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U.S. NUCLEAR REGULATORY COMMISSION
REGION I

Report Nos. 50-277/83-14
50-278/83-14

Docket Nos. 50-277
50-278

License Nos. DPR-44 Priority - Category C

DPR-56
_

Licensee: Philadelphia Electric Company

2301 Market Street

Philadelphia, Pennsylvania 19101

Facility Name: Peach Bottom Atomic Power Station, Units 2 and 3

Inspection at: Delta, Pennsylvania

Inspection Conducted: May 23 - 26, 1983

Inspector: M 7f8SJ

T. D. Reynold}, Jr. date signed
Lead Reacto:e Engineer

Approved by: -t M '/ [g3
M Durr, Chief, Materials and Process Section, /d;te signed
Engineering Programs Branch, DETP

Inspection Summary:

Inspection on May 23 - 26, 1983 (Report Nos. 50-277/83-14 and 50-278/83-14)
,

Areas Inspected: Routine, announced inspection of weld overlay techniques to
mitigate further intergranular stress corrosion cracking (IGSCC) of sensitized
stainless steel weld heat affected zones (HAZ) in selected welds in the Unit 3
residual heat removal (RHR) suction and return lines and recirculation lines.

; The inspector reviewed procedures; witnessed welding operator qualification
testing; observed operation of welding equipment and remote observation equip->

ment; and, reviewed QA records associated with the operation. The inspection
involved 31 hours onsite and 11 hours at the regional office by the inspector.

Results: No violations were identified.
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' DETAILS

| 1. Persons Contacted

Philadelphia Electric Company (PECO)

* R. Fleischmann, III, Station Superintendent
F. Gloecker, Mechanical Engineer E&R Department
R. Zong, Senior Engineer, E&R Department
T. O'Donnell, Maintenance Engineer

General Electric Corporation, A&ESO (GE)
, ,

'

K. Grayson, QC St.pervisor
E. Reczek, Level III NDE

' * R. Reilly, Project Manager
D. Tackett, Engineering Consultant

| J. Plantz, Welding Supervisor
A. Sholly, Welding Operator
R. Giberson, Welding Operator

* Indicates those present at the exit interview

| 2. Background
4

Discussion of the licensee's experience with corrosion related piping
problems and the use of induction heat stress improvement (IHSI) methods

. to mitigate these problems was reported in combined inspection report
| 50-277/83-08 and 50-278/83-08.
4

Intergranular stress corrosion cracking (IGSCC) of regular carbon stain-
less steel weldments has been an industry problem. Sensitized piping;

'

microstructures with ID tensile stress have failed in boiling water;

reactor (BWR) oxygenated water as described in NRC Bulletin IEB 82-03,
Rev. 1, IEB 83-02 and NUREG-0313.

,

The use of an OD weld overlay technique to mitigate further IGSCC and to
restore design safety margins for limited safe operation periods has been
utilized at other BWR plants (e.g., Dresden Unit 2, Hatch Unit 1 and
Vermont Yankee). A weld build-up (overlay) is applied over the cracked,

weld joint and adjacent pipe which produces a microstructure of austenite
plus delta ferrite that is resistant to the propagation of IGSCC and that
produces compressive stresses in the weld joint area due to weld shrinkage
stresses. The overlay is also applied as a structural reinforcement as
permitted by ASME Section XI (SCXI) IWB-3640 (proposed).

3. Review of IHSI Status (Unit #3)

The inspector reviewed the current status (as of 5/25/83) of the IHSI
program previously reported on (50-277/83-08 and 50-278/83-08). The
licensee has completed IHSI treatment on 91 weld joints. Following IHSI,
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all but one of these has been examined by ultrasonic testing (UT). A
total of nine welds, which were not given IHSI, were examined by UT (two
of these nine welds will be given additional examination). The licensee
has completed his review of all but seven of the GE UT results.

A total of nine of the above 100 welds have been radiographically examined
with the MINAC linear accelerator which has verified the cracking identi-
fied by UT.

