic restraint. The elastic calculated stresses, because of this inter-
ference, increased to at least 88,000 psi.

After the system deformed as described above, the stress range at the safe end
during subsequent heatups was about 32,000 psi. This stress range is due
primarily to the weight of the pipe being transferred to the vessel nozzle as
the piping raised off its suspension system.

The basis for the above deductions is contained in the following paragraphs.

The 45,000 psi stress identified above was determined as follows: The hangar
at Point 703 was designed for 1/2-inch movement of the pipe in a downward direction.
The actual movement at this point with a properly supported system would be slightly

'reater than 1 inch upward. The hangar installed with its design cold setting would
support the pipe for only 1/4 to 1/2 inch upward movement. It was thus concluded
that as the vessel heated up, the pipe would tend to raise up off the hanger at this
point. A stress analysis was made to simulate this condition by removing this hanger.
The forces, moments and stresses at the safe end for this analysis are listed in
Table 3-1 as Problem 10. The stresses include the effects of thermal expansion and
dead weight. The longitudinal pressure stress is not listed in the table, but is
approximately 4,000 psi.
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Table 3-1

SUMMARY DATA—SAFE END

WEST CORE SPRAY LINE

d,Y Problem
'T130 PT703 No.

1.298 1.044 1

1.282 0.717 4
4.001 -0.001 9

1.125 0.696 10

12

FX FY FZ

158 ,
-744 136

-784 -9528 -1305

-34 .565 24
-177 -12200 1380

2675 -31600 2000

MX MY

2880 604

22260 -9100

1074 -600

27800 -7680

60000 4400

~tb~ ~fNb
MZ

-976
-13000

-217

-16100

33000

Se Notes

3199 b

28400 c

1290 a

34100 c

70362

c'otes:

a. Weight effects.
b. Thermal effects.
c. Weight plus thermal effects.

Assumptions:
1. Vessel'at 546 IF, piping at 135 F.

There is convincing evidence that during vessel heatup, interference occurred
between a bracket on the core spray line near the elbow at Point 703 and some
structural steel supporting a seismic restraint bracket. After the pipe failure was
detected, the clearance between the bracket and structural steel with the system in
the cold condition was measured as being ll/16 of an inch. This amount is almost
exactly equal to the predicted amount of movement at this point under actual conditions.
Also, it was noted that the cold setting of the hanger after the pipe failure occurred
had increased from 4,320 lb. to 5, 030 lb. The spring constant of this hanger is
2,160 lb/in., showing that the plastic deformation of the piping system was sufficient
to cause the elbow at Point 703 to move downward approximately 0.33 inches. Two
computer runs were made which allow an accurate estimate of the stress in the safe end
when the pipe is restrained to move in the vertical direction.

From these runs it may be shown that each 0.1 inch deflection between the
vessel nozzle and the 12 by 6 inch elbow causes a stress of about 20,000 psi in the
safe end. In order to produce a permanent deformation of 0.33 inch, a total deflection
of about 0.44 inch would be required. The resulting elastic calculated stress would
be 88,000 psi. The longitudinal pressure stress would increase this to about 92,000
psi.

Problem 4 was run for the case in which the hanger continues to provide some

support to the piping as the vessel heats up. This case reflects the condition
after shakedown when there was enough deformation at Point 703 for the hanger to
continue to provide some support throughout the vessel temperature cycle. As can
be seen in Table 3-1, Problem 4 results in a stress in the safe end of about 28,000
psi. Longitudinal pressure stresses will increase this to 32,000 psi.
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Problem 1 in Table 3-1 represents a free thermal analysis of the west side
core spray piping. This analysis does not consider the weight of the pipe or any
restraints acting on it. The stresses are about 3,000 psi. If the hangers were
properly designed, the weight stresses in the safe end could be much less than
1,000 psi. This shows that the pipe routing is satisfactory and if the pipemre
properly supported the stresses due to thermal expansion and to weight would be
small.

In the west loop it is clear, after comparing the total weight the hangers
were designed to carry against the total weight of the piping system, that the
hangers are much too small. A distributed weight calculation (Problem 9) was made

to determine proper hanger size. The hanger size indicated from the distributed
weight calculation is compared with the actual hanger size in the table below.

Han er Location
Point 703
Point 612
Point 853
Point 823

Actual Han er Load
5400 lb
2325 lb
3700 lb

Re uired Han er Load
7500 lb
6280 lb
5000 lb
2400 lb

Since these stresses are calculated on an elastic basis, and the maximum
stresses are above the material yield strength, an elastic-plastic analysis of
the 6-inch section of the pipe was performed to determine the correct stresses and
strains. The elastic analysis will over-estimate the stresses and under-estimate
the strains. Figure 3-7 shows the strain-deflection behavior for the 6-inch section
of pipe based on the stress-strain curve shown in the inset (Figure 3-7), which is
an approximation of an actual stress-strain curve at 540 F for this material.

The curve shown is for cantilever bending, with one end of the pipe restrained
from rotating (at the nozzle). If both ends are restrained from rotating, then the
deflection is half as great, and the load twice as great, at a given strain level.
Actual end conditions in the section of 6-inch core spray piping were between these
extremes. Therefore, for any known displacements absorbed in the 6-inch line, we

can estimate the elastic-plastic stresses and strains which would have existed on
the NGB nozzle safe end.

For example, at 40,000 psi elastic calculated stress, the elastic calculated
strain is 0.16%. If 0.16% is entered in Figure 3-7, it is assumed that the elastic
basis deflection is accurate for the plastic case, then we observe that the plastic
strain is 0.64%. This plastic strain compares with 0.5% determined by analysis of
the crack opening displacement of one of the circumferentially oriented cracks. Pe
corresponding true plastic stress at 0.64% strain is 17,500 + 0.227 X 0.064 X 10

18,950 psi or 108% of the assumed yield point of 17,500 psi. The alternate case of
the fixed-fixed 6-inch pipe produces identical results which leads to the conclusion
that this elastic-plastic analysis is not sensitive to the assumed end condition.

The elastic calculated stresses can be greatly in error because of large
possible interference; hence, a second example is shown to indicate that the plastic
stress cannot be greatly in excess of the yield strength. Suppose for example, it
is assumed that instead of O.l-inch deflection, we use 0.4-inch deflection
(corresponding to 150,000 psi elastic calculated stress). In this case, by a
similar procedure with Figure 3-7, it is found that the actual plastic strain
becomes 1.99% while the plastic stress becomes 21,860 pst., which is 125% of the
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assumed yield point. Thus the true stress resultant is nearly independent of the
elastic calculated stress. Therefore, it is concluded that the failed safe end was
stressed at least to about 108% of yield (true plastic stress) and about 0.64%
strain. As a more realistic estimate, the plastic strain could be as high as about
2% with the plastic stress as high as 21,860 psi.

From this discussion, it can be concluded that the stress stain curve of the
material at the point of the through wall cracks was approximately as in the sketch
below.

That is the first loading cycle which .deformed the 6-inch section of pipe,
caused a peak strain of about 2% and following 10 cycles were essentially elastic.
Each time the reactor was brought to temperature, the stress returned to its
highest value. If the fatigue design usage is computed for this condition following
the ASME III fatigue curve, it is found that only the first cycle causes any signifi-
cant usage. The stress equivalent strain salt for the one cycle is 0.02 X 25 X 10 /2=
500,000 psi, which yields Nf = 90 cycles.

Therefore, the total fatigue usage following ASME III rules is less than 1%,

and it is seen that the safe end did not fail due to exceeding the design fatigue
requirements.

STRESS, o (psl)

1ST CYCLE

17,500 psl

10 OTHER CYCLES 25,000 psl

STRAIII, E

In addition, a study has been made of the potential effect of residual stresses in the N68 safe end due to pipe weld
stresses and thermal sleeve rolling and welding stresses. It has been concluded that these residual stresses probably did not
have a major effect on the circumferential cracking because the resulting axial residual stresses (perpendicular to crack
direction) were largely compressive as seen in Table 3.2.
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Table 3-4

STRESSES IN CORE SPRAY NOZZLE SAFE END (Inside Surface)

Based on SNAP and OMP Stress Models (Elastic)

Crack

Location

Distance

from
End

(in.)

Stresses for 1-mil
Sleeve Roll~ In

Deformation (Radial)

oz(ksi) og(ksi)

Stresses for
60-mil Pipe Weld

Shrinkage (Radial)

o„(ksi) ag (ksi)

Pressure ~ 1000 psi

Temperature ~ 545 F

ax(ksi) og (ksi)

Pipe Load

M ~277 in..kps

(Problem 10)

ox(ksi) og (ksi)

0
0.25
0.50
0.75
1.0

1.25

1.50

1.75

~3.2 5.2
0.1 4.8

1.8 4.0
2.6 3.2
2.8 2.3
,2.5 1.4

2.2 0.9
1.6 0.4

Pipe Weld 2.0 1.1 0.1

-138.
-169

-197

-206

-194

-130
~ 21.3
203.
530.

42.
46

~ 106
-160

-214
-270

-329

-358

-336

3.4
25
1 .7

12
0.9
0.8
0.7
0.8
0.8

6.9
6.6
6.5

6.5

6.6
6.7

6.8
6.9

7.0

27.6
26.0
24.
23.
22.5
22.9
24.0
26.
30.

3.2
1.4

4.2
-1.0

-1.7

-1.7

-1.3

4.3
2.

An elastic analysis was made of the non.axisymmetric loading shell discontinuity effects by use of the OMP (Kalnins)
program.
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Included inthis analysis is the limit moment alone which could be carried on
the safe end using a material yield point of 22 ksi. The actual yield stress at
temperature was 25.3 ksi for the N6B safe end, and so if one subtracts 3300 psi for
pressure effects, then approximately 22 ksi would be available to support the
limit moment. In addition the pressure and thermal expansion effects (differential
expansion between. carbon steel and stainless steel) have been included in this
elastic analysis. This is a purely elastic analysis and it should be remembered
that all stresses above about 25.3 ksi are fictitiously high; however, the result-
ing plots are a convenient way of displaying the entire stress distributions which
are as close to the actual stresses as can be displayed with a purely elastic analysis.
The results are plotted in Figures 3-8, 3-9, 3-10 and 3-11, which show the stresses
at the inner and outer surfaces, and 6 'o'lock and 12 o'lock orientations of the
nozzle.

3.6 ENVIRONMENT AT I.D. OF CORE SPRAY SYSTEM NOZZLE N6B SAFE END

3.6.1 Summary

The nozzle-end and the pipe-end of this part are exposed to two entirely
separate environments because of the thermal sleeve barrier between them. The oxygen
content of the water at the i.d. of the nozzle end follows the oxygen content of the
bulk reactor water, e.g., approaches 8 ppm when the head is off and approaches 0.2
ppm when the reactor is operating. The oxygen content of the pipe end water was

very high, somewhere between 300 and 25,000 ppm during the hot functional test.
At the first power operation, the oxygen content in the same location was most
probably 8 ppm but under the most adverse circumstances could be 580 ppm. The
amount of fluoride in the core spray water was measured as less than 0.05 ppm.
(Limit of detection is approximately .04 ppm.)

3.6.2 Details - Nozzle End

The nozzle end is connected directly to the reactor i.d. by an annular path
0.16 inch wide and 20 inches long. Thermal convection will occur in this area
during heat up and operation because there will always be a temperature gradient
through the vessel wall. Thus, bulk reactor water will be constantly flowing in
the annular space and the oxygen content at the safe end will follow the variations
of the bulk reactor water, 8 ppm when air saturated at shutdown and 0.2 ppm during
operation.

3.6.3 Details - Pipe End

Conditions at the pipe end are vastly more complex because it is connected to
the main body of the reactor by a tortuous path of 21 feet of pipe which is horizontal
at the safe end, drops vertically 5 feet at the vessel i.d., curves around the i.d.
for 12 feet and rises vertically 2 feet to the sparger. The safe end is at the
highest part of the system and the horizontal run of about 6 feet there traps air
introduced to the system.

As stated in the core spray history above, during the hot functional test,
the system was back filled from the vessel. The computation in Appendix E shows

that under this condition the maximum oxygen level in the water at the horizontal
section could approach 2-1/2% (25,000 ppm) if all the trapped air collected there.
The minimum oxygen level would be 300 ppm if it is assumed the oxygen is equally
partitioned in all the water contained in the system beyond the stop valve.
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After the hot functional test and before the first startup, the B core
spray system was operated and was not drained. Theoretically atmospheric pressure
will prevent the system from draining beyond the spray nozzles of the B system
sparger even if the reactor water level were lowered below the sparger. There is
no record of the water level being lowered in the interval between the B core
spray operation" and reactor power operation. In this case, the oxygen level will
remain at 8 ppm. The only oxygen escape route is by thermal expansion of the
water from the core spray system to the reactor vessel during heat up; However,
all the water flowing through the safe end during this transient period will con-
tain a minimum of 8 ppm 02 and when equilibrium is reached, the water remaining
will still contain 8 ppm 02. Once the water has reached equilibrium and thermal
expansion has stopped, thermal convecti:on will take place only where appropriate
temperature gradients exist. The sparger, header and i.d. verticals are isothermal.
The vertical pipe outside the reactor is hot at the top and cold at the bottom
which prevents thermal flow. The horizontal section at the safe end has continuous
stirring within itself because of the thermal gradient from vessel to elbow but no
net flow will occur. Thus, the oxygen content which started at 8 ppm will remain
at 8 ppm. Some will tend to diffuse out and some will react with the metal but
both of these processes are very slow, If by some chance, water did escape from
this system and air burbled in to replace it, the maximum volume for the resulting
bubble would be the horizontal run plus 3,feet of down comer. The calculation in
Appendix E shows that the maximum oxygen concentration that can occur from this
assumption is 580 ppm.

3.6.4 Other considerations

Fluorine content of the water was measured in the bulk reactor, below the
external top elbow of the core spray system and as drippage from the leak (see
Table 5-1). Essentially no fluorine was detected in the first two samples and

O.l to 0.2 ppm was detected in the drip. It is concluded that the drip sample
was contaminated by dirt from the outside of the safe end and the fluorine con-
tent of the water was negligible.

Oxygen will be formed radiolytically in the core spray system. Very
limited data are available which indicate the equilibrium level could vary
between 6 and 10,000 ppm, with a most probable value 10-300 ppm.
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4. INVESTIGATIONOF OTHER FURNACE SENSITIZED STAINLESS
STEEL-INTERIOR PRESSURE VESSEL

4. 1 NONDESTRUCTIVE EXAMINATIONOF ACCESSIBLE F.S.S.S. SAFE END
INTERNAL SURFACES AND INTERNALBRACKETS

4. l. 1 Conclusions

No evidence of service induced corrosion was found on the internal
surfaces represented by UT of all safe ends, and PT of the i. d. of 21 safe ends
and of 6 brackets.

SAFE END INTERNALSURFACES

Following the detection of intergranular cracking on the i. d. surface of
Sample 3 of N6B (see Section 3), the interior surfaces of the eighteen N-7 safe
ends, two N-5 safe ends and the N-9 safe end were examined using liquid pene-
trant procedure 21A8570 (see Appendix B), to determine if similar conditions
existed on the internal surfaces of other F, S. S. S. safe ends. No indication of
intergranular cracking was present.

The radiographic and untrasonic examination of all F.S.S.S. safe ends
revealed no indications of intergranular attack or cracking. The ultrasonic
examination did produce indications from the root of dissimilar metal shop
welds on the N-l, N-2, N-7, and N-9 nozzles. See Table 1, Appendix B for
details.

4. 1. 2 Internal Brackets

Included in the internal liquid penetrant examination were the two Guide
Rod Brackets and the four Steam Dryer Support Brackets.

The examination revealed indications on both Guide Rod Brackets and
three of the four Steam Dryer Support Brackets. The Guide Rod Brackets had
been previously examined in November 1968 by liquid penetrant procedure PS-1
(see Appendix B) and found free of indications. The Steam Dryer Brackets had
not been previously examined. The "examination results for the November 1968
and the April 1970 examinations are contained in Appendix B. (The linear
indication on the side of the un-sensitized S. S. collar shown on Sketch B-47
was due to abutting plate edges of the built-up collar. )

Metallurgical examination of Sample 5 from the 50 degree aximuth Steam
Dryer Bracket and Sample 6 from the zero degree azimuth Guide Rod Bracket
revealed (as discussed in Section 4. 2) that the penetrant indications were pro-
duced by fabrication defects. Representative areas on each Steam Dryer Bracket
were ground as indicated on the data sheet in Appendix B.. Examination of the
ground areas indicate the penetrant indications were produced by fabrication
defects.





4. 2 METALLURGICALEXAMINATIONOF INTERIOR BRACKETS

METALLURGICALSAMPLE 5

Sample Number 5 was cut from the steam dryer support bracket at
50 degree aximuth as shown in Appendix C. The sample was visually inspected,
photographed, liquid- penetrant tested, and again photographed.

The sample was sectioned and examined metallographically to evaluate
the nature and extent of the liquid penetrant indications found.

The dimensions of the sample were 2-3/4 inches long, 1 inch wide, and
0. 2 inch thick. The 2-3/4 inch diameter represented the thickness of the bracket
as shown in the figure. The surfaces of the sample that had been exposed to the
pressure vessel atmosphere were covered with a dark grey adherent oxide film.
Visual observations and liquid penetrant testing revealed a lap or fold extending
about two-thirds the length of the specimen. Radiography of the specimen showed
a void beneath the fold and a crack in the lip of the fold (which was detected by
liquid penetrant testing); no other defects were found by nondestructive testing.

It was confirmed that the bracket material had been sensitized. A small
pocket, partly filled with cutting debris, was found under the surface fold as
shown in Appendix C. An intergranular penetration that extended to a depth of
0. 050 inch below the surface of the sample was found at the bottom of the pocket
under the fold and can be attributed either to prior pickling or to hot cracking
during hot rolling. A small hole, about 4-5 mils in cross-section, was found
near one end of the fold and extended from the bottom of the pocket through the
0. 2 inch thickness of the sample. The source of the hole was not identified. No
other unusual features were found in the sample.

METALLURGICALSAMPLE 6

Sample Number 6 consisted of a wedge-shaped piece cut from the left side
at the bottom end of the guide rod support bracket at zero degree azimuth as shown
in Appendix C. The sample was visually inspected, photographed, liquid penetrant
tested, and rephotographed.

The sample was sectioned into three pieces for metallographic evaluation
of the nature and depth of indications found by PT.

Visual observation indicated that the surface of the sample exposed to the
reactor environment has been ground or otherwise abraded before being placed
in service, and was covered with a tightly adherent dark grey oxide film. Liquid
penetrant testing revealed several indications as shown in Appendix C.

Metallographic sections through PT indications found in the sample revealed
small hot tears in the weld deposit material, some of which extended to the surface
of the sample. No intergranular attack of the type observed elsewhere in wrought
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sensitized stainless steel was found. Typical examples of these hot tears are
shown in Appendix C..

4. 3 SUMMARY OF OTHER STRESS ANALYSES

C one lus ions

Based on results on the best available analytical model, it is concluded
that the maximum sustained service tensile stresses on the o. d. of the
stub tubes occur during the shut down condition at reactor ambient
temperature.

2. The relative fatigue service severity on F,S.S.S. stub tubes for two
operating reactors (Dresden-1 and Big Rock Point) has been compared
to the anticipated service life for the Nine Mile Point stub tubes. Based
on a limited evaluation, it is believed that the D-1 fatigue service severity
is greater than that projected for Nine Mile Point while for BRP the fatigue
service is about the same. The D-1 reactor has operated for about
nine years with no apparent difficulty in the CRD stub tube region. The
early failure of the N6B safe end is somewhat anomolous with respect to
this successful service experience.

3. None of the other F. S. S. S. components at Nine Mile Point are expected
to experience high service stresses (above yield) comparable to
the failed N6B safe end

4 Residual stresses are not considered as service stresses by any code
requirement. The magnitude and sign of residual stresses are largely
indeterminate and may influence stress corrosion behavior. Residual
tensile stress should be considered in a qualitative sense as an extra
degree of conservatism.

5. Clad overlay only on the o. d. nozzle safe ends is almost certain to induce
high residual tension stresses (above nominal yield) on localized regions
of the inside surface. If both the o. d. and the i. d. were clad, then the
stress corrosion significance of residual stresses due to overlay pro-
cedure would disappear because there would be no furnace sensitize
stainless steel exposed to reactor water.

4. 3. 1 East Side Core Spray Line Nine Mile Point

A stress analysis was made of the east core spray piping to determine the
stress condition at the vessel nozzle. The east core spray piping is shown on
Figure 4-1. This analysis shows that the suspension system of the east line, like
that of the west line, is not adequate to carry the weight of the pipe. The calcu-
lated stresses from the TMR Report, Section 6, at the safe end are:

Vjleight Stress
Pressure Stress (Long)
Thermal Expansion

22, 000
3, 800
6, 000
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As can be seen from these results the N6A stresses are considerably lower than those of the N6B loop.

4.3.2 Other NMP F.S.S.S. Nozzle Safe End Stresses

The following is a summary of the design calculation for the recirculation piping safe ends.

APRIL 20, 1970

NINE MILESYSTEM-RECIRC LOOP PUMP DISCHARGE 28-INCH PIPE

Axial

Fx

Axial

Mx

Combined Nozzle Forces and Moments

Ib
Vertical Horiz

Fy Fz

in.-lb
Vertical

My

Horiz

Mz

Thermal

Weight

Seismic

Total

362

3/70

3,540

7.172

-1/50

4,450

2,190

8,490
'

280

2,970

7,785

387,800

~145,600

134,400

667,800

1,033,000

169,900

122,400

1,325,300

-258,700

5,930

119,160

383,790

MR - Thermal

MR - Weight

MR - Seismic
z
Therma I Stress

Weight Stress
Seismic Stress

Pressure Stress

= 1,133,3'IS
~ 223/32
~ 217,358
~ 639.5 in.s

1,772
a 350
sz 340
= 7,100
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APRIL 20, 1970

NINE MILE SYSTEM-RECIRC LOOP PUMP SUCTION 28.INCH PIPE

Axial
Fx

Axial
Mx

Combined Nozzle Forces and Moments

Ib
Vertical Horiz

Fy Fz

in.~ Ib
Vertical

My

Horiz

Mz

Thermal

Weight

Seismic

Total

-1,610

1,190

5/90

8,390

2/00

- 3,160

5,210

11,170

.540

-6

5,370

5+16

-122,600

94,780

476,040

693,420

199,200

-125500

202,680

527,380

398,000

13,390

507,720

919,110

MR - Thermal

MR - Weight

MR - Seismic

z
Thermal Stress

Weight Stress

Seismic Stress

Pressure Stress

~ 461,645
-"157@38
= 724,895
= 639.5 in.
= 722
= 247
= 1134
= 7100

All other nozzle safe end stresses are described in the report by
Teledyne Materials Research in Section 6.

The stresses on the vessel head nozzles are tabulated as follows:
Nozzle Stresses

Head Vent Long Neck Flange 15,000 psi

Safety Valve and Inst. Long Neck Flange 4 15,000 psi

4, 3. 3 Stub Tubes

A summary of the highest stressed F.S.S.S. CRD nozzle stub tube service stresses based on Combustion Engineering

calculations is shown as follows:

4-5
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These are the stresses which are directly from the elastic analysis.
Since the stress ranges are considerably above the yield stress, it is necessary
to consider the consequences of plastic flow and shakedown action to determine
the actual plastic sustained service stresses which are expected to exist under
various operating conditions. The following plots, (Figures 4-6 through 4-9)
were made to estimate the direction of the stress. components during various
service loading conditions where account is taken of yielding to change the
residual or mean stresses. It was assumed that the material yields at 22 ksi
in these plots.

Notice from Figures 4-6 and 4-7 that both the top and bottom of the
water-exposed side of the stub tube wi:ll exceed the tensile yield strength during
the shutdown condition, Since this total accumulated shutdown condition could
be 10 or 20% of the design life, this means that tensile stresses slightly in
excess of yield may exist for sustained periods up to a total of 35, 000 to 75, 000

hours during the reactor shutdown at low temperature conditions. The condition
of control rod drive isolation also produces tensile yield stresses, but this should
occur for much shorter periods of time. Figures 4-8 and 4-9 indicate biaxial
yielding on the i. d. surface where neither stress component alone is at the yield
level, but the biaxial stress is at a yield condition, and reduces to a maximum
stress of 13, 000 psi during steady state operating condition which is less than
2/3 of the yield strength at 550 F.

Based upon G. E. estimates, the service loading of NMP stub tubes is
approximately the same as Big Rock Point stub tubes and less than Dresden-"1
stub tubes.

4. 3. 4 STRESSES IN NOZZLE AND VESSEL SHELL MATERIAL
DURING ABNORMALCORE SPRAY PIPE REACTION

Analysis was made of the stresses, in the core spray nozzle material that
will remain as part of the vessel, that occurred as a result of the abnormal pipe
reaction on nozzle N6B. The results are as follows:

2a.

Maximum moment applied = 398 in-Kips

Axial stress due to moment at smallest nozzle section = 22, 600 psi

b. Maximum stress intensity (includes pressure and bending) = 25, 400 psi
Section IIIallowable: Sm' 26, 700 psi
Material yield stress = 40, 000 psi

3. Increase in membrane plus bending stress in vessel shell at nozzle due
to maximum moment = 830 psi
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4. 3. 5 NMP Core Support Ring

(Itr>J

rl ~5

Condition

C»
B

Inside

Stress Intensities l a> - os Iksi

B

Outside

A
Inside

A
Outside

Design

100% SS

100 F/hr h.u.

100 F/hr c.d.
300'F/hr
Scram A
Scram 8

Bldn. C

Bldn. D

Bldn. E

14.68
15.42

1820
11.61

1495
10.10
17.20
12.26
8.40
9.80

16.75
15.75
15.79

16.34

21.61

853
13.90
17.92

697
1795

6.60
6.70
7.13
9.46

13.38
6.11:

3.23

8.88
556

12.10

6.60
7.60
583

1454
16.59

6.45

6.06
9.15
5.59

14.94

Stress Components

A
Inside

A
Outside

B

Inside

B

Outside

B

Inside

B

Outside

- 1.65'
2.14

- 3.83
9.46

11.51

1.66
- 3.23
5.83
1.41

9.86

- 1.67

1.18

0.51
-14.54
-1 6.59
- 4.98
- 0.09
- 9.15
- 4.73
14.74

Design

100% SS

100 F/hr h.u.

100 F/hr c.d..
300 F/hr E.C.

Scram A
Scram B

Bldn. C

Bkln. D

Bldn. E

Times

40 years 35 X 10'ours (100% steady state) 12.97 ksi

100 F/hr heatup 120 X 8 hours 9600 hours 14.05 ksi

Other times negligible at lower stress for outside at B.

- 2.02
- 3.28
- 7.76

8.80
13.99

293
- 5.92
12.22

1.31

9.80

- 4.06
~ 2.78

1.74
~ 16.34
-21.61
- 8.53
- 0.12
-17.92
- 687
17.36

12.66
12.14
10.44
- 2.81

-0.86
10.10
1128
12.26
8.40

- 2.44

12.69
12.97

14.05
- 10.65
- 11.98

7.03
13.78

3.23
6.29

- 0.49

Maximum tensile stress = 17.36 ksi outside at B

Condition is Blowdown E-10 hours.





4. 3..6 Dryer Bracket Pads

Stress 15,750 psi.

4.-3. g Track Guide Bracket

Stress 24,000 psi short time loading during shutdown conditions.

4. 3.„8 Evaluation of Residual Stresses Due to Weld Overlay

In order to study the possible residual stress effects of a weld overlay procedure on the o.d. of F.S.S.S. safe ends, an

experiment was performed on a straight cylindrical section of pipe in which dimensional changes were recorded.

Measurements made before and after the longitudinal weld overlay on the sample pipe indicates a residual deformation
in an approximate 4 lobe (8 node) pattern in alignment with the 12-6 o'lock and 9-3 o'lock position. This deformation is

quite uniform along the length of the weld overlay. A representative set of measurements are as shown:

Position Diametrical Deformation

12-6 o'lock
11-5 o'lock
10-4 o'lock
9-3 o'lock
8-2 o'lock
7-1 o'clock

4.032 inch

%.008 inch

&.008 inch
4.010 inch

%.002 inch

4.018 inch

The residual stresses were estimated by analyzing a ring of unit length taken from the cylinder and loaded by point
loads at 12, 3, 6, and 9 o'lock. Deformations at the 12-6 o'lock and 9.3 o'lock positions are used to evaluate the residual
stresses.

From the data we get

Bq 0.0055 inch

P2

b4 0.0105 inch

This gives loads of

1

p I
I

I
p4

Ps = 2100 Ib

Pg = 49+00 Ib

p
2

p4

Bending stresses combine at the 12 o'lock and 6 o'lock positons to give the maximum tensile stress.

Individual bending stresses at this point, calculated elastically are:

oz = 22,700 psi

a< = 228,000 psi
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At the 9 o'lock and 3 o'lock positions the o2 stress will subtract from the o4
stress. However, the o4 stress is so high that there willbe essentially yield
stresses present at all four of the assumed point load locations.

Therefore, the longitudinal weld overlay process if applied only on the
o. d. of a safe end can be expected to cause high residual tensile stresses on the
interior furnace sensitized stainless steel surface.

This investigation of residual stress'es is not a normal design procedure,
but this has been investigated to shed further light on the consequences of any
propos ed welding proc edur e.

If both the o. d. and the i. d. were clad, then the stress corrosion signifi-
cance of residual stresses due to the overlay procedure would disappear because
there would be no furnace sensitized stainless steel exposed to reactor water.

4. 4 INTERIOR CONDITION AND PROTECTION OF FURNACE
SENSITIZED STAINLESS STEEL

Exceptional care was taken to avoid surface contamination of the interior
vessel parts. During construction, personnel access was restricted, and clean
clothing and shoe covers were required. In addition, TSP solutions were used
to clean the vessel and systems to counteract and remove any inadvertent halide
contamination. A history of the operations since the field hydrostatic test is
listed below:

1968

Zune-t'uly inspected all stub tubes and weld build up 59 field welds
initiated.

Sept. 20-29 - Cleaned all stainless steel systems with 0. 5 jp TSP solution
in demineralized water. This included a portion of the vessel, as it was used
as a tank for the TSP solution. Solution was then drained, but systems were not
rinsed.

Nov. 7 - Completed filling reactor systems for hydro, using 0. 05/p TSP
in demineralized water.

Nov. 8 - Hydro test

Nov. 12 - Draining vessel and systems

Nov. 12-20 - N, D. T. of vessel internals:

75 stub tube field welds

i. d. and o. d. recirc inlet„outlet, top head nozzles and emergency
condensate nozzles. Portions of flange seal surface and
shroud support ring.

Guide rod brackets
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1969

Jan. 3- Filled vessel - demineralized water

Jan. 25 - Drained vessel and inspected 54 stub tube to housing field
welds. Repaired two welds.

May 22 - Pressure test and heatup for hot functional, using demineralized
water. After test, the vessel was partially drained.

June 13 - Filled vessel with demineralized water.

Aug. 23 - Started fuel loading.

4. 5 INTERNALENVIRONMENT

4. 5. 1 Water Chemistry

The bulk reactor water is demineralized and is constantly monitored to
assure that conductivity and chloride are maintained within the upper limit of
10 micromhos/cm and l. 0 ppm chloride. Experience has shown when the reactor
head is off that the water equilibrates with atmospheric oxygen at about 8 ppm 0
At operating conditions, the equilibrium point for radiolytic production of 0> ant
loss through the steam is approximately 0. 2 ppm in the water. During periods of
hot standby the bulk water oxygen level has been measured to increase at a rate
of 200 to 300 ppb per day due to oxygen added by makeup water'rom the conden-
sate storage tank. The maximum hot standby time was less than 3 days. There
is sufficient forced circulation in the bulk of the reactor to maintain constant
oxygen concentration at all points in the vessel except as described below.

Fluorine is not monitored but measurement (Table 4-1) shows that the
level is near or below the measurement capability of 0. 04 ppm. Fluorine can
be produced by transmutation of 0 but the production rate is below the measur-
able level.

4. 5. 2 Stagnant Water

A review was made of the normal function of all the lines during operation
to determine what lines had water flow or were stagnant. In summation, all the
lines except the feedwater, main steam, control rod drive hydraulic return and
the recirculation lines do not have forced flow during normal operation. These
lines include the instrument nozzle lines, core spray, steam emergency con-
denser, cores' and liquid poison and all the vessel head nozzles. As covered
in more detail in the section on core spray water, thermal convection as well as
mechanically forced circulation can cause sufficient flow to maintain chemical
equilibrium. Oxygen concentration will not exceed the equilibrium concentration
in the gas phase because diffusion rates are so high. With the exception of the
core spray system, oxygen levels in the several systems and nozzles willbe
at or near the bulk water level at all times.
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4. 5. 3 Internal Surfaces

As noted in the section on bend test specimens, surfaces in contact with
the reactorwater have accumulated a tight surface oxide and a loose coating of
crud. This coating has been observed on all test specimens placed in the Dresden 1

and Humboldt plants and on internal, surfaces of all General Electric reactors.
Chemical analyses of surface coatings have been made as shown on Table 4-2.
To date, the amount of fluorides detected has been very low and that seen on the
exposed reactor surfaces compares to surfaces exposed to air contamination at
random.

4. 5. 4 Corrosion Surveillance Bend Test Samples

4. 5.4. 1 Inspection at Site 4/13/70

Bend specimens which were loaded in racks and inserted in the vessel
steam dryer, steam separator, and core regions were examined. Each specimen
rack contained 9 bend specimens which were deflected to produce a stress calcu-
lated by the beam equation equivalent to 125/p of their room temperature yield
strength (on an elastic basis). These bend specimens consist of triplicate sam-
ples of Type-304 stainless steel in three metallurgical conditions as per APED
Drawing No. 158B7919, Rev. O. These are: (1) rolled, annealed, and pickled
ASTM A-240 plate; (2) same as condition (1) plus 12 hours furnace sensitization
at 1150 F in air and cooled in still air; and (3) 304 stub tube forging material0

produced to ASTM A-182 forged, machined, and furnace sensitized as per
condition (2).

All specimens were visually examined in their rack containers with a

stereographic microscope at magnifications ranging from 14x to 60x. The
majority of the examination was 'done at lower magnifications (20x); selected
areas of the specimens were examined at 60x. No cracks or abnormalities
were found on any specimen.

Steam dryer specimens - A reddish-brown crud filmwas uniformly dis-
tributed over the entire surface of specimens, rack and holder. In addition,
isolated whitish crystalline deposits 0. 001-0. 003 inch in diameter were randomly
distributed over the surfaces. These deposits appear to be the same as previously
observed in other examinations and identified as spinel oxides. Metal under
oxides was normal. No cracks or other anomalies noted.

Steam separator samples - The samples, rack and holder were uniformly
covered with a reddish-brown (rust) loosely adhering crud film. >It was easily
removed by wiping. Microscopic examination disclosed no cracks or other
abnormalities.

Core samples - The specimens, rack and holder were uniformly covered
with a dark grey moderately adhering crud. No cracks or abnormalities were
observed.
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4, 5. 4, 2 Inspection at VNC

Nine samples representing each material exposed at each condition were
shipped to VNC for metallographic examination for cracks. No cracks or inter-
granular attacks were detected in these samples.

TABLE4-1

WATER ANALYSIS

Number Location

Reactor, Inlet to cleanup system

Core Spray B - drip from leak

F

Analysis

(ppm)

< 0.01

0.1 to
0.2

CI

(ppm)

< 0.02

Activation
Products

Yes

Yes

Same - top of vertical pipe < 0.05 0.04

Core spray A - hypodermic qt
safe end field

to be taken

Core spray A ~ top of vertical

p Ipe
to be taken

Analytical blank < 0.04
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TABLE4-2

SUMMARYOF ANALYSIS SAFE END SAMPLES

FLUORIDE RESULTS

Analysis

Sample

- Met.

Sample Description

Asimuthal

Location

Results

tpg F) Sampling Method

Sampling

Area

{cm )

Pipe+ Safe End Pipe End ID and OD

Pipe+ Safe End Pipe End ID and OD

Safe End ID Pipe End

Safe End ID Reactor End

12

12

5-6

6-10:30

288

332

15

26

Ultrasonic crud

Ultrasonic filtrate

Machining (after UT cleaning)

Wipe

2050

2050

12

95

Safe End ID Reactor End 6-9 20 Machining 29

Safe End ID Crevice 5:30-6 Wipe 4.6

Thermal Sleeve OD Crevice 5:304 Acid 4.6

Thermal Sleeve ID

Thermal Sleeve ID

12-6

6-9

28

17

Wipe

Machining

50

10 Thermal Sleeve ID 6-9 19 Machining 21

Safe End OD 124 21 Wipe 240

12 Safe End OD Pipe End 6-9 15 Machining 26

13 Stock 304 Pipe (Sampling

Blank)

16 Machining 33

14 Chemical Blank ( 0.04
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FIGURE 4-1. EAST CORE SPRAY PIPE (NSA) 195 F LINE
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5. INVESTIGATION OF OTHER FURNACE SENSITIZED
STAINLESS STEEL-EXTERIOR OF

REACTOR VESSEL

5.1 NON-DESTRUCTIVE EXAMINATIONOF EXTERIOR SURFACES OF F.S.S.S. SAFE ENDS

Following the detection of the N6B safe end failure, a non-destructive ex-
amination program employing liquid penetrant, radiographic, and ultrasonic examina-
tion was initiated March 7, 1970, to determine if similar conditions existed on other
F. S. S. S. safe ends.