The following have been UT approved by GE, but not as of 5/24/83 been
reviewed and approved by the licensee:

2-BHA-1, 2-BHB-1, 2-BHC-1, 2-BHD-1, 2-BHE-1.

Based on the current knowledge of the extent of cracking in the coolant
boundary piping and the impact of IHSI on piping weld stress patterns,
the questions raised by the inspector in reports 50-277/83-08 and 50-278/
83-08 paragraph 6.0 b, c, e, g, h, i, k,1 and m are considered in this
report as unresolved items (278/83-14-01).

No violations were identified.

4. Temporary Repair of Stress Corrosion Cracked Piping By Weld Overlay
Techniques.

A total of 15 welds will be given the weld overlay repair. These welds
are the elbow to vertical riser joints 2-BH ( A, B, C, D, & E)-2, 2-AH(F,
G, H, J & K)-2, and RHR joints 10-0-5, 10-0-6, 10-0-7, 10-0-10, and

4 10-0-15. The vertical riser joints all have Stess Rule Index (SRI)
i values from 1.387 to 1.606 with axial cracks on the elbow side of the ;

joint. With the exception of 10-0-5, the RHR joints have circumferential
! cracks only. Joint 10-0-5 has both circumferential and axial cracks. The
' SRI values for the RHR joints are as follows:

,

Joint SRI

10-0-5 1.208
10-0-6 2.095
10-0-7 1.292
10-0-10 1.985
10-0-15 1.791

Joints 10-0-7, 10-0-10 and 10-0-15 are carbon steel to stainless steel
joints.

All joints to be overlayed have been given the IHSI treatment and are
elbow pipe joints.

The weld overlay repair methods utilized by the licensee and GE are
similar to those utilized at Hatch Unit I which were evaluated by the NRR
Materials Engineering Branch, Division of Engineering. The corros'on
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related cracks at Hatch Unit I were oriented in the circumferential and
axial pipe directions and were similar in nature to those observed at
Peach Bottom #3.

The weld overlay technique deposits a weld cast austenite plus controlled
ferrite microstructure (ER308L) on the OD of the pipe utilizing the gas
tungsten arc (GTA) cold-wire-feed machine welding process. Orbital welding
devices manufactured by MagnaTech and Arc Machines employing automatic arc
voltage controlled heads are being used to deposit slightly oscilla.ted
stringer beads in a multilayer (4-5 layers) overlay. The overlay width is
2-2.5 x the square root of R x t (where R is the pipe schedule radius and t
is the design minimum wall). The overlay thickness is ht or 4 inch, which-
ever is greater. Although thicker deposits have been utilized at other

'

sites, GE indicates that the thickness selected is believed to be easier to
volumetrically examine by ultrasonic inspection (UT) and will result in
lower total pipe deformation and axial piping system residual stress. The !

process is reported to put the pipe ID surface in compression and the i
microstructure of the overlay has been shown to be resistant to IGSCC. I

The inspector reviewed the following documents and procedures for compli-
ance with regulatory and code requirements and licensee commitments:

'

The inspector reviewed a special procedure qualification record (PQR).

for the overlay technique conducted in accordance with GE Welding
Procedure Specification P8-P8 Clad, Rev 0 dated 5/1/83. This PQR
(P8G8-AE-111, Rev. 2 dated 4/25/83) was tested in accordance with
butt weld criteria with transverse weld tensile tests, guided side
bend tests and etched macrosections. The PQR test assembly was
radiographically examined and penetrant tested.

The GE Welding Procedure Specification (WPS) P8-P8 Clad Revision 0.

dated 5/1/83 was reviewed by the inspector. This (WPS) references
PB-83-7.0 for additional general welding information. The welding
parameter ranges are typical of machine and automatic WPS documents
and do not provide usable " directions to the welder" due to the wide
ranges of heat input variables. As written, the WPS document does
not meet GE rules to avoid sensitization by control of electrical
heat input. The requirement for continuous water cooling does,
however, provide for very fast cooling rates.