The examination results obtained are tabulated in Table 1 of Appendix B,

This table shows that the radiographic and ultrasonic examination results detected
no cracking on safe end material with the exception of the failed N6B safe end.
The ultrasonic examination did produce indications in the recirculation system safe
end field welds as indicated in Sketch 209A7153, Sh. 1-10, Appendix B. In addition
to the indications shown, indications were received from the dissimilar metal welds
on all N-l, N-2, N-7, and the N-8 nozzles.

Liquid penetrant examination did disclose many indications, None of
these indications were present at the conclusion of the post-hydrostatic test examina-
tion of safe ends during November 1968.

The liquid penetrant examination was performed in accordance with 21A8570,
and revealed indications on the following:

Recirculation Outlet Safe Ends - 4 of 5-N1A,B,C, and D.
Recirculation Inlet Safe Ends - 2 of 5-N2A and C.
Emergency Condenser Safe Ends - 2 of 2-N5A and B.
Head Safety Valve Safe Ends - 10 of 18-N7B,E,K,M,N,P,R,S,T, and U.
Head Vent Safe End - 1 of 1-1 of 1-N-8.

Maps of the penetrant indications observed on each nozzle are shown in
Sketch 209A7144, Sh. 1-13 and Sketch 209A7148, Sh. 12-18, Appendix B.

Metallurgical examination of Sample No. 2 from the N5A emergency
condenser'afe

end revealed, (as discussed in subsection 5.2) that the penetrant indications
were produced by intergranular attack of 20 to 40 mils in depth.

In contrast with the findings on the interior surfaces, the exterior
surfaces have experienced a wide-spread intergranular attack, 20 to 34 safe ends, since
the post-hydrostatic test examination was conducted in November 1968.

5.2 SAMPLE NO, 2 - OUTER SURFACE OF EMERGENCY CONDENSER NOZZLE SAFE END N5A

This nozzle was PT inspected on the outer surface in November 1968 and

showed no indications. When inspected on the outer surface March ll, 1970, indica-
tions were detected as shown on Sketch No. 209A7144, Sh. 5.
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When it was rechecked on March 23, 1970, additional indications were found
adjacent to the sample locations shown above. Two samples were cut out of this area
by hand hacksawing. One sample (GE Designation No. 2A) was given to the AEC, the
other sample (GE Designation No. 2) was sent to Vallecitos Nuclear Center where it was
photographed, penetrant tested, and sectioned at the penetrant indications for metal-
lographic observation.

Figure C-4 (Appendix C) shows the intergranular attack to be 20 to 40 mils
deep.

5.3 DRYWELL ENVIRONMENT

Since external surface indications were found by liquid penetrant.examina«
tions, the drywell en>'.ironment, which.icontacted these. su'rfaces since the system
hydrotest, was investigated.

During construction, electric space heating was used as required. After
hydrotest on ll/8/68, station personnel estimated a temperature of -70 F. and
relative humidity of 15 to 50%. During operation, relative humidity is 90%, and
temperature 120 F. In the temperature range of 70 to 120 F., 90% relative humidity
corresponds to a dew point of 3 F. below ambient. Under these conditions, many
pipes would be expected to sweat. The torus was first filled and drained in October
1968. The purpose of this operation was primarily to flush out any dirt remaining
from the hand cleaning operation. The inside of the torus is not painted.

It was filled again on 2/19/69, and drained on 3/21/69 to do plumbing work
on the bottom.

tion.
It was finally filled at some date prior to 5/22/69 and left in this condi-

The only water used in these fillings has been demineralized water. Con-
ductivity of torus water is checked periodically and is consistently ( 5 micromho.

Water temperature is reported to be fairly constant, at around 60 F. An
actual check on 4/15/70 showed 68 F. If the drywell temperature exceeds torus
temperature, the torus water will act as a humidity, sink and vice versa.

Water has been accidentally dumped inside the drywell on at least two
occasions. During chemical cleaning, September 1967, a Dresser coupling gave way,
and sprayed hot TSP solution and steam. The volume is unknown, but the flow rate
was 3280 gpm. In December 1968, the water in the containment spray system pipes
was dumped.

Construction work continued in the drywell between hydrotest on 11/8/68
and the hot functional test in late May 1969. All of the site crafts were represented
in this period, and the work was all completed by about 5/15/69.

Before insulation was applied on the drywell piping, the piping was hand
swabbed with solvent. Dirt subsequently found on pipe surfaces, under the insulation,
was presumably airborne. The ventilation system would be expected to circulate dust
particles. Insulation of the drywell piping was applied after hydro test, and was
completed before the hot functional test in May 1969.

Samples of dirt collected at the site have been analyzed, with results as
shown in Table 5-1.

These analyses indicate that appreciable quantities of both fluoride and
chloride do exist in the drywell, and also in the outside air adjacent to the reactor
building.
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Table 61

Ablhl.YSIS OF DIRT AND MIRROR INSULATION SAMPLES

Sample
No.

Sample
Description

Water Leached

Sample
Weight F C

(g) (p pm) (ppm)

roh drol sis

Sample
Weight F Cl

(g) (ppm) (ppm)

Total

F CI

(ppm) (ppm)

Dirt-9M-
Recirc. Nozz. 15

0.266 394 216 0.300 8900 818 8900 818

Dirt-9M-Outside
Fire Extinguisher

0.072 386 947 a 986 1015 1372 1962

Dirt-9M-
Steam Nozz. N3A

0.'IOO 221 445 a, b 1787 363 2008 808

Dirt-Chattanooga
Motel window

0.192 972 844

Dirt-Chattanooga
Industrial .

0.496 174 186

6 Deposit-9M
Insulation-over leak

0.021 1694 1860

a. Pyrohydrolysls results based on wt, of sample water leached. Test made on residue after water leach.

b. Possible loss on pyrohydrolysls result due to oxygen paper explosion,

Element

1

%1

SP ECTROG RAPHIC DATA

SAMPLE NUMBERS

Al
B

Ca

Cr
Cu

Fe

Mg
Mn
Mo

Ni
Pb

Si

Ti
Zn

I

2
0.2

10

2

30
0.5
5
2

6
0.1

20
0.5

26

2

< 0.1"

10
0.5

30
0.5
2

0.2
0.5
0.2

20
0.5

20

2

< 0.1

10

0.5

30
0.5
5

2

2

0.6
16

0.6
60

6

0.07

.7
b.d.
0.1

22
2

1

0.4
1.5

16

1.0

45

Notes: b.d. r below detectable level

wt, of element as metal
I~

sum of wts of all elements
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5.4 PROTECTION OF EXTERIOR SAFE ENDS SINCE SYSTEM HYDRO IN FIELD

At no time have any special precautions been taken, ii. the sense that.
protective coatings were not used. Prior to application of insulation, pipe surfaces
were hand swabbed with solvent.

5.5 ENVIRONMENT ON EXTERIOR SURFACES IN DRYWELL

During construction and the startup test phase moisture was noted on pipe
systems in the drywell. No specific record of which lines were wet is available.
The moisture levels in the drywell during operation were 90% RH, 115 F. dewpoint.
All vessel nozzles operate well above 115 F. and no condensation can occur during
operation. During startup some nozzles may experience condensa'ion if the humidity
remains high. No data are available but based on the normal amount of valve and

pump packing leakage during shutdown, the humidity should be high. The torus water
will always act as a moisture sink since its temperature is lower than drywell
temperature and thus will reduce moisture levels in the drywell.

Fluoride contamination appears to be as ubiquitous as chloride contamina-
tion and there is no reason to believe that the fluoride analyses shown in Table 5-1
deviate from normal. Compared to Table 4-2, which shows internal fluoride contamina-
tion levels, it can be seen that external contamination is orders of magnitude greater
than internal.

The reactor vessel paint contributes'o the high zinc concentration shown
in the spectrographic analyses shown on the following page. During initial heatup
volatiles from painted surfaces create high smog levels in the drywell. These will
condense on cold surfaces rather than hot surfaces.

The craft activities noted after the November 1968 penetrant tests are
usual for any reactor construction site.





6. INSPECTION AND ANALYSIS OF PIPING SYSTEMS
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7 ~ CORE SPRAY NOZZLE SAFE END AND PIPE REPLACEMENT

7. 1 SCOPE

The core spray nozzle safe end and piping replacement encompasses the removal,
redesign, and replacement of the entire safe end of the core spray nozzle N6B. Also,
included are the removal, redesign and replacement of the outer end of the core spray
nozzle thermal sleeve and the removal and replacement of portions of the connecting
core spray system piping. The redesign of the safe end and thermal sleeve willalso
apply to core spray nozzle N6A. Safe end, as used herein, is the transition piece
between the connected piping and the ferritic steel core spray nozzle.

7. 2 LOCATION

The location of core spray nozzle N6B and connected piping is shown on drawing
761E284. Nozzle N6A is identical to N6B and is at the same vessel elevation at a

vessel azimuth of 60 degrees.

7. 3 REMOVALOF F.S.S. S. SAFE END

The removal of the F.S.S.S. safe end of core spray nozzle N6B is covered in
detail in Procedure No. 1 and Procedure No. 3, and nozzle N6A is covered in Procedure
No. 9, all in Appendix D. Removal of the F.S.S.S. on the N6B nozzle amounted to
removing a section of pipe just beyond the nozzle in a series of controlled cutting
operations that used no cutting fluids or coolants. The cutting fluids and coolants
were eliminated to prevent chips and debris from being carried into the core spray
system and reactor. The pipe section was removed from the middle of the horizontal
run between cuts No. 1 and No. 2 shown on drawing 761E284. Interior plugs were
installed in the core spray nozzle thermal sleeve and the 6-inch pipe to prevent further
entry of chips and debris from subsequent operations. Drawing 922D131 of Procedure
No. 3, Appendix D, shows the locations and sequence of cuts and machining operations
to remove the F.S.S.S. safe end from the nozzle. To assure removal of the F.S.S.S.
and leaving enough Inconel weld metal on the low alloy portion of the core spray nozzle,
the Inconel stainl'ess steel junctions were located by etching and the machining controlled
to remove the F.S.S.S. and leave a maximum amount of Inconel to allow for welding on
the replacement safe end.

The thermal sleeve was machined to produce a socket to receive the replacement
sleeve end. The existing Inconel weld was machined to produce a weld prep for attaching
the new safe end.

7. 4 INTENT FOR RESTORATION TO SERVICE

The restoration intent is a,s follows:

Remove F.S.S.S. safe end entirely (done in 7.3 above).
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2. The replacement material for the new safe end to be ASTM ASME SA182, F304L
forging.

3. The redesigned safe end to retain a uniform wall thickness from the Inconel weld
for a distance of 1.5 JRT before any change of section or weld, as prescribed in
the ASME Boiler and Pressure Vessel Code Section III, paragraph N-445.

4. Minimum wall thickness of replacement safe end to be sized for pressure using
the more conservative Section VIIIof the ASME BEcPV Code ~

5. That all materials, inspections of materials and welds are to conform to requirements
of ASME BhPV Code Section IIIas a minimum.

7. 5 DESIGN OF SAFE END AND SLEEVE REPLACEMENTS

Calculations for minimum wall thickness are per ASME Bk.PV Code Section VIII
paragraph UG-27(c) (1):

PR
Mine t SE O 6P

where:

t
P
R
S

Minimum wall thickness-inches,
Design pressure=1250 psig,
Inside radius =2. 91 9 inches,
Maximum allowable design stress = 9175 psi for SA 182 F304L at 575 F
design temperature, and
Joint efficiency = 1,00.

Therefore
1250 (2. 919)

Min. t =
917 . 00

0. 433 inch.
0

Actual minimum wall thickness = 0 ~ 482 inch. (Drawing 158B8464 Appendix D

Procedure No. 3).

To allow venting and purging oxygenated water from the high point in the core
spray system three 1/8 by 1/8-inch slots were left open between the core spray system
and the vessel interior. During normal operation positive pressure inside the reactor
shroud (about 6 to 7 psi) forces water back through the core spray nozzles and internal
piping to the high point of the core spray system. Since the core spray admission valve
is shut, the water flows through the three slots and into the interior of the vessel.
With a pressure difference of.6 to 7 psi about 14 gpm of water flows through the slots
thus continuously purging the high point of the core spray system. With two core spray
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7. 5 DESIGN OF SAFE END AND SLEEVE REPLACEMENTS (Continued)

systems, this means there willbe a normal leakage that bypasses the steam separators
of 28 gpm. This small amount of fluid starts out as a steam water mixture inside the
shroud, but the steam condenses when the mixture flows into the pipe outside the
shroud as the core spray pipe, outside the shroud but inside the vessel, is submerged
in subcooled water.

During operation of the core spray system, 44 gpm flows through the three
slots under a 60-psi differential pressure head.

The thermal sleeve to sleeve end replacement weld (See Drawing 922D131

Appendix D Procedure No. 3) and the sleeve end replacement to inner safe end weld
each have 1.5 square inches of 'area to resist a design pressure difference of 150 psi
across the thermal sleeve. This amounts to a stress of approximately 3000 psi in the
welds.

7. 6 REPLACEMENT OF SAFE END AND SLEEVE

Supplement No. 1 to Procedure No. 3, in Appendix D is the procedure governing
the welding and inspecting of all replacement safe end and thermal sleeve attaching
welds. Appendix D Specialty Shop Fabrication Procedure No. 1 governed the welding
of the Inconel butter on the end of the inner safe end part. The Inconel weld attaching
the inner safe end to the nozzle was controlled by Procedure No. 4, Appendix D.

Sleeve end replacement welding was governed by Procedure No. 5, Appendix D,
as was the welding joining the inner and outer safe end. Inspection of the safe end

welds includes radiograph in accordance with Procedure No. 7, Appendix D, ultrasonic
examinations in accordance with General Electric Company Specification 21A8592
and ASME B@PB Code Section III, and liquid penetrant examination in accordance with
PT Code Acceptance NMP-6, Appendix D. The welds attaching the sleeve end were
examined by liquid penetrant techniques in accordance with PT Code Acceptance NMP-6,

'ppendixD.

Nozzle N6A safe end removal and replacement will be governed by Procedure
No. 9, Appendix D.
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8. SENSITIVITY LIMITS OF PT, UT, AND RT

The detectability of a specific defect is determined by one or more of the
following parameter s:

a ~

b.
co
d.
e.

depth
length
width
orientation
crack face roughness.

The relative importance of each parameter is determined by the examination
technique being used. For example:

The detectability by penetrant examination is dependent on the width of the
crack at the surface and the crack depth. Detection by penetrant requires
that the crack be open to the surface, wide enough to permit penetrant
to flow into the crack, and deep enough to provide a reservoir of penetrant
which will not be removed by the removal of surface penetrant.

2. The detectability by an angle beam ultrasonic examination is dependent
upon the length, depth, orientation and the crack face roughness. The
reflection from the crack face must return to the transducer with
sufficient amplitude to distinguish it from the material and electronic
noise. The use of simulated defects as a calibration reference does
not assure that a defect of similar length and depth dimensions will be
detected. A smooth face, straight walled crack oriented at 90 to the
surface willproduce a similar amplitude, but, this crack rar'ely if
ever exists.

3. The detectability by the radiographic method is dependent on the amount
of metal missing in the dimension parallel to the X-ray beam. A multiple
branching tight crack can penetrate 100% of the material thickness and
remain undetectable by the radiographic technique.

The actual sensitivity of an examination technique for the detection of a specific
type of defect can be determined only by metallographic examination of what was
actually detected or missed in material containing defects typical of those being
sought.

The metallographic, PT, UT, and RT results obtained on Samples 1 and 3 of
safe end N6B and Sample 2 from safe end N5A were analyzed to determine what
sensitivity limits could be established on each examination technique. Additional
metallography (Figure 8-1) was performed at 9:15, "9:45, 10:20, and 1:45 on Sample 1

and 1:30 on Sample 3 to obtain additional data for the ultrasonic sensitivity eyaluatiori.
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t Table 8-1 is a compilation of the data obtained for the evaluation. The
conclusions from this evaluation are as follows:

Crackinp ~n shallow ~~ 0. 008 inc.h ca.. be detected by liquid penetrant
examination, however individual cracks as deep as 0. 040 inch may not
be detected due to small openings to the surface. Due to the quantity of
cracks observed in areas of attack, the failure to detect some of the
cracks with small openings is not considered important.

Z. The lower sensitivity limit of the ultrasonic examination technique for
the detection of intergranular cracking is 10% of the wall and 1/4 inch
long. Shorter, deeper cracks or longer, shallower cracks may
occasionally be detected.

The ultrasonic technique should be used for examining surfaces which
are not accessible for liquid penetrant examination and where assurances
are required that if intergranular attack is present, the attack has not
progressed beyond the lower sensitivity limit.

3. Radiographic examination should not be relied upon for the detection of
intergranular cracking. The technique can be useful as a supplemental
tool for determining the extent and location of cracks when major
cr~cki~~ is detected by the ultrasonic method.

Table 8-1

ULTRASONIC INSPECTION LIMITS

Technique Crack Dimensions
(Length) (Depth)

Location Reference Data

PT a. Shallowest
Detected

008 - 015"
(and deeper)

6:00- 7:00 OD Sample No. 1, Fig. 3 5

b. Missed 010, 030"
;040"
,040"

11:20
2:15

ID Sample No. 1

~ ID Sample No. 1

OD Sample No.2

Fig. 3 6

Fig. 3 6

UT (Detected) 5/8"

1/4"
1/8"

4.7% of wall

9% of wall
15.5% of wall

Location C ID Sample No. 1

11:20 ID Sample No. 1

, Fig.8-1
Fig. 3 6

Location F ID Sample No. 3 Fig. 8-1 (Missed in NMP
examination)

(near cut)

(Missed) Not available
Not available
Not available

1/16"
5/8"

3.1% of wall
5.4% of wall
6.2% of wall
10% of wall
4.7% of wall

11:30
11:30
11:30
Location E

Location F

ID Sample No. 3
ID Sample No. 3
ID Sample No. 3
ID Sample No. 3
ID Sample No. 3

Fig. 36
Fig. 3.6
Fig. 3-6

Fig. 8.1

Fig. 8-1 (Detected in San Jose
examination only)

RT (Shallowest
detected)

15.5% of wall 11:20 ID Sample No. 1 Fig. 3.6

(Missed) 40% of wall
56% of wall

11:30 IDSampleNo.1 Fig.3-6 (DetectedbyPTonID)
12:00 ID Sample No. 1 „Fig. 3 6 (Axial crack not open

to surface)
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UT-A
A=9

MP= 0.7
TM = 1/2 in.
CRACK 0.250 DEEP -3/4 in. LONG

SAMPLE 1 —0.450 THICK

UT-B
A= 8,5

MP = 0.7
TM= 1/4 in.
CRACK 0.300 DEEP —1/8in. LONG

SAMPLE 1 —0.450 THICK

UT-C
A=3

MP = 0.7
TM = 1/8 in. LONG
CRACK 0.040 DEEP —1/4 in. LONG

SAMPLE 1 —0.450 THICK

UT-D
A=9

MP =0;6
TM = 1/4 in.
CRACK 0.250 DEEP —1/2 in. LONG

SAMPLE 1 -0.450 THICK

UT-E
1

A=O
CRACK 0.046 DEEP —1/8 in. LONG

SAMPLE 1 —0.450 THICK

UT-E
2

A= 7.5
MP =6
TM = 1/4 in.
CRACK 0.390 DEEP —5/8 in. LONG

SAMPLE 1 —0.450 THICK

UT-F
A=3

MP = 0.8
TM = 1/8 in.
CRACK 0530 DEEP —5/8 in, LONG

SAMPLE 3 —0.650 THICK

UT-E1 E-2

FIGURE 8-l. ULTRASONIC DETECTABILITYOF

INTERGRANULARCRACKS IN SAFE END N6B

8-3/84





APPENDIX A
NINE MILE POINT REACTOR VESSEL

Drawing 237E433, sheets 1 through 4, comprise Appendix A.
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APPENDIX SHEET SUMMARY

The following items comprise Appendix B.

Page

Table 8-1

Table 8-2

Drawing 921D743

Drawing 209A7144, sheets 1

Drawing 209A7148, sheets 1

Drawing 209A7058, sheets 1

Drawing 209A7059, sheets 1

Drawing 209A7160, sheets 1

Drawing 209A7161, sheets 1

Drawing 209A7162, sheets 1

Drawing 209A7153, sheets 1

Drawing 21A8570

Drawing 21A8592

PS-1 Original Procedure

through 13

through 18

through 3

and 2

and 2

through 3

and 2

through 10

8.3

84

8.5/8.6
8.7

8-21

8-39

8.43

8.45

8.47

8.51

8.53

8-63

8-71

8-79

h

I ~

8-1/8.2





NEDE-10168.

TABLE B.1

SUMMARYOF INSPECTIONS

FURNACE SENSITIZED STAINLESS STEEL COMPONENTS

{Exclusive of Safe Ends)

Item Description Quantity PT UT RT

Stub Tubes 129 NA NA

"Dryer Support Bracket 50
209A7161SH1
209A7058SH1

ND Sample ¹5

130 OK ND ND

230
209A7161SH2

209A7058SH2

310

Guide Rod Support Bracket
00

209A7058SH3

209A7161SH3

209A7160SH1
209A7059SH1

ND Sample ¹6

180'09A7059SH2
209A7160SH2

ND

Core Support Ring NA NA NA

"Lug portion only - furnace sensitized

NA ~ Not Accessible

ND ~ Not Done to Date

B-3



NEDE.10168

TABLE 8.2

.SUMMARYOF INSPECTIONS
FURNACE SENSITIZED STAINLESS STEEL SAFE ENDS

Item 'escription

A Recir. Outlet S.E.

8 Recirc. Inlet S.E.

C Isolation Cond.S.E.

D Core Spray S.E.

5 26.1/8

5 25 11/16

2 9G/8

2 54/16

NIA
N18
NIC
NID
NIE
N2A
N28
N2C
N2D
N2E
N5A
N58
NSA
N68

I.D.
Qty. Size (in.) G.E. No.

PT Inspection

209A7 144

209A7144
209A7144
209A7144

O.K.
209A7144

O.K.
209A7 144

O.K.
O.K.

209A7144
209A7 144

O.K.
(117C4601)

7

8
9

10

NJt.

N.A.

3 NJt.
NJt.

2 N.A.
N.A.

5 O.K.
4 O.K.

N.A.
(11 7C4602)

O.D. I.D.
Dwg. Sh. Dwg. Sh.

UT Insp.
209A7163

Safe Weld

End Root

O.K. I
O.K. O.K.
O.K. 2
O.K. 3
O.K. 4

O.K. 5
O.K. 6
O.K. 7

O.K. 8
O.K. 9
O.K. O.K.
O.K. O.K.
O.K. O.K.

10 10

RT Inspection

O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.
O.K.

X

Sample No. 2, 2A (AEC)

Sample No. 7, 7A
LeakerSample No. I,IA(AEC)
3,4

N7A
N78
Njc
N7D
N7E
N7F

N7G
N7H
N7J
N7K
N7L
N7M
N7N
Njp
N7R
N7S

N7T
N7U

Head Vent Long
Neck FLsnge

CRD Hyd. Ret.
Line S.E.

1 3 15/16 NB

I 34/8

E Safety Valve & 18 6
Inst. Long Neck

Flange

O.K.
209A7 144

O.K.
O.K.

209A7144
O.K.
O.K.
O.K.
O.K.

209A7144
O.K.

209A7 144

209A7 148

209A7148
209A7 148

209A7148
209A7148
209A7148

209A7148

O.K.

209A7 148 I

I 209A7148 2

O.K.
O.K.

12 O.K.
209A7148 3
209A71 48 11

209A7 148 4
209A7 148 5

13 O.K.
209A7148 6

11 O.K.
12 O.K.
13, 209A7148 7
14 209A7148 8
15 209A7148 9
16 O.K.
17 209A7148 10

18 O.K.

NJt.

O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.
O.K. O.K.

O.K. O.K.

O.K. O.K.

O.K,
O.K.
O.K.
O.K.
O.K.
O.K.

'.K,

O.K.
O.K.
O.K.
O.K.
O.K.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

N.D.

O.K.

< ~

ND ~ Not Done to Date

NA ~ Not Accessible

X ~ Composite Radiograph
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I&MlL GRlND.

PT F RQ| E.DURE, USED- 2.ik8%70
209A7 I 44

SKE.TCH

B.9



NEDE-10168

DYE. PENETRANT INSPECTION-NlNE MlLEPQlNT

6-00 9 00
I

IP:00
I

5-00
I

6-00

CARBON STEH NOZZLE.

IO:OO I2.:OQ

xx x xx'xI I

>I

FlE.LO WE.LD

IDENTIFIC,KYIQN'-MSE —ISOLKYLON CONDENSER GKF'E. END O.Q.
INSPECTION DKTE.: E -I I- 70
BY: d~j
RE.hAKR.KS: PHOTO 1-8 12.:00 ARE,k OF INDICATION

I-9 IZ.:00 ARE.k OF REDEVB OPMENT
I-IO 12-00 ARE,K AFT'.R F)RST &RIND

'-I

I 12:OO ARE.A, AFTER. R.EDEVELOPMENT
1-12 LO-OO ARE.4 4FTER. SECOND C R.IND
I-IE I 0:00 @RE.K kFTE.R. RE.DE.VELOPMENT

PT PROC EDURE. USE.D - 21486'70 "Z0,9A7 )4 4
SHFTcH



NEDE-10168

DYE. PENETRANT lNSPECTlON-NlNE. MlLE.POINT

6-00 9-00 IZ.:OQ 5:QO 6:00

CARBON STE.E,L. NOZ.L'LE,

x"X~

)( x~Xx
OCPXX

xx~ —see
X~- see

7:00 1 l:00
I

XXXXXXXXXX XXX,XX

ly<

La rYO g~

ZE Nd. 7

FIELD WELD

IDENTIFICAriON: NSA- ISOLATION COND. SAVe EWD O.D.
iNSPE.CT ION DATE,: 0 -'I I-70
5Y: g+,g g~ g~ 4~
RFMkP,KS: PHOTO I-5 SHOWS LARGE. AREA AS FOUND.

\- 7,SHONS LARGE AREA A,F'TER 1~-'R>ND
2-8 SHOWS LARGE. AREA. AFTER 30 MILL GRIND,
Z-9 SHOWS LARGE AP,EA 'NITHOUr ONE. CHECK NATL

PT PROCEDURE, USED: 2I A6510
" 299A7144

su~,5

S<E.TCH



NE DE-10168

DYE. PENEtRANT INSPEC1'ION-NINE. MILE POINT

6'00 9 oo lz:oo z:oo 6:Oo

CARBON STE.E.l NOZZLE.

~I
~ ~ ~

0 WE.LD

GROUMQ
C.UT

ZAnPLE
A/0,

lDFNT)FlCATLON-NSS- CORE. SPRAY SAFE. E.ND O.O.

1NSPE.CT/ON DATE: 3-16-70
6Y ~ A~ Jug

LOOKlhlg AT'UT FACE

PT PROCEDURE. U'BED'- 2.l 48K"tO
"209A7 l44

SKETCH



NEDE-10168

. DYF PENETRANT INSPEU ION-NINE.MILE.POINT

6:OO 9:OO I Z=OO 5:00 6-OO

CAREt OQ STE.EQ NQZ:ZLE,

4

xxxxxxx

2'lE.QD

WE.LQ

IDEN'TIFlCR'(ON=N 1.4 —REC.IRG. OUTLET SAFE. END O.D.
INSPECTIOt4 DKTE.: 8 —I 5-70
(AY: o~~ w~ Q /At JA~~/~
REMARKS: kU tNQlGkYlOM'S REDEVECQFED

PT PROCEDURE, U%E,D - ZIA&&'70

20947 I 44
%KE. Yc.H

B-13



NEDE-10168

DYE. PENHR ANT INSPECTION-N)NF MlLE. POINT

6:00 9 00 IR:00

CARBON STE.QU NOZZLE E.

'5=00 4-00

Flail D WE.L D

IDE.NTlFlGJUlQN - 4 l B—REClRG. QUTL ET 'Sk|g E. END O.D.
INSPECTION DKTE, - 3—I'5-70
BY: o~~ m~ J7 W JA~~./~
REMARK%: 4'NDlCKTIONS REDEVEQQPED

PT PROCEDURE. USED - Z.I @8570.

Z09A7) 4 4,
SKETCH



DYE. PE,NETRANT INSPE.CTION-NINE MILE, POINT

&-OO 9:OO IZ:OO '5-00 6:00

CA,EBON STFE.G NOR.LLE

FlE.L D WE.QD

lDEmisiCm<oW: V l C,-aaciRc,. iotas SeWE. E:VO o.o.
lNSPECTlON DATE, '- E -I8-70
+Y: o~'~
RE.MARK%: ALL lQDlC.ATlONS QEDGVEQOPED

PT PROBE.DURE. UGE,D- ZlKB&7O

"20 9A7 I 44

S XETCH

B-15



NEDE-10168

DYE. PENETRANT 1NSPEt TlON-NlNE.MlLE, POlNT

6:00 9:00 12. 00 3:OQ

GARBON M'H.l NOZZLE,

4 00

X X

FlE,LD VIE) D

IDENTlFlGATlON:N ID-REC1RC. 1NL ET SAFE END O.D-
1N'SPECTlQN DKE. - '6-15-70
i5Y: 0 ~
REMARK%: A4Q lNDlC KTlONG RE.MVEL OPG.D

"209A714 4

SKETCH



NE DE-10168,

DYE PENHRANT lNSPEc,tlakl-NlWE MlLE.POINT

LE.FT
I80 90 FRONT 90

RIGHT
l80

K

3)I XXg
)

II

STAWl E,SS U"EEL

O'ARSON STEB

iDC.NTlVIC,K>iow=&7' UEwz| L HakQ ~AFE Ewc n-P
1NKPFC.TiON,DANTE: 5-i2.—70
BY: on '~ >~ +Q.JJ~m/~
REMKRKS - PRQ70 Z.-S KQOVIS UhNE,KR. GRKZE lNDK.KYlOA

A4~ )ND)CK7>ON WaDEVE<OPE.D

209A7l44

B-17



DYE.'PENETRKN 1NSPECTlQN-NINE. MlLE. PQlNT

I E.FT
l80 90 F ROhlT 90

RIGHT

I80'X,

XX
x"x

STAINI E.SS STRE,L

CARBON STD.I

IDGMTIFlCKT'ION'-4 fE.—VESSELS HEAD SAFE, END O.D.
lQSPE.CT(QN DKCE.- '5-f2 -70

REM4RK% - PHOlO K.-2. SHOWS 0 lMD14KT)ON
lNQlGA,TIOhLS GONE. UPON REDEVE<OPMKN 7

P'T PR,OCE.DURE, U&E.D: 2:l kBK70

209A7) 44
SKETCH



NE DE-10168,

DYE. PENETRANT IN'SPECTIQN-NINE MILEPOINT

LE.FT180'0 FRONT
0 90

RIGHT
'180'

STAlNLE.SS STE.U

CAR BON ST Hi

l OEWTlFKKYiON'-QHK-VESSEL HEAD SKFE, EN'Q O.Q.
IN%PE,CTlON DREE.: '5-lZ-70le: ON~'QX'~+ % /~ (~,
ZZMC.<K~: PHOO Z.-~ sHoWs teotck~>ON

INDUC KYiOQ RE.Q'EVF<OPKQ

PT PROCEDURE, USE,D: 2l KBS'70

209A7144
corn. ou se; FWAL sm.m. 13

SKETCH

B-19/B.20





NEDE-10168

DYE PEQETP.kg (NsPEU'IQQ-h)lRE. h4l.E Mls
LEFT
ISo'0 P lGHT

ISO

X

'STANLEYoS K7E,K4

C.A,P 5OQ GXE.E,L

IQQQMTPLCK7IOQ'- N7A-VESSEL HEAD SAFE. EhJD >.D.
Ik!%PE.C'TIOQ D gent= '-ZS-7o
5V 'B.S. ~~a
PENA<4K ~: I HOrO W-IC +HOVUS FPOuT DEFY IODICP,t IOQ

P't PROC'.DUPE, USKb ". 2 I

4857'<HEAAL

KLKCVQlC

FC F- 9Z( D74.3
REV IS IO NS
< PRE.LIMIHAR ISSUE

C=HKD~.
I

6~/7+ ~ P PF P qgyom

P-7- wo SAP 0057 209A7I 48
COllT tN St[ P 5

SKE.TCH

B-21



NEDE-10168

DYE PELLET RAT Ms~Ecl)04-kllQE M1LF. PoiMT

LE'FTl8o'0'P.0HZ 90
Rt &HT

1BO

~r~iALE,~s ~TE.EL

cameos ~Taxi

P.KhhPRK.S: P(AOTo 8-tt KHOUUS FRAT lMblCbglQQ

PT PROCEQUQ% USE.ro: Zt k8>gc

2O9A7 (+ 8,

B-22,



NEDE-104%

L.V.'F 'T

i8o F RON'7 QO
RIGHTY

>Bo

DTA,l ALERTS '5'7E,QL

)c v'lE.LD
cAR.ee Q 576,E.i

iDEAtiFlcATloQ: vqF-PE.GM,l HE.KD %WEE RNu k.U.
lAGPE.c YloQ QgE.; s-zs-vo
eH; C.w.

CE.MAM5'AOTOW-l2 SHOVJ5 FROWST 140(C,KW(04-

P5 PRQCRQUM QSE.b 2h 485'-tO

209A7(48
Col ~At 'SPf 4 oH 0> 9

a<e.TcH

B.23 '



NEDE-10188

DYE PEMETRKMT lgsPEcTl04-gi'4 ALE PolAT

ISo'o'kov Y 9o"
R.AH%

1BO

CA.R,boQ aTE,EL

)OENTiFiC.kriOQ: RTH-Ve.~~E~HEwo ~Wee I-Zn i.o.
lQ&~c.rioQ Dp<f; s-zs -7o
EY Rs.
pEqAPKG: PHoTo 4-z KHov3s '90'LEpT <QDic.kzioQ

~ r<oce~ov.c Q~Kc.Z.ikey o

ZO9A 7148
CONT OQ %H 5 S8 4b +

sK,Ence

8.24



NEDE-10168

nv~ | zvva<vz iu~| ~alod-4n)v. wLe. PniuT

LEF T
l BCP 90 F Ro'AT 9Qo

ew,T
lS

~TAiQLESS SXEE4

<b,RSOQ +'YEECH

REhhgvY.&: PRoTo 4-Q '5HoUJE 9o 4E.PT ill'l| A~iQA

PT V Zoc.ZOuee u~XO:Z.l,saeqa

209A7 AD%8
caW eQ OH 6 SH'o S

B-25



NEDE-10168

Dye. PSAHeWQa WsiECZ~o&AiN~Mu E pc ~NT

LEFT
iSO 90" $

0'EMAPK%:

PH.oYc) 4-4 GHovJ+ 90 LEFT >AQckY(QQ

2.09A 7 1 48
Cpaq Oll \V t Se QO, 6

B-26



NEDE-10168

DYE PE.HEYRKM'7 lAsPRcxiQQ-QiNE, g(cK PQi47

LE.V"T

|So
%it ST

lho'TAIL)LEGS

SWED

CAP boM wTF Zi

REMARKS: PHOQQ 0-5 SHQ4JG F|'QWg IWOiC.VPoQ
A,FTt:- R .020 G RIND IN DICATION GE. TTlh1 Q
sMALLER.

Pp BROS.QQQQK USE.D . <i<Q5,+0

ZO 947 I 4 8
Cou1 ou gH, 8 ZS No 7

sled:7cH

8-27



NEDE-10168

DY~ P~u~xWN iAw~woA-64. w|| e voiVT
&V-TISO'ROM/ 90

GYAlQLESS STE:EC

vfQQQ

Cb,R,Q,oM W'.E~

REMARK'Homo 4M &HouJG eaooT PisHT IQbicATioQ

8-28



DvE PEAE5RKNH lAGPEcTtQA-CQE. the E. PQw v

FRoQ+ 90
Qt'HW

'tBo

SWMQCE~S SWHl

(oe.m'irlc.aziOA: Qaa-VE.s~Zt HE& <kFE E.AQ )-D.
l4 %Pic'T>04 DAZE.. 3-2 l- lo.
e7 t~
RKM4RY'5 'AGTo 4- t sHo4~ PeonT vic~T iuecariow

Pr PPO~E.OVKt- UMD: Ql48$ 7O

Z.O9A7 (48
|.oOq aQ 5W rO SN Ao. 9

B-29



NEDE.10168

OVE t EWETaam WaeaCTlpg-ONE. Mu a mar
LE.FT
LB'' vQoAr

etc Hv
fQ b

'5%A(@LESS STEEL

CARSON mme

lDEMT'tPlCKYtQQ- b1 tQ-VE.WHEAL HE.A,D GAFFE. Kg~ '4D.

IQSPFCT104 GAY'E; 3- l-1o
5 t - g.E.

R,9M4RK> PH(37O 4- 8 '5HOVJ& FRONT Q.LC)H 7 'lQ'bl C.K7loh).

PZ FRoCKoURR UK.c:z(kB57D

909/7 I 48

B.30



NEDE-10168

Rk4KT

(So'A,PboQ

arE.EL

2. O 9A7 I 4„8„
9<EzcH

B-31



NE DE.10168

DYE. PE.NE tRKHT tNSPECTlON-NiHE. 'NILE POINT

LE,'fTlSO'0 pe
oaN

160'

x ggry

PX 4 < KXPCX
JtXK g'g~px'pCXA

"""5"""„'TJQALESs STKt.
WE.LQ

iDEtdTtFiCAtiON:N-tN -QESSEi HEND SAFE. END e Q.
tt4SPQCT1QN OAT E- 8-5e-10
BV: g.q.

R.E,M ARK%: PHOTO 5-i 5HOWs Go Rl&H7 IklQlCAflOQ
PHOTO WZ %HO'AS ISQ 4'EF T 14D1 CAT, >0M
PHOTO 6-'I SHOWS LE, FT 90 AFTER GRIND

P7 PRdCE,DURE QSED" 'Zlg8~70

roeA7t48
C5~II Oll %II PK %II.MO.

%

E'HACH.

B-32



NEDE-10168

DYE PBleWRkm )MOPE.C.TlOA- AOK M<n 1- e(m
LEFT
l8Cf'0 FROWST 90

pK

lQEKDF1CKT(OQ: Q7P- VESSE.( H,E.KQ 'SAFEEQD C).D.
lASPKT(OA DAVF -. 3-3o-OO
tY '~. ~a
RXMMKS'HO70 %-5 SAGES 90'(FX (QO)CATING

peeve w-q aRogs ecP LiFT (Qb(c.axioms

F7 PROCEDURE'SEQ 2.lA,85 tO

Z0 947(48
cpu ourn f4 ~., Mo. 13

sa<Tco

B.33



NEDE-10168

DYF PEWFTRICY4AGPEC'TOM-WOX Mls. PQlNT

LEFT
.lSb~ PgOAT

Rl~HT
l8O

pep'PP~~ KKm<g~~grc~~g <gy. Y~WA~a gQ

WELD

lOKNTipl| 8 toN,:NlR-QES~B HCAVY ~APE END O.O.
LNSPKCYiQ4 C kW' ~ So-7@
Bg -.

REMARKS:PHOYo 3-& MQQs R',AT GQrT iAbichri0%
PHO~O &-2. SHOVIS Riser FROMM'r~an a~IN~,

WZ E RDCmu~E, Vst-:u- 2l KM fO

209A7(4 8
Coos~ %8 IC %H ~ 14

8.34 '



NEDE-10168

MFT
1.60 90 90

@CHT
l8o

g.„STM
)cx+ v„Qgl p x

x&7 KKPXAg~ex'x < w x< ><< +xp p„" |.

j( K 4 K x x x )c%. g gA Jc)c x Jc 8 pc K xQ
WEE Q

iDEhJTlFlCKTtON- 'hl 75-VESSB HKKD SAVE FNQ C).D-
lNSPE,CTlOQ DQE,: S-Q,- lb
SY -. g.P. ~~
REM4RK5: PHOT +-6 SHWlS FRQL)Y PlC HT OJQ/C.A'7'lOMQ.

pv,ohio 4-3 sHoWS R16HT'Ro»T'P'Tag c;~::i,'>

PY PPPCEOURE USED: 2'IA,Ba7o

20 9A7l 48
cour ou ~ 14 <H ~ t5

SKETCH.

8-35



NEDE-10168

DyE. PE,QE;7P ANT 1N5PE.cTiQQ-N94 MiLE, PQ)HT

I arT'80'o'R,our 90'IG%180'
w + )Cv' X X P xw x~~+xx'x xM

+X g )c < Y M g x ++ +pX ~x, >c ~ ~ x' oc

„V'
7<p,~+XVX~+Px'~g~~p'Xy~~y,~

XM
X~
v~ X ~ P m ~ W yx'~~>M< < W ~mgXpw~x x x w < x'x'x'K v xy'X X )( ""A

X

~ x

Y A/x'AXED ~
~ p'g

p Y x''

x x x x»» y "~ x' z X X X'

xxx„/gal> <Nx x p'c~x Xx

„,<~~> x>~
x

STAMlE.SS SATE.EL

(DENT(F(CQ"le: Q t5-VE,%S'IL gEAO ~gpf pgg a.o.
'lhlSPE.CTIOQ DA'7E.: 5-So - 7o
6Y g.P. ~4 n

~W~RK+: PHG'TO 'B=t +HORS 90'IG''7 lg'51CA+IOhJ
PHOTO 6-4. SHOVES LeFT F'RONT AF'TE'R LIST'R)QD,

Pz PRdczQURE. QsED-2,L 46%7o

209',7 l48
t:om co M l1 s~ 4+ I

SK,E.WCH.

B-36



NfDf.10168

PROD T 9o
R<t-Hf

IBO~

X )Q(g

"x
X

k'TM
SYL

M+ X x'xxx ~XX xX'X. ~XX+ ~x
)c Y g )( x <~ ~~pc)cg Y X

+p+'(~P' < X» ~ ~~~r ~yP'<yx
++4'''+xpe ~~ ~xx r~w>++ '< m++rx

CAR.SOh) 'STEED

pzewzae.- pHcZO S-a, WHnU5 FtouY 4eFT lQnicAZiaQ,
P A Ol O s - r a ROWS RiGHT iZO4 AFTE'g GRIND
LE SS lhl DICATiOht A,F'TE'g G RIN D,

V'7 V'ROCEoQRE Qan - 2L Kaama

2.0 9A7 I 48
coQ oQ %t f %4'. Ao. i7

sKgcA

B-37



NEDE-10168

DYE PEhK~ R4N'ihEPECYiQM-6UE. Ml'LE. POiMT

LE%'T
<Go goo FP.ONT pe

RlGH'7
(50o

SvatNl ezs ~~azL

C-KP BOO 6 TE.E.4

loam'T>Fice'Thou: Qs-VEssec HE.<D sAF's cab o,o.
)RE F CTtOQ DP.TE.-. a-so-~o
eY: Q.s.4'-
PEMARK%'- PHQYn 6-9 GH&vJs 90 LEFT >QDlc.KwioQ

P% Pznmouws Qszs.- 2,(Kssva

2.09A7 (4 8
cearly eu ~.F <H

8-38'



N E DE-10168

tfYP TITLE

GEHEESL ELESTlllC ZO'9A70 5 6

209A I056
CONT ON SHEET Q

DRYER SUPPORT BRACKET.
FIRST MADE FOR N MPH 5

REVISION

XXXX

COLLAR

XXXX

cuG L

lDFNT1FlGATION: BRACKET 5 SO AK1MU'TH

INSPECTION DA,tE,: 3-St-gg

av; R.a4 h ~
R'EMARKS- PiC'TURF 4-9 SHOVES FRONT FACE, INDlCA7'lON

P.T. PROCEDURF USE,D: 2lABS7O

5qene M7, 191'l
$ .7-7o p 2d ~

St SOS.WN (~ 44I
tNINTSO IN V.O.A. CHKO SOa.

P Q Q Onr.'Oa

SAN, JOS'E LOOITION

PRINTS TO

209A70 5 6
CONT ON SNffT P SNNO

SKF TCH

839



NE0 E.10168

GENERAL ELECTS IC 209A7058
NKVA

209A7058
CONT ON SHEET Q SH HO. CI

TITLE
CONT ON SHKKT g SHHO. ~
Ar KET

REVISION

DRVER SUPPORT BR
FIRST MADE FOR N MPN 5

coL.LAR.

Vl

0

(LI Xyg
g QJ

<) lU
IE. 8

L
LuG

1DKNTlF)CAT10N: BRACKET S 230 AZ.lMUTH

1NSPE.CTlON OA,TE.: 9-Si-10

Bv: E.s.4' m

RE,MARKS: O1CTUPE. 4-11 SHOWS WELD )ND>CAT101L1

PT. PLOCE,DURE. USt 0 '1K5570

u-r rO <ir~» SAN JOSE.

PRINTS TO

209A7055
CONT OH SHKKT SHNO. Q

rr.eos.wr Ie.ee>
reIHTco IN v.e.A, CHI<b

I p sKETcH

BRO



NEOE-10168

ALGA

209A I05B
CONT oN GNEET P CNNo. 3

TITLE

GENECAL ELECTIIIC Z09A705 8
CONT ON GNEET P GN No 3

REVISION

DRYER SUPPORT BRACKET
FIRST MADE FOR N MPN S

COI l AR

2
0

X

'Ql u)
Og

"J
LUG

IDE.NTIFICATION: BRACKET 6 3 I 0 AZIMUTH

INSPECTION DATE. l 5-51-70

BY; BJ„Mk

REMARKS ', P I CTURE. 0-'IO,SHOSS LOV/ER INQICATIO't4

PT. PROCE.DURE USE.O ' I AS 570

7, l97o
y- g-Zo yypggo

~t.eoe.wr I~ .eeI
eaiNrc'o LN v.'e.*. CHYLE ~W

~ P QQ owoe

SAN JOS'E LocATION

PRINTS TO

209A705 6:

SKE.T,CH

BQI/B42
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NE DE-10168

SLY
NO. TITlE

GENERAL ELECTRIC 209A7O59
CONT ON SNCCT Q SN NO.

Z09A1059 GUIDE. ROD SUPPORT BRACKET
FIRST MADE FOR N MP NSCONT ON SNCCT

REVISION

7
C~

8

K

.50

)> p

)
TOP

lDEklTlFlCAT>ON; BRACKF'T I 0 AR I MUTH

lNSPE.CT lON DATK' 31-70

BY: '(2.8.~~
RE.MARK5'lC:TURE. 5-9 SHOIItbtS lhlDlCtIITlONS

014 l QFT SlDE.

P.T. PR.OCR.DURE. USE.Dl 2l A 8510

AgC er

ISSVCO

rr.eos.wr ( ~ .Sey

7 'l97o * +P KD ocrT

p p i SAN JOS E, aooenoN

PRINTS TO

2 0.9 A.70 5 9

SKETCH

B43



NEDE 10168

RfV
HO. TITLE

GENERAL ELECTRIC 209A7059
CONT OH SHEET P SHNO. Q

209A7059 CUlDE ROD SUPPORT BRACKET
FIRST MADE FOR N MPNSCONT ON SHffT P SHNO

REVISION

PlC:TuRE. 5-8

TOP

cA2
OI

~PauJ
IX uJ

~(n
IJ-
0

,Z5 I

TOP

Pl CTURE. 4-12. <x
'l
r

X

1DENTI F I CAYlON: BRACKE T' 180 AZIMUTH

WSPECT ION DATE '-51 -"IO

9'Y I R.K.~~

REMARK5'.T.

PROCE.DURE. USE.D l 2.)A 8570,

R
rr 303 Wt I~ ~ 33
AIIIHICOEH U.H.A, ~g'gQ~~~

~)VS ~X '7, 1910 P +Q OWOR

JOSE LOCAIOH

PRINTS TO

20 9A705'3
CON'I ON SHEET SHHO. C3

SKE.TCH

844



NEDE.10168

NCT

209A7 I 60

SEIIEESL EEECTIIIS .,Z09A7 I 60
CONT ON SNCCT Q SN NO.

GUIOE; ROD SUPPORT BRACKE.T
CONT ON SNCCT P SN NO. FIRST MADE FOR NMPNS

REVISION

VESSF L

FIRST PT. SHOWN l .

PHOTUSRAP,H NO 7" I „.

TDP VIEVV

QA
'AFTE.R .OIO GRIND

LE FT 91DF
V le

CLADDING

P LINEAR INDICATION.
I PHOTOGRAPHS NOS 7-24 7-5

kVOW PTOFARCA BEFOG WD

IIE

LY

bl
Q
0

~ ~ r

I
r g'r ~ ~

INDICATION5 AFT~~R ~.OIO"
GRIND AND 5KCOND PT
SHOWN IN PHOTOGRAPH No7-4

,AREAS 5KLECTED FOR
,Z.VALUAT(ON BY
GRlh4 DING SHOWN
IW eHOTOGRAPH NO 7-3

AREA 5ELFCTED FOR IvIETAI.LOGRAPHI
SAYIPLE SHOWN IV PHOTOGRAPH 807-S

(Samel a ~ e)

KXANlhJKP LEFT 51DE OhlLY,
INCLUDING SHOP lh/ELD 0 FlKLDWELD.

LOCATION: VESSEL I. D. BRA,CI(ET S 0 AZII4UTH
INSPECTED BY /8 ~~y~~rr OII rI/l2/70

TO P. T. PROCE.DURE. NO. P.IA85 /0

~u APRIL IlsIII9$0 /WgC

rrwsI-wh (GATI
rINNTCO IN V.S,S,

'
P E' OIV Oa

Dfrf.

5AM JOS F ~TION
Z09A7I60

PRINTS TO I
l

B45



NE0 E.10166

NET

PO9A7lh )

GENERAL ELECTRIC 209A7(60
TITLE

CONT ON SHEET F'N NO.

GUl DF ROB SUPPORT BRACKET
CONT ON SHEET F SN NO. Z. FIRST NAOE FOR N M P M S

REVISIONS

TOP VIEN/

RIGHT SIDE,
VIEW

CLADDI IAICI VESTEE L
PHOTO|" GRAPH NO.I-e
SHoWS AREA PRiOR

TO GRIND.

LU

CL

e IOpI,~ ~ ~

~
I ~

~

~ Il
~ I ~

I ~

g ~

KXPLORKD TWO TYPlCAL ARKA5 BY
.BIO GRIN'D —PT INDlCATIONS

%TILL PRr5ENT AFTFy GRiND
AHD GEcoQD pT-.

EYANINFD RIGHT 5lDE ONLY
INCLLJDIklG GIROP WFLD ANC> PIKLD
WFLD AS SHOWN IN PHOTOGRAPH N< 7 7

LOC.ATION: VESSEL I. DivBRACKE.T O'80 AZ)MUTH
IN SPECTED BY: /~~~y~m ON 4/IZ/70

TO P.T PROCEDURE. AO. 2IA8570

.wa APRIL. ITTO /I7+ APED
* gg ~ SAM JOSE, LOCATION

PRINTS TO

209A,7)60
TNA01 WA (MT)
~N INTRO IN O.S,*, IR

646



NE DE.10168

ALT j5

209A7l6l
CONT ON ENACT Q CN NO. l

CEEEEAL ELECTCLC QQ9+7[ QI
TITLE CONT ON ENEET Q CN NO. l

STEAM DRYER SUPPOR;7 BRACKI:-T
FIRST MAOE FOR NMPNS

r
LINEAR INDICATION Ful.L
DE.PTH OF COLLAR
AT WE,LD ROOT - PHOTO MO. "I-8 BOUILIDARY.

COLLP,R 0
—

OF SHOP
WELD

REVISIONS

PREViOUSL'f
REMOVF D

FOR YET
SAMPLE

LUG

LOCATtONT VESSEL I. D, BRACKET 5'O AZIMUTH
INSPECTED BY /Kj4~~ ~ ON 4/l2/70

TO REQUI&hhENTE OF PT. PROCE.DURE, NO. 2IA,85'70
EXAMINE.D ONLY AREAS INDICATED

LEE
'I

PY~ TIA (~)
TTIINTCO IN U.O,A,

APRIL llT197O AP P P OLE oa

SAM JOS E LCCATLCN

PRINTS TO

. 209A7I 6'l,

847



NEOE 10168

Ntv
NO.

20 9A7l &l
CONT ON SHEET Z SN NO, 2.

GENERAL ELECTIIIC 2.09k,7!6l
TITLE CONT ON SNttT + SN NO. 2

STE.AM, DR'YE.R SUPPORT BRONC.K.<T
FIRST MADE FOR NAPLES

/is /8 BLE.ED OUT-PROBABLY
WELD ME.TAL DEFE'CT OR
OYERLA,P. DID gOT EXPLORE

CQ.LLAR—
BOUNDARY 0 F
SH0P v/ELD

I

/Ia DIA BLEED
OUT- RE.hhOVE D
BY LlGHT GR IBID

(-o.oos")

CRATER-UKE. DE.F ECT
II'ESSE'L CLAD-HEAYY
BLEED OUT FASR) CATION
DEFECT- DID HOT GRlt ID

X

REVIS(ON

LLJ

EL

LUG

LOCATlON: VESSEL l. D, BRACKET6 230 AZIMUTH
INSPECTED BY /Q+~ ~. ON 4/I2/70

TO REQUIRELfENTS 0'fPT. PROCEDURE NO. 2IABS70
EXAMINED ONLY AREAS INDICATED

FPAC4WA (547)
~NNTTSO IN U.S,*

APRlL 17,I970 jP+ APED
/u T0 .SA N J OS 'E

LOCATION

PRINTS TO

. 209A7I &l

848



NEOE.10168

NLV
NO.

... 209A716(
CONE ON CHER P CN NO,

GENEGAL ELECTGIC QQ9A7 ( Q(.

STE.AM DRYER SUPPORT BRACKET
FIRST MADE FOR W M P ILIS

REVISION

LEFT SIDE VIEW FRONT VIK4

cot.uR BOUNDARY OF
SHOP WELD

LUG

'x
-3'iI -J'S DIA
BLEEDOUT
REMOVED BY
.OIO GR I N 0

Y8 LINFAR BLFEDOUT-PROBABLE WELD METAL
DE.FEC'TS; STILl VISIBLE, TO UNAIDE.D EYE
AFTER .OIO GR)IBID BUT NO BLEEOOUT AFTER P,T,
TEST;THEREI.ORE IMDICKQONS INTERPRETED AS
FAIRl Y BROAO SHALLOW YVES C OaFECT.

LO"CATIOILI VESSEL I, D, BRACKET S 3IO AZlbhU'TH
INSPECTED B I+6'~+@~ ON 4/l2i7o

TO REQUIREhhdNTS OW P, T. PROCEDURE NO. 2IA8570
'XAMINE,DONLY AREAS )NPICATED

I

QE V

tv~ Wi LmEL
~NINTCO LN N.O.A,

P,Pg)( Iq lggy gP g P
ow ~

I(E > SAILI ~1 OS E LocaELGN

PRINTS TO

2,09A7 l &l

8 49/8 50
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NED E.'l0168

GENERAL ELECIIIIC zoek r lc.2
IILV

,2QB k7 I Ca2
CONT ON GREET 2 ANNO.

TITLE

CjUIQE RQQ KUPPQRY BR.KC'Kt=7
FIRST MADE FOR NM|r NS

REVISION

~iop vow

Cl KQQit4Cj

MO lkblCKTlONS

Il-it-~E

~LEFT SiI IR
VlE.VI

qua WO lVWaSguaZS ZemOVai. OF Hwn<OVZZZ H O2
TSP lNHlBl'YDR. lNl714 PT EXAMlQCiQNSAOV454 NUM-
EROOS lWD>C.KVlONS OVER. MUC.H OF QRFKCE —%UK«
P~Cr POOR CLaaWiNG nOa.ZO Was We OaWWq ~C
tO SURFKC.'E WHlCH VVA,S HOT REKhlLE RE,l4OVED eH
PKQKVRKNY CLE4NER, —MECONCh 8'T AFYER. CARE'PUL
CLFkNiQQ '7O REVUE. T%W %HO'ONED NO lAblCKYlOt45-
EXKhAiNk71QN Mt:LUNACYALL, KR.@CD'E7 QUR.FKCEQ
PRObh %OF O'F 6'AD'9 WELD 70 706 OF FiELQ 'INK,LQ-
4W A. RE&UL7 DR'YW% EXAM(MkYiQQY'A4CiEKN>f44
PRCICB'COLITIS POP. h'iQ l.C). BUR'EXCELWA% MOb)ViEM
XO iQCLUah, POr4~iMQ WA.H H~o SOWKhn RKQ V RlOR.
TO eiaxeil4q WnA 1 EeatskQt CL~KNaZ. ~C l~ WC

LOCkTiON:VESMLi.b. BRICkE. T 6 0 A'ZlMU~
'~+P<~<>>~ @+~~+ " '~ ~ ~o V V.waOCZmewl4- PS;) PRINTS TO

A@I( /8 INTO /gg K tE E, Q) oeoR

Fl'OA VVF I~ GGI
FINNTKO IN V.~ .A

CONT ON GHECT 2, CN NO.

P oBK7i@z

0.51



NEDE.10168

R[V
HO.

CONT ON GREET P GHHO.

TITLE

GEHEGEE ELECTRIC

CONT OH GHEET P GHNO. P

cjUi'DE. RQQ SUPPoRY BR,@CREST
FIRST MADE FOR Q MP Q%

REVISION

~PVIeW~
Chkhb) t4Q

h10 dwelt"kwtogs

/I-/0-ca

N

3

2
g
ul
0-

RlQHY Slb&
VIEW~

PT BXWM,iukr<oM ~vwaa. c~azwu~ c~|-WNimq w~
, v aa. Exam.iaAce. oM, o wzivu~Rgu>vs ~on

B,R.KCKEY.YCO REMOVE. ~P WRC.iO%~ NO 1NDiCKY(ONS
—BXkbhlMA')QN iACiUQKD ki4 BRONC.XE'T KURFKCKS

'P.OmrOEOe +HOW cake>OWOa Or- ~iEin Wain.
UOCÃr<ON: VBMKL).u. SR.KCKH CI >SO KZlbhU'7l

!ASPECTS'BABLE: " ~ ~'41'Q )II->3-GS
TO ~ PR,QCB,OUR.E N~ PS-)

NADC 41

IEEUED

rs"eoe.wR Ie.eeI
RRINTRO IN U.e.e

A,PELT Q IQgCE RPRRDYRle

OERT

GkQ 4 0%'6 EOCRTIOH

PRINTS TO

209 4 7 ( &2.

B 52



NfDf-10168

209A'7153
CONT ON SNECT g, ANNO.. I

GENERAL ELECTRIC 2.09A7l55
ULTRASONIC INSPECTION

FIRsT MADE FDRNIIIIE. MILEPOINT ILLIUCLEARSTATION
Q:00 9:00 IZ:00 3:00 4:00 —O'0 OCK

CARBON 5TEFL NOZZ.LE

SHOP
WELD

REVISION

gl

z

3
LIIa

SAFE.
FND

N »Nial Nk ITTL N N K»NNN.NN N, FIELD
W LQ

IDENTIFIgAgI0g RECIRCULATIW OUTLET MIA
INSPEGTFD BY TG LAMBERT Dg~E ./ARCH 0, I%10

IILIDICATION LOCATIQM POSITION AMPLITUDE(7»OF 57o I.D. NOTCH)
I FIELD WELD 8- IO 75

3 FIELD WELD 2-6 25
FIELD WELD 25

EIEMAIEK'S: I DIRECTIOLI OF SOVND PROPAGA'TIOM

UT PROCEDURE.: 2IASSR2. REEEt.a AILIGLE BEAM ONLY.
PRINTS TO

NIAL'R. 27, I'l10

JF»OS WF IS SS)
»»INTAD IN vn.*. CHK DL

APE Q onr os

'5AN JOSE. LDCATLDN

2.09 A,7 I 5'5
CONT ON SNEST 2 ANNO

B-63



NE0 E.10168

ssv A

20&A'7153
coIIT oiI CIIEET 3 sii iio., 2

GEIIERRL ELECTRIC

KOALA

t15'5

ULTRA50NIC 1NSPECTlON
FIRsT MADE FDRNINE. MILEPOINT NUCLEAR 57ATION

Co'.00 9:Oo IZ.:00 '5:00 4: 0 —O'LOCK REVISION

CARBON 5TEFL NOZZ.LF

SHOP
WE.LD

SAFE
FND

FlELQ
WE.LQ

IDEMTIFIggylog RECIRCULATION OUTLET N IC

INSPECTFQ aY. TG.LAMBERT gg~E MARCH I+,1970

INDICATION LOCATION POSITION AMPLITUDE(7oOF 57o I.D. NOTCH)

I FIELD WELD 2:30 75

REMARKS: f DIRECTION OF SOUND PROPAGATION

UT PROCEDURE.: ZIASS R2. REV. 0 AtEIGLE BEAM ONLY.
PRINTS TO

/EIhR 27, l~lTP

~iiivso Lii v' A CHK DL

APE D on( oa

'5AM J OSE. LocsTioii

IR

2.09 @7'l 5E

B.54



NEDE-10168

ALV A

20'9A 7153
coNE oN GNEEE 4 GNNo..3

GEGEGAL ELECTGIC 209 A715'5

ULTRASONIC INSPECTION
FIRsT MADE FDRNINE. MILEPOINT NUCLEAR S TATION

6:00 9:00 IZ'.00 3:00 4: 0 —O'LOCK REVISION

CARBON 5TE.FL NOZZ,LE

5HOP
WELD

IEI

EII

3

SAFE
END

K k lg K I I lC FIELD
WE.LQ

IDP~TIFIggylag RECIRCULATION "'UTLET NI 0
INSPECTED aY.. TG ..I,AQPFRT. gg~E.MARCH l4,1970

INDICATION LOCATION POSITION AMPLITUDE(7oOF 3% I.D. NOTCH)

I FIELD WELD SCATt ERED 'O

REMARKS: t DIRECTION OF SOUND PROPAGATIOM
e

UT PROCEDURE.: 2IASSR2. RFV.O ANGLE BEAM ONLY.
PRINTS TO

MAR U, t'LTD

FF SOS VVF I~ SS)
~ PAINTED IN U.G.A CHlC bs

APE Q oLv oa

5AN JOSE.
2.0 ) %71'5'5

B.55



NE DE-10168 h

RRv

GENERAL QS ELECTRIC 2.0 )A,7155

209k, 7153
CONT OH 5HTCT 5 RHHO.. 4

ULTRASONIC lN5PECTlQN
FIRsT MADE FDRNINE. MILF PDINT NUCLEAR '5l'ATION

:00 9:00 . "IZ.:00 3:00 4:0 0 —0 CLOCK REVISION

CARBON STE.F L NOZPiLF

SHOP...
WELD

Ul

Ill
III

3
W

GAFF
END

FIELD
WE.LQ

IOPMTIPICgylag . RECIRCULATION OUTLET N I'

IMSPFCTED BY..T(j LAMBERT DATE@ MARCH f8,1970

INDICATION LQCATIOM POSITION AMPLITUQ~OF 3% I.D. NOTCH)
I FIELD WEL0 Il-I2 60

IISMARKS: t DIITSCTIOM OF SOUND PROPAOATIOM

UT PROCEDURE: RIASSR2. REV,O ANGLE BLAM ONLY.
+

fAAR 2l, I 'L1O

PRINTS TO

RF.ROR.WF (~ .RR) g~I~oE .
RNIHTRD IH M.R.A,

I)C 10LN) NO.

B.56



GIIEDE-10168

ECV A

209A 7 I 53
CONT ON GNEET Q GN NO.

GENTEEL ELECTRIC 2.09 0, 715'5

ULTRA,SONIC INSPECT I.QM
FIRsT EI DE FoRNINE. MlLEPOINT hlUCLEKR 5TATlON

Q:OO 9:00 IZ:.00 3:00

CARBON 5TEEL NO2Z,LE

0 —O'Cl OClc'EVISION

SHOP
0/F LO

3
LLI

3.'IC

KCC IC K
XX

FIELD
'EME.LQ

I
PECIRCULATIOM INLET, M 2 AIDEMTlplc&'ION

INSPECtED aY TG LAMBERT QA;rE MARCH iA;$70

INDICATION LOCATIOM POSITION AMPLITUD~OF 3% I.D. NOTCH)
2 FIELD WELD 7 SO
3 FIELD WELD 12 "3 IOO
I FIELD WELD 3 50

N<MAICIC'S: t DIECECTIOM OF SOUMO PROPAGN'IOM

OT PROCFDURE: ZIASSR2. REV,O ANGLE BEAM ONLY.
PRINTS TO

ILAIL27I lglo

~ 'hlNTCD IN CI.N.A, +H~ ~IPI400$ .VVF Ih.hh)

I

gPEQ OIV Oh

'5AM J 05E. LOCATION

ZO ]4 ll5%

B.57



NEDE-10168

sst A

209A'7 I 53
co~a OM sIIca 7 sIIIIo.. (o

GENERAL Qg ELECTRIC 2.0 )A,Ul53

ULTRASONIC INSPF CTION
FIRsT MADE FDRNINK MILEPOINT NUCLEAR STA'TIOM

P:OO 9:OO IZ:OO 5:OO 4:00 —O'LOCK REVISION

CARBON 5TEEL NOZZ.LF

SHOP
WE.LD

Ul

P/I

5

3

SAFE
END

FIFLD
WE.LQ

IgPgy(FIggyI0~ RECIRCULATION INI ET N 2 B

IMgPEgTED P~ TG LAMBERT .... DA"TE MAACK IS,1970

INDI|'ATION LOCATION POSITION AMPLITUDE{7oOF '57o I.Q. NOTCH)

I FIELD IIIIIELD I2.- I SO

RKMARK5:I DIFIECTIOM OF 5OVMD PROPAOATIOM

VT PROCEDURE,: 2IA5592 REV,O ANGLE BEAM ONLY.
PRINTS TO

~8 E.1, l9To

tt sos wt Is ~ s) AH@tlllNTCO IN U,~,A

APE@ wvoa

'5AM JOSE. sou|ION

ZO9K7 I 5'5

8-58



NEDE 10'l68

Rtv tI

209@ 7
lb'ONT

ON CRttt 8 GN NO. 7

GENERAL ELECTRIC 2.09 0, 715'5

ULTRASONlC INSPECT lQN
FIRsT MADE FDRNINE. MlLEt OINT NUCLEAR STA'TION

4.00 9:00 IZ.:00 3:00 4:0 0 —O'0 OGK REVISION

CARBON 5TEEL NOZZ.LF

SHOP
WE.LD

X K KVa a8ik
FIELO
WE.LD

IgPMgIPIggylag RECIRCULATION INLET N C 2

IggPPggP~ P,Y TG LAMBERT ~ gg-TE MARCH IS,1970

IMDICKTION LOCATION POLI'TIOM AMPLITUDE{VoOF 37o I.D. NGTCH)
I F IIELD WELD 7 „50
Z FIELD WELD I2.-3 75
3 FIELD WELD I-2 50

REMARKS' D)IEECTION OP SOUND PROPAGATION

VT PROCEDURE,: ZIASSR2. RFV.O ANGLE BEAM ONLY.
PRINTS TO

mM, n, I'ITO

tt ROT Vtt I't)
PAIHTEO Ik U,~,* CHIC Dt

APE Q oe oR

'5AM J OSE. LICATiOR

ZORK7'I 5%

B.59



NEDE-10168

RET
A

2094'7 I 53
CONT OH EHCCT 'Q EH HO., 8

GEIIEEAL ELECTEIC 2.09A t l 55
.ULTRASONIC INSPECTION

FIRsT MADE FDRNINF MlLEPOINT NUCLEAR S
TAG'ION''.00

9:00 IZ.:00 3:00 4:0 0 —O'CLOCK REVISION

CARBON 5TEEL NOlZZ.LE

SHOP
WF LO

I/I

r
R
3

A

KWL%HP HFTLH
FIELD
WELQ

4 2. 3
IDEMTIFICATION R ECIRCULATION INLET N 2 D

IMgPFCTED pg TG LAMBERT Dg~F MARCH I3 l9IO

IMDICATION LOCATION POSITION AMPLITUD~eOF 37o I.D. NOTCH)
I FIELO WELD II 50

FIELD NF.LD l2" I 75
F)ELG WELD 3s - ys 75

+ FIELD VlELD 8-10 I20

REMARKS: I DIRECTION OF SOUND PROPAGATION

UT PROCEDURE: 2IASSR2. REV,O AMBLE BFAM ONLY.
+

PRINTS TO

MAR 27 IS'70

FF 00$ WIP (E.EE)
~IHTCD IH U.S.A, ~H~ +

/PER ONOH

5AN JOSE.
2.09@7 I 55

8.60



NE DE-10168

E

FET A

, ZQ'3@7153
CONT ON CHEET Q CH NO.

GENTEEL�
ELECTIIIC 209A t l 53

ULTRASONlC 1NSPECT ION
FIRsT MADE FQRNINE. MILEPOINT NUCLEAR M'A'TION

6:00 9:00 IZ:.00 3:00 4:0 0 —O'LOCK

CARBON STEEL NOZZLE

SHOP
WFLD

REVISION

III
LII

fc
3

SAFE.
END

~C NTLN TL FIELD
WE.LD

+

IDENTIFICATION REClRCULATION INLET N 2 F-

INgPFCTE~ EEY TG LAMBERT DA~E MARCH IS, 1970

ItEIDICATI ON LOCATIOM POSITION AMPLlTVQE(TOF 37o I.D. NOTCH)
FIELD WELD 8 SO

7 FIElD WELD IO-23 25

+

REMARKS: I DIRECTION OF SOUND PROPACiATION
4

VT PROCRDURET 2IASSR2. REV.O ANGLE BEAM ONLY.
PRINTS TO

~ PRINTCO IN V.G.A

AR 27, l974 APED O~OC

5AN JOSE. LocATION

KOALA;715%

COC 10 NT NO.



NE DE-10168

AET g

209@7 I 53
COHT OH GHEET P GHHO. 30

GENERAL ELECTRIC 2.0 )A,7l55

ULTRASONIC INSPECTION
FIRsT MADE FoRNINE. MILEPOINT NUCLEAR STATION

3ED:00 9:00 IZ;.00 ZOO G:00 —O'G'LOCK REVISION

CARBON STEEL NOZZ,LE

5HOP
WELD

IEI

Ill

OE

3

SAFE.
END

IOEMl'IFICA'TION CORE SPRAY

INSPFCTFD BY T6 LAMBERT

INDICATION LOCATION POSITION
l SAFE CND 2" 5
Z SAFE CAD l2
3 SAFE END 9-IO

FIELD
WE.LQ

N6B
DAlE MARCH 7,1970

AMPLITuOEP OF 37 I.D. NOTCH)
200

60
200

ILSMAIEKS: t DIRECTION OF SOUND PROPAOA'TIOM

uT PROCEDURE.E 2IASS92. REV. 0 ANGLE BEAM ONLY.
PRINTS TO

M.AR 21,3970

tt 404.Wt (4 44) AH@'gtHIHTEO LH V,G.A,

APE Q onr oR

SAN JOICE.
2.09 A,715'5

B 62
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GENEAAL Q% ELECTRIC
IIUCLEAIIEIIERGY OIVISIOEI

ATOMIC POWER EOUIPMEHT DEPARTMEHT
San Jose, Calilornia

DOCUMENT NP 21A8570

APPLICATION

REV.

@SPECIFICATION QDRAWING

TYPE TEST PROCEDURE

DOgUI)PNT yIgLP SPF'CIAL LIQUID PEHFTRAHT EXQIIHATIOH FOR IHTERORAHULAR CORROSION

REV I S IONS

0 New Document

Pll (IRIXORY Is'~ " '" M JOIIN)N N j JQ[ $ tggg
/), A.

.R(V I S ION S TATUS SHEE T

coNI oN %Hill 2 ie No<



NEOE-f 0166

TFST PROCEDURE
TITHC

CEIIECCL @ ELECTCIC

ATOMIC POWER EQUIPMENT OEPARTMEEET

EHOC, Ho. 21A8570 Hov Ho
SH HO. 2 coHT oH EHcct 3

SPECIAL LIQUID PENETRANT EXl&llNATIONFOR INTERGRANULAR CORROSION

1. SCOPE

1.1. This test procedure establishes thc technical requirements for liquid
penetrant examination of austenitic stainless steel surfaces that. have been
or that are suspected of having been sub)ected to conditions that may lead
to intergranular corrosion.

1.2. This procedure is to be used as a discriminating means to obtain docu-
mentary evidence which idcntifics and differentiates between:

a. Indications which are characteristic patterns of inters-
granular corrosive attack on stainless steel surfaces And

.b. ',Other indications which arc characteristic of mechanicdl'f fabrication defects.

1..3.i As used in this procedures the term "Seller," refers to the orgAnization
performing the examination and thc term "Buyer" refers to General Eledtric-
Atomic Power Equipment Department San Jose, (specifically Design Engineering
and where applicablc,Purchasing).

> cH,+..

APPLICABLE IDOCULLENT~I CODES ~ AND STANDARDS

2.1. The lateso issue of the following documents form a part of this procedure
to the extent specified herein. If there is any conflict bctwecn this document
and the referenced specifications, drawings, and other documents;, this document
shall govern.

2('2. Codes and Standards
~ ~

American"qo'ciety o'f"He'cha'iifcal"'Engiheera Code 'for'' Nuclear Uessclss Section III.

3. PROCEDURE
l

'3. 1, Hater'isis

3'1..1...The matcrialo to bc used, for thc liquid penetrant inspection shall bc
of the .visible solvent removable dye pc'netrant type and shall be approved by
GE"NED.

GE-NED mat'erialo include the followingi .
s

a. Penetrant
'pot check SKL-S (Nagnaf lux)'or,„..