The PQR test assembly that was specifically welded to " qualify" the*

WPS for engineering purposes was welded by Mr. J. Plantz (GE Welding
Foreman). The actual detailed welding parameters were reviewed by
the inspector. The detailed PQR welding parameters are not on file
with the'PQR documentation as "the welding data" nor as PQR proprie-
tary supplementary welding information. These welding parameters are
made available to the welding operators as supplementary welding in-,

formation. There is no quality control checkoff indicating that the
supplementary welding parameter information is made available to the
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welding operators prior to welding. When welding was observed by the
inspector, the welding operators were using the supplementary welding
data and were recording the actual parameters utilized for inclusion
in the welding data package.

A GE written technical report of the PQR test assembly qualification*

for P8G8-AE-111 was reviewed by the inspector. The Magnatech Model
"T" with a Hobart Cibertig Power Source was utilized for the PQR test
assembly. The parameters recorded in this report are not identical
to those in WPS P8-D9 Clad, but those parameters changed are "non-
essential" variables.

Noticeably absent from the P8-P8 Clad PQR were measurements of delta
ferrite level produced by the process with proper chemistry filler'

metal and any indication of tests run to evaluate the sensitization of
the base metal caused by the overlay operation. As the intention of
the operation is to mitigate propagation of IGSCC (caused by stress
and sensitization) by production of a microstructure containing delta
ferrite, it was felt that these metallurgical tests should have been
considered as good engineering practice (but are not SCIX requirements).

Subsequent to the inspection, GE supplied copies of PQR ISE-Q-44,*

Revision 0, dated 1/18/71, to the inspector as further substantiation
that the joint efficiency engineering requirements were satisfied.
This is a SA312 Type 304 (to itself) manual GTA butt weld with ER308
filler metal.

GE welding specification P50YP225, Revision 1, for machine overlay*

was reviewed by the inspector. The WPS document is written to " meet
the requirements" of this specification. This specification states
"The weld overlay shall be considered a structural buildup and shall
be analyzed and qualified accordingly." The applicable dates for
various Code sections are not specified in this document. The filler
metal specified is ER308L with an average ferrite content of 8FN as
determined on " undiluted weld deposits." Review of the Johnston

: Certified Test Reports (Heats 3426-57 and 465193) by the inspector
indicated the filler metal (as tested by Johnston with unknown para-
meters) met the 8FN ferrite requirement and ASME SFA 5.9 requirements.
The actual (ID circulating water) weld cooling rates should increase
measured ferrite contents in the production overlay. WPS, P50YP225,
paragraph 4.1.1 requires a penetrant test (PT) prior to overlay and a
PT following overlay. It also requires volumetric inspection of the
overlay to NB 5000 (by a technique yet to be developed). A new ASME
SC XI base line inspection is also required. Paragraph 4.2.2 requires
an ultrasonic overlay thickness determination or mensuration equivalent.

The inspector also reviewed GE WPS PB-83-7.0 which was approved by*

the licensee on 2/9/83. This procedure calls for controlled heat
input and references the applicable ASME Code dates, including SC XI,
Summer 1975.

,
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The requirements for performance qualification of welding operators
were indicated as page 5 of WPS P8-P8 Clad and were reviewed by the
inspector. The process is properly classified as " machine welding"

-in accordance with ASME SC IX, QW492, and, therefore, the extremely
broad SC IX qualification rules of QW305 apply. The GE performance
qualification rules surpass the SC IX rules. The inspector pointed
out to GE that qualification by face and root bends was not possible
(to date, only radiographic evaluation has been employed). The
inspector also indicated that the performance qualification document

,

should explicitly define how multiple welding operators are permitted
to weld a single everlay test assembly.

The inspector reviewed traveler forms and partially completed travelers*

for the overlays executed to date. Process Control Sheets and filler
metal rcquisition sheets were also reviewed.

The inspector reviewed partially completed travelers for overlays; *

where the welding has been completed (without post weld inspection
being completed) for welds 2-BHH-2 and 2-AHH-2.