Dy-chek Penetrant, (Tur'co) .
',',

I

B.64



NEOE.10168

TEST PROCEDURE

GE II EIIALEI ECTElC
1

A10MIC POEELk EQUIPMENT DEPAAGuLIEE

s cc ~ No 2]AS570 plcv No, 0
SN edo, 3 CONT ON SNCCT 4

3al.l. (continued)

b. ~nerela er

Spot check SKD-S (Magnaf lux) or
Dy-chek Developer Nonaqueous (Turco)

'c. Solvent Cleaner

Spot check SKC-S (Magnaflux) or
Dy-chek Remover No. 3 (Turco)
Acetone, Tech. or CP Grade

3. 2. ~nl nln

'.2.1.All material„to.ebe examined by the liquid penetrant inspection.shall be
cleaned by dipping in a solvent, by swabbinrg w'ith a clean lint-free cloth satur-
ated with a volatile solvent, or by vapor degreasing. If a solvent is used as
a cleaner, all parts shall stand for 5 minutes after they appear to be dry. The
solvent acts as a penetrant and must be allowed to dry from all possible disconee
tinuitics.

3.2.2. Surface finish and cleanliness shall be such as to not interfere with an
interpretation of the results.

3.3. Test Method

3.3.1. Penetrant A lication. After cleaning the surface in accordance with
'aragraph 3.2, apply the penetrant tb the surface by either spraying or brush-

ing. A wet film of penetrant'ust cover the surface of the part being tested
at all times so that the penetrant is'ontinually fed into any surface discon-
tinuities. The penetrant shall not be allowed to, become dry or tacky. After

v-ajplication of penetrant allow 15 minutes penetration time,
&e

3.3.2. ~Te erasure. Tba para belna neared and rbe ldquld penerrene eball be
maintained at a temperature between 60 and 90, degrees Fahrenheit.

3.3.3., Penetrant Removal. The excess penetrant shall bc removed from all test
surCaceh by wiping with clean lint-free clotho moistened with the cleaner rc-
commendcd by the sige procedures. Avoid an excessive application of tho cleaner
to prevent tho possibility of removing thc penetrant from discontinuities, which
would cause a decrease in tho sensitivity of the test. It is bes't to dampen a,
cloth with the cleaner and wipe the part rathor than to L'lush the part with a
liquid cleaner. ~

2

NOTE

plammable solvents shall not be used near
opon flames or on parts;at an elevated tem-
perature.

e

gall 'i, '1969
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frec rags, paper towels, or normal evaporation.

3.3.5. Develo er A lication, Thc wec dcvcloper" shall bc applied fn a chin uni-
Enrm film by spraying or brushing, Pools of wet developer shall bc avoided to
prevent masking of indications. Afcer the developer has been "applied allow 15
minutes .for che dcvelopmpnt oE any indication.

I ~

3.3.6. Illumination. The test. area shall be illuminated for proper evaluation
of any indication.

3.4. Acce tance Criteria
3.4.1. Thc characccristic patterns of liquid penetrant indications which are in-
dicative of intcrgranular corrosive attack on austenitic stainless steel will
appear as:

a. A blush, script, or maze network of cracklikc indications
b'. A spot or linear indication that represents a single entry

point or line which opens to a blush, script, or Enaze netwo'rk.
upon removal of thc surface layer of a,fcw grains fn depth,

3.4.2. Liquid penetrant indications haying characterfstic,ocher chan .thosndes-
cribed in Paragraph 3.4,1 shall be recorded and reported to the Buyer, and fur-
ther work on such indications shall bc suspended. pending a Joint resolution by

,„the Seller and chq Buyer. Such fndfcstions must have w'oll established evidence
'that their pres'ence results from mechanical'or fabrication defects rather than
corrosion attack.

'

3.4 ~ 3. No repair welding or other types of repair are authorized, by this proce-
dure. The need fbr repair and the exact nature of the repair shall be determined
.from records of results of application of this procedure.

3.4.4. Any surface discontinuities remaining after thfs'invescigation shall meet
the acceptance standards'or liquid penetrant examinatio'n as specified fn para-
graph 5.8.

3.5. Se uence Of Examination

3.5.1. Records - Complete detailed records of revealed indications at each cxaEn-
inncion, as detailed below, arc required and arc necessary to dotcrminc thc change
fn charactcrfscfcs or change in size.of the indfcatfon's's they are explored in

. depth. EColor photographs shall bc Inadc nn'd recorded of typi'cal areas of corrosion
attack and of Inechanical or fabrication dofccts.

8.BB
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TABLE I (b) (continued)

Indication Action

(2) Evaluate thc results of thc rc-
dcvelopment of the indications,
as follows:

(a) If no indications are rcvcalcd,
the condition,is acceptable.

(b) If indications are rcvealcd as
described in Paragraph 3.4, they
shall bc reported in accordance
with thc procedure of Paragraph.
3.5.5. Other types of indica-
tions shall reccivc a light
grind of'.010 to 0.020 inch
depth in the area of the indi«
cation, provided removal of the
metal does not reduce thc thick-
ness of the part below drawing
minimum dimension. Aftcr grind-
ing perform a second liquid pene-
trant examination as specified in
Para. 3.3. Whenever grinding
cannot be performed because the
wall thickness is at minimum
allowed drawing dimension, rc-
port this condition to thc
Buyer for evaluation and further
instruction.

3.5.4.1. Repeat thc sequence of examination shown in Table I parts a and b (1).
At this time, if thcrc are any indications, they will require action as specified
in Paragraphs 3.5.5, 3.5.6, 3.5.7, and 3.5.8.

3.5,5. If at nny time during thc investigation it is obscrvcd that Tindications
have characteristics indicative of intcrgranular corrosion, ns described in Para-
graph 3.4, they shall bc recorded and reported to thc Buyer and preparations made
for their complete removal under an approved repair proccdurc.

3.5,6. Linear indicntions ahnll bc investigated by selecting typical indications,
as dcscribcd In Paragraph 3.5.2, and subjecting them to a second Iiitlt grinding
0.010 to 0.020 inch deep (hut not below approved drawing miniEGllm dlmenEEions) and
liquid penetrant inspection.,If indications have characteristics of intcrgranulnr
corrosion, as deETcrihed in Paragraph 3.4, follow thc, procidurc of Paragraph 3.5.5.
If indications stay linear, the nature of thc indication shall bc rcsolvcd by

JUL J 1969
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3.5. 2. It is important in following this sequence that on thc first liquid
pcnctrant examination any indication rcvcalcd shall bc studied in detail to
determine if tl<c indication is onc-of-a-kind or if tl<ere are. other indications
of a similar nat'ure. Hetallurgical sampling may be rcquircd to dctcrmine thc
exact nature, of some type of linear and spot indications, if so, it is desirable
to sample an indication that has bccn untouched (scc Paragraph 3.5.3). It is
equally important to establish the nature of indications from mechanical or
fabrication dcfccts to support and substantiate any arguments to the effect that
corrosive attack'as not occurred. 't is also important to follow the steps in
the sequence of examination including grinding so that evidence of corrosion
attack is not destroyed or misconstrued.

3.5.3. Where the need for sampling arises, the Buyer is to be notified of the
details and actual sampling shall proceed under direction of the Buyer,

3.5.4. Li uid Pcnctrant Examination. Conduct a liquid penetrant examination in
accordance'with Paragraph 3.3 and evaluate results in accordance with Table I.

CAUTION

In thc following dctailcd sequence of
evaluating penetrant examination results,it will be necessary in the case of muitiple
like indications to work on one to determineif metallurgical sampling is required and,if sampling is required, to take a sample of
an undisturbed indication.

TABLE I
LI UID PENETRANT EXI&IINATIONSE UENCE

Indication

a. No indications (no pink or red
discoloration allowed)

b. Indications revealed (any pink
'or rcd discoloration)

Action

Condition acccptablc

(1) Indications which appear as
described in Paragraph 3.4
shall be reported in accord-
ance with thc proccd«re of
Paragraph 3.5.5 ~ Clean tl<c
sur face an<1 disco) orat ion. by
dry wiping or dry brusl<ing, as
with a tootl<br<isl<. Ad<l more
dcvclopcr to thc:<rca "as in
Paragrapl< 3.3 ~ 5 to redevelop
thc indication without adding
liquid penetrant.

JUL 1 1S69
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3. 5. 6. (continued)

metallography examination of a sample removed from like undisturbed indication of'f only one like it remove sample of the single indication only after all other
indication types have been explored.

3.5.7. Spot indications shall bc investigated by selecting typical areas of in;
dications and subjecting them to a second light grinding 0.010 to 0.020 inch deep
(but not below approved drawing minimum dimensions) and liquid penetrant examina-
tions. If indications have characteristic of intcrgranular corrosion, as described
in Paragraph 3.4, follow the proccdurc of Paragraph 3.5,5.

3.5.8. All remaining indications shall be considered to be relevant indications
and their acceptance shall be judged in accordance with thc liquid penetrant
acceptance criteria of N-627.3 of the 1968 American Society Hechanical Engineers
Code for Nuclear Vessels, Section III.

JUL 1 1969.
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ULTRASONIC EXAMINATIONOF PIPE AND SAFE END WELDS

1. SCOPE

1.1. The ultrasonic method of examination described herein is applicable to safeend-t~pipe weld , pipe-to pipe weldsE and longitudinal se~ welas 1 pipe.

2 ~ APPLICABLE DOCUMENTS'ODES AND STANDARDS

2.1. The following references form a part of this examination procedure to the
cxtcnt specified hcrcin. If there is anv conflict between this document and the
referenced specifications, codes, standards, and other documents; this documentshall govern.

2 ', Codes and Standards

American Society of Mechanical IhLgincers, "ASME Boiler and Pressure Vessel
Code" Section III, Appendi~,

American Society of Nondestructive Testing NRecommended Practice for Non-
destructive Testing, Porsonnel Oualifications and Certificationu
ASNT-TC-1A and Supplements,

American Society for Testing and Materials, "Ultrasonic Contact Inspection
of Weldmentsu E164 latest revision

International Institute of Welding, AISI 4340 IIW-2 Calibration Block
Draft ASME Code for In-Service Inspection of Nuclear Reactor Coolant

Systems (Dated Oct. 1969)

3 ~ APPLICATION

3.1. The principal ob)ective of the methods given herein is thc location and re-
cording of indications within the weld, the host affected zone and the base material.

3.2. The examination shall be performed from the piping outside diameter following
at least one hvdrostatic test of the pipo and prior to placing the nuclear facilitv
into commercial operation.

3.2.1. For the detection of defects parallel to the weld, the welds shall be examined
by an angle beam from both sides of the weld.

3.2.1.1. Where geometric restrictions preclude examination from both sides of the
weld, the weld shall be examined bv a combination of an angle beam from the unres-
tricted side and a straight beam from the surface of the weld.

gAN 91970
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3.2.2. For the detection of defects transverse to the veld, the veld shall be
examined bv an angle beam from the weld surface with the beam directed along the
weld.

4

3,2.2.1. Where the weld surface roughness precludes examination from the weld
surface, angle beam examination using tvo search units one on each side of the
weld, oriented at 45 degrees or less to the weld axis shall bc used.

3.3. ThiIE eXamination method shall be used to perform the'preopezational and
subsequent examinations specified in Secti'ons ISI 230, ISI 250, and ISI 260 of
the Draft ASME Code for In-Service Inspection of Nuclear Reactor Coolant Svstems
(Dated October, 1969).

4 REQUIREMENTS

4.1. ~tant
4.1,1. Ultrasonic equipment meeting the requirements of ASTM E-164, latest revision,
shall be used.

4.1.1.1. The ultrasonic instrument shall be capable of generating, receiving; ampli-
fving, and displaving high frequency electrical pulses at energv levels compatible
with the required ultrasonic frequency and examination sensitivity.

4.1.1.2. Straight beam and angle beam tzansducers shall be used.

4.1.1.2.1. 'Ihe frequencv shall 'be 2.25 mUr. unless variables, such as production
material grain structure. necessitate the usc of other frequencies to ensure
adequate penetration.

4.1.1.2.2. The straight beam transducer shall be between 1/2 and l-l/8 inch in
diameter.

4.1.1.2.3. The angle beam tzansduccr shall be betveen a 1/2 inch diameter or
and a 1/2 by 1 inch configuration.

4.1.1.2.4. Thc beam angle in the material shall be 45 +3 degrees measured vithin
+1 degree with respect to perpendicular of the contact surface.

4,1.2. An ASME Boiler and pressure Vessel Code, Section III, Appendix IX Basic
Calibration Block shall be used as the primarv reference standard.

4.1.3. An AISI 4340 IIW-2 Calibration block mav be used as a transfer standard.

4.1.4. Glvcezin shall be used as the couplant, except in cases of rough surfaces
where heavy oil or light grease mav be used.

II~ 44EO4
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4.2. Surface Pre a ation

4.2.1. Base Material

4.2,1.1. The scanning surface shall be free of weld spatter, loose mill scale, dirt,
and other materials that would interfer with free movement of the transducer or im-
pair transmission of ultrasonic vibrations into the materials.

4.2.2. Weld Surface

4.2.2.1. The weld surface shall be sufficientlv smooth to prevent interference with
the interpretation of examination results. The weld surface shall'erge smoothlvwith the base material surface.

4.2.3. Surface preparation shall include the weld surface and the base material
surface on each side of the wold for a distance equal to two times the base material
thickness. When this distance cannot be achieved on one side due to the locationof flangcs or nozzles, the extent of-base metal surface preparation on the restr'icted
side shall be that surface which is parallel to the pipe wall,
4.3 ~ Calibration of ui ment

4.3.1. Distance Am litude Correction DAC Curve

4.3.1.1. To compensate for the actual distance traversed bv the ultrasonic beam asit passes through the material, a'AC curve shall be determined from a set of sidedrilled holes in a calibration block. The calibration block shall be fabricated
in accordance with Paragraph IX"343 of the ASME Boiler and Pressure Vessel Code,
Section III, Appendix IX. The largest amplitude response from the holes shall be
set at 80 percent of full screen height. A DAC curve shall be marked on the
graticule bv drawing a line between the peaks of the amplitudes obtained at the
various metal paths used. This is the primarv reference level DAC curve.

4.3.1.2. The amplitude of 3 percent outside diameter and inside diameter notches
shall be determined and recorded at the primarv reference level for the pipe wall
thickness and material being examined.

4.3.2. Transfer standard distanco amplitude correction curve: Following the cor-
relation of the responses from the 1/8 inch inch diameter side drilled hole in both
the 1-1/4 and 2-3/4 inch position with the primarv reference level DAC curve, the
AISI IWW"2 Calibration Block may be used as a transfer standard.

4.3.3. Swee or Marker Calibration

4.3.3.1. The sweep or markers shall be calibrated to indicate the metal path to an
indication producing area within the wold or base material., This calibration'shel%
be performed using the AISI IIW-2 Calibration Block.
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4.3.4. The beam angle of angle beam transducers shall be measured using the AISI
IIW-2 Calibration Block.

4.3.5. Recalibration is required whenever any part or components of the original
setup used for calibration is changed.

4,4, Examination

4.4.1. An le Beam Method

4.4.1.1. Prior to the angle beam examination, the area of the base materials through
which the sound will travel in the angle beam examination shall be'ompletelv scanned
with a straight search unit to detect reflectors which might affect the interpreta-
tion of the anglo beam results. Consideration must be given to these reflectors
during interpretation of the. angle beam indications.

4v4.1.2. Scannin sensitivity

4,4.1,2.1. The scanning sensitivity shall be equal to or greater than two times
the primazv reference level.

4.4.1.3. ~Ceveve e

4.4.1.3.1. Thc welds shall be examined from the outside diameter surface of the
pipe. The welds shall be examined from both sides of the weld with the beam directed
toward the weld and from the'surfa'ce of the weld with the beam directed along the
weld.

4.4.1.3.2. Where geometrical restrictions prevent examination from both sides of the
welds, i.e., there is a restriction to prevent placement of the transducer two wall
thicknesses from the fusion line, an additional pass down the center of the weld
using a straight beam shall be substituted for the angle beam from the restricted
side of the weld.

4.4.1.4. Scannin Motion

4.4.1..4.1. The weld shall be examined from each side for the detection of discon-
tinuities parallel to the weld by moving the search unit in an angulat'orv motion of
10 to 20 degrees, and an oscillating motion as the transducer is progresskvelv
moved along and across the contact area so as to scan the entire weld with 10 per
cene overlap of the transducer movement. In addition, the transducer shall be
passed down the centerline of the weld in both directions in a similar scanning
motion for the detection of discontinuities transverse to the weld.

4.4.2. Strai ht Beam Method

4.4.2.1. Scannin sensitivity

jj,j'1970
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4.4.2.1.1. The scanning sensitivitv shall be equal to or greater t'han the primarv
reference level.

4.4.2.2. ~Cavern e

4.4.2.2.1. The base material through which the sound will travel in thc angle
beam examination shall be complctelv examined.

4.4.2.3. Scannin Motion

4.4.2.3.1. The area shall be examined bv moving the search unit progressivelv along
and across a sufficient contact area so as to scan the entire area'with a 10 percent
overlap of the transducer movement.

4.4.2.4. Verification of Penetration

4.4.2.4.1. Penetration shall bc verified bv obtaining a reflection from the pipe
insido diameter,

4.5. Evaluation of Indications

4.5.1. All angle beam indicatioEEs which produce a response,greater than 5 percent
of the primary reference level DAC curve shall be investigathd to thc extent that
the operator can determine tho shape, orientation,,identitv, and location of the
indication producing arcs.

4.5.2. All indications which produce a maximum response greater than 10 percent
of the primarv reference level DAC curve shall be fullv evaluated as to length and
amplitude of indication. The following data shall be obtained and recorded using
10 percent of the DAC or 10 percent of thc maximum amplitude, whichever is smaller
at thc terminal points.

a. Initial detection point - metal path
b. The metal path at the maximum amplitude
c. Maximum amplitude
d. Terminal detection point-metal path
e. Lateral transducer movement between initial and terminal detection

points.

4.5.2.1. Evaluation of indications shall be performed at the primarv reference
level and at the examination frequency. Other frequencies or variable angle trans-
.duccrs mav bc used as an aid in interpreting the examination results.

4

4.5.2.2. Amplitude of indications shall bc recorded as percent of full screen
height and percent of DAC curve, at thc primary reference level.

7'' 9 ~9'I~-
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4.5.?.3. Ultrasonic noise levels in excess of 20 percent of the primarv DAC curve
shall be evaluated as indications.

4.5.3. Any unusual conditions detected bv-angle beam or straight beam such as
large numbers of clustered small indications, loss of back reflection excessive
metal noise, and areas requiring evaluation which did not require recording in the
above paragraphs shall be recorded as to location and type of indications observed.

4.6. Personnel Oualifications

4.6.1. Personnel performing these nondestructive examination operations shall be
qualified at least to Level 1 in accordance with ASNT-TC-1A, Supplements and
Appendices, in accordance with Section III of the Boiler and Pressure Vessel Code.
Alternatelv, personnel shall be acceptable to General Electric Company - Atomic
Power Equipment Department.

4.7. R~e ort

4.7.1. Re ortin Cz'iteria

4.7.1.1. All recordable indications shall be reported in sufficient detail to meet
the requirements of Paragraphs 4.3.1.2 and 4.5.

4.7.1.2. The information regarding the location of recorded indications shall be
in sufficient detail to duplicate the examination.

4.7.1.3. The information regarding the transducer position, beam angle, and direc-
tion bf scan shall be in sufficient detail to duplicate all recorded indications.

4.7.2. Information regarding the examination procedure shall include the following:

4.7.2.1. All procedures and equipment shall be identified sufficientlv to permit dup-
lication of the examination at a later date. This shall include initial calibration
data for the equipment and anv significant changes.

4.7.2.2. A marked-up drawing or sketch indicating the welds examined, the item or
piece number,and identification of the operator who carried out each inspection or
part thereof.

4.7.2.3. A record shall be made of the method used for measuring the depth of the
indication; such as screen calibration or pro)ected distance method.
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4.7.2.4. Ultrasonic examinations performed in accordance with this procedure shall
have at least the following information recorded:

ao

b.
Co

d.

e.

go

Weld types and configurations examined, including thickness
Automatic defect alarm and recording equipment, or both, if used
Special search units, wedges, shoes, or saddles; if used
State of manufacture when examinations are conducted
Rotating or revolving scanning mechanisms, if used
Surface or surfaces from which the examination is performed
Transducer size, shape, and beam angle

4.7.3. The primary reference level DAC curve and sweep calibration shall be re-
ported as a function of depth, either in graphical or tabular form.

"pe' 1970
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Revision 0

Date: October 14, 1968

SPECIAL LIQUIDPENETRANT EXAMINATION
FOR INTERGRANULARCORROSION

.1.0 -',SCOPE

, 1.1 The extent and area(s) to be examined to this procedure shall be defined elsewhere.

1.2 . This procedure establishes the general technical requirements for liquid penetrant examination of austenitic

stainless steel surfaces that have been or may be suspected of having been subjected to conditions that may lead

to intergranular corrosion. It is intended that this procedure be used as a discriminating means whereby

documentary evidence is obtained which identifies and differentiates between a) indications which are

characteristic patterns of intergranular corrosive attack on stainless steel surfaces and b) other indications which
are characteristic of mechanical or fabrication defects. It is further intended that any surface discontinuities

which remain after investigation fully meet the applicable acceptance standards for liquid penetrant

examination.

1.3 The characteristic patterns of liquid penetrant indications which are indicative of intergranular corrosive attack

on austenitic stainless steels are described briefly as follows:

1.3.1 Indication appears as a blush, script or maze network of cracklike indications.

1.3.2 Indication which appear either as a spot or as a linear indication that represents a single entry point or line

which opens to a blush, script or maze network upon removal of the surface layer of a few grains in depth.

1.4 Liquid penetrant indications having characteristics other than those described in 1.3 shall be recorded and

reported to APED San Jose and further work on such indications suspended pending joint resolution by Site and

San Jose personnel. Such indications must have well established evidence that their presence results from
mechanical or fabrication defects rather than corrosion attack.

1.5 No repair welding or other types of repair are permitted by this procedure. The need for repair and the exact

nature of repair shall be determined from records of results of application of this procedure.

2.0 SUR FACE F I NISH

Surface finish and cleanliness shall be such as to not interfere with interpretation of results.

3.0 PROCEDURE

Liquid penetrant examinations shall be in accordance with General Electric Company APED Liquid Penetrant

Procedure, dated September 5, 1968.
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4.0 DETAILEDSEQUENCE OF EXAMINATION

4.1 Records-Complete detailed records of revealed indications at each examination, as detailed below, are required
and necessary so as to determine the change in characteristics or change in size of the indications as they are
explored in depth. Photographic records, preferably in color, shall be made of typical areas of corrosion attack
and of mechanical or fabrication defects.

4.2 It is important in following the sequence of examination below, that on the first liquid penetrant examination
any pattern of Indications that are revealed should be studied in detail to determine if indication is onewf-akind
or if there are more similar indications. Certain linear and spot indications may require metallurgical sampling to
determine their exact nature and as such, it is desirable to sample an indication that has been untouched: It is

equally important to establish the nature of indications from mechanical or fabrication defects to support and

substantiate any arguments to the effect that corrosive attach has not occurred. It Is also important to follow the
steps in the sequence of examination including grinding so that evidence of corrosion attack Is not destroyed or
misconstrued.

4.3 Where the need for sampling arises, APED San Jose is to be notified of the details and actual sampling shall

proceed under direction of APED San Jose.

4.4 First Liquid Penetrant Examination

CAUTION"

In the following detail sequence it will be necessary in the case of
multiple like indications to work on one to determine if metallurgical
sampling is required or not and, if sampling is required, take the sample
of the undistrubed indication.

4.4.1 No indications (no pink or red discoloration allowed)-condition acceptable.

4.4.2 Indications revealed (any pink or red indication)-'Action.

4.4.2.11ndications which appear as described in paragraph 1.3 shall be reported in accordance with
paragraph 4.6. Clean by dry wiping or dry brushing, such as with a toothbrush. Redevelop

without further liquid penetrant addition.

4.4.2.2 Second Development of indications as called for in 4.4.2.1.

4.4.2.2.1 No indications-condition acceptable.

4.4.2.2.2 Indication revealed-Action-Indications which appear as described in paragraph 1.3

shall be reported in accordance with paragraph 4.6. Other indications shall receive a

light grind (0.010 inch to 0.020 inch metal removal) in area of indication and perform
a liquid penetrant examination a second time.

4.5 Second Liquid Penetrant Examination
I

Repeat sequence of examination under 4.4.1 through 4.4.2.1 remaining unacceptable indications will require

action specified in 4.6, 4.7, and 4.8.
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4.6 If at anytime during the investigation it is observed that indications have characteristics indicative of
intergranular corrosion, as described in paragraph 1.3, they shall be recorded and reported to APED San Jose and
preparations made for their complete removal under an approved repair procedure.

4.7 Linear indications shall be investigated by selecting typical indications as described in paragraph 4.2 and
subjecting them to a second light grinding" (0.010 Inch to 0.020 inch metal removal) and liquid penetrant
inspected. If indications have characteristics of intergranular corrosion, as described in paragraph 1.3, follow 4.6
above. If indications stay linear, the nature of the indication shall be resolved by metaltographic examination of
a sample removed from like undisturbed indication or if only one like it remove sample of the single indication
only after all other indications types have been explored.

4.8 Spot indications shall be investigated by selecting typical areas of indications and subjecting them to a second
light grinding (0.010 inch to 0.020 inch metal removal) and liquid penetrant examinations. If indications have
characteristic of intergranular corrosion, as described in paragraph 1.3, follow 4.6 above. If indication stays a

spot it should be judged in accordance with 5.0.

5.0 ACCEPTANCE STANDARDS

NOTE

The acceptance standards given in 5.1 through 5.4 form the basis for
acceptance in 4.8 Detailed Sequence of Examination.

I

5.1 Relevant indications of any cracks or linear indications are unacceptable.

5.2 Rounded indications with dimensions greater than 1/16 inch are unacceptable.

5.3 Four or more rounded indications in a line separated by 3/16 inch or less are unacceptable.

5.4 Ten or more rounded indications with dimensions over 1/64 inch in any 6 square inches
of surface with the area taken in most unfavorable location relative to the indications
under evaluation are unacceptable.

B.81/B.82
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APPENDIX C

METALLOGRAPHYOF SAMPLES

The following items comprise Appendix C.

Figure C.1

Figure C-2

Figure C-3

Figure C.4

Figure C.S

Figure C-6

Figure C.7

Figure C-8

Figure C.9

Figure C-10

Figure C.11

Figure C.12

Figure C-13

Metallography of Sample No. 1

Root of Safe End.to.Pipe Field Weld

Morphologry of Ariel Cracks in Failed Safe End, Sample 1

Metallography of Sample No. 2

Metallography of Sample No. 3

Metallography of Sample No. 4

Metallography of Sample No. 5

Metallography of Sample No. 6

Penetrant Test of Sample No. 1 (o.d.)

Penetrant Test of Sample No. 1 (i.d.)

Penetrant Test of Sample No. 3l(i.d. and o.d.)

Cutting Plan, Sample No. 1

Cutting Plan, Sample No. 3
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OUTSIDE DIAMETER I2 0 CLOCK UNETCHED

LONGITUDINAL

SECTION

SAMPLE GIVEN
TO AEC

INSIDE DIAMETER

CENTER OF

SAFE END

WALL

THICKNESS

6 O'LOCK

~OUTSIDE DIAMETER~

INSIDE DIAMETER

UNETCHED

I50X 150X

ELECTROLYTIC ETCH El ECTROLYTIC ETCH

250X

UNETCHED

250X 250X
ELECTROLYTIC ETCH

FIGURE C-1 METALLOGRAPHYOF SAMPLE NO. 1, CORE

SPRAY NO22LE SAFE END N6B (PIPE END)
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50 mils BELOW
O.D. SURFACE

100 mlls BELOW
O.D. SURFACE

150 mils BELOW
O.D. SURFACE

3 1/2X 3 1/2X 3 1/2X

2X

50X

FIGURE C-3. MORPHOLOGY OF AXIALCRACKS IN FAILED

SAFE END —SAMPLE NO. 1
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hl5R

DYE PENETRANT TEST RESULTS
SHOWING LOCATION OF INDICATIONS

FIGURE G4. METALLOGRAPHYOF SAMPLE NO. 2

ISOLATION CONDENSER SAFE END O.D. (NSA)

WEDGE SAMPLE
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MALL
aAOMI Top
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CUT L1 MME IlOT
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APPMOAY4TE ca/IQ/AATla

CROSS SECTION OF CORE SPRAY NOllLE AYO SAfE ENO N68
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100X
CRACK OPENING OBSERVED AFTER BEND TESTING SAFE END MATERIAL

FIGURE C-5. METALLOGRAPHYOF SAMPLE NO. 3

CORE SPRAY NOZZLE SAFE END (N6B)

LEAKER-NOZZLEEND
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100X

7

750X 1/4 in. FROM WELD - 750X 1/2 In. FROM WELD —750X

I.D, 750X 0.D. 750X

SURFACE COLD WORK IN THERMALSLEEVE

FIGURE C4. METALLOGRAPHYOF SAMPLE NO.4
THERMALSLEEVE
CORE SPRAY LOCATION NBB
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COLLAR

RESULTS OF DYE PENETRANT
TEST OF SAMPLE FACE

VESSEL

SAMPLE PS

v

LUG

DETAILS OF FOLD WITH AN INTERGRANULAR
CRACK IN THE BOTTOM OF THE FOLD CAVITY

DETAILS OF THE FOLD SHOWING GROOVE EMANATING

FROM THE BOTTOM OF THE FOLD CAVITY

SAMPLE-CUTTING PLAN

h

LAMINATEDMETAL FOUND IN
THE LIP OF THE FOLD

STRINGERS ORIENTED PARALLELTO
THE 2 1/2 in. THICKNESS DIMENSION

CRACK IN LIP OF FOLD. BOTH INTERGRANULAR
AND TRANSGRANULAR MODES ARE PRESENT

FIGURE C-7. METALLOGRAPHYOF SAMPLE NO. 5

STEAM DRYER SUPPORT BRACKET-
50 LOCATION
BAR SAMPLE
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u,

4

VESSEL

GUIDE ROD SUPPORT
BRACKET 0

CUIDE ROD SUPPORT

BRACE@ 0

3H/2

50X 50X

50X

250X 250X

l/f/ rpgp5"

~ - „,r ~ ~t err'y

250X

FIGURE C-8. METALLOGRAPHYOF SAMPLE NO. 6

GUIDE ROD SUPPORT BRACKET-0
WEDGE SAMPLE
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FIGURE C-9. LIQUIDPENETRANT RECORD, AS
RECEIVED, SAMPLE NO. 1, 0
(O.D.), CORE SPRAY NOZZLE
SAF E END NGB. Photos 50-54B,
C, D, E, F, G, H, J, K.
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0

|t ~ >~~
*

PIPE ~
FIELD
WELD~ ~'.

SAFE~
END

V 1

6'IGURE
C.10. LIQUIDPENETRANT RECORD, AS RECEIVED,

XAMPLENO. 1, (I.D.), CORE SPRAY

NOZZLE SAFE END N6B. Photos 50-53G,

A,B, C,D, E.
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I2~I,——
OUTER SURFACE

INNER SURFACE

FIGURE C-'11. DYE PENETRANT TEST OF SAMPLE NO. 3,

I.D. AND O.D.





NINE MILE POINT

CORE SPRAY SAFE END

SAMPLE No. I CUTTING LAYOUT

N6B

STRAIN vs HARDNESS
TENSILE SPECIMENS

t METALLOGRAPHY

FRACTOGRAPHY

ELECTRON MICROSCOPY

METALLOGRAPHY S,AMPLE,MICROPROBE 8 X-RAY

I

BATTELLE NORTHWEST

NEOE-10168

I-CHEMICAL ANALYSIS SPARE
METALLOGRAPHY METALLOGRAPHY BEND

ANNEALINGvs.
HARDNESS

SPARE
METALLOGRAPHY

TENSILE SAMPLES

METALLOGRAPHY
ANNEALINGvs SPARESHARDNESS

SAFE END
(I —I/2 )

WELD

REDUCED SECT. (I/2 )

Q OF WELD

PIPE„
(I-I/4 )

OD OI QE QX QZ OY Qw Qv Qu OT OF OG OL OM ON 00 OP OJ OA Bc OH

I2-00 I:00 2:00 5:00 4:00 5:00 6:00 7:00 8:00 9:00 I IO:00 I I:00 I2:00

FIGURE C-12. SAMPLE NO. 1 CUTTING LAYOUT
(LOOKING AT O.O.I
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APPENDIX D

SAFE END REPAIR

The following items comprise Appendix D.

Specialty Shop Fabrication Procedure, Revision 0, March 31, 1970

Partial Safe End Removal, Nozzle NGB, Procedure 1, Revision 0, March 13, 1970

Specimen Removal from Isolation Condenser, Procedure 2, Revision 0, March 19, 1970

Removal and Replacement of Core Spray Nozzle Safe End, Procedure 3, Revision 1, April 15, 1970

Supplement to Procedure 3, Revision 1

Welding Procedure NMP-4, Revision 0

Welding Procedure NMP-5, Revision 0

Penetrant Test Code Acceptance NMP.6, Revision 0

Radiography Procedure NMP-7, Revision 0

Removal and Replacement of Core Spray Nozzle Safe End N6A, Procedure 9
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Specialty Shop Fabrication
Procedure No. 1

Revision 0
Date: March 31, 1970

SPECIALTY SHOP FABRICATIONPROCEDURE
INCONEL WELD OVERLAYON AUSTENITICSTAINLESS STEEL

SAFE ENDS FOR PRESSURE VESSELS

1.0 Scope

1.1 This shop fabrication procedure covers Inconel weld overlay on austenitic stainless steel replacement safe ends
for pressure vessel nozzles.

1.2 This procedure is to be used with approved detail drawings and Engineering Instructions applicable to a specific
project pressure vessel.

2.0 Applicable Documents, Codes and Standards

2.1 ASME B&PV Code Section ill 1968 Edition with Addenda through June 30, 1969.

2.2 GE APED P50YP105 Arc yyelding of Nickel and Nickel Base Alloys.

2.3 GE APED P8BYP46 8'elding Procedure Specification.

2.4 GE APED 21A8592 Ultrasonic Examination ofPipe and Safe End 5'elds.

2.5 GE APED 21A8570 Special LiquidPenetrant Examination for Intergranular Corrosion.

3.0 Filler Materials

Electrodes for SMAW shall be 5/32-inch or 1/8 irich Inconel 182 except in some cases where weld repair is performed
using Inconel 82 as described under repairs and may also be used for buildup of additional layers over deposited
Inconel 182 only.

4.0 Cleaning

Prior to welding, swab the parts to be welded with a clean cotton cloth saturated with acetone. All surfaces of the part
shall be cleaned. Be careful to remove all traces of dirt, grease, oil, and liquid penetrant materials.

5.0 Runoff Rings or Pads

Where applicable, use runoff rings or pads.

6.0 Weld Overlay

6.1 Welding shall be conducted in accordance with 2.2 and 2.3.

6.2 Apply a minimum of three or more layers of overlay using SMAW. Additional layers may be applied using
GTAW. Process variables for SMAW overlay welding are as follows:

.D-3
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6.2.1 Weld current 75-95 amperes. Travel speed as required to maintain a weld width of 1/4 inch to 3/8 inch.
Do not weave and angle rod into the puddle 15 to 20 degrees from perpendicular. Fixture the part so that
the overlay weld can be applied in the flat position. Start and stop off the weld wherever possible. After
applying each bead grind the entire surface of the weld removing all ripples and grinding out the start and

stop of the weld. Check the interpass temperature with a contact pyrometer. The interpass temperature
must be kept below 250 F.

7.0 Weld Inspection

7.1 Liquid penetrant inspection of weld and adjacent austenitic stainless steel shall be conducted using techniques
and material prescribed in 2.5. Acceptance standards shall be per 9.1.

7.2 Ultrasonic examinations of the weld and adjacent austenitic stainless steel shall be conducted using 2.4 as a guide

except that application does not preclude inspection following hydrostatic testing nor access to inside of pipe or
safe end. Acceptance standards shall be per 9.2.

7.3 Radiographic examination of the weld shall comply with N-624 of 2.1 with acceptance standards as prescribed

therein.

8.0 Repairs

8.1 Repairs to the first layer must be accomplished with Inconel 182 to prevent hot short cracking. For subsequent

passes where the repair is entirely within the 182 overlay, the repair may be accomplished with GTAW using

Inconel 82 filler material. All penetrant indications must be removed. Blend all repair areas to reduce the
possibility of oxide and/or slag entrapment. All repaired areas shall be reexamined per 7. above.

8.2 Liquid penetrant indications may be ground to a total depth of 2 percent of the uniform wall thickness on

cylindrical surfaces and need not be weld repaired provided the indications have been totally removed and the
area blended into adjacent surfaces.

9.0 Acceptance Standards

9.1 Liquid Penetrant Examination Acceptance Standards

9.1.1 Relevant indications of any cracks or linear indications are unacceptable.

9.1.2 Rounded indications with dimensions greater than 1/16 inch are unacceptable.

9.1.3 Four or more rounded indications in a Ifne separated by 3/16 inch or less are unacceptable.

9.1.4 Ten or more rounded indications with dimensions over 1/64 inch in any 6 square inches of surface with
the area taken in the most unfavorable location relative to the indications under elevation are

unacceptable.