The welding and quality documents reviewed met the intent of the ASME
Code SC XI and SC IX, but raised technical questions which are indicated
in paragraph 9.

Unlike the riser welds, the affected RHR welds 10-0-05, 10-0-06 and 10-0-07
require more complicated overlay techniques. The inspector reviewed a ten-
tative unsigned, propcsed memorandum dated 5/17/83 (T. L. Chapman to
R. J. Benich). This memorandum recommends a 0.6" thick, ER 308L overlay
for the first two joints and a ER309L overlay of thickness and location to
be determined for the 10-0-07 carbon steel to stainless steel joint.

No violations were identified.

5. Crack Repair Procedures

Although the ability of the ultrasonic test (UT) procedure to detect axial
cracking has been demonstrated, the ability to size these cracks is acknow-
ledged to be poor at best due to many factors including weld reinforcement
contour in two directions. Riser weld joints 2-BHC-2, 2-BHE-2, and 2-AHG-2
have shown indications of thru wall axial cracks on the elbow side of the
joint by minor weeping observations. Evaluation by volumetric methods
indicates that the propagation of the cracks continues outside of the

|.
expected sensitized zone which may be interpreted as indicating that the

,

crack morphology includes IGSCC plus fatigue mechanisms. Repair of these ;
; joints by weld overlay is contingent on an additional repair step to stop i

! the water leakage during the overlay process.

GE developed a " crack repair procedure" (PB-Clad 4.0, Revision 0) which
! was presented to the Plant Operations Review Committee (PORC) at meeting |

| 83-85 on 5/26/83. The procedure utilized severe peening followed by
manual shielded metal arc-(SMAW) overlay welding over the peened area.

!
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The inspector witnessed the development of the technique and qualification
training of the peening operator. The repair procedure was reviewed with
its traveler, process control sheets, and filler metal requisition forms.
A slurry applied calcium carbonate leak detection system is used to demon-
strate that the leak has been plugged by the repair method. The GTAW
overlay procedure requires penetrant examination prior to overlay, so it
is not required as part of the repair procedure.

The procedure and quality documents reviewed meet the requirements for
the control of a special process.

No violations were identified.

6. Volumetric Inspection of Overlay Repair Butt Joints

The GE document P50YP225 calls for volumetric inspection of the overlay
repair weld metal by radiographic or ultrasonic methods to the requirements
of ASME SC III, NB 5000 requirements. The licensee and GE are working on
techniques to satisfy this requirement. The MINAC linear accelerator
radiographic source will be utilized as a development tool to evaluate
weld overlay quality and is scheduled to be used during the month of June.
There are no ASME Code rules that can be utilized for the disposition of
results of the volumetric inspection because of the known cracks that in
some cases exist through wall in the pipe (or elbows).

Qualification of UT supervisory personnel for evaluation of IGSCC was con-
ducted to meet IEB 82-03 requirements (prior to issuance of IEB 83-02).
Those qualified were W. Miller and E. Reczek of GE and J. Decker and
L. McClain of Sonic Systems. Their qualification was observed by the NRC.

No violations were identified.

7. Ultrasonic Methods for Sizing IGSCC Indications

The inspector reviewed the methods used by the licensee and GE to size non-
geometric indications which has been presented to NRR. The panoramic UT
view of pipe to elbow weld 10-0-6 was used as an example which was deter-
mined from the metal paths bounded by minimum and maximum 20% DAC signals.
It is believed by GE that the results using this method are more conserva-
tive than the crack tip (d = (w,-wl) cos 0) method. The interference
caused by the austenitic weld metal microstructure resulted in confusion

in plotted location of the indications which, in some cases appeared in
the weld metal (when it is known that the cracks are in the base metal HAZ).

No violations were identified.
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8. Ultrasonic Test (UT) Calibration Standard

The inspector visually inspected a weld overlay calibration standard with
a variety of artificial defects which was made from a portien of a perfor-
mance qualification test assembly. Development of UT techniques by GE was
scheduled to commence as soon as possible on this test block.

4

No violations were identified.