9.2 Ultrasonic Examination Acceptance Standards

9.2.1 A calibration block shall be prepared of like materials weld overlayed to the same thickness as on the piece

under examination and having the same angle between the overlay surface and examining surface as is on

the piece under examination with sufficient surface to permit calibration. The reference standard shall be

a 1/16.inch diameter flat bottom hole with the bottom of the hole located in the plane of the bond line
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between the Inconel weld and austenitic stainless steel. The hole shall be drilled from both sides; e.g.,
through overlay to bond line and through stainless steel to bond line. Any indications greater than the

'eferencestandard indications, using both straight and angle beam examinations shall be reported and
locations recorded.

9.2.2 Remainder of the weld shall be examined per 2.4. Any indications shall be evaluated as prescribed in 2.4.

9.2.3 The need to repair shall be resolved upon evaluation of indications and review of results by knowledgeable
engineering and manufacturing personnel.

D.5
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STANDARDS GENERAL O Et.ECTRIC

ATOMIC POWER EQUIPMENT DEPARTMENT

PROCESSES SPECIFICATION — GENERAL

spec wo. P50YP105 ncv. eo. 0
SEGNO

] CONT ON SHS:CT

ARC WELDING OF NICKEL AND NICKEL BASE ALLOYS

REFERENCE DOCU>KNTS

i:E-APED E5DYP4 — "Liquid Penetrant Inspection"
AS."K Boiler and Pressure Vessel Code Section IX

1, 0 SCOPE

1. 1 This specification defines the requirements for the arc welding of
nickel and nickel base alloys, Inconel 600, Inconel X750, Inconel 718,
and Incoloy 800 to each other or to austenitic stainless steels, 302, 304,
304L, 308, 316 and 316L.

2.0 PROCESS RE UIREMENTS

2.1 Filler Material

Covered welding electrodes, or bare filler metal for the combination of
materials to be joined shall be as follows:

Base Materials Filler Material

Inconel 600
Incoloy 800

AISI Type

Inconel X-750 to

Inconel „600 '",

Incoloy 800.
302, 304, 304L,
316, 316L
Inconel X-750,-

Inconel X-750 to AISI Type 302, 304,
304L, 316,
316L

Inconel Welding Electrode 182 or
Inconel Filler Metal 82

Inconel Filler Metal 69

Inconel Filler Metal 82

Inconel 718 to Inconel 718

2.2 Base Material

Inconel 718 Filler Metal

2.2.1 Inconel X-750 shall be in the solution heat treated or equalized
condition prior to welding. Incoloy 800 shall be in the annealed or as
extruded condition prior to welding.

2.2.2 Where flame-powder cutting or carbon arc gouging is used to prepare
weld joints, a minimum of 1/32" df material shall subsequently be removed
ifrom weld joint surfaces by machining or grinding.

2.2.3 The weld joint, the base material for a distance of 6" from the weld,
surfaces which exceed 500'F during welding, and filler material shall be
free of moisture, oil, grease, oxides and all foreign materials.

D.6
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GEHEAALO ELECTRIC
A1DMIC I'OWER EQUIPMENT DEPARTMENT sB I c «o. P50YP105 «cU No 0

5«RO 2 coHT o«5«CRT 3

3. 3 ~t<eldln

".3.1 Welding shall be performed, by the gas tungsten arc, gas metal arc,
or shielded metal arc processes.

2.3.2 Weldor and welding procedures shall be qualified in accordance with
Section IX of the AStK Boiler and Pressure Vessel Code, or Engineered
approved alternate.

2.3.3 All flux, slag, and oxide shall be removed between weld passes. Any
cracks, porosity, or blow holes that appear on the surface of any weld shall
be removed by grinding or machining before depositing the next bead. Tack
welds which are incorporated in the weld shall be completely fused.

2.3.4 Double welded, full penetration joints shall be back grooved to
sound metal, and the resulting cavity shall be examined in accordance with
GE-APED Test Method, ESDYP4, "Liquid Penetrant Inspection".

2.3.5 Repair of completed welds by rewelding requires proper authoriza-
tion. Repair shall be made and reinspected in conformance to this specifi-
cation. Complete removal of defects shall be determined by liquid penetrant
inspection prior to rewelding. Repeated repairs in excess of two in any
one area shall be subject to approval by engineering for the effect of grain
coarsening on the serviceability of,the material.

2.4 Post Weld Heat Treatment.

2.4.1 Inconel 718 to Inconel 718 welds shall be post weld heat treated at
1325'F +25'or 16 hrs and furnace cooled.

3. 0 ~RE UIRllD ATTRIBUTES

3.1 There shall be complete fusion between the weld metal and base metal
and between successive passes throughout the joint.

3.2 Full penetration joints shall have sound weld metal throughout the
base metal thickness and shall not fall below the full section at any point.

3.3 Partial penetration welds with groove angles greater than 70'hall
have penetration through the depth of the groove. Groove angles less than
70'hall have penetration to within 1/16 inch of the groove depth.

3.4 Fillet welds penetration shall be to the root.

3.5 Surfaces heated during welding shall not be blackened or have loosely
ydhering oxides.

3.6 The weld, including the backside shall blend smoothly into the base
metal wf th no visible undercutting or overlapping and shall be reasonably
smooth and regular without pronounced protrusions and depressions.
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GENERAL OI ELECTRlC

ATOMIC POWER EQUIPMENT DEPARTMENT SACC Ho p50YP105 <4l:V. No

si ~ No 3 co~i o~ siicc~,F

3.7 The weld and base metal shall be free of solidified slag and weld
splatter.

3.8 The weld shall be free of cracks, porosity or blow holes as determined
bv visual examination.

3.9 4'eld dimensions shall be in accordance with the drawing requirements.
The leg size of fillet welds shall be equal to or larger than the size
specified on the drawing but shall not exceed minimum dimensions to such
an extent as to cause interference with mating parts or excessive warpage
or distortion.

D.8
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STANDARDS

N E DE-10168

PROCESSES

DETAIL WELDING P ROCEDURE
BUILD-UP

P 8BYP46, Rev. 0

GROUPING - 8 43 4 SMAW 2

tSSUED 12-6-68

BASE METAL: 304 Stainless Steel
WELDED TO . Inconel 1 Over ay
ASME SECT. IX: P¹ 8 TO P» 3 ~ 4

G.E. SPEC. TO
wELDING MATt., ASME SB295 E-Ni-Cr-Fe-3

WELD JOINT

ASME SECT. IX: F¹
SHLD. GAS

43.4 Thickness
As Required

CONSUM. ISR. RING:
FLUX:

wELDING PROCESS: Manual Shielded Metal Are Weldin

THICKNESS:, 3/8 inch MIN Unlimited
APPLICABLE GEN. WELD PROC. P50YP105
BACKING STRIP 0 YES 5 NO

ADDITIONAL REQUIREMENTS We din Positions - Flat.

MAX

PRE-HEATS INTERPASS TEMP ('F): 40 F minimum reheat
ass

POST-WELD HEAT TREAT
.Base Metal—

'See

back of a e for other requirements GAP
MISMATCH:

WELDING PROCESS

PASS NO.
TRAVEL SPEED (IN./MIN)
CUR R EN T (AMPS OR WE S)

ELECTRODE POLARITY
ARC LG (VOLTS OR IN.)

TORCH GAS (C.F.H.)
BACKING GAS

CUP SIZE
TRAILINGSHIELD
ELECTRODE/WIRE DIA.
ELECTRODE EXT.

ADDITIONALINSTRUCTION

REPAIR WELDING
e

(geE Re vzESK 4'I D6-
PROCEDURE

,QUALIFICATION NO.
PFBYr Vl

DISTRIBUTION S2A

D-12...
PEC g 0808
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PSBYP46, Rev. 0 Sdde 2

Additional Requirements (continued)

1. All starts and stops, including starts and stops for tack welds, shall
be removed and blended with a power grinder or rotary file prior to re-
welding.

2. Each weld bead shall be thoroughly cleaned of slag and blended into ad-
)acent metal with a power grinder or rotary file prior to depositing
subsequent beads.

a. Major slag on weld crown may be removed by chipping-hammer, chisel
or impact type guns.

b. Slag at edges of weld beads and slag on rough areas of the weld
shall be removed ~onl by grinder or rotary file.

II
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NINE MII E POINT NUCLEAR STATION
NOZZLE NGB

PARTIAL SAFE END REMOVAL PROCEDURE NO. 1, REV. 0

1.0 PREPARATION

1.1 All work and workmen shall conform to NMP radiation control specifications.

1.2 Provide chip retention'plastic sheet under working area.

1.3 Provide temporary axial and radial support to limit relative movement during first cut.

1.4 Scribe pipe at quadrants 6" length centered on first cut. Make 6" trammel marks on scribe lines. Record

trammel spacing.
/

1.5 Scribe 12:00 position on safe end to permanently identify orientation of ring to be removed.

1.6 Lower water level of reactor vessel in accordance with NMP Special Operating Procedures.

2.0 REMOVAL OF SPECIMEN IN FOLLOWING SEQUENCE

2.1 Make cut no. 1 per sketch no. 1.

2.2 Release restraint on ELL and measure relative movement. Record.
C

2.3 RT one shot at field weld.

2.4 Make cut no. 2 per sketch no. 1.

2.5 Measure location of shoulder on i.d. of safe end, and locate cut no. 3 per sketch no. 1.

2.6 Make cut no. 3 per sketch no. 1

NOTE: Do NOT make cut no. 4 at this time. See 8.0 below.

3.0 Survey and remove safe end ring to machine shop. At machine shop cut longitudinal slice from ring at
approximately 10:00 position. Slice to be approximately 3/8" - 1/2" wide. Prepare both pieces for shipment. Slice

goes to AEC. Balance goes to GE.

4.0 Plug i.d. of thermal sleeve with expanding plug. Also piovide additional axial support (at least 3 points) to prevent

cocking of plug and for additional blowout support. Also provide tie wire to prevent inward movement of plug.

5.0 Raise water level in accordance with NMP Special Operating, Procedure.

6.0 Provide temporary debris barrier near weld inside 6" end of ELL, with cardboard and tape (to prevent chips and

debris from entering ELL).
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Prepare the freshly cut end of safe end for PT, UT, and RT, and make these examinations.

8.0 Make'cut no. 4 per sketch no. 1. Remove interior barrier. Replace with exterior cap.

9.0 Make weld preps and reinstall spool piece per later procedures and drawings.

APPROVED:

Rev. 0
3-13.70
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Procedure No. 2

Revision 0

Date: March 19, 1970

NINE MILEPOINT NUCLEAR STATION
SPECIMEN REMOVAL FROM ISOLATION CONDENSER NOZZLE N5A

I

1. Clean blemish area (10 to 12 o'lock) and adjacent lnconel weld with Kotex moistened with acetone.

Etch three (3) spots adjacent to the blemish to identify the toe of the Inconel/stainless steel weld. Use the following
procedure for etching:
a. Prepare a saturated solution of oxalic acid in demineralized water, 90 F to 130 F.
b. Clamp the positive terminal of a 6 volt battery to the nozzle.
c. Attach the negative terminal of the battery to a one-half (1/2) inch diameter copper disk. Use a long enough lead

for easy manipulation.
d. Saturate a cloth pad, 1/2 inch to 1 inch diameter, with oxalic acid and place it on the weld joint with the copper

disk on the back of the pad.
e. Press down lightly on the copper disk and saturated pad while scrubbing in a small area. Keep the area small and

wet with acid. Scrub for two (2) to five (5) minutes as needed.
f. Wash the entire area with demineralized water and dry with Kotex after etching is complete. Repeat the washing

and drying three times.

CAUTION

For good results use a strong battery and keep the pad saturated. Do
not allow any drip or contact of the etchant to any other materials. In
case of spills wash three times as described in f.

3. Lightlyscribe a line through the etched areas to identify the approximate Inconel/stainless junction (interface).

4. Lightly scribe a parallel line on the stainless steel safe end oneguarter (1/4) inch from the lnconel/stainless steel weld.
The one-quarter (1/4) inch wide zone is a safety barrier. No cuts shall be made within oneguarter (1/4) inch of the
Inconel weld.

5. Prepare a 45 degree cutting guide for a normal hand hacksaw. The cuts should be centered on the blemish or at least
one quarter (1/4) inch from the Inconel weld. The cuts shall be started threeguarters (3/4) inch apart and angled
toward each other. The cuts are intended togo three-eighths (3/8) inch deep plus the blade kerf. The total depth of
material removed shall not exceed one-half (1/2) inch. Alternate cutting from one side to the other to assure no
over. cutting.

6. Clean the entire area with Kotex and acetone.
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Procedure No. 3
'evision1

Date: April 15, 1970

NINE MILE POINT NUCLEAR STATION
REMOVALAND REPLACEMENT OF CORE SPRAY NOZZLE SAFE END

1.0 Scope

1.1 This procedure specifies the technical requirements for the removal and replacement of core spray nozzle safe
ends and the removal and replacement of portions of the core spray nozzle thermal sleeve to facilitate access for
safe end replacement. It is necessary to remove and replace certain portions of the core spray piping to gain
access for removal and replacement of the safe end.

1.2 The following General Electric Company drawings are a part of, and are to be used with this procedure:

922D131

15888462P1

158B8463P1

158B8464P1

15888465P1

209A7152

Core Spray Nozzle N6B Safe End Replacement
Centering Sleeve

Inner Safe End

Outer Safe fnd

Sleeve End Replacement

Consumable Insert

1.3 References are made to the following additional documents:

A. Procedure No. 1 —Nine Mile Point Nuclear Power Station, Partial Safe End Removal —Nozzle N6B.

B. Procedure No. 2 —Nine Mile Point Nuclear Power Station, Specimen Removal from Emergency Con-
denser Nozzle N5A.

C. 21A8570 —Special Liquid Penetrant for lntergranular Corrosion.

D. Rework Procedure No. NMPQ —General Welding Procedure for Inconel 600, Inconel 182, Inconel 82.

E. Detail Welding Procedure NMP4A.

F. Rework Procedure No. NMP-5 —General Welding Procedure for Welding Stainless Steel.

G. Detail Welding Procedure NMP.5A.

H. Detail Welding Procedure NMP-5B.

I. Rework Procedure No. NMP-6 —Standard Liquid Penetrant Examination for ASME Code Acceptance.

Rework Procedure No. NMP-7 —General Radiography for welds.

K. 21A8592 —Ultrasonic Examination of Pipe and Safe End Welds.
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2.0 Safe End Removal and Replacement

2.1 Before cutting pipe or safe end or machining weld preps on remaining fixed ends of piping and nozzles in situ,
adequate provisions must be made to provide for cleaning the vessel and piping to remove all chips, debris, fluids
used ln machining, ifany, inspection fluids, etc.

2.2 Before any welding is done and before surfaces are covered so as to prevent cleaning, the surfaces in the vicinity
of the welding and surfaces to be covered shall be thoroughly cleaned with either isopropyl alcohol or acetone
and completely dried.

2.3 No welding, cutting or metal removal is to be performed closer than 1/8 inch away from the low alloy steel
portion of the vessel nozzles.

2.4 Sequence of Work

Note: indicates sequence on Drawing 922D131.

OA. Cuts number 2 and number 3, completed in accordance with reference 1.3A, and plugs are installed in
thermal sleeve to prevent entry of dirt into reactor.

OB. Locate cut number 5 as shown. Cut number 5 may be located closer to vessel to clear rolled. in portion of
sleeve. Use abrasive cut off unit with internal attachments and make cut without coolant or lubrication at
cut. Vacuum away all chips and debris before, during and after cutting.

CAUTION

Ventilating air pressure shall be equalized detween reactor vessel

interior and drywell region in way of this'nozile during this and all
remaining sequences of work.

Next, locate the junction between the Ni.Cr-Fe shop weld and the sensitized stainless steel safe end at
three equally spaced positions. using the procedure described in paragraph 2 in Reference 1.3B. Scribe a
line through each etched area where Ni-Cr-Fe to stainless steel junction occurs, and completely around the
nozzle, thus locating cut number 6. Scribe a line along the top of 12 o'lock position of the sensitized
stainless steel safe end. Make cut number 6 using abrasive cutoff unit without coolant or lubrication. Cut
number 6 should be made as concentric with nozzle o.d. as practical, and should not cut into the Ni-Cr-Fe
shop weld. Abrasive cut off should proceed until all but 1/16 inch of sensitized stainless steel safe end wall
remains. Vacuum away all chips and debris. Cut number 6 should then be completed using a cold chisel ~

Save safe end just removed for separate handling instructions.

OC. Vacuum and clean o.d. of sleeve. Inventory fiber,glass rope. Use one continuous length of rope. Carefully
insert rope into gap between sleeve and nozzle. Insert only far enough to just clear centering sleeve. Note
position of end of rope for later removal. Measure oA. of sleeve for use in finish machining of centering
sleeve. Make cut number 7 as close as practical to cut number 6, using abrasive cutoff unit without
coolant or fluids of any kind. Vacuum away all chips and debris during the following cut. Save portinn of
sleeve just removed for separate handling instructions. Locate junction of Ni.Cr-Fe shop weld and low.
alloy st~i nozzle. It may be necessary to wire brush this area to remove paint so that the junction can be
clearly seen for entire circumference. Locate cut number 8 from this junctinn. Make cut number 8 using
abrasive cutoff unit with internal attachments, using no coolants or liquids. Vacuum away all chips and
debris during and following this operation. Take care not to cut into nozzle cladding or shoo weld at anY
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i
location. Save portion of sleeve just removed for separate handling instructions. Measure i.d. of nozzle to
determine smallest i.d. Use this dimension together with dimension between cut number 6 and cut,
number 8 and complete machining of centering sleeve.

Locate junctions of Ni-Cr-Fe shop weld and stainless steel cladding and remaining safe end on nozzle i.d.,

using procedure described in paragraph 2 in Reference 1.38. Be very careful to avoid any excess of oxalic
acid at any time to prevent entry into gap between sleeve and nozzle. Report results. Measure and record

location of these junctions relative to the Ni.Cr-Fe shop weld to low~lloy steel junction. Clean and dry
etched area thoroughly. Examine existing Ni.Cr-Fe shop weld using radiographic, ultrasonic and liquid
penetrant examinations, and report these results. Install centering sleeve and tack weld as shown on

drawing, then tack weld sleeve to centering sleeve (not shown on drawingj.

OD. Machine counterbore in sleeve. Use no coolants or cutting fluids of any kind. Liquid penetrant examine
machined surfaces. Surfaces so examined shall be free of any crack-like indications and indications of
porosity. Carefully remove tack welds holding centering sleeve in place and remove centering sleeve.

OE. Before proceeding with machining, results of examinations of the Ni-Cr-Fe shop weld under C above
must be satisfactory to all parties concerned. If repair of the shop weld is indicated, this work shall be

done at this time using approved procedures. If no repair is indicated, proceed with machining to produce
the weld prep shown on the drawing. Use no coo!ants or cutting fluids of any kind.

NOTE

This is the first portion of Procedure No. 3. The remaining portions are

to be issued as supplements to this procedure.
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Procedure No. 3

Revision 1

Supplement No. 1

Revision 1

Date: April 15, 1970

NINE MILEPOINT NUCLEAR STATION
REMOVALAND REPLACEMENT OF CORE SPRAY NOZZLE SAFE END

SUPPLEMENT NO. I

2.4 Sequence of Work (Continued)

OF. Fit consumable insert and inner safe end. Arrange back purge so that no weld flux fumes that may be
generated enter the inside of the nozzle or replacement safe end. Weld per qualified detailed welding
procedure NMP4A. Continue welding to complete joint in accordance with the welding procedure for
that joint. Do not remove back purge barriers until welding is complete; this is to protect inside surfaces
from any welding flux fumes.

Weld shall be smoothed for RT, PT and UT examinations.

Radiograph entire weld in accordance with radiography procedure NMP-7.

Liquid penetrant examine weld surfaces and adjacent material for one inch on either side of weld, both
inside and outside of nozzle. Liquid perietrant techniques shall be per General Electric Company
Procedure NMP-6.

Ultrasonic examination shall be in accordance with N.625 of Section ill. Use General Electric
Specification 21A8592 for procedure guide.

Exploration of indications as a result of above examinations shall not be attempted until General Electric
Company'sAPED Design Engineering has been appraised of all indications and directions for repair
formulated.

After all repair, if required, and upon completion of welding, the weld shall be rewxamined by PT, RT and
UT as above and, in addition, UT examined and reported per G.E. Specification 2'IA8592.

Remove shield plug and fiber glass rope that was installed under C and clean sleeve id. and end and
nozzle i.d. and o.d. thoroughly with isopropyl alcohol or acetone and let dry.

G. Clean sleeve and replacement with isopropyl alcohol or acetone and let dry. Use GTAW process for all
sleeve end replacement welding. Fit.steeve end into sleeve socket machined in step D . Use qualified
detailed welding procedure NMP-5B and weld sleeve end to sleeve first; then complete seal weld as shown.
Let cool, then tape over three slot openings and unwelded area using "3M"¹480 or

¹850,pressure-'ensitive

tape to preclude entry of liquid penetrant materials behind sleeve. Liquid penetrant examine
both welds per NMP-6. When liquid penetrant examining the seal weld, terminate the examination 1 inch
from end of weld or 1/2 inch from the tape, whichever is greater, to make certain that no penetrant or
developer gets near tape edge and into crack beyond the seal weld. Visual and liquid penetrant examine
both welds as in F . If unacceptable indications are present, report this fact to the General Electric
Company's APED Design Engineering to obtain instructions for repair.
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Clean area of liquid penetrant materials. Remove pressure sensitive tape and clean by scrubbing area which
was under the tape and adjacent areas with a clean rag dampened with acetone.

H. Fit outer safe end and consumable insert and arrange back purge barriers. Weld per qualified detailed
welding procedure NMP-5A. Complete weld using the procedure for that joint. Again, do not let weld
fumes from coated electrodes contact inside surface of nozzle or pipe. Smooth weld for RT, PT and UT
examinations as in F . Report findings to General Electric Company's APED Design Engineering for
directions for repair, if required. After all repair and upon completion of welding, the weld shall be
re-examined as in F . It is suggested that similar procedures be used for remaining pipe welds. Retain all
records of final examinations of welds and materials. Radiographs of new welds will replace radiographs of
weids removed as a result of this alteration and repair.

„gy~.'~Q%g(~
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NEDE-10168 Rework Procedure Number NMP4
Revision 0

GENERAL WELDING PROCEDURE
FOR

INCONEL 600, INCONEL 182, INCONEL 82
OR ANYCOMBINATIONOF THE THREE ALLOYS

1.0 SCOPE

This procedure specification covers welding requirements for Inconel alloy numbers 600, 182, 82 ol any combination

thereof by gas tungsten arc welding and/or shielded metal welding.

2.0 BASE METAL

2.1 Arc welding of Inconel 600 shall be in ASME Hardenabiiity Classification "P", Group 43 of Table QN11.1 of the
ASME Boiler and Pressure Vessel Code.

2.2 Backing rings if used shall be of the same classification and group as specified in 2.1 above.

3.0 FILLER METAL

3.1 Filler metal for the welding processes in 1.0 shall conform to the following:

3.1.1 Shielded metal arc welding (SMAW) filler metal shall conform to ASME SpecificationSB295,
Classification E NiCrFe-3.

3.1.2 Gas tungsten arc welding (GTAW) filler metal shall conform to ASME Specification SB304, Classification
ERNICrQ.

3.1.3 Gas metal arc welding (GMAW) filler metal" shall conform to ASME Specification SB304, Classification
E RNiCr-3.

3.1.4 Consumable inserts for Inconel 600 welds shall conform to ASME Specification SB304, Classification
ERNICr4.

3.2 A certified chemical analysis shall be obtained on all weld metal,to be used including consumable inserts. For
coated electrode, the chemical analysis shall be performed on undiluted weld deposits-this test is required on
each lot of coated electrode. For bare electrode and inserts, the chemical analysis shall be performed on
undiluted weld deposits or may be performed on the bare wire. This test is required on each heat of bare

electrode. The chemical analysis shall include those elements required by the weld material specification.

3.3 Mechanical properties shall meet the ASME Specification requirements of paragraph 3.1 and the actual test
results shall be reported.

3.4 Coated electrodes and bare filler wire shall be stored and cared for as recommended by the manufacturer to
assure dry and clean material.

3.5 Issue to welders of electrode for shielded metal arc welding shall be limited to a quantity that may be consumed
in five hours. Electrode in the possession of a,welder for more than five hours shall be returned to a baking oven

for re.baking per the manufacturer's instructions. Electrode returned in less than five hours may be returned to a

holding oven at a temperature of 250'F to 350'F.
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3.6 All persons responsible for welding material shall be cautious of material contamination by liquids, vapors, or
solids. Materials being issued or returned shall be visually inspected for moisture, oil, greas'e, paints, hand prints
or any other matter that discolors or marks the surface of the filler material. Bare wire may be cleaned with
isopropyl alcohol, acetone and/or stainless steel wool. Soiled SMAW electrodes shall be discarde'd.

4.0 WELDING GASES

4.1 Shielding gases shall be welding grade argon, helium, or combination thereof.

4.2 Backing or purging gases shall be welding grade argon, helium, or combination thereof.

4.3 Any gases used as a mixture shall be commercially mixed and bottled.

5.0 PREPARATION OF BASE METAL

5.1 The edges or surfaces of parts to be welded shall be prepared by machining, shearing, grinding, or chipping. If
cutting oils are used they shall be sulphur free.

5.2 Irregularities in the weld preparation surface shall be blended into adjacent surfaces by grinding.

5.3 The machining, grinding, or other metal removal method of weld end preparation for matching ends, or for
correcting out-of-roundness in pipe shall not result in a wall thickness less than the minimum design wall
thickness.

5.4 The angle of bevel, spacing, and other details shall be in accordance with weld end preparation drawings included
in the job specifications. If not included in the job specifications, the angle of bevel, spacing, and other details
shall be essentially in accordance with the applicable detail welding specification.

5.5 The edges or surfaces of parts to be welded shall be free of oil, grease, paint, oxides, and all other foreign
materials. All welding and adjacent surfaces, front and back, for a minimum distance of two inches from the
weld shall be wiped clean using alcohol or acetone immediately prior to beginning welding.

5.6 Austenitic stainless steel brushes shall be used for power or handbrusliing. These brushes shall be free of grease

and oil and shall not have been previously used on carbon steel.

5.7 Grinding shall be done with rubber or resin bonded alumina or silicon carbide grinding wheels. No grinding shall

be done with wheels previously contaminated by grinding carbon steel.

5.8 Consumable insert rings sha'll be degreased with alcohol or acteone and cleaned with stainless steel wool or emery
cloth within four hours of their use.

5.9 No welding shall be done when surfaces to be welded are wet or covered with ice. No welding shall be done in

rain, snow, or wind unless the work and welder are properly protected.

6.0 WELDING

6.1 The specific welding process or processes, positions, electrode sizes, and mean voltages and currents for each

electrode, shall be substantially as shown on the applicable detailed welding specification.
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6.2 Where required by job specifications to submit detailed step. by-step welding instructions, the instructions shall

be a part of the applicable detailed welding specification.

6.3 All slag or flux remaining on weld beads and craters at stops shall be completely removed prior'to applying
subsequent weld beads.

6.4 Each layer of weld metal shall be lightly ground. Particular care shall be taken to assure grinding of low areas in

the welded surface.

6.5 Any visible defects such as crater cracks, blow holes, surface porosity, and inclusions that appear shall be

removed by grinding before depositing subsequent weld passes. Each bead shall blend smoothly into the adjacent
metal to obviate sharp inter-bead depressions.

6.6 Tack welds shall be made in conformance with root pass requirements in the applicable welding specification. If
not removed, tack welds shall be completely fused and visually inspected for evidence of cracking.

6.7 Welding operations shall be conducted under sheltered conditions. Welding shall be planned and conducted so as

to minimize warping or undue distortion of the assembled unit. Machined surfaces and threads shall be protected
against weld spatter.

6.8 Weld layers shall be built up uniformly along the joint and across the width of the joint. Block welding shall not
be permitted. Weld starts and stops shall be staggered.

6.9 Inert gas purging before welding shall be sufficient to pass at least six (6) volumes of gas through the volume
being purged or welding may be started when a gas sample (at the joint or nearby purge vent) shows less than 1%

oxygen.

6.10 For SMAW, bead width shall be limited to three times the diameter of the electrode.

6.11 All double.welded, full penetration joints shall be backgrooved to sound metal and liquid penetrant inspected

per ASME Boiler and Pressure Vessel Code, Section III, including latest addenda.

6.12 = Sufficient finishing shall be performed.to, provide a surface suitable for the specified nondestructive inspection.
Power wire brushing shall not be used on surfaces to be liquid penetrant tested prior to testing. Allunacceptable

defects visually observed or revealed by nondestructive tests shall be repaired as defined in 9.0 below.

6.13 Peening of welds is prohibited.

6.14 Backing rings shall either be removed or the seam in the backing ring shall be welded.

7.0 PREHEAT, INTERPASS TEMPERATURE AND HEAT TREATMENT

7.1 Inconel 600 shall not be preheated for welding unless the metal temperature is below 32 F; then the first
6 inches of the joint area should be preheated to 70-100 F.

7.2 Inconel 600 interpass temperature shall not exceed 350'F for 'all welding. The interpass temperature shall be

checked on the base metal within 1 inch of the weld edge. Temperature shall be checked using either a contact
pyrometer or contact thermometer. No temperature indicating crayons, paint, or pellets shall be used on Inconel

welds.

7.3 Post-weld heat treatment of Inconel 600 is not required, and any such treatment is prohibited.
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8.0 INSPECTION

8.1 Each bead shall be visually inspected by the welder after cleaning. Any defects shall be repaired before a covering
layer is applied.

8.2 The final weld pass and adjacent metal for all welds, but excluding tack welds, shall be inspected by liquid
penetrant inspection and acceptance standards in accordance with ASME Boiler and Pressure Vessel Code,
Section ill, including latest addenda. This shall also apply to backwhipped, ground or gouged surfaces.

8.3 When radiography is required, radiographic techniques and standards of acceptance shall comply with ASME
Boiler and Pressure Vessel Code, Section III, including latest addenda.

1

9.0 REPAIR OF DEFECTS

9.1 Cracks that may occur during welding shall be removed by grinding. The excavated area shall be liquid penetrant
examined to assure complete defect removal. Welding may continue upon completion of TP testing.

9.2 After welding has been completed all of the applicable required nondestructive tests shall be made as quickly as
practical to determine acceptability of the weld.

'

9.3 AII defects in excess of the applicable standard shall be removed by grinding and/or chipping. Completeness of
defect removal shall be verified by PT examination. Repair welding shall be in accordance with the original
procedure except that GTAW may be used to fill the entire excavation (provided the weld and welder are
qualified).

10.0 QUAL IF ICATION

10.1 Weld Procedure Qualification shall be in accordance with ASME Section IX, Boiler and Pressure Vessel Code.
Essential and non.essential variables shall be delineated on the Detail Welding specification.

10.2 Welder Performance Qualification shall be in accordance with ASME Section IX, Boiler and Pressure
Vessel Code.
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DETAIL WELDING PROCEDURE

INCONEL GROOVE WELD W/INSERT

NMP-4A

. BAsE METAL: Inconel 600 182 or 82
WEI.DED TO- o 600 182 or 82
ASME SECT. IX: P» 43 'O P» 43
G.E ~ SPEC TO

" 'ELDING MATL: nd 182

ASME SECT. IX: F» 3
SHLD. GAS Ar on

11 eCON SUM. ISR. RING:
. FLUX: None

wELDING PRocEss: Combination GTA an

WELD JOINT

'+ 0.4g./0,

PRE.HEAT L INTERPASS TEMp ('F); No Preheat
'aximum Inter ass em era ure

POST-WELD HEAT TREAT: None

'+OHIO/5O.0 Cod y.gyes

THIcKNEss: 3/16" MIN,
APPLICABLE GEN. WELD PROC.
BACKING STRIP 0 YES m

ADDITIONALREQUIREMENTS
and 2 la ers.

1-1/2"
P-4

NO

B

ck'AX,
O Opt

GAP:
MISMATCH:

WELDING PROCESS

PASS NO.

TRAVEL SPEED (IN./MIN)
CURRENT (AMPS OR WES)

ELECTRODE POLARITY
ARC LG (VOLTS OR IN.)
TORCH GAS (C.F.H.)
BACKING GAS

CUP SIZE

TRAILINGSHIELD

GTAW

Root -1st

-10
Ar on

None

SMAW

TO

65-95
Rev.
16-28

None

ELECTRODE/WIRE DIA. 1 16-3 32 1 8
ELECTRODE EXT.
FILLER WIRE DIA.

3 8
1 16 or 3

ADDITIONALINSTRUCTION Li uid Penetrant Radio ra h and UT er ASME Code. Sec ion III
Para r hs N-627 N-624 a d N- 2 PO tp

REPAIR WELDING Per NMP- an t is

'-3S/D-36

PROCEDURE

QUALIFICATION NO.
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Rework Procedure Number NMP-5

Revision 0

GENERAL WELDING PROCEDURE
FOR

AUSTENITICSTAINLESS STEEL
TO

AUSTENITICSTAINLESS STEEL

1.0 SCOPE

1.1 This procedure defines the general processing requirements for arc welding of austenitic stainless steel to
austenitic stainless steel by the following processes:

Process

Shielded Metal Arc Welding
Gas Metal Arc Welding
Gas Tungsten Arc Welding

AWS Designation
SMAW

GMAW
GTAW

2.0 BASE METAL

2.1 Arc welding of austenitic stainless steels shall be in ASME Hardenability Classification "P", Group 8.

2.2 Backing rings, ifused, shall be of the same classification and group as specified in 2.1 above.

3.0 FILLER METAL

3.1 Filler metal for the welding processes in 1.1 shall conform to the following:

3.1.1 Shielded metal arc welding filler metal shall conform to ASME Filler Metal Group F-5, ASME Speci-
fication SA298, EXXXper table in 3.1.4.

3.1.2 Gas metal arc welding filler metal shall conform to ASME Filler Metal GroupF-7, ASME Speci-
fication SA371, ERXXX per table in 3.1.4.

3.1.3 Gas tungsten arc welding filler metal shall conform to ASME Filler Metal Group F-7, ASME Specification
SA371, ERXXX per table in 3.1.4.

3.1.4
TABL'E —Filler Metal Classification

316

Base

Metal 304 304 L 308
304 308 308 308
304L "308L 308
308

, 308
308
or
316

316 316I.
308 308
308 308L
308 308
308or, 316
316
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For SMAW use EXXX-15 or EXXX-16 per table.
For GMAWand GTAW use ERXXX per table.
NOTE: Low carbon may be substituted for all regular types above.

3.1.5 Consumable inserts for austenitic stainless steel welds shall conform to ASME Filler Metal Group F-7,

SA371, classification per table 3.1.4.

3.2 A certified chemical analysis shall be obtained on each heat of weld metal to be used. For coated electrode, the
chemical analysis shall be performed on undiluted weld deposits. For bare electrode and consumable inserts, the
chemical analysis shall be performed on undiluted weld deposits or may be performed on the bare wire. The
chemical analysis shall include those elements required by the weld material specification and, in addition, a

minimum of 5% ferrite.

3.3 Mechanical properties shall meet the ASME specification requirements of paragraph 3.1 and the actual test
results shall be reported.

3.4 Coated electrodes and bare filler wire shall be stored and cared for as recommended by the manufacturer to
assure dry and clean material.

3.5 Only enough electrode for SMAW and GTAW shall be drawn from stock for 5 hours usage. Care shall be taken

by the welder to prevent fillermetal in his possession from becoming contaminated; it shall be returned to stock
and treated as in 3.6.

3.6 Return of unused filler metal for storage or later use shall be examined for contaminants such as oil, grease,

moisture, etc. Dirty SMAW electrodes shall be disposed of, and dirty bare fillerwire shall be cleaned prior to
storage, with isopropyl alcohol or acetone and/or stainless steel wool.

4.0 WELDING GASES

4.1 Shielding gases shall be welding grade argon, helium or combination thereof.

4.2 Backing or surging gases shall be welding grade argon, helium, or combination thereof.

4.3 Any gases used as a mixture shall be commercially mixed and bottled.

5.0 PREPARATION OF BASE METALS

5.1 The edges or surfaces of parts to be welded shall be prepared by machining, shearing, grinding, or chipping. If
cutting oils are used they shall be sulphur free.

5.2 Irregularities in the weld preparation surface shall be blended into adjacent surfaces by grinding.

5.3 The machining, grinding or other metal removal method of weld end preparation for matching ends, or for
correcting outwf-roundness in the pipe shall not result in a wall thickness less than the minimum design wall
thickness.

5.4 The angle of bevel, spacing, and other details shall be in accordance with weld end preparation drawings included

in the job specifications. If not included in the job specifications, the angle of bevel, spacing, and other details

shall be essentially in accordance with the applicable welding specification.
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5.5 The edges or surfaces of parts to be welded shall be free of oil, grease, paint, scale and all other foreign materials.

All welding and adjacent surfaces, front and back, for a minimum distance of two inches from the weld shall be

wiped clean using alcohol or acetone.

5.6 Austenitic stainless steel brushes shall be used for power or handbrushing. These brushes shall be free of
grease'nd

oil, and shall not have been previously used on carbon steel.

5.7 Grinding shall be done with rubber or resin bonded alumina or silicon carbine grinding wheels. No grinding shall

be done with wheels previously contaminated by grinding carbon steel.

5.8 Consumable insert rings shall be degreased with alcohol or acetone and lightly cleaned with stainless steel wool

or emery cloth within four hours of their usage.

5.9 No welding shall be done when surfaces to be welded are wet or covered with ice. No welding shall be done in

rain, snow or wind unless the work and welder are properly protected.

6.0 WELDING

6.1 The specific welding process or processes, electrical characteristics, welding positions, electrode sizes, and mean

voltages and currents for each electrode, shall be substantially as shown on the applicable welding specification.

6.2 Where required by job specifications to submit detailed step by step welding instructions, the instructions shall

be a part of the applicable welding specification.

6.3 All slag or flux remaining on weld beads and craters at stops shall be completely removed prior to applying

subsequent weld beads.

6.4 Each layer of weld metal shall be lightly ground. Particular care shall be taken to assure grinding of low areas in

the welded surface.

6.5 Any visible defects such as crater cracks, blow holes, surface porosity, and inclusions that appear shall be

removed by grinding before depositing subsequent weld passes. Each bead shall ble'nd smoothly into the adjacent

metal to obviate sharp interbead depressions.

6.6 Tack welds shall be made in conformance with root pass requirements in the applicable welding specification. If

not removed, tack welds shall be completely fused and visually inspected for evidence of cracking.

6.7 Welding operations shall be conducted under sheltered conditions. Welding shall be planned and conducted so as

to minimize warping or undue distortion of the assembled unit. Machined surfaces and threads shall be protected

against weld spatter and restrained against warping.

6.8 Weld layers shall be built up uniformly along the joint and across the width of the joint. Block welding shall not

be permitted. Weld starts and stops shall be. staggered.

6.9 Inert gas purging before welding shall be sufficient to pass at least 6 volumes of gas through the volume being

purged or welding may be started when a gas sample (at the joint or nearby purge vent) shows less than

1% oxygen.

6.10 For SMAW, bead width shall be limited to three times the diameter of the electrode.
J
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6.11 All double. welded, full penetration joints shall be backgrooved to sound metal and liquid penetrant inspected
per ASME Boiler and Pressure Vessel Code, Section III, including latest addenda.

6.12 Sufficient finishing shall be performed to provide a surface suitable for the specified nondestructive inspection.
Power wire brushing shall not be used on surfaces to be liquid penetrant tested prior to testing. Allunacceptable
defects visually observed or revealed by nondestructive tests shall be repaired as defined in 9.0 below.

7.0 PREHEAT, INTERPASS TEMPERATURE AND HEAT TREATMENT

7.1 Stainless steel shall not be preheated for welding unless the metal temperature is below 32'F; then the first
6 inches of the joint area should be preheated to 70-100 F.

7.2 Stainless steel interpass temperature shall not exceed 350 F for all welding. The interpass temperature shall be
checked on the base metal within 1 inch of the weld edge. Temperature shall be checked using either a contact
pyrometer or contact thermometer. No temperature indicating crayons, paint, or pellets shall be used on
stainless steel.

7.3 Post-weld heat treatment of stainless steel is not required, and any such treatment is prohibited.

8.0 INSPECTION

8.1 Each bead shall be visually inspected by the welder after cleaning. Any defects shall be repaired before a covering
layer is applied.

8.2 The final weld pass and adjacent metal for all welds, but excluding tack welds, shall be inspected by liquid
penetrant inspection and acceptance standards in accordance with ASME Boiler and Pressure Vessel Code,
Section III, including latest addenda. This shall also apply to backchlpped, ground or gouged surfaces.

8.3 When radiography is required, radiographic techniques and standards of acceptance shall comply with ASME
Boiler and Pressure Vessel Code, Section III, including latest addenda.

9.0 REPAIR OF DEFECTS

9.1 Cracks that may occur during welding shall be removed by grinding. The excavated area shall be liquid penetrant
examined to assure complete defect removal. Welding may continue upon completion of PT testing.

9.2 After welding has been completed, all of the applicable required nondestructive tests shall be made as quickly as
practical to determine acceptability of the weld.

9.3 All defects in excess of the applicable standard shall be removed by grinding and/or chipping. Completeness of
defect removal shall be verified by PT examination. Repair welding shall be in accordance with the original
procedure except that GTAW may be used to fill the entire excavation (provided the weld and welder are
qualified).

10.0 QUALIFICATION
I

10.1 Weld Procedure Qualification shall be in accordance with ASME Section IX, Boiler and Pressure Vessel Code.
Essential and non.essential variables shall be delineated on the Detail Welding Specification.

10.2 Welder Performance Qualification shall be ln accordance with ASME Section IX; Boiler and Pressure Vessel
Code.



PROCESSES

DETAIL WELDING PROCEDURE

Stainless Steel Groove Weld W/Insert

NMP-SA

BAsE METAL: Austenitic Stainless Steel
WELoeo To -, eni c Stainless Steel

G.E. SPEC TO
wELDING MATL: SA371 and SA298

WELD JOINT

ASME SECT. IX: Fo

SHLD. GAS Ar on
CONSUM. ISR. RING: Grinnell T e

F I.UX: None
weLDING pRocess: Combination GTAlU and SMA1U

3O'Vn0a

PRE;NEAT 8 INTERPAss TEMp ( F): No Preheat
»U F Maximum Inter ass Tem erature
POST-WELD HEAT TREAT

7 81I MAX.

+ 0.
CI.Oa o'4

+0. I
6. 06R-

APPLICABLE GEN. WELD PROC. NMP-5

BACKING STRIP 0 YES % NO

ADDITIDNAI.REQUIREMENTS Ar on Gas Back Pur e for
root and 2 la ers

1/32" Max.
MlsMATcH. 1/16" Max

WELDING PROCESS

PASS NO.
TRAVEL SPEED (IN./MIN)
CURRENT (AMPS OR WES)

ELECTRODE POLARITY
ARC LG (VOLTS OR IN.)

~TORCH GAS (C.F.H.)
BACKING GAS

GTAlU

Root 1st

65-100

2-
4-10

Ar on

5) IAW

To
Com letion

65-110

16-28

None
CUP SIZE
TRAILING SHIELD
ELECTRODE/WIRE DIA.
ELECTRODE EXT.

16 or 3 3 1 818-38

ADDITIONALINSTRUCTION Li uid Penetrant PT Radio ra h RT and Ultrasonic UT er
ASME Code Section III ara ra hs N-627 N- 24 and N-625 re ecti el
Positions - all.

REpAIR Wei DING er - an zs e ax e roce ure.

PROCEDURE

QUALIFICATIONNO.
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PROCESSES

DETAIL WELDING PROCEDURE

Stainless Steel Groove lUeld lU/Backin Rin

NMP-'SB

eAsE METAL: Austenitic Stainless Steel
wELDED To ~ ni i Stainless Steel

G.E. SPEC. To
WELDING MATL

WELD JOINT

ASME SECT. IX: F» 7
SHLD.,AS Ar on

coNsUM. IsR. RING: None
FI Ux: None

WEI DING PRocEss: Gas Tun sten Arc IUeldin

PRE HEA1 s INTERPAsgTEMP ('F): Maximum Inter ass
~IOM Stature 3EO

POST-WELD HEAT TREAT:
I

l THICKNESS: 3/16 MIN. 0. 860
APPLICABt E GEN. WELD PROC. GE NMP- 5
8ACKING )TRIP ml YES 0 No

I
ADDIT ION AL R EQUIR E MENTS

MAX. nCk) <q Fi Wq

pig
GAP:
MISMATCH:

WE LDING PROCESS GTA$U

PASS NO.

TRAVEL SPEED (IN./MIN)
CURRENT IAMPS OR WE!I
ELECTRODE POLARITY
ARC LG (VOLTS OR IN.)
TORCH GAS (C.F.H.)
8ACKING BASI
CUP SIZE

TRAILING SHIELD
ELECTRODE/WIRE DIA
ELECTRO!3E EXT.

All

65-100
St

12-20
4-10

None

None

1 16 or 3 3 "

ADDITIONALINSTRUCTION Ba k Rin N 0 Back Pur e Li uid Penetrant - examine finished
weld er NMP-6. Positions — all.

I ~ REpAIR w,LDING z z,ze xs roce ure - o owing excava son.

PROCEDURE

QUALIFICATION NO
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Revision 0

STANDARD LIQUIDPENETRANT EXAMINATION
FOR ASME CODE ACCEPTANCE

1.0 SCOPE

This test procedure establishes the materials and methods to be used to perform a valid examination for ASME code

and General Electric Company criteria. The acceptance requirements for test results shall be in accordance with
ASME Section III.

2.0 MATERIALS

The following listed Brand Names and types may be used for liquid penetrant examination. Any material not listed

shall not be used without specific written consent from GE-APED.

2.1 Penetrant

Spot Check SLK-S IMagnaflux Corp.)
Dy Chek Penetrant (Turco Co.)

2.2 Developer

Spot Check SKD-S

Dy Chek Developer Nonaqueous

2.3 Solvent Cleaner

Spot Check SKC.S

Dy Chek Remover No. 3
Acetone, technical grade or Chemically Pure Grade

2A All penetrant materials shall be c'ertified to have less than 5000 ppm total chlorides and 10,000 ppm total
halogen and sulphur.

3.0 TEST METHOD

3.1 . CLEANING

All material to be examined by the liquid penetrant inspection shall be cleaned by heavy swabbing with clean

.lint-free cloths saturated with a volatile solvent, or by vapor degreasing. Ifa solvent is used as a cleaner, all parts
shall stand for 5 minutes after the surface appears to dry. The solvent acts as a penetrant and must be allowed to
evaporate from all discontinuities.

3.2 SURFACE FINISH

The surface shall be inspected to determine <hat the surface is adequately smooth for penetrant removal and

developing. Usually surfaces may be locally ground to reinoye areas of excessive roughness.

3.3 TEMPERATURE

The temperature of the surface to be examined shall be maintained between 60 and 125',F.
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3.4 PENETRANT APPLICATION

,
Penetrant application may be by spray or brushed over the entire area to be examined. The area being examined

must be kept wet for 15 minutes. If an area becomes dry or tacky, the surface shall be recleaned per
paragraph 3.1 and begin another test. Dry orrtacky penetrant may clog the entrance to a defect and cause the
test to be inconclusive.

3.5 PENETRANT REMOVAL

After 15 minutes the penetrant remaining on the surface must be removed. First, thoroughly wipe the surface

with dry lint-free rags. Continue wiping with dry rags until the surface is dry. Secondly, dampen a lint-free rag

with cleaner. DO NOT saturate the rag. Continue wiping the surface with a dampened rag until no red staining

appears on the rag and the surface is dry.

3.6 DEVELOPER APPLICATION

Developer shall be applied in a thin uniform film by spraying. Any pools of wet developer shall be cause for
retest. Immediately prior to application the developer shall be agitated to prevent settling of solid particles.

3.7 TEST EVALUATION

The prepared area may be evaluated for acceptance after 7 minutes and less than 30 minutes. Lighting shall be

adequate to interpret results.

3.8 ACCEPTANCE CRITERIA

The criteria for acceptance shall be as describediin ptSIIIS Section III,paragraph NS27 and the following:

a. Relevant indications of any cracks or linear indications are unacceptable.

b. Rounded indications with dimensions greater than 'I/16 Inch are unacceptable.

c. Four or more rounded indications in a line separated by 3/16 inch or less are unacceptable.

d. Ten or more rounded indications with dimensions over 1/64 inch in any 6 square inches of surface

with the area taken in the most unfavorable location relative to the indications under evaluation are

unacceptable.

4.0 All penetrant materials shall be completely removed after examination with the cleaner specified in paragraph 2.3.
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Rework Procedure Number NMP-7

Revision 0

GENERAL RADIOGRAPHY PROCEDURE FOR WELDS

1.0 SCOPE

1.1 This procedure specification delineates materials, methods, and evaluation criteria for weld examination by

radiography.

2.0 RADIATIONSOURCES

2.1 X-Ray

Energy

(Kv)

Material

Min.

Thickness

(Incl.)
Max.

50

100

200
300
400
600

1000

0
0.25
0.40
0.55
0.80
1.20
1.80

0.25
0.55
1.00

1.30

1.70
2.30
3.00

Either voltage or thickness may be varied outside the above limits provided a demonstration radiograph is made

which clearly shows a hole one-half the diameter required by the ASME Code. The demonstration radiograph

shall be fully representative of the actual part and conditions.

2.2 Gamma ray radiography shall be acceptable with Iridium 192 for steel thicknesses of 1/4 inch to 2-1/2 inches.

Other isotopes willnot be considered.

3.0 FOCAL SPOT'SIZE VS SOURCE TO FILMDISTANCE

3.1 The following relationship of focal spot size and source to filmdistance shall be followed:
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MATERIALTHICKNESS (Inches of Steel)

0.5 1 1.5 2 2.5 3 4 5 6 8 10 12 14 16

1 8.5 9 10.5 14 17.5 21 28 35 42 56 70 84 98 112

1.5 12.5 13 13.5 14 17.5 21 28 35 42 56 70 84 98 112

2.0

2.5

—3.0
E

N

4.0

V)
5.0

O
u

6.0

16.5 17 17.5 18 18.5 21 28 35 42 56 70 84 98 112

20.5 21 21.5 22 22.5 23 28 35 42 56 70 84 98 112

24.5 25 25.5 26 26.5 27 28 35 42 56 70 84 98 112

32.5 33 33.5 34 34.5 35 36 37 42 56 70 84 98 112

40.5 41 41.5 42 42.5 43 44 45 46 56 70 84 98 112

48.5 49 49.5 50 50.5 51 52 53 54 56 70 84 98 112

8.0 64.5 65 65.5 66 66.5 67 68 69 70 72 74 84 98 112

10.0 80.5 81 81.5 82 82.5 83 84 85 86 88 90 92 98 112

Minimum Source-to-Film Distance

(Inches)

NOTE

(1) Focal spot size is considered to be the longest projected dimension perpendicular to the beam.

(2) Straight line interpolation or extrapolation may be used for material thicknesses and focal spot sizes less

than 16 inches or 1.0 millimeters, respectively.

(3) Source to film distances greater than those shown are acceptable. Source to filmdistances less than those
shown shall be proven by making a demonstration radiograph as described in paragraph 2.1.

4.0 FILM PER CASSETTE

Each cassette shall be loaded with two films of equal speed. Each individual film shall meet the density
requirements of paragraph 5.0.

5.0 FILM DENSITY

Film density shall be within the following limitations:

X-Ray
Gamma Ray

Minimum H Ik D

2.02.0'ominal H & D

2.6
2.9
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6.0 FILMTYPE

Acceptable film brands shall be well known such as, Kodak, Ansco, Dupont, Gaevert, for which characteristic
curves, film speeds, grain size and contrast are readily available. Any film used shall be equivalent to
Kodak Type AA, M or L.

7.0 TYPE AND THICKNESS OF FILTERS AND SCREENS

7.1 Lead filters and screens shall be used within the following limitations:

X-Ray
FRONT

Min. Max.

BACK
Min. Max.

Up to 500 Kv
500 Kv to 2 Mev

2 Mev to 30 Mev

0.005 0.010 0.005 0.020
0.010 0.020 0.020 0.040
0.010 0.020 0.020 0.060

Iridium 192

Up to 10 curie
Over 10 curie

0.005 0.010 0.010 0.020
0.010 0.020 0.040 0.060

Lead filters or screens different from those listed above'may be proven by a demonstration radiograph described

in paragraph 2.1

7.2 Flourescent intensifying screen shall not be used.

8.0 BACK SCATTER

The absence of back scatter shall be confirmed by placing a lead letter B on the back side of the cassette. The

appearance of the letter image on the film shall be cause for rejection.

9.0 BLOCKING

If end or edge effects cause masking of an area to be inspected, blocking shall be used. Technique shots shall be

made to verify acceptable results.

10.0 FILM OVER LAP

Where radiographic coverage requires multiple films, the overlap shall be planned. The nominal film overlap shall

be 1 inch and the minimum film overlap shall be 1/2 inch. Film station markers shall appear on each end of each

film.

11.0 SHIMS

Shims shall be used under the penetrameters to produce a total thickness under the penetrameter equal to the

nominal thickness being, examined plus the total thickness of the crown, or reinforcement, on each side of the

weld. Shim material shall be radiographically similar to the base material.
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12.0 FILMVIEWING

Film viewing shall be done in a darkened room. For film densities less than 2.5, either a high intensity or a

flourescent viewer may be used, whichever is more suitable. For filmdensities greater than 2.5, a high intensity
viewer shall be used.

13.0 FILM IDENTIFICATIONAND CORRELATION TO THE PART

13.1 Each individual film shall be identified and include the following information: weld joint and number, film
numbers (on each side of each film in a sequence), identification as to repair or reshot status, radiographic
contractor's i.d. and job or project i.d.

13.2 The area radiographed shall be marked to permit accurate relocation of the film for evaluation or repair. The

area shall be (1) low stress steel stamped, (2) stamped steel tag attached, or (3) Vibrotool.

14.0 PENETRAMETER TYPE AND LOCATION

14.1 Penetrameters shall be of the material specified and of appropriate thickness as stated by ASTM of Radiographic

Testing, E-142-68.

14.2 The penetrameter(s) shall be placed on the source side of the material. Film side location of the penetrameter is

permitted, provided, the configuration requires film side placement and a demonstration film is made showing

the source side penetrameter image quality equal to a one*alf thickness film side penetrameter. Film side

penetrameters shall be accompanied by a lead letter F.

14.3 In the case of small pipe welds, the penetrameter may be placed to one side of the pipe on a shim meeting the

requirements of 10.0. In this case, the shim shall be sufficiently large to prevent edge effects from obscuring the

image of the penetrameter.
I

14.4 Multiple film exposures shall have at lease one pentrameter for each film.

15.0 FILMPROCESSING

Film processing shall be planned and a controlled program shall be followed. "Sight" developing is unacceptable.

15.1 Temperature of"all solutions shall be'onitored and controlled. Developer shall be maintained as close as

practical to 68 F. No developing shall, be done if the developer is less than 61 F or greater than'75 F.

A chart or curve of time compensation versus temperature shall always be available for ready reference and

compensation shall be made for solution temperature changes greater than 2'F.

15.2 Developing shall be'termlnatetl by oA'e of the following:

a. Immersloh of the film in stop ba)h.

b. Films are ffnsed by immersion% agitated running water for at least 2 minutes before fixing.

c. Films are immersed in 'an agitated fixing solution. If this method is used, a special program of replenishing

fixing solution is needed.
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Fixing shall ba per the manufacturer's instructions. In no case shall fixing be less than twice the clearing time nor
more than three times the clearing time.

15.3 Final washing after fixing will be acceptable if films and hangers are totally immersed in running water for at
leas) 30 minutes, and if the water is well circulated to all films at a temperature greater than 60 F with complete
change of water volume at least four times per hour.

15.4 Automatiq filirl processing must be evaluated and accepted on a case basis by 66.APED Field Applications
Engineering.

16.0 FILM EVALUATION

16.1 A Shooter's Sketch shall be prepared prior to radiography and shall contain the information shown on the
attached sheet. The Geometry and Distance Sketch shall depict the source, angles, distance and radial location. ~

16,2 A Reader's Sheet shall be used when grading film.The attached reader's sheet is acceptable for content. The film
reader must be a Level II per SNT-TC-1A, with supplements thereto. Each film shall be graded and all indication
noted by the film reader.

16.3 Film exposure and film processing errors are not listed on the Reader's Sheet because these types of errors are

intended to automatically be rejected.

17.0 ACCEPTABLE STANDARDS

Weld joint acceptance criteria shall be in accordance with the appropriate code which may be:

ASME Section III,Paragraph N.624

ASME Section Vill,Paragraph UW-51

Nuclear Power Piping USAS B31.7, Paragraph 1-736.4.2
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SHOOTER'S SKETCkl

SYSTEM BUILDING CODE

JOINT NUMBER RT PROCEDURE NO.

BRAND NAME AND FILM TYPE

NUMBER OF EXPOSURES

PENNY NO. SHIM

MATERIAL DIAMETER

SINGLE WALL DOUBLE WALL

WELD THICKNESS

JOINT TYPE: INSERT

X RAY

MACHINE

ISOTOPE

TYPE

BACKING RING

FOCAL SPOT

STRENGTH (CURIES)

KVP

OPEN BUTT

SIZE

OTHER

GEOMETRY AND DISTANCE SKETCH:

SHOW FILM, SOURCE, BACKING, SHIMS, PENETRAMETER
SCREENS, ANGLES, SOURCE TO FILM DISTANCE, MARKERS

REQUESTED BY

DATE

RADIOGRAPHER

DATE
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NINE MILE POINT NUCLEAR STATION

REMOVAL AND REPLACEMENT OF CORE SPRAY NOZZLE SAFE END

~Sco e

1.1 , This procedure specifies the technical requirements for the re-

moval and replacement of core spray nozzle safe ends and the re-

moval and replacement of portions of the core spray nozzle thermal

sleeve to facilitate access for safe end replacement. It is nec- "

essary to remove and replace certain portions of the core spray

piping to gain access for removal and replacement of the safe end.

1.2 The following General Electric Company drawings are a part of, and

are to be used with this procedure:

921D857 Core Spray Nozzle N6A Safe End Replacement

158B8462P1 Centering Sleeve

158B8463P1 Inner Safe End

158B8464Pl Outer Safe End

1.3

158B8565P1 Sleeve End Replacement

209A7152 Consumable Insert

References are made to the following additional documents:

A. 21A8570 — Special Liquid Penetrant for Intergranular Cor-
rosion

B. Rework Procedure No. NMP-4 — General Welding Procedure for
Inconel 600, Inconel 182, Inconel 82

C. Detail Welding Procedure NMP-4A

D. Rework Procedure No. NMP-5 — General Welding Procedure
for Welding Stainless Steel

E.

F.

Detail Welding Procedure NMP-5A

Detail Welding Procedure NMP-5B

D.52



Procedure No. 9

NEDE.10168, 4-16-70

G. Rework Procedure No. %P-6 — Standard Liquid Penetrant
Examination for ASME Code Acceptance

H. Rework Procedure No. NMP-7 — General Radiography for Welds

21A8592 — Ultrasonic Examination of Pipe and Safe End
Welds

2.0 Safe End Removal and Re lacement

2.1 Before cutting pipe or safe end .or machining weld preps on re-

maining fixed ends of piping and nozzles in situ, adequate pro-

visions must be made to provide for cleaning the vessel and pip-

ing to remove all chips, debris, inspection fluids, etc.
~ ~

\

Note: All machining and cutting operations shall be done dry (no '„;.,'"

lubricants or coolants).

2.2 Before any welding is done and before surfaces are covered so as

to prevent cleaning, the surfaces in the vicinity of the welding

and surfaces to be covered shall be thoroughly cleaned with either

isopropyl alcohol or acetone and completely dried.

2.3 No welding, cutting or metal removal is to be performed closer

than 1/8 inch away from the low alloy steel portion of the vessel

nozzles.

2.4 All work and workmen shall conform to NMP radiation control spec-

ifications.

2.5 Provide chip retention plastic sheet under working area.
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2.6 Provide temporary axial and radial support to limit relative

movement during first cut.

2.7 Scribe pipe at quadrants 6" length centered on first cut. Make

6" trammel marks on scribe lines. Record trammel spacing.

2.8 Scribe 12:00 position on safe end to premanently identify orien-

tation of ring to be removed.

2.9 Se uence of Work

Note: indicates sequence on Drawing 921D857.

OA. Before any cuts are made in pipe or safe end, the reactor

water level shall be six inches above the highest portion of the

core spray piping. A hole will be drilled in the bottom of the

six-inch schedule 80 pipe adjacent to the safe end. This pipe has

a wall thickness of .432 inches. The hole will be 7/32 inch

diameter and will be drilled to a maximum depth of .370 inch. A

1/16-inch diameter drill will be used to finish the penetration

of the pipe wall. A syringe septum will be immediately placed

in the 7/32-inch hole. An 8-inch syringe needle will be inserted

through the septum concurrently withdrawing the plunger. The

heighth at which gas is first observed will be recorded. Samples

of both the gaseous and the aqueous phases will be collected by

the syringes. Oxygen analysis will be performed on the samples at

the Site; the gas samples will be analyzed by gas chromatography

at Vallecitos. A liquid sample will be returned to Vallecitos

for fluoride and chloride analysis.
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Lower water level of reactor vessel in accordance with NMP

Special Operating Procedures.

Make cut No. 1 per sketch No. 1.

Release restraint on ELL and measure relative movement. Record.

Install dynamometer on lift and liftpipe level with nozzle and

read and record load.

Elevate pipe untilit is 1.5" above nozzle and read and reCord load.

Return pipe to blocked position.

Locate and make cut No. 2. Remove pipe, clean, nozzle and remaining
j

pipe of all chips and debris both inside and out and install plugs

in nozzle and pipe to prevent entry chips and debris during re-

maining sequence of work.

Locate cut No. 3 and make cut.

B. Locate cut No. 4 as shown. Cut No. 4 may be located closer

to vessel to clear rolled-in portion of sleeve. Use abrasive cut

off unit with internal attachments and make cut without coolant or

lubrication at cut. Vacuum away all chips and debris before,

during and after cutting.

CAUTION: Ventilating air pressure shall be equalized between

reactor vessel interior and drywell region in way of this nozzle
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during this and all remaining sequences of work.

Next, locate the )unction between the Ni-Cr-Fe shop weld and the

sensitized stainless steel safe end at three equally spaced posi-

tions, using the following:

a. Prepare a saturated solution of oxalic acid in demineralized

water, 90'F to 130'F.

b. Clamp the positive terminal of a 6 volt battery to the nozzle.

c. Attach the negative terminal of the battery to a one half

(1/2) inch diameter copper disk. Use a long enough lead for

easy manipulation.

d. Saturate a cloth pad, 1/2." to 1" diameter, with oxalic acid
4

and place it on the weld )oint with the copper disk on the

back of the pad.

e. Press down lightly on the copper disk and saturated pad while

scrubbing in a small area. Keep the area small and wet with

acid. Scrub for two (2) to five (5) minutes as needed.

f. Wash the entire area with demineralized water and dry with

Kotex after etching is complete. Repeat the washing and

drying three times.

For good results use a strong battery and keep the pad satur-

ated.

Do not allow any drip or contact of the etchant to any other

materials.

In case of spills wash three times as described in f.
X
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Scribe a line through each etched area where Ni-Cr-Fe to stainless

steel )unction occurs, and completely around the nozzle, thus

locating cut No. 5. Scribe a line along the top of 12 o'lock po-

sition of the sensitized stainless steel safe end. Make cut No. 5

using abrasive cut-off unit without coolant or lubrication. Cut

No. 5 should be made as concentric with nozzle O.D. as practical,

and should not cut into the Ni-Cr-Fe shop weld. Abrasive cut off

should proceed until all but 1/16 inch of sensitized stainless steel

safe end wall remains. Vacuum away all chips and debris. Cut

No. 5 should then be completed using a cold chisel. Save safe end

just removed for separate handling instructions.

C. Vacuum and clean O.D. of sleeve. Inventory fiber-glass

rope. Use one continuous length of rope. Carefully insert rope

into gap between sleeve and nozzle. Insert only far enough to just

clear centering sleeve. Note position of end of rope for later

removal. Measure O.D. of sleeve for use in finish machining of

centering sleeve. Make cut No. 6 as close as practical to cut

No. 5, using abrasive cut-off unit without coolant or fluids of

any kind. Vacuum away all chips and debris during the following

cut. Save portion of sleeve )ust removed for separate handling

instructions. Locate )unction of Ni-Cr-Fe shop weld and low-alloy

steel nozzle. It may be necessary to wire brush this area to
'\

remove paint so that the )unction can be clearly seen for entire

circumference. Locate cut No. 7 from this )unction. Hake cut

No. 7 using abrasive cut-off unit with internal attachments, using

no coolants or liquids. Vacuum away all chips and debris during

and following this operation. Take care not to cut into nozzle
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cladding or shop weld at any location. Save portion of sleeve

just removed for separate handling instructions. Measure I.D.

of nozzle to determine smallest I.D. Use this dimension together

with dimension between cut No. 5 and cut No. 7 and complete mach-

ining of centering sleeve.

Locate )unctions of Ni-Cr-Fe shop weld and stainless steel cladding

and remaining safe end on nozzle I.D., using procedure previously

described. Be very careful to avoid any excess of oxalic acid at

any time to prevent entry into gap between sleeve and nozzle.

Report results. Measure and record location of these junctions

relative to the Ni-Cr-Fe shop weld to low-alloy steel junction.

Clean and dry etched area thoroughly. Examine existing Ni-Cr-Fe

shop weld using radiographic, ultrasonic and liquid penetrant ex-

aminations, and report these results. Install centering sleeve

and tack weld .as shown on drawing, then tack weld sleeve'to cen-
Y

tering sXeeve (not shown on drawing).

OD. Machine counterbore in sleeve. Use no coolants or cutting

fluids of any kind. Liquid penetrant examine machined surfaces.

Surfaces so examined shall be free of any crack-like indications

and indications of porosity. Carefully remove tack welds holding

centering sleeve in place and remove centering sleeve.

OE. Before proceeding with machining, results of examinations

of the Ni-Cr-Fe shop weld under C above must be satisfactory to

all parties concerned. If repair of the shop weld is indicated,

this work shall be done at this time using approved procedures.
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If no repair is indicated, proceed with machining to produce the

weld prep shown on the drawing. Use no coolants or cutting fluids

of any kind.

F. Fit consumable insert and inner safe end. Arrange back

purge so that no weld flux fumes that may be generated enter the

inside of the nozzle or replacement safe end. Weld per qualified

detailed welding procedure NMP-,4A. Continue welding to complete

joint in accordance with the welding procedure for that joint. Do

not remove back purge barriers until welding is complete; this is

to protect inside surfaces from any welding flux fumes.

Weld shall be smoothed for RT, PT and UT examinations.

Radiograph entire weld in accordance with radiography procedure

NMP-7.

Liquid penetrant examine weld surfaces and adjacent material for

one inch on either side of. weld, both inside and outside of

nozzle, Liquid penetrant techniques shall be per General Electric

Company Procedure NMP-6.

Ultrasonic examination shall be in accordance with N-625 of

Section III. Use General Electric Specification 21A8592 for

procedure guide.

Exploration of indications as a result of above examinations

shall not be attempted until General Electric Company's APED
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Design Engineering has been appraised of all indications and

directions for repair formulated.

After all repair, if required, and upon completion of welding,

the weld shall be re-examined by PT, RT and UT as above and, in

addition, UT examined and reported per G.E. Specification 21A8592.

Remove shield plug and fiber glass rope that was installed under

OC and clean sleeve I.D. and end and nozzle I.D. and O.D.

thoroughly with isopropyl alcohol or acetone and let dry.

G. Clean sleeve and replacement with isopropyl alcohol or

acetone and let dry. Use GTAW process for all sleeve end replace-

ment welding. Pit sleeve end into sleeve socket machined in step

D. Use qualified detailed welding procedure NMP-5B and weld

sleeve end to sleeve first; then complete seal weld as shown. Let

cool, then tape over three slot openings and unwelded area using

"3M" /3480 or 8850 pressure-sensitive tape to preclude entry of

liquid penetrant materials behind sleeve. Liquid penetrant

examine both welds per NMP-6. When liquid penetrant examining the

seal weld, terminate the examination one inch from end of weld or

1/2 inch from the tape, whichever is greater, to make certain that

no penetrant or developer gets near tape edge and into crack

beyond the seal weld. Visual and liquid penetrant examine both

welds a~ in F . If unacceptable indications are present, report

this fact to the General Electric Company's APED Design Engineer-

ing to obtain instructions for repair.

D.60



NE DE-10168

Procedure No. 9

4-16-70

Clean area of liquid penetrant materials. Remove pressure-

sensitive tape and clean by scrubbing area which was under the

tape and adjacent 'areas with a clean rag dampened with acetone.

H. Fit outer safe end and consumable insert and arrange back

purge barriers. Weld per qualified detailed welding procedure

NMP-5A. Complete weld using the procedure for that joint. Again,

do not let weld fumes from coated electrodes contact inside surface

of nozzle or pipe. Smooth weld for RT, PT and UT examinations and

examine as in F. Report findings to General Electric Company's

APED Design Engineering for directions for repair, if required.

After all repair and upon completion of welding, the weld shall

be re-examined as in F. It is suggested that similar procedures

be used for remaining pipe welds. Retain all records of final

examinations of welds and materials. Radiographs of new welds will

replace radiographs of welds removed as a result of this altera-

tion and repair.
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APPENDIX E

CALCULATIONOF OXYGEN LEVEL

Calculation of Oxygen Levels if Core Spray System is Baclcfilled from Reactor

Assume 60 feet of 12-inch pipe to stop valve.

V 60 X — 48 cu ft115

144

Assume 100 feet of 5.inch sparger+ header.

V = 100 X —= 14cuft20

144

Assume 10 feet of 6-inch thermal sleeve and downcomer.

V= 10X —=2cuft29
144

Total volume ~ 48 + 14 + 2 ~ 64cu ftof air.

Total value of Oq = 64X 0.2 "-12.8 cu tt

Total weight of Oq STP ~ 12.8 X 0.089 ~ 1.14 lb.

Total weight of water in horizontal pipe at 544 F

1cuft
0.022 cu ft/Ib

45.5 Ib

ppm Os = —'X 10 25,000 ppm 2.5%
1.14
45.5

Total weight of water in 12.inch section at 120 F

3000 Ib
48

0.016

Total weight of water in 100 ft at 544'F

535 Ib
14

0.022

Total weight of water

3000 + 635 + 45.5 X 2 = 3725 Ib

ppm0> = —'X 10 300ppm
1.14

3725
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Calculation of Oxygen Levels if Core Spray System Water Level Drops When Reactor Water Level Drops During Shutdown

Assume 79.inch horizontal run + 36-inch vertical.

Volume = (79 + 36) X 29 ~ 3340cuin
3340 X 16.4 ~ 55,000cm

~
,y g l

0 C

VolumeO> = 55 liters X 0.2 = 11 litersO>

11

22.4
gram mol wts X 32 g/mol = 16 g Os

y P

Weight of water in horizontal run at 550'F.

79 X 2.54 X 29 X 6.5 X
'

1 g/cc = 2.75 X 10 g HqO
0.016
0.022

16X 10
ppm Oq ~

~ 580 ppm
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METALLURGICALEXAMINATIONOF N6A CORE
SPRAY SAFE END

SUMMARY

Small penetrations were found on both the inside

and outside surfaces of the N6A safe end. The maximum depth

of these were . 010", with an average depth in the range

, 004" - . 008". The length was about . 010" - . 020".

They were intergranular and the surfaces appeared oxidized

when viewed with a stereomicroscope after bend testing. Four

very small transgranular defects were found, three on the

inside and one on the outside surface of the safe end. Their

depth was . 002" - . 004".

Three longitudinal intergranular cracks were found

on the inside surface of the pipe about one-quarter inch from the

root of the weld. The deepest of the cracks was about . 090".

The stainless steel pipe material was sensitized at the location

of the cracks.

No unusual features were found in the field weld be-

tween the core spray safe end and the 6-inch pipe.
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SAMPLE EVA'LUATION

The N6A core spray safe end was received for

examination on April 27, 1970. The sample was visually

inspected for cracks or other unusual features. None

were observed. A longitudinal strip of the sample had been

removed at the Nine Mile Point site for examination by the

AEC. This sample had been removed at the 10:45 - ll: 15

o'lock position as seen facing the reactor pressure vessel.

An additional longitudinal cut had been made at the site at

the 5 o'lock position to facilitate handling.

The outside surface of the safe end was covered with

a light golden brown oxidation film with some patches of a

darker brownish-grey oxide where the surface had not been

ground. Most of the outside surface showed evidence of light

grinding. The inside surface of the safe end was covered with

a dark brownish-grey oxide film typical of that developed on

stainless steel in high temperature water„No unusual

features were observed.

A transverse saw cut was made to facilitate

further handling. The inside surfaces of'he four resulting

"clam shell" shaped pieces of the safe end were examined

with the stereomicroscope. No defects of the type detected by stereo-
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SAMPLE EVALUATION- (Continued)

microscope examination of the N6B failed core spray safe

end were found.

Both the inside and outside surfaces were in-

spected by dye penetrant test methods and the indications

found were charted as shown in sketches numbered

117C4622 and 117C4623 (Figures 1-1 and 1-2). All of the

indications found were of the "dot" variety with no linear

indications except on the inside surfaces of the pipe as shown

in sketch numbered 117C4623 (Figure 1-2).

Longitudinal samples were cut from the safe

end for metallographic evaluation and for bend testing

followed by metallography as shown in Figures 1-3 and 1-4.

It was found that bend testing opened the indications as shown

by the typical example in Figures 1-5 and 1-6. The indications

were about . 010" - . 020" in length before bending as determined

by stereomicroscope observation, roughly lenticular inshape,

and difficult to locate with the stereomicroscope. This is in

contrast to experience with the N6B core spray safe end where

indications that were generally linear were sometimes detected

by stereomicroscope but not by dye penetrant testing. The
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SAMPLE EVALUATION- (Continued)

penetrations in the safe end material were about . 004" - . 008"

deep in both the outside and inside surfaces with the deepest

found being about,010" deep. They were intergranular,

Four small transgranular indications with depths of . 002"-

. 004" were also found; three in the inside surface and one in

the outside surface of the safe end. Examples of these are

shown in Figure 1-7.

Bend testing was,utilized as a method for opening

the tiny indications to facilitate their evaluation. Inspection

with stereomicroscope after bend testing indicated that the

crack surfaces were oxidized. Indications in the outside

surface of the safe end had a light golden brown appearance

similar to that on the general outside surface of the safe end,

while those in the inside surface had a dark brownish-grey
0

appearance similar to that on the general inside surface which

was exposed to water during service.

Three longitudinal cracks or penetrations were

found on the inside surface of the pipe near the 5:00 o'lock

location. The location of the dye penetrant indications

associated with these cracks is illustrated in sketch 117C4623.
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1, 2 SAMPLE EVALUATIONS - (Continued)

A photomicrograph of one of the cracks is shown in Figure

1-8. The cracks were intergranular, very tight, and

reached depths of about . 045", . 062" and . 090". The pipe

material in the vicinity of the cracks was sensitized and the

sensitization extended through the available pipe material

sample to at least one inch from the root of the weld.

Grain boundary decoration by carbides in the pipe material

is illustrated in Figure 1-9.

Very shallow penetrations were found in the

inside surface of the thermal sleeve of mixed mode and

averaged about . 002" - . 003" deep. These cracks are

believed to be associated with the mill,pickling process.

Typical examples are shown in Figure 1-10. No crack or

other defect was found in the outside surface of the thermal

sleeve material. Some scattered nitrides were observed in

the thermal sleeve base material.

The field weld between the safe end and the con-

necting pipe is shown in Figure 1-9. A lighting "halo" effect

around the weld was unintentionally obtained in photographing

the sample. Magnigauge measurements on the weld indicated
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SAMPLE EVALUATIONS - (Continued)

the presence of 4 - 5 percent ferrite. A slight lack of

fusion approximately . 008" -, 010" deep was observed

between the weld insert and the safe end material at the

root of the weld. Sensitization of both the pipe and safe

end materials was found near the weld as illustrated by

the photomicrographs in Figure 1-9. In addition, a

surface effect occurred on both the inside and outside

surfaces adjacent to the weld, in the form of a very fine

grain structure suggesting the start of recrystallization.

Evidence of some slight surface cold work, believed to be

the result of the safe end machining process, was observed

in other parts of the safe end and might have assisted in

the recrystallization process.

The tensile properties of the safe end material
E

were measured with the results shown in Table l-l. Rock-

well "B" hardness measurements were also made on the

pipe material, safe end material, and thermal sleeve

material as shown in Table 1-2. These test results are

typical of normal, as-received type 304 stainless steel.
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TABLE 1-1

TENSILE PROPERTIES OF STAINLESS STEEL FROM
THE N 6A CORE SPRAY SAFE EN D AT 5 50 F

Ultimate 0. 2% Offset Reduction
Sample Strength Yield Strength Elongation of Area

No. (Ksi) (Ksi) (% in . 75") (%)

7G 60. 1 28. 7 20. 0: 32. 8

7H 61,4 26. 3 33, 3'c 53. 2

::-Fracture occurred at extensometer gauge marks

making elongation values low.

TABLE 1-2

ROCKWELL "B",HARDNESS DATA FROM N6A CORE
SPRAY SAFE END MATERIALS

Measurement Location R Hardness Number

Safe End

(a) ID Surface
(b) OD Surface

Thermal Sleeve

73.4 (average of 6 readings)
75, 6 (average of 8 readings)

(a) ID Surface
(b) OD Surface

90. 9 (average of 5 readings)
78. 2 (average of 10 readings)

Pipe

(Transverse Surface) 76. 0 (average of 4 readings)
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1. 3 CONCLUSIONS

1. Numerous small indications observed on the ID and OD

of the safe end are intergranular and have no observable

relation to the applied stress. Those on both the ID and

OD are similar with respect to length and depth.

2. The thermal sleeve is satisfactory for continued use.

3. The few isolated transgranular penetrations observed

on the ID and OD surfaces of the safe end are considered

incidental to this investigation.

4. The penetrations may have been induced by residual

welding stresses in the longitudinal direction, or they

could be the result of intergranular corrosion. If welding

was responsible, the penetrations should not propagate

under low applied operating stresses. If corrosion is

responsible, the cracks might conceivably have

propagated through the pipe wall. However, the

propagation would have resulted in a small leak which

would have been detected before it became a safety

hazard.





l. 3 CONCLUSIONS - (Continued)

Further investigations are being carried out in an attempt

to obtain confirmation of the cause of the axial penetrations.
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2. RESULTS OF SAMPLE ANALYSES FOR HALIDES

Concentrations of fluoride and chloride in all of the samples of
water from the primary system and both core spray lines were either undetectable
or very nearly st The detection limits were 0.05 and 0.02 ppm for fluoride
and chloride, respectively. Operating chloride concentrations of 0.068 ppm
have been reported by the site. These low values are probably the best measure
of the actual potential these constituents present in regard to their influence
on corrosion.

Table 2-1 presents the results of analyses for total fluorides and
chlorides performed on samples taken. Concentrations of fluoride and chloride
contamination found on the solid material samples removed from the reactor
vessel were of higher magnitudes than those found in the bulk reactor water.
However, the values are very low - less than one microgram per square centimeter
of surface area. The one measured surface contamination above this level was
about 5 micrograms per square centimeter in the crevice between the core spray
safe end and thermal sleeve.

An estimate of the magnitude of the Nine Mile Point reactor vessel
surfacecon amination can be made by comparing the measured values with an
acceptable industry standard, such as that specified for "as-received" stainless
steel by Carpenter Technology Corp.(1) Carpenter states, "We can now guarantee
that the chloride ion level on the surface of every finished stainless feedwater
heater and condenser tube that leaves our Tube Division will not exceed 20
milligrams of chlorides per square foot of tube surface." The limit of 20 mg.
per sq. ft. converts to 21 micrograms per square centimeter. All measured
reactor contamination was much lower that the above allowable "as-received"
standard.

Samples were also collected by brushing dust from external reactor
pipe surfaces. Other dirt samples, cutting wheels, abrasive grinding material,
and weld rod coatings were analyzed. All these samples showed high external
chloride and fluoride contamination. This is not unusal.

Spectrographic analyses of the external dust samples showed high
zinc content. Since the reactor vessel was coated with Carbozinc paint, the
presence of zinc is readily explained. The results are shown in Table 2-2.

Reference (1) "Chloride Contamination of Tubing" by S. E. Doughty, Carpenter
Technology Corp. - Power Engineering, Sept. 1969.



0



TABLE 2-1

RESULTS OF ANALYSES FOR FLUORIDES AND CHLORIDES

Sam le Descri tion
Azimuthal
Location

Results
g F

Results
g Cl Remarks

Sample
Size
cm

N6B Pipe + Safe End Pump Side
N6B Pipe + Safe End Pump Side
N6B Safe End ID Pump Side
B6B Safe End ID Reactor Side
N6B Thermal Sleeve ID
N6B Safe End OD

N6B Safe End ID Crevice
N6B Thermal Sleeve OD Crevice

Blank
N6B Safe End ID Reactor Side
N6B Thermal Sleeve ID
N6B Thermal Sleeve ID
N6B Safe End OD Pump Side
N6A Scrapings from core spray pipe

Stock 304 Pipe
Metal Turnings from previously machined area
Sediment from reactor support shroud
Moisture separator coupon basket
Moisture separator coupon basket
Steam dryer coupon basket
Crud sample from basket & rack adjacent

to core
Same location, 2nd sample
Same location, 3rd sample
Same location, 4th sample

Washings from mirror insulation
White deposit left where N6B leak had been
Drippings from Safe End N6B
Reactor Water
Water from core spray line N6B
Water from core spray line N6A
Water from region of reactor support shroud

0000-12:00
0000-12:00

5-6
6-10:30

12-6
12-6

5:30-6
5:30-6

6-9
6-9
6-9
6-9
9-3

288
332

15
26.4
28.0
21.0
4.6
5.0

C'0. 04
20.5
17.1
18.9
14.7
7.4

16.1
6.3 ppm
6.8
3.7
5.1
7.2

2.9
9.2

10. 9
6.9

~1000
36

0.12-0.2ppm
< 0. 05 ppm
(0. 05 ppm
~0. 05 ppm
(0. 05 ppm

12
400

17. 9
23.2
15.4
21.1

28.0

1.25
12.5
27.8
16
5.3 ppm

22.6
C2.8
11.2
28.1

23.3
6.0

87.5
8.0

6000
39

C0.02ppm

0.02ppm
0.02ppm

Ultrasonic Crud (a)(e)
Ultrasonic Filtrate (b)(e)
Machining (a)
Wipe (a)
Wipe (a)
Wipe (a)
Wipe (a)
Acid (b)
Acid (b)
Machining (a)
Machining (a)
Machining (a)
Machining (a)
Knife (a)
Machining (a)
Machining (a)
Vacuum (a)
Knife (a)
Wipe (a)
Wipe (a)

Wipe (a)
Wipe (a)
Wipe (a)
Wipe (a)
Rinse (b)
Knife (a)

(b)
(b)

(b)
(b)

2050
(f) 2050

12
95
50

240
4.6
4.6

29
21
21
26

100
33

~ 25

5600
(g)





TABLE 2-1 Continued

Sam le Descri tion
Azimuthal Results Results
Location ~mF RFm Cl Remarks

Sample
Size
cm

Sample
Weight
~ram s

-Dust on top of N3A water leachable material
Dust on top of N3A total
Dust on top of Recirc outlet nozzle water leachable

material
Dust on top of recirc outlet total
Dust on top of fire extinguisher outside building

water 1 eachab le material
Dust on top of fire extinguisher total
Dirt from door filter in plant

(chem. lab emergency exit)
Small cutting wheel 76190-9
Large cutting wheel 76190-9
Small stone on shaft
Welderaser grinding wheel A-46-S58
Calumet abrasives
Bay States grinding wheel A24J=l/4" thick
Dust from Holiday Inn window sill Chattanooga
Dirt found in abandoned freezer Chattanooga
New welding rod coating water leachable material
New welding rod coating total
Fused welding rod coating water leachable material
Fused welding rod coating total
Developer SKD-5
Developer SKD-5 Dry
Penetrant SKL-S
Cleaner SKC-S

394
8900

216
818

386
1372

947
1962

2102
13.7
12.7
45.9

22,842

5705
26,658
25,748

(5
140

27.8
972
174
224

18,800
330

18,153
7 ug
5 ug

c0.5 g
C0.5 „g

18,463
844
186

162
95

108
high

221 445
2008 808

(b)
(a)
(b)
(a)
(c)
(d)
(c)
(c)

0. 100
0. 100

0. 266
0.300

.0.072
0.072

0. 507
0.503
0.503
0.531

0.513
0.192
0.496

(a) Fluoride electrode after pyrohydrolysis. Applicable to all forms of fluoride directly.
(b) Fluoride electrode specific for fluoride ions.
(c) 5 grams of the as-sprayed material were, collected and dried at 85 C for 1.5 hours. The resulting residue was

leached into water and analyzed by method (b).
(d) 2 grams of the as-sprayed material were collected, dried for 1.5 hours at 85 C and analyzed by method (a).
(e) Chloride by neutron activation. Chloride in all other samples measured turbidimetrically.
(f) Sodium by neutron activation was 500 ug.
(g) Contained the Co-60 which would be contained in 3.1 liters of reactor water.
NOTE: Boron analysis on wipe samples from areas 1, 2, and 3 indicate that fluoride from the grinding stone is not significant.
NOTE: Chloride in all samples where an (e) does not appear was measured turbidimetrically. Pyrohydrolysis was performed

where an (a) appears.
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TABLE 2-2

SPECTROGRAPHIC ANALYSES

White deposit
left by leak

of N6B %

Dust on top
of N3A

O/

Dust on top
of recirc
outlet nozzle

0/

Dust from top of
fire extinguisher
outside building

0/

Al
B
Ca
Cr
Cu
Fe
Mg
lan
Ho
Ni
Pb
Si
Sn
Ti
Zn

6
0.07
7

0.1
22

2

1

0,4
1.5

15

1

45

2
< O.l

10
0.5

30
0.5
5
2
2
0.5

15
0.02
0.5

50

2
~.—0. 2

10
2

30
0.5
5
2
5
0.1

20
0.2
0.5

25

2
m0.1

10
0.5

30
0.5
2

0.2
0.5
0.2

20
0.02
0.5

20~

Other frac tions of this sample gave zinc value as low as 2
indicating the nonuniformity of the sample.





SUPPLEMXÃZAL XNFOHMATXON BEGARDXNG

STRESS ANALYSES

Supplementing the Teledyne Materials Research Corporation report contained in Section

6, Reactor Primary System Xnvestigation report dated May 1, 1970, the following

ana3Ztical assumptions and. input were used to calculate flexibilityand weight stresses

in the applicable piping systems. Flexibility of the reactor vessel at the point of

piping attachment was taken as zero.

~Sstem

Thermal Effect At
Anchor Dis lacement

Total Wt.
lbs

Core Spray
East (N6A)
West (N63)

120F-54 5F
120F-545F

-.278 1.572
.278 1.572

-.486
.486

22,694
26,972

Reactor Cleanup
Discharge
Suction

120F-545F
550F

-.2108
-.4566

-.5339 -.6489
.3051 -.5071

3p 722
3> 531

Emergency Cooling
Condensate
East
West

130F-550F
550F

-.5071 5458
-.5910 „ .4023

-.4566
. 3412

9~ 303
9,418

Main Steam

Emergency Cooling
Steam
East
West

Shutdown Cooling
Suction
Discharge

Feedwater

545F

550F
550F

. 350F-545F
54.5F

120-545F

0 2.585 .559

-.1578 2.077 .4354
-.1578 2.077 -.4354

.1419 .5386 .6675

.2858 .1889 .8796

-.3529 1.3831 .3529

31,742

9,614
9~ 393

9,851
6,790

30'52

Control Rod Drive
Return to Reactor 120F 0 l.6623 . 5705 1, 039

Reactor Recirculation 545F .1493 .776 .7023 68,806

Where two temperatures are listed, the piping was analyzed for both conditions. The

anchor displacements listed were used for both temperature conditions since the

reactor is at 545F.
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1. WORK TO BE PERFORMED PRIOR TO RESTORATION TO SERVICE

All furnace sensitized stainless steel accessible without

physically descending into the vessel and necessitating removal of

fuel was examined and found to be free from service oriented attack

or cracking with the exception of the west core spray safe end (N6B).

Nozzle N6B was determined to have had extremely high longitudinal

stress at the point of failure, Stress in other nozzles attached to the

vessel or piping are shown in the report of Teledyne Materials Research

as Section 6 of the May 1, 1970 report of Reactor Primary System

Inve stigation.

As a result of investigations described in the above report and

Report No. 2 dated May 11, 1970, the following actions willbe taken to

restore the Nine Mile Point Reactor to service:

1. Replace both core spray safe ends with non-furnace

sensitized stainless steel of 304-L grade. (Safe end

N6B had been subjected to about 4-1/2 times yield and

had failed. While N6A, although subjected to l-l/2 times

yield, had not failed, it is being replaced because of

possible question of condition due to high stress and

corrosive atmosphere. )

The outboard portions of both thermal sleeves are

being replaced with a slightly different design which
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allows the inverted "U" to vent gases through

three slots into the reactor proper.

2. Replace safe end of nozzle N5A emergency

condenser steam supply. This safe end has

several boat samples,cut from its surface and, in

preference to pad welding, the nozzle willbe changed

out to 304-L non-sensitized stainless steel. Additional

metallurgical information willalso be obtained on its

condition.

3. Rehang all piping systems indicated by the Teledyne

Report (Section 6, Reactor Primary System

Investigation report dated May'1, 1970. ) The

objective will be to keep stress as low as practical

but in no case willany stresses exceed code require-

ments. Restraints not required or that interfere will

be removed. No furnace sensitized safe ends, other

than core spray, fall into this category.
tl

4. Investigate highly stressed welds in all systems that

have shown high stress by PT and UT examination as

follows:





Reactor Clean-U Suction

Two-inch reactor drain connection to

six-inch rea'ctor clean-up, including two-inch

pipe between first valve and connection.

Six- inch reactor clean-up connection to

re actor rec irculating piping.

Reactor Clean-U Dischar e

Reactor clean-up connection to reactor

recirculating piping,

Elbow in reactor clean-up system outside

the containment vessel just below system anchor.

Shutdown Coolin S stem Suction

Connection of shutdown cooling suction

piping to reactor recirculating system.

West Core S ra N68

Allwelds in e'ntire system inside dry-

well.

5. Remove all indications of intergranular attack on

exterior of all furnace sensitized safe ends or

repair. Flapper grinding of surface shall be done

before PT. Surface shall be spot ground to an all-

white condition. After required grinding, the safe
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ends willbe thoroughly cleaned using a 0. 5% TSP

solution. Mirror insulation willbe similarly cleaned

and reinstalled to protect surfaces.

6. Grind out and eliminate the interdendritic cracking

on the surface of guide, rod support weld. Blend

edges where boat sample was removed to contour.

7. Blend by grinding the remnant surfaces on the

dryer support lug where the slab sample was

removed.

8. Replace or adjust timer of present leak detection

system in order that alarm will sound when rate of

fillof sump increases to one-half gallon per minute

over normal. (Present alarm is set at 5 gpm. )

9. Impress hydrostatic test of approximately 1300 psi

on fully assembled vessel before heating.
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2. INVESTIGATIONS DURING STARTUP

Maintaining lowest possible stresses at the nozzles and all parts of

the piping is the surest way to prevent cracking, leakage and

failure. Piping systems properly supported for dead weight with

flexibilityallowance for the transition from cold to hot conditions

should produce no excessive stresses in cri.tical sections. For this

reason, the following program will be instituted during the initial
heating of the reactor:

1. Station personnel and Teledyne Materia3s Research will
conduct a system by system, pipe-by-pipe walk through

in the dry well to ensure that all hanger changes as

well as other recommendations have been properly

completed.

2. The Station staff with TMR in consultation will design

tests to demonstrate that all systems connected to the

reactor vessel move in accordance with the design intent

and that resultant stresses are no greater than the

Teledyne analysis.

3. During the first heating of the vessel from cold to operating

pressure and temperature, the above tests will be

implemented. Heating will be done in steps in order that

no restraint will go undetected. Station personnel and

TMR will co-operate both in the inspection and analysis

phases'
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3. 'CONTINUING SURVEILLANCE

Once the reactor has been restored to service and stress levels in

piping systems proven in accordance with design, measures will be

taken to maintain piping integrity. Any troubles which might

occur would probably happen during thermal cycling. The philosophy

of the surveillance program is for repeated assurance of flexibility

and visual examination of the result as outlined below.

1. After twelve months'peration, within

practical limits, all of the furnace

sensitized safe ends that have not been

examined during the year will be examined

by both PT and UT.

2. Should the Station be off-line for a two

week or greater period during the first

year for other reasons, as many safe ends as

possible will be examined by PT and UT.

3. Each time the reactor is shut down and goes
I

through a full thermal cycle and until re-

peatability is assured trammel points in

each piping system will be examined to

assure movement in accordance with the

original test. These points will be

selected as being the most indicative of

piping system movement from the extensive

testing during original heat-up.
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4. Operating experience has shown typical

routine flows to the drywell floor drain

sump of approximately 0.3 gpm. It is

anticipated that sustained increases above

this value of roughly 50 percent will be

discernible to the operators within a 24-hour

time period. Thus, the sump system as it
now exists appears to have the capability to

detect a system leak of approximately 0.2 gpm

within 24 hours. Studies will be continued to

determine if better and redundant methods can

be devised'whereby the operators can be apprised

earlier than the present system. Methods

presently installed will be experimented with

(i.e. humidity indication, condensate discharge

from coolers, etc.)

5. The program will be reevaluated after one year'

operation.
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4. SAFET Y ANALYSIS

4. 1 SUMMARY

A safety evaluation defining the consequences of potential failures of any
of the furnace-sensitized stainless steel components has been performed. The
components analyzed are:

Control Rod Drive Stub Tubes

Shroud Support Ring

Reactor Vessel Nozzle Safe Ends

Dryer and Guide Rod Support Brackets

The mechanical characteristics of each of these components have been
evaluated in detail and safety analyses have been performed to evaluate safety
implications should any of the above components fail. The overall conclusions
reached are:

Failure at the weld which attaches the control rod drive housing to the
stub tube would result in coolant loss from the reactor vessel at a rate
of about 5 gpm. Leaks of this magnitude are easily detectable and can
be accommodated by the control rod drive pump.

Failure of the stub tube components would not cause failure of the control
rod drive housing. If a housing failure were postulated, the restraining
action provided by control rod drive housing support would prevent the
ejection of a control rod drive housing.

3. No mechanism has been found by which flaws in the stub tubes could
propagate in a manner as to cause a failure of the reactor vessel.

Failure of the shroud support ring such that vertically upward loads and
lateral loads imposed by the shroud could not be supported would not
prevent insertion of the control rods or shutdown of the reactor in a safe
orderly manner, but could result in decreased coolant flow through the
core. However, the core bypass flow would not be large and adequate
core cooling would be maintained.

Failure of the shroud support ring such that vertically downward loads
applied by the shroud could not be supported would, if it occurred with
and/or under the conditions of any large loss of coolant accident, result
in loss of core cooling and become a significant safety concern. Probability
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of such a failure, however, is considered to be extremely remote,
if not almost inconceivable, under the stress and/or corrosive exposure
condition on this ring. In addition, indications of vessel internal
furnace-sensitized stainless steel attack would be identified in other
furnace-sensitized stainless steel components long before the shroud
ring structure could deteriorate to the above-postulated conditions.

5. Failure of any reactor vessel nozzle safe end up to and including
instantaneous circumferential double ended failure of a recirculation
nozzle safe end willnot result in loss of core cooling. The engineered
safeguards systems described in the FSAR and Supplements thereto,
provide the required core coolin'g across the entire break size spectrum.
Further, long before any crack can reach a size critical to rapid
failure, leakage from the crack will have been detected. Critical
leakage would be on the order of 70 gpm as compared to the improved
detection capability discussed in Section 3 of this report.

6. Failure in any of the dryer or guide rod support brackets will not
result in any loss of core cooling. Failure of the dryer support
brackets under a steam line break could result in dryer components
entering the steam line with the attendant safety concern of possible
isolation valve closure blockage. It is important to note, however,
that there are two isolation valves in each main steam line and the
potential for both to be blocked is remote. Further, the core remains
covered for all steam line breaks. Thus no fuel perforations would
occur and the accident exposure guides of 10CFR100 would not be
exceeded. Such a failure condition is considered to be extremely
remote under the low steady state stress conditions in these brackets.
Further, indications of furnace sensitized stainless steel attack
would be detected, as discussed in 4. above, long before failure of
the dryer support brackets.

The following provides a detailed analysis of the consequences of failures
of furnace sensitized stainless steel (F.S.S.S. ) components listed above.

4. 2 CONTROL ROD DRIVE STUB TUBES

Analyses have been made to determine and evaluate the consequences
of a failure in various locations of the control rod drive stub tubes. It can be
postulated that' failure might occur in any one of four regions of the as-built
assembly (see Figure 4-1). The information contained herein is the result of
detailed safety analyses for each of the four postulated failures. Failure for
this analysis is defined as a complete circumferential severance of the stub
tube from the vessel or the control rod drive housing resulting from the
initiation and propagation of a crack through the stub tube and/or the field
weld connecting the stub tube to the housing.

Final Safety Analysis Report, Sixth Supplement
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As shown below, a postulated failure of one stub tube could result in
a coolant loss at a rate of about 5 gpm. Loss of coolant much less than this
small rate can be detected, and make-up can be provided by various process
systems. It is concluded that postulated failure of a control rod drive stub
tube would result in a small coolant loss rate which could be accommodated

by coolant makeup provisions. Evaluation of the postulated failures in the
four regions includes the following (See Figure 4-1):

Failure of the weld attaching the stub tube to the control
rod drive housing.

2, Failure in the base material of the stub tube between the
field and the shop welds:

3. Failure of the stub tube in the vicinity of the weld attaching
the stub tube to the vessel.

5.

6.

Failure of the stub tube below the stub tube-to-vessel weld.

Effect of earthquake and loss-of-coolant accidents.

Propagation of stub tube failure into vessel.

4.2 1 FAILURE AT THE FIELD WELD CONNECTI'NG THE STUB TUBE
TO THE CONTROL ROD DRIVE HOUSING

A postulated failure in this region could result in a small coolant leak,
but would not result in control rod housing ejection or hindrance of control
rod operation for scramming. Failure of the weld at Location 1 would not
be expected to result in a control rod housing ejection since the crack would
tend to propagate through the minimum cross-section or throat of the weld
leaving a radial projection on the housing preventing an ejection. Alignment
or ability of drive to function would be limited to a misalignment of less than
0. 1 degrees; consequently, the control rod drive would not be hindered from
scramming. See Section 4. 3. 3 for a discussion for the control rod drive
scram capability under misalignment.

If a crack did form in this region, a leak may or may not develop,
depending on the mode of failure. A complete circumferential crack through
the weld willnot necessarily result in separation of the drive housing from
the stub tube. For example, if the failure occurred somewhat in the middle
of the weld between the root and final cover passes, the portion of the weld
below the failure line would still be integral with the stub tube. If a failure
were postulated which produces a leak, the most likely failure mode consistent
with the orientation of observed defects found previously on Oyster Creek
would be a crack extending from the root of the weld horizontally outward to
the outer diameter of the stub tube. The leakage area is co'mputed assuming





a complete circumferential severance of the housing from the stub tube.
There is no mechanical driving mechanism to propagate or open the crack
since the weight of the four fuel bundles supported by the stub tube and the
pressure load at the bottom of the drive housing, also supported by the
stub tube, induces a compressive axial stress. However, the crack
width is assumed to be a minimum of one mil in width through the thickness
of the stub tube. From the above cross-sectional area, the total leak
would be about 5 gpm. Such a leak is detectable by the sump pump activity
and is ea.sily made up by the control rod drive flow if normal feedwater is not
available.

The above postulated failure would not allow a control rod drive housing
ejection.

Because of the direction of applied stress and the orientation of
observed defects from Oyster Creek investigations, failures in other
manners to allow housing ejection are considered extremely remote.

From a statistical viewpoint, a remote possibility exists that failure
could occur in such a manner as to leave a smooth cylindxical surface on

the housing such that it can pass through the inner diameter of the stub tube
and the minimum bore of the vessel. However, even if such a remotely
possible mode of failure occurred, the housing would be prevented from
being ejected by the contxol rod drive housing support system (discussed
in the Final Safety Analysis Report, Section VII-E). The maximum leak
that could be postulated for such a remote event is approximately 685 gpm.
Such a leak is easily detectable and is well within the capability of the
motor driven feedwater pumps.

4. 2. 2 FAILURE OF THE STUB TUBE BASE MATERIAL

A postulated failure in this region could result in a small coolant leak
as discussed under Failure 1, but would not result in control rod drive housing
ejection or hindrance of the control rod drive operation for scramming.

The housing is about l-l/2 inches larger in diameter than the minimum
vessel bore; consequently, the drive housing could not be ejected from the vessel.

Under the above postulated failure, the alignment of the drive and the
subsequent scram requirements would not be adversely affected (See Section
4. 3. 3). If it were assumed that the housing were free to move radially within
the 0. 015 inch maximum radial clearance, (between the drive housing's outer
diameter and the bore through the stub tube and vessel bottom head), the
angular disalignment would be limited to less than 0. 1 degree which is negligible
in affecting the drive scram performance.
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Thh coolant leak rate from a postulated failure in the drive housing
would be the same as discussed in Section 4. 2 ~ 1 ~

4. 2.3. FAILURE OF WELD ATTACHING THE STUB TUBE TO THE VESSEL

A postulated failure in this region could result in a small coolant leak,
but would not result in control rod ejection or hindrance of operation for
scramming.

The stress analysis for the control rod drive stub tube assembly as
shown in Figure 4-1 indicated that this region is the most highly stressed
during normal operation and during a scram when 50 F coolant water0

enters the housing or at the end of startup.

The highest tensile stress is at the inside surface of the stub tube
directly across from the final cover passes of the shop weld connecting
the vessel to the stub tube. Note that this region is not exposed to reactor
water. Crack propagation, if postulated to occur, would tend to propagate
horizontally outward from the inner diameter toward the outer diameter of
the stub tube.

This applied stress is caused by a self-limiting or secondary loading
which is produced by a rotation and lateral displacement of the stub tube at
the vessel wall-stub tube junction. The rotation is induced by the radial
thermal gradient through the vessel bottom head thickness, and the lateral
displacement is induced primarily by the meridianal tensile strain in the
vessel head developed by the internal pressure.

As the crack propagates radially outward toward the outer diameter
of the stub tube, the tensile stress at the crack is reduced. The outside
surface of the stub tube at the weld junction is always in compression.
Residual stresses due to the shop weld might be the mechanism for
continuing the crack propagation but this joint has undergone a stress
relief. However, it is possible that the field weld joining the stub tube
to the drive housing can induce significant residual stress of the stub
tube-vessel weld junction especially at the outer peripheral drives where
the welds are close together. The primary vertical load on the housing
induces a compressive axial stress (as noted in Section 4. 2. I).

However, if it is still postulated that an eventual circumferential
crack of the stub tube occurs, a housing ejection is not possible because of
the larger diameter of the stub tube relative to the hole bored in the vessel
for the drive housing.
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Drive alignment or scram capability would not be adversely affected
as a consequence of the above postulated failure. If it were free to move
radially, the horizontal motion would be limited by 0 ~ 015 inch maximum
radial clearance between the housing outer diameter and the bore through
the stub tube and vessel wall. This restraint limits the angular misalignment
to less than,0. 1 degree which is negligible in affecting drive scram perfor-
mance as discussed in Section 4. 3. 3.

The leak rate from these cracks would be the same. as from the cracks
discussed in 4. 2. 1 above.

A failure in this region ha. s been analyzed for propagating into the
reactor vessel base material. For a discussion of this potential, see
Section 4. 2. 6.

4.2.4. FAILURE IN THE STUB TUBE BELOW THE VESSEL TO STUB
TUBE WELD

A postulated failure in this region would not violate vessel integrity,
would not result in control rod ejection, and would not hinder the drive
from scramming.

This area is the most unlikely region to fail, since it is not exposed
to reactor water environment, and there are no primary stresses imposed .

such as pressure or direct weight. The applied stress is directly related
to the differential expansion between the stainless stub tube and carbon steel
vessel, and the local rotation of the joint caused by radial thermal gradients
in the vessel bottom head. The stress due to both the normal operating mode
and reactor scram is compressive at the root of the vessel stub tube weld.
Diametrically opposite this weld at the stub tube o. d. a tensile stress
exists; therefore, the most likely mode of failure (assuming the residual
stresses willnot contribute to the crack initiation) would be for the crack to
propagate from the inside to outside stub tube surface. Because the applied
stress is caused by "secondary" loadings, a crack initiated in this region
would probably not propagate very far before it would stop. Even if a
failure by a complete circumferential severance to the vessel wall were
postulated, no breach of vessel integrity would occur. The only potential
deleterious result is that the'resultant'increase in flexibilityof the stub tube
vessel junction may produce a higher stress in that portion of the stub tube
remaining connected to the vessel.

1

4.2.5 EFFECT OF EARTHQUAKES AND LOSS-OF-COOLANT ACCIDENTS

The potential of a stub tube failure is increased during a severe
transient or accident condition which imposes a significant stress rise
so as to initiate or propagate crack growth. This is especially true if
the transient load is "primary" (stress not limited by deformation such
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as induced by pressure and weight). 'Two such conditions are the earthquake
and lo'ssof -coolant accident. Both are discussed below.

4 Z. 5. 1 EARTHQUAKE (Vertical Acceleration Com onent)

The primary effect of the vertical acceleration component would
be to increase the vertical compression load most of which would be
attributed to the weight of four fuel assemblies. As discussed in
Section 4. P.. 1, the compression load does not tend to initiate nor
propagate cracks and therefore, would not be expected to create a
more severe condition here for two reasons; first, if cracking exists
at a stub tube to housing weld, leakage (See Section 4.4) would be
detected before gross failure could'occur and secondly, the stress
condition and expected crack propagation or failure mechanism does
not support the assumption of vertical weld cracking leaking to a housing
ejection.

4. 2. 5. 2 EARTHQUAKE (Horizontal Acceleration~Cotn onent)

The highest stressed region in the control rod drive stub tube
components due to a horizontal earthquake acceleration is at the field
weld connecting the stub tube to the control rod drive housing. The
maximum bending stress in this weld is less than 6, 000 psi for a maxi-
mum earthquake.

If a failure were postulated due to a horizontal acceleration, the expected
mode of failure would be such as to 'leave a radial protrusion on the
housing such that the housing could not be ejected through the minimum
bore of the vessel and stub tube. The stress distribution resulting from
the horizontal load is such as to result in a linear stress distribution
applied at the weld with diametrically opposite sides being in tension and
compression. Failure, should it occur, would progress around the
circumference of the weld which is exposed to the tensile stress. The
housing would tend to rotate or pivot at the weld until it contacted the bore
in the stub tube and vessel below the field weld, again resulting in a
housing rotation of less than 0. 1 degree which would have negligible
effect upon scram capability.

The same deflection limitation applies to a failure in the stub tube. The
bending stress applied to the stub tube due to a maximum earthquake
is less than that applied above because of the stub tubes'arger moment
of inertia. However, the rotation of the drive housing is somewhat
greater because the axial distance over which the 0. 015 inch maximum
radial clearance exists is less. Nevertheless, the rotation of the housing
is limited to less than I/4 degree so that drive 'scram capability is not
affected (See Section 4. 3. 3).
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4. 2. 5. 3 LOSS-OF-COOLANT ACCIDENTS

During Loss of Coolant Accidents, the maximum differential
pressures applied to the control rod drive housing are an internal pressure
of l32 p'si due to a recirculation line break and an external pressure of
54 psi due to a steam line break upstream of the flow limiter.

The above differential pressures result in a hoop tension and compression
~espectively being applied to the housing above the field weld. These
stresses are 750 psi tensile (due to the 132 psi differential resulting
from the recirculation line break) and 300 psi compressive (due to the steam
line break). These stresses are cqnsidered trivial and will not contribute
to a failure.

For the recirculation line failure the forces caused by the differential
pressure result in additional compressive forces of less than 3, 000 pounds
being applied to the housing above the field weld and in the stub tube. As
discussed under the vertical earthquake above vertical compressive loads
are not considered to contribute to housing field weld failures such as to
cause housing ejection unless the loads were high enough to shear the
weld. Shear stresses at the housing to field weld in this case would be
less than 200 psi. These stresses are'negligible; therefore, the recircula-
tion line break would not prevent a safe shutdown of the reactor.

For the steam line break case, although there is an upward force on the
control rod drive housing resulting from the differential pressure applied
to the bottom of the guide tube, the net force on the housing to stub tube
field mH remains compressive and, as discussed above, does not contribute
to the probability of failure.

4. 2. 6 EVALUATIONOF A STUB TUBE PROPAGATING INTO THE REACTOR
VESSEL

For this analysis the Inconel weld connecting the stub tube to the
vessel base material is considered as part of the base material.

Conservatively, it is postulated that a complete circumferential
crack has progressed through the stub tube and terminates at the weld
connecting the stub tube to the vessel. The only stress tending to
propagate a crack of this nature is the radial stress through the wall
thickness which is extremely small, and its value is compressive. In
order to provide a more favorable orientation for crack propagation into
the vessel wall, it must be assumed that the crack changes from the
circumferential to axial orientation at the outer diameter of the stub tube.
For crack growth to proceed it is necessary that crack tip stresses be
present.
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Stress at the crack tip will come from these three sources:

l. Any local discontinuity from the attachment of the
stub tube,

2. The meridianal stress in the bottom vessel head due
to the internal pressure,

3. The radial thermal gradients through the vessel wall.

, The stress analysis indicates that the service stresses due to the
local discontinuity are always compressive in the stub tube o. d. for the
normal operating mode and transient conditions such as the control rod
drive scram.

To analyze the extent of crack propagation to the vessel base material,
a crack was assumed to exist through the wall of the stub tube. Starting
with a 3/4 inch depth crack which is the wall thickness of the stub tube in
this region and using crack propagation data developed by the Pipe Rupture
Study (see Section 4. 4), it is estimated that the crack would have propagated
about 0.6 inch into the vessel at the end of vessel life. This result represents
an extreme upper bound. Conservatism in the analysis comes fxom the
following a s sumption s:

No portion of the vessel life time is consumed in propagating the crack
through the stub tube (crack propagation rate is a strong function of
the initial crack length).

2. Once the crack reaches the base metal, no time is consumed for
crack incubation or initiation into the base material. It is roughly
estimated that one quarter of the vessel life would be required to
initiate a crack in the base material following a failure in the stub
tube.

3. The crack, when it reached the base material, was in the most
deleterious orientation; that is, the circumferential crack somehow
oriented itself to an axial direction for the length of the stub tube
vessel shop weld from the cover pass to the root.

4. All the vessel life transient cyclic conditions are assumed to be
maximum. The transient utilized in the analysis is the one that
results in the highest stress in the reactor vessel. Roughly two-
thirds of the cycles applied to vessel would result in lower stress
intensitie s.
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To demonstrate the crack growth rate at end of vessel life, it is
postulated the bottom head of the reactor vessel has a 0. 6 inch length
crack propagating radially from the vessel counterbase into the base
metal. Similarly, the adjacent penetration is postulated to have another
equally long crack so that the ligament between the holes is reduced by
1. 2 inches. If a transient is assumed under this condition which exerts
the largest primary tensile stress as defined in the FSAR, Transient
Analysis, Appendix E, the result is a crack length increase of approxi-
mately one mil under the postulated conditions.

Thus, it can be concluded that no vessel failure potential exists
as a result of possible crack propagation from the stub tubes.

4. 3 SHROUD SUPPORT RING

Analyses have been made to determine and evaluate the consequences
of failure of the shroud support ring as shown in Figure 4-2. Two failure
mechanisms can occur; the first is a failure through the upper portion of
the ring above the cone support 'to shroud support ring weld such that
vertically upward loads and lateral loads imposed by the shroud could
not be supported; the second is a failure through the outer portion of
the ring between the o. d. of the shroud and the o. d. of the ring,(approxi-
mately 1 inch width) such that vertically downward loads imposed by the
shroud could not be supported.

Failure for this analysis is defined as a complete circumferential
severence of the shroud support ring and/or ring weld material as

described above. The shroud support ring is an internal component of
the reactor vessel, and is fabricated of stainless steel which is in a

sensitized condition. The information in this section summarized the
structural capabilities of the ring, identifies the capabilities of control
rods to insert ifmisaligned as a result of the ring failure, and discusses
core cooling and thermal-hydraulic considerations.
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4. 3. 1 STRUCTURAL CAPABILITY

4. 3. l. 1 VERTICALLYUPWARD AND LATERALLOADS

Applied stresses to the shroud support ring during normal operating
conditions are less than 13, 000 psi in tension. Most of the bending and hoop
stress results from the stainless steel ring and shroud expanding radially outward
more than the Inconel cone support. The induced tensile stresses are a result
of the net uplift force of approximately 250, 000 pounds (due to the normal
pressure drops across the core plate and shroud head) causing the rim to rotate
outward toward the vessel wall and differential expansion stresses.

This stress would be the most significant in postulating a failure since
it would exist for significant periods of time and would induce a circumferential
orientated crack which, if propagated completely around the circumference,
would result in complete separation of the shroud from the shroud support ring.

If it, is hypothesized that cracks will initiate and propagate, then initia-
tion will probably take place randomly around the circumference of the shroud
support ring. Because of some eccentricity in the applied load and/or because
of small variations in material properties, these small individual cracks would
tend to propagate and concentrate in one region of the shroud support ring to form
one major crack. A slight eccentricity in the uplift load would cause an increase
in stress at the tips of the crack tending to propagate this one crack around the
circumference.

As the crack propagates, the shroud would'start to tilt until the top sur-
face of the core plate comes in contact with the underside of the guide tube. The
guide tube is restrained from lifting by means of a bayonnet coupling, which locks
each guide tube to its associated control rod drive housing. Two features of the
guide tube prevent it from being pulled through the hole in the core plate. First,
there are two 1/4 inch by 1-1/4 inch cross-sectional lugs on each guide tube
which must be sheared off. If it is postulated that these lugs shear off, then the
core plate would contact a flange whose diametrical dimension is over 0. 2 inch
larger than the hole in the core plate, preventing the guide tube from being
drawn through the core plate. Preventing the guide tube from being drawn
through the core plate hole is the fuel support casting which slips inside the
guide tube and fits with an average radial clearance of 0. 006 inch. This casting
provides a substantial backing support to the inside surface of the guide tube.
The guide tube is capable of sustaining an axial pull in excess of 25, 000 pounds;
only ten of the total 129 guide tubes are needed to sustain the uplift load on the
shroud.

Summarizing, the shroud would tilt until the distance between the core
plate and the underside of the guide tube is taken up. This distance is 0. 7 inch.
The maximum tilt that can occur is approximately 1/4 degree, which would not
prevent the control rod drive from scramming within designed safe limits (See
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Section 4. 3. 3 for further discussion of the control rod drive capability. ) Once
contact is established with the guide tube, the applied stress to the propagating
crack is drastically reduced, which either stops the crack or slows down the
propagation rate.

1E it is postulated that crack propagation continues, eventual severance
of the shroud and shroud support would occur. The reduction in pressure drop
due to increased core bypass flow through the crack would not reduce the uplift
force enough to allow the severed shroud to settle back to the shroud support
ring; the shroud would continue to float upward where it would be constrained
by the guide tubes. The core bypass flow and core thermal hydraulic response
has been analyzed and found to be of no'safety concern. See Section 4. 3. 2 for
this analysis and results ~

Lateral motion of the shroud is restrained to about 1/4 inch to 1/2 inch
radial movement at the shroud support ring by the flow baffle. The flow baffle
is directly attached to the shroud by means of twenty-four equally spaced 1 inch
thick radial clips welded around the inside wall. There is no weld or any mech-
anical attachment of the flow baffle to the shroud support ring. Structurally,
the flow baffle represents a continuation of the shroud through the inside diameter
of the shroud support ring.

In the normal operating mode, and assuming failure of the shroud
support ring, as described above, the shroud would be lifted 0. 7 inch and would
be restrained laterally from moving at the shroud support ring within the radial
clearance of 1/4 inch to 1/2 inch.

A conservative estimate of lateral thrust from the hydraulically induced
forces has been made by assuming that the maximum thrust would be no greater
than the resultant thrust applied by the water jet to the flow baffle from three
adjacent recirculation inlet lines. Normally with all five pumps operating, the
resultant force tending to move the shroud laterally is zero. However, with
only three adjacent pumps in operation, a net thrust of approximately 4800 pounds
is applied to the shroud. If it is assumed that this force is applied to six of
twenty-four clips, the resultant stresses in the clip would be well below yield
strength. Consequently, it may be concluded that the clips willnot fail during
this postulated shroud ring failure.

During a design earthquake an overturning moment of approximately 37
X 10 in;lb. would be applied to the shroud at the support cone. This would
result in a force of about 250, 000 pounds compressive and tensile, being applied
to diametrically opposite ends of the support ring. The ring would be able to
sustain the compressive load, but it is assumed that the tensile load would
initiate a crack as described above, such that the shroud would tilt. As dis-
cussed above the guide tubes resist this tilt; about ten of the outer peripheral
guide tubes would be able to sustain the load. Consequently, the result of the
earthquake loading will be no different on the system than a failure during normal
operation discussed above and the reactor can achieve a safe shutdown.
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A'aximum steam line break produces a million pound net uplift on
the shroud which induces a 1, 200 psi tensile load to the shroud ring.' postu-
lated failure of the shroud support ring would result, also, in the uplift being
applied to the guide tube after the 0. 7 inch clearance is taken up. Approximately
40 guide tubes of the total of 129 could sustain this load; therefore, this event
does not prevent a safe shutdown.

2 VERTICALLYDOWNWARD LOADS

The major safety concern involving the shroud support ring is postulated
as follows:

a. The support ring cracks such as not to be able to support signifi-
cant downward applied loads.

b. A recirculation line ruptures.

The result of the above postulated conditions would be to cause the shroud
to move downward until either the bottom portion of the flow baffle contacts the
lower vessel head or until the shroud head contacts the top of the core. In either
case, the core spray would be disabled or the effectiveness severely altered
such that needed core cooling would not be available. The core spray lines
would not support the applied load resulting from the loss-of-coolant accident
which is approximately 2 x 106 lb. for a maximum break (approximately 2500 psi
compressive stress at the shroud to shroud support ring junction).

Shroud support ring failure under these conditions is considered highly
unlikely. Certainly, any failure except a direct shear of the shroud through the
shroud ring would, as previously discussed, assure a safe shutdown. The load-
ing is such to introduce compression which would not inhibit the load carrying
ability of the shroud ring. The loading under this condition would tendto close
the cracks that were postulated to be initiate'd under the normal operating mode.
Two types of stresses would be applied to the shroud ring; one is an axial com-
pression stress and the second is a bending stress which is caused by an overturn-
ing moment applied to the ring. This latter load tends to counteract the outward
roll on the ring due to the differential thermal expansion.

As discussed above, the induced stress is always such to make the postu-
lated crack propagate horizontally inward or outward. During the normal opera-
ting mode, the shroud support ring is always in hoop compression due to the
differential expansion between the stainless steel shroud ring and the Inconel
cone.

Superimposed on this hoop compression is a hoop tensile stress on the
upper part of the ring and a hoop compression on the lower portion of the ring
caused by the tendency of the ring to roll outward toward the vessel wall. This
rotation is caused primarily by the shroud applying an overturning moment to the
ring and by differential expansions. The primary stress from the shroud
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uplift,is also the'largest at the upper part of the ring at the shroud-shroud ring
junction. Also, the residual stress caused by the field weld of the shroud to the
ring would be the largest magnitude in this region.

Because of the above described stress distribution, it is felt that any
crack would progress radially inward or outward; consequently, the failure would
be such that the shroud never slips through the ring when or if the shroud uplift
load were removed,

Another consideration with respect to the above postulated shroud ring
failure is that any internal condition within the vessel and primary coolant which
provides a mechanism for F.S.S.S. crack propagation would, it is felt, be
detected in other F.S.S.S. components through a minor leakage or plant inservice
inspection procedures long before the shroud support ring would have sufficient
cracking to lead to the above postulated conditions. This is especially true of
areas where high stress exists or material thickness is considerably less, such
as in the control rod drive stub tubes discussed in Section 4. 2 or in the vessel
safe ends (see Section 4. 4). In both cases the material wall thickness is much
less than the thickness of the shroud support ring (3/4 inch for stub tube wall
thickness as compared to 3-3/4 inches for the shroud support ring). It is impor-
tant to note also that if it is assumed a vertical circumferential crack does exist
in the ring, only 0. 2 inch of sound material at the location of the crack is needed
to suppo'rt the maximum vertical shear load of approximately 2 X 10 pounds6

(recirculation line break); this then, requires a crack to initiate and grow not
only circumferentially completely around the ring, but also vertically through
the ring more than 3-1/2 inches as compared to stub tube or pipe walls. There-
fore, it is expected that crack initiation and propagation would be detected by
inspection procedures in the stub tubes and safe ends long before a condition
attendant to failure could exist in the shroud support ring.

Another load condition that could be imposed on the ring under the postu-
lated failure condition is an upload resulting from a steam line break. In this
case, the shroud would again move upward and the results discussed under Section
4. 3. 11 are applicable. Once the blowdown transient is over, the shroud would
tend to drop down and could damage the core spray. Loss of core cooling would
be expected since the core spray lines could not support the weight of the shroud
components. This condition would also hold true for any other loss-of-coolant
accident which results in loss of the uplift load due to normal recirculation flow.
Again, however, such a shroud support ring failure is considered to be extremely
unlikely.

Thus, although the above postulated shroud support ring failure could
potentially lead to degradation or loss of core cooling, such a failure condition is
considered to be extremely remote and crack propagation conditions leading to
such a failure would be detected in other F.S.S.S. components long before cracks
in the shroud support ring could propagate to failure.
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4. 3. 2 THERMAL-HYDRAULICASPECT OF SHROUD
SUPPORT RING FAILURE

An analysis of the thermal-hydraulic response to a crack of varying
length in the shroud support ring was performed. This analysis was conducted,
taking into account the following aspects of the thermal-hydraulics:

l.
'2.

4

Flow losses in the external piping
Variation of voids (steam generation) in the core with varying

core flow rates
Variation of core pressure drop as a function of core exit

quality.
Balancing of flow between 'the reactor core and shroud region

as a function of total flow rate and crack size.

The flow rate through the crack into the annulus surrounding the shroud
was calculated by first calculating the flow area of the crack as a function of
crack length, or arc length. This flow area was then converted into a loss
coefficient (assuming l-l/2 velocity heads irreversible loss), which was used
to calculate the leakage flow from the lower plenum into the region outside the
shroud. Thus, for a given crack length and a total flow rate, the flow split
between the core and the support ring crack, and the pressure drop from the
lower to the upper plenum is determined.

Figure 4-3 presents the vessel internal loop loss versus recirculation
flow rate results in parametric form, showing the effect of crack length, with
the pump characteristic curve shown superimposed. Point A on the graph
corresponds to nor'mal operating conditions, with no crack in the shroud support
ring. %hen the crack reaches half-way around the shroud support ring (180
degrees), the steady-state operating conditions are represented by point B,
which results in a higher total recirculation flow rate (a bypass flow area is
arbitrarily chosen to demonstrate an intermediate condition) and lower reactor
vessel internal pressure drop. Similarly point C corresponds to a crack in the,
shroud support ring approaching 360 degrees but not opened the full 0. 7 inch
uplift of the shroud. Finally, point D corresponds to a full 360 degree crack
with a shroud uplift of 0. 7 inch which represents the worst condition as far as
shroud leakage flow is concerned. Table 4-1 below (which is based on the
proposed design rating power level) summarizes the results shown in Figure
4-3.
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Point

g*
Change

in MCHFR
Crack
Length

TABLE 4-1

Core Flow
M lb/hr

Shroud Leakage Total Pump Core Pressure
Flow, M lb/hr Flow M lb/hr Drop, psi

A

B

C

0

-5%

-13Ã

-305

0

180'60'O.33

in.)
360'O.7

in. )

67. 5

64.8

60. 4

53.8

4.0
10.6

19. 5

67.5

69. 0

71.0

73.3

19.3

18.1

16.4

13.9

~This result is based upon the as'sumption that the operator does not recognize
hh P dg1 h g dp11 d h1d ~h h
actually MCHFR would be expected to increase with decreasing core flow. The
expected MCHFR values would be +4g, +6+6an +14% for points 8, C, and D
respectively.

The interpretation of the results oE these analyses are as follows;

1. In the case of a complete separation of the shroud support ring,
where constant power was held in the reactor, the MCHFR
decreases by 30% resulting in MCHFRp l. 3. Therefore, no
violation of MCHFR would be experienced. Under expected
conditions, MCHFR would increase by 14%.

2. Core pressure drop and recirculation pump flow, Eor complete
separation of the shroud support xing, changes -28% and +8. 6%
respectively. Such changes would be of sufficient magnitude to
alert the operator to a condition of possible core bypass flow.
From the results shown in Table 4-1, the operator would have
an indication before complete separation has occurred.

3. If oscillatory movement of the shroud were to occur as a result
of complete separation oE the shroud from the support ring, the
flow through the core could change with the movement but these
flow changes would be bounded by the values shown in Table 4-1.
Such flow perturbations would resu)t in neutron flux changes of
a'bout 13-1/2 /0 in going from no separation to complete separation.
Such a time variant change in flux would be clearly visible to the
operator in the control room.
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4. 3. 3 CONTROL ROD SCRAM CAPABILITYUNDER MISALIGNMENT

The control rod drive system provides forces during a scram which
are many times the rod,weight. The maximum force available to scram the
drive is as much as 5600 pounds (cold) and 2800 pounds at operating pressure.
Consequently, it is felt that friction forces could not develop to the point that
the ability to scram is lost. Even with only reactor pressure available for
scram, the force is greater than 1000 pounds. Furthermore, the flexibility
of the drive line is such that considerable angular misalignment of the drive
line can be tolerated without any appreciable reduction of scram capability.
This has been demonstrated repeatedly in tests and by operating reactor
experience, all evidence indicating that high drive line friction is manifested
by difficultyor failure of the drive to withdraw, an event which is immediately
obvious to the reactor operator.

The effect of lateral core displacement on drive performance was
evaluated in a series of tests conducted in 1963 on a prototype unit, the results
of which are shown in Figure 4-4. No scram impairment was observed with
the maximum lateral misalignment of approximately 1/4 degree.

The effect of misalignment of the drive housing with respect to the core
was evaluated in a series of tests conducted on a prototype unit in 1964. Results
from this test are shown in Figure 4-5. In this test, the bottom of the housing
was displaced from the center line by 1 inch, corresponding to an angular mis-
alignment of approximately 1/2 degree. The change in scram time was approxi-
mately 0. 1 second. The test was run with the bottom of the housing being
oscillated with a displacement of 1 inch at its natural frequency, and is not a
direct measure of the performance with a fixed core displacement. It is, how-
ever, indicative of the magnitude of misalignment required to have a measurable
effect on scram performance.

4. 4 REACTOR VESSEL NOZZLE SAFE ENDS

Analyses have been made to determine and evaluate the consequences
of failure of any of the F.S.S.S. safe ends on the Nine Mile Point vessel. In
the case of the safe ends, failure is defined as cracking initiating and propagating
in the wall to a magnitude sufficient to cause a loss of coolant. The loss-of-
coolant could be anything from a small leak up to and including an instantaneous
double ended rupture.

Nozzle ruptures, up to and including the recirculation line nozzles, will
not lead to unacceptable core temperatures, with the result that there is no
break size within the reactor system which is not protected by the safetybarriers
and engineered safeguards systems.

The reactor vessel nozzles which have sensitized safe ends are listed
in Table 4-2. None of the safe ends are a part of a safety system:> and postulated
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failure such as a small leak or an instantaneous double ended break would not
jeopardize the ability of the reactor to achieve safe shutdown.

TABLE 4-2

SENSITIZED SAFE ENDS

"'Quantit

Size (in. Nozzle Function

5

5

2
18

28
28
10 (Steam)

6 (Steam)

4 (Steam)
3

R ecir c. Outlet
R e circ. Outlet
Emergency Condenser
Head Safety Valve and Inst.

Long Neck Flange
Head Vent Long Neck Flange
Control Rod Drive Return Line

Safe End

<'ore Spray Safe Ends have been replaced with non-sensitized material and
are not considered a part of this analysis.

The work conducted under the AEC sponsored Reactor Primary Coolant
Rupture Study shows that large breaks or cracks will be preceded by gradual
growth of smaller cracks. Although not complete, this study has produced a

very useful compendium of experimental data encompassing crack initiation,
crack propagation, and fracture behavior of piping materials and piping com-
ponents. The fracture data in particular has led to some conclusions which are
useful here. Basically, this program has shown that cracks can form and grow
due to mechanical or thermal cycling or corrosion but that rapid failure will
not occur until the crack reaches a critical magnitude.

Given a crack length, it is possible to calculate the leakage rate taking
into account the crack extension under the multi-axial loading conditions. The
leak rate from a crack of known dimensions was calculated and compared to the
measured leak rate for pressurized water at room temperature. The leakage
rates check within 15% but allowing for the other uncertainties in friction factor,
the stress state and the temperature effects, it appears roughly that flow can
still be calculated within a factor of at least two.

Thus, for a given crack length, it is possible to plot a curve of leakage
rate as a function of "K", the stress intensity factor, the correlating parameter
which is a function of crack length for various pipe sizes. Results of these
calculations are shown in Figure 4-6.
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Experimentally, it has been determined from the rupture study,
indicated above, that for a variety of materials rapid failure does not occur
until this stress intensity factor is greater than a given value. The average
wa's about 148 Ksi~in. 'For conservatism, assuming that the critical "K"
lies within 2 o limits less than this, it is seen from Figure 4-6 that the leakage
from such a crack would be at least 70 gpm depending on the pipe size. The
leak detection capability in the primary containment is as discussed in Section
3 of this report. Therefore, the following conclusions can be draw'n from
Figure 4-6.

1. Long before the crack length has grown to even within 2 0

limits of observed critical crack length, the fact that a crack
exists willhave been detected.

2. The amount of leakage which occurs even for cracks near
the critical size is within makeup capability so that the
core is not uncovered. Thus for cracks below the thresh-
hold of detection, the leakage is overwhelmed even by the
control rod drive hydraulic feed pump.

Therefore, the probability of rapid breaks occurring without detection
is extremely remote. Cracks below the threshold of detection are of no concern
with respect of core cooling.

Even if a complete break were to occur, however, core cooling would
be maintained. Table 4-3 summarizes the peak clad temperatures assuming a

complete circumferential break of each of the sensitized pipe safe ends. The
analysis details which apply to a specific pipe or break size can be found in the
referenced documents in Table 4-3, but a summary is provided below.

Figure 4-7 shows peak clad temperature as a function of break size for
liquid breaks.

A complete break of the recirculation line results in peak temperatures
of below 2000 F through the action of either one of the two core spray system
loops alone. This is the highest temperature for any break. The peak tempera-
ture decreases as the breaks become smaller.

Allof the liquid lines listed in Tables 4-2 and 4-3 are covered by the
analysis results shown in Figure 4-7. Figure 4-8 shows peak clad temperature
as a function of break size for steam breaks. Steam breaks up to and including
the main steam line (not a sensitized safe end) do not result in core uncovery,
thus no clad temperature increase is experienced.

Thus, the entire break spectrum has been comprehensively examined in
detail and the specific safe end sizes in Table 4-3 are merely discrete points in
this spectrum. No conditions can be postulated by which a single safe end failure
of any size can result in clad temperatures in excess of those determined and

reported in the Final Safety Analysis Report and its Supplements.
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TABLE 4-3

SUMMARY OF SAFETY EVALUATIONOF SENSITIZED SAFE ENDS

Nominal
~Queutit Size Function

Approx.
Type of . Break

Break Size ft2
Peak Clad>~

5 28 in.
2 10 in.

18 6 in.

4 in.
3 ln.

Recirc. Outlet
Emerg,

Cond.'utlet

Head Safety Valve
and Instrument
Flanges
Head Vent Flange
Control Rod Dr.
Hyd, System
Return '

28 in. Recirc. Inlet Liquid

Liquid
Steam

Steam

Steam
Liquid

7. 30

7. 30
0. 48

FSAR App. E
and

(2000 F Supp. No. 5

No Uncovexy Supp. No. 5

( 2000 F

0. 087
0. 72

No Uncovery Supp. No. 5

<2000 F Supp. No. 5

0. 195 No Unmvery Supp. No. 5

"Refer to Figures 4-7 and 4-8.

4. 5 DRYER AND GUIDE ROD SUPPORT BRACKETS

Analyses have been made to determine and 'evaluate the consequences of
a failure in the dryer and guide rod support brackets.

Failure of the dryer and guide rod support brackets would not result in
loss of core cooling. Failure of the dryer brackets could, however, result in
debris entering the steam line under the conditions of a steam line break.

4. 5. 1 DR YER SUPPORT BRACKETS

There are four dryer support brackets located on the vessel wall at the
elevation of the main steam line nozzles. These brackets are spaced equally
around the vessel wall and restrain the dryer from movement due to any normal
operation, transient, seismic or accident loads.

The bracket consists of a lug welded to the vessel wall approximately
8 inches high, 2-1/Z inches wide and 4-1/4 inches deep, with a welded collar for
dryer re tention.

4. 5. l. 1 NORMAL OPERATION

The normal operating pressure drop (uplift) across the dryer is insufficient
to offset the dryer weight of approximately 46, 000 pounds, thus during normal
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operation s'hould failure be experienced on all four brackets the dryer assembly ~

would drop down until the lower dryer support ring contacts the upper bolting
ring of the steam separator assembly.

Such a condition would not result in any impairment of core
cooling'apability.Steam flow and quality changes would occur due to displacement and

damage of the drain return lines at the bottom of the dryer assembly. However,
such changes would be expected to be small enough not to cause any major per-
turbation in the reactor system operation and no safety related response would
occur. Bracket primary stresses under normal operation loads (assuming two
of the four brackets carry the load)'would be less than 6000 psi tension at the
upper surface of the bracket.

Such stresses, although primary in nature, are not of the order of
magnitude to initiate cracking (below yield) and would not, therefore, be expected
to result in crack initiation, propagation and eventual failure of the dryer support
bracket. However, even if such cracking were initiated, the crack would be

required to propagate through the entire 8 inch height of at least three of the
four support brackets before dryer support would be lost. As discussed in
Section 4, 3 any internal vessel condition promoting F.S.S.S. crack propagation
would be detected in other F.S.S,S, compo'nents through minor leakage or
plant inservice inspection procedures long before the dryer brackets would have
sufficient cracking to lead to a failure.

4. 5. 1. 2 EARTHQUAKE AND ACCIDENT CONDITIONS

Earthquake loads were considered in the design of the dryer support
brackets. When earthquake loads are added to the normal operating loads, the
worst case (assuming one bracket sees all maximum stresses-very conservative)
results in a tension stress at the upper cornex of the brackets of less than 16, 000

psi. However, since earthquake loads are unlikely and of short duration, such
a loading would not apply additional stresses to the brackets for a sufficient length
of time to propagate cracks.

The only accident condition of concern to the dryer assembly and dryer
support brackets is the steam line break. In this case, sufficient

uplift'approximately2 psi) exists across the dryer to overcome the dryer weight and

apply an uplift load of approximately half the normal operation (downward) load.
The resulting stresses would be less than 3000 psi and would be of short duration.
Therefore, for the reasons discussed above for the normal loads, the steam line
break load conditions would not result in failure of the dryer support brackets ~

In the remote event the brackets had failed prior to or at the time of a

steam line break accident, the dryer assembly would move upward until it
contacted the vessel head. It is expected that the dryer assembly would suffer
severe mechanical and structural damage upon impact with the vessel head;
however, due to its low mass to volume ratio, the dryer assembly would crush
and not damage the vessel. The dryer flow baffle would cover the steam nozsles
tending to significantly reduce steam flow. However, the possibility of dryer
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parts exiting through the steam line cannot be ruled out. Such a condition,
should it occur, could potentially be of safety significance since the main steam
line isolation valves might not close with debris in the steam lines. It is impor-
tant to note, however, that there are two isolation valves in each main steam
line and the potential for both to be blocked is remote. Further, as shown in
Figure 4-8, the core remains covered for all steam line breaks. Thus no fuel
perforations would occur and the accident exposure guides of lOCRF100 would
not be exceeded.

Such an event is considered to be extremely remote in view of the fact
stress levels in the dryer support brackets are well below the threshold for
F.S.S.S. crack initiation and propagation and in view of the fact that the material
thickness required to fail is much greater than other F.S.S.S. components in the
vessel where inservice inspection procedures or small leakage would be detected
long before dryer bracket failure (see Section 4. 3 for further discussion on this
subject. )

4. 5. 2 GUIDE ROD SUPPORT BRACKETS

The guide rods and support brackets serve no function other than to
assist in assembly and disassembly of the dryer and separator assemblies.
There are no significant operational loads induced upon the guide rod support
brackets and the weight of the guide rods is negligible from a failure stress
s tandpoint.

Should the guide rod brackets fail, no safety significance can be found.
The rods are guided and restrained laterally the entire length (approximately
22 Eeet) by the dryer and separator assemblies. The rods could not drop down
more than approximately l-l/2 inches due to a shoulder just above the upper
shroud-to-shroud head attachment ring.

There are no significant forces on the guide rod tending to lift the rod
vertically. Should the rod move vertically upward it would be laterally guided
by the separator to dryer assemblies and could not exit a steam nozzle.
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5. SIGNIFICANCE OF RECENT PRIMARY SYSTEM INVESTIGATIONS

It is believed that three separate and distinct conditions have been found

which are being satisfactorily resolved before restoring the Station to

service:

1. Massive stress corrosion cracking in the upper wall of the

west core spray safe end was caused by very high tensile

stresses due to the cantilever effect of improperly sup-

ported attachment piping in the presence of high oxygen

water in the stagnant (closed and inverted) loop at the

failure zone. It is obvious that oxygen enriched water

existed at the top of the inverted loops in the core spray line

safe end zones; It is believed that the low chloride levels

in the reactor water preclude chlorides from this source as a

corrosive media.

This situation is being resolved by completely replacing both

core spray safe ends, the outboard section of the thermal

sleeves, and the immediate external attachment piping section

with non-furnace sensitized steel (304ELC) in accordance

with the replacement procedure described in the Reactor Primary

System Investigation Report dated May 1, 1970.

All piping systems in the drywell, including the two core

spray lines, have been reevaluated and redesigned where necessary

to reduce operating stresses to values far below the yield point.

Further,'all piping expansions will be measured during a hot

functional test to be conducted prior to restarting the Reactor,

to check the efficacy of the pipe supports, suspension and

seismic restraints. Reference points will be established

for comparison with future measurements. These stress
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reevaluations, including redesign, if necessary, are also being

continued for safety-related systems outside the drywell.
The'esults

will have been fully evaluated before the Station is

restored to service. The closed stagnant loop "effect" in

both core spray lines is being eliminated by redesign of the

thermal sleeve so as to allow venting of the horizontal pipe

section back into the Reactor vessel. An investigation is being

made to determine if there are any other potential traps or

"dead end" areas in other systems which might give rise to a

similar problem. The results will be fully evaluated before

the Station is restored to service.

2. The exterior shallow surface indications on other nozzles and

brackets (including the guide rod support weld) are believed to be

either original forging and/or surface defects ("bark", slag, seams,

weld defects) or attack caused by contamination deposited before

the vessel was placed in service, which corroded in the presence

of moisture during periods of shutdown. In the absence of moisture

during reactor operation, there is no reason to believe that

exterior corrodant-promoted penetrations will continue.

It is believed that this situation can be satisfactorily

resolved, at least for the present, by flapper grinding to

whiteness (by PT tests) all such indications on furnace

sensitized safe ends, brackets, and the guide rod support

weld. The planned surveillance program described in Section 3,

above, will provide continuing assurance for the integrity of

these components.
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3. The sensitized stainless steel piping attached outboard of the

east core spray safe end contained 3 "tight" intergranular axial

cracks in the base metal zone adjacent to the weld on the internal

surface with a maximum depth of .090 inches.

The axial penetrations may have been induced by residual welding

stresses in the longitudinal direction, or they could be the

result of intergranular corrosion. If welding was responsible, the

penetration should not propagate under the low applied operating

s tresses. If corrosion was responsible, cracks migh t conceivably

have propagated through the pipe wall. However, the propagation

would have resulted in a small leak which would have been detected

before it became a safety hazard.

The weld area at the joint between the core spray pipe and safe end

has some unusual characteristics. The stainless steel pipe is

sensitized for a distance of at least one inch from the weld deposit,

and the degree of sensitization appears heavier than expected in a

normal weld heat affected zone. In addition, sensitization occurred

in the pipe immediately adjacent to the weld bead. This is abnormal

because the high heat input from welding should produce a solution

heat treated zone immediately adjacent to the weld deposit. It
appears that the stainless steel pipe was reheated after the initial
welding, at a temperature sufficiently high to produce a sensitized

structure. Another unusual effect was the recrystallized layer

observed on the surface of the core spray pipe. Recrystallization

of this surface layer also suggests that the pipe was re-heated.

Extensive weld repairs and/or heat-straightening may have caused this

condition.
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Incidental to this, there is also reported transgranular cracking

in the base metal of the thermal sleeve adjacent to the attach-

ment seal weld at the end of the sleeve.

Crud samples analyzed by the AEC showed chloride contamination in

the crevice area between 'the thermal sleeve and the safe end in

the east core spray line. There is no apparent source of

chlorides in the coolant water, or other Reactor internals.

It is believed that the contamination in the crevice area occurred

during construction, and that removal was not accomplished in the

restricted crevice area during Reactor cleaning cycles.

Further investigations are being carried out in.an attempt to

obtain confirmation of the cause of the axial penetrations. The

condition, too, is being resolved by complete replacement of the

core spray assembly, including the outboard attachment piping. The

replacement components will be N.D.T. tested, using PT, RT, and UT

where feasible "in accordance with ASME III acceptance standards.
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PRIMARY CONTAINMENT INTEGRATED LEAK RATE TEST

1.0 Introduction

The initial integrated leak rate test was completed August 10, 1969.
Initial criticality was September 5, 1969. According to paragraph
4.3.3 d of the Technical Specifications, an integrated leak rate test
is due in August, 1970 plus or minus 8 months. This test is in con-
formance with this specification.

2.0 ~Sco e

The containment tested includes the drywell and pressure suppression
chamber, the steam side of the emergency condensers, and collectively,
all the penetrations and isolation valves exposed to the free space of
these vessels. The reactor was vented to the drywell, therefore, any
leakage through isolation valves exposed to the steam space of the
reactor is also included in containment leakage.

3.1 Leakage rate tests subsequent to the initial tests shall be
performed without preliminary leak detection surveys or leak
repairs immediately prior to or during the test, at an initial
pressure of approximately 22 psig.

3.2 „ Leak repairs, if necessary to permit integrated leakage rate
testing, shall be preceded by local leakage measurements. The
leakage rate difference, prior to and after repair when cor-
rected to Pt shall be added to the final integrated leakage
rate result.

3.3 Closure of the containment isolation valves for the purpose of
the test shall be accomplished by the means provided for normal
operation of the valves.

3.4 The test duration shall not be less than 24 hours for integrated
leak rate measurements, but shall be extended to a sufficient
period of time to verify, by measuring the quantity of air
required to return to the starting point (or other methods of
equivalent sensitivity), the validity and accuracy of the leakage
rate results.

4.0 Acce tance Criteria

4 1 The al 1 owab 1 e operationa 1 1 eak rate Lto (22) was estab 1 ished
during the initial integrated leak test at 0.87'0 of the con-
tained volume in 24 hours at 22 psig.

5.0 Test Procedure

5.1 Overall leakage is measured using the reference vessel method.
Calibrated resistance temperature sensors and suitably proportioned
tubing type reference systems are distributed in the drywell and
suppression chamber. Figure 1. A remote sampling system using
heated probe extensions outside the vessel supplies a dew point
detector. Read out is by means of precision electronic instruments.
Test air is supplied through the containment spray system.





-2-

5.0 Test Procedures Cont'd.

5.2 Instrumentation penetrations are in the mode for normal operation
,except that the nitrogen purge for the TIP system is closed and
isolated from the drywell. The vent valve outside the inline check
is open to assure no inadvertent supply of nitrogen to the drywell.

5.3 The containment spray system isolation valves are open in the normal
mode for containment spray system operation. The valves to the air
test header are closed and a leak detector tap is open on the air
supply side of these valves to prevent inadvertent supply of air to
the drywell.

S.4 The core spray system is filled with water as in operations. The
condensate fill line (also the supply to the torus makeup) is
unwatered and vented. Leakage of water to the environment from this
system is monitored and considered in the test results. Since there
may be some interchange of water between the reactor vessel and torus,
there will be no external manipulation to maintain reactor water level
during the 24 hour leak test run nor will there be any addition to or
subtraction of water from the system.

S.S Isolation valves between the reactor vessel and the clean-up system
are closed and the system vented. The shutdown cooling system is
isolated from the reactor vessel and vented, and the feedwater lines
are also isolated and vented just outside of the outer isolation
valves. Provision is made to monitor these vents to detect magnitude
of leakage. No exact quantitative measurements is applied to these
observations. All water loss is included in the gross containment
leakage.

6.0 Test Data

6.1 Combined leakage per reference system instruments.
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6.0 Test Data Cont'd.

See figure 3 for trend plot of test data.

6.2 Pump back data using displacement gas meter and air tank for
supply:

Gas meter input 1912 ft. 8 22 psig.

7.0 Calculations and Results

7.1 Containment leakage from 00:30, 27 June 1970 through 00:30,
28 June 1970.

Leak rate ~D =( hP2 + P
2

- hP] + P
1

2

Dr el 1 Data

Pl = 36.78

Tl = 523.9
hP1 = .0881

1 492

psia
R

psia
psia

T2 = S23.3 'R

hP> = .2901 psia
Pv2 '1474 psia

>D Leakage 8 22 sig = 0.56<D in Dr ell

Pl = 36.75 psia
Tl = 526.3 'R
hP) = .0900

Pvl = .1881

T2 = 525.8
hP2 = .3006
P

2
= .1881

<D Leaka e 8 22 si = 0.57~D in Torus

Combined leakage (.61) (.56) + (.34) (.S7) = 0.56~

7.2 Pump Back Check

(a) "Net" leakage end of pump back

~Dr el l
100 ( 0943 0881) — 017De e ~e

Torus

(.0877-.0900) — 0062
36.75

Combined

(, 61) (, 017) + (. 39) (-s 0062) =, 008~D

(.00008) (300,400) = 24 ft. 3 8 22 psig





7.0 Calculations and Results Cont'd.

7"2 Pump Back Check Cont'd.

(b) Assumed in leakage end of test to end of pump back,

(.0056) (300,400) = 1680 ft. 8 22 psig per 24 hours
end of test to end of pump back 2 hrs. 45 min.

(
2.75 (1680) = 192 ft. 8 22 psig

24

(c) Adjusted pump back leakage.

1912 - 192 + 24 = 1744 ft. 8 22 psig

1744 = 0.57~o of contained volume at 22 psig ~

300,400

7.3 Leak Test Conclusions

As found on June 28, 1970, the primary containment leakage
of 0.56~O was well below the allowable operational leak rate
[Lto(22)) of 0.87's derived from the Technical Specifications
and the preoperational leak test of August, 1969.
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