9. Technical Discussions with the Licensee

The inspector discussed technical questions with a representative of the
licensee's Engineering and Research Department and with the GE Site
Manager. The following information was obtained:

To the best knowledge of the licensee, the sensitization which caused*

axial cracking in the riser elbows was limited to that caused by
joint welding. The sensitization in pipes welded to the elbows
caused by shop weld buildup for dimensional purposes has apparently
not produced axial cracks. The licensee indicated that both ends of
the vertical risers (at the elbow and sweepolet) had vendor (shop)
weld buildup on the OD. There are a total of 20 weld joints which
were all field welded.

The licensee indicated that engineering studies are being made to*

determine repair activities on the IGSCC problem at the next outage
including wholesale or partial replacement of piping, augmented ISI,
and removal of material for detailed metallurgical analysis.

>

The MINAC radiographic (RT) source is roughly equivalent to 4,000*

Curies of Ir 192. It'has not had prior use in evaluation of IGSCC.
It is reportedly capable of 4T sensitivity with a #17 penetrameter
with the 12" diameter x 0.7" wall riser pipes.

The licensee indicated that the current plans for NDE following weld*

overlay repairs include visual inspection (VT), dye penetrant inspec- r

tion (PT), radiographic inspection (RT) and o UT (and hydrotest).
.

The licensee indicated that there were no cases of planned ER308L*

overlay where the weld deposit could come in contact with Inconel
base metals or weld metal (this was a problem at Hatch).

; At present, a total of 15 weld overlay repairs are scheduled.*

! The licensee indicated (when asked) that to the best of his*

! knowledge, there are no cracks that start in the sensitized HAZ and
propagate into the weld metal.'

,

At the time of tho inspection, the actual ferrite in the deposited*

j overlay had not been determined, but subsequently, GE reported the
| ferrite in the first layer to be greater than 9 FN.

i -

L
;
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GE representatives indicated that the next revision of the welding-

operator qualification requirements would describe multiple operator
test assemblies and eliminate the face and root bends coupons which
are not acceptable tests for the configuration. GE representatives
also indicated they would review the PQR document requirements for
inclusion of the WPS, Revision number and date of the WPS revision
used for welding the test assembly.

The inspector indicated to the licensee that the only positive*

answers on the sensitivity of MINAC Radiography VS crack morphology,
degree of sensitization thru the wall, and crack morphology out of
the sentized zone can be done by destructive metallography. This is
also true on the thickness of the pipe spool piece vendor cladding.
The licensee indicated that consideration was being given to the re-
moval of material for failure analysis at the next refueling outage.

The NRC inspector raised the following technical questions concerning the
overlay technique:

a. What is the method for calculating the overlay width and thickness
for long axial cracks such as in weld 10-0-05?

b. Is there an engineering requirement for minimum shrinkage (to produce
desired compressive stresses)?

c. If the stress pattern produced by the weld overlay is similar to
that produced in the IHSI process, there should be tensile stresses
close to the pipe OD. What is the effect of this tensile stress on

the IGSCC crack tip (which may have partially propagated by fatigue)?

d. What is the desired or calculated life of the overlay?

e. What crack growth rate is used for calculation purposes?

f. What is the effect of pipe spool vendor (shop) 00 weld metal buildups
on the detectability and location of IGSCC cracks?

g. What is the metallurgical explanation for the long axial crack in
weld 110-0-05 (which is not believed to have vendor OD weld buildup)?

h. What QC method is used to insure that the welding operators are
using the more explicit supplementary welding parameter information?

1. If the " weld overlay" substitutes for a butt weld in the case of a
cracked butt weld joint, what method will be used to provide " Codes
and Standards" approved volumetric inspection of the overlay?'

The above listed questions are considered as an unresolved item.
(278/83-14-02)

t
,
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10. Unresolved Items

Unresolved items are matters about which more information is required in
order to ascertain whether they are acceptable items, items of noncompli-
ance or deviations. Unresolved items disclosed during this inspection are
discussed in paragraphs 3 and 9 of this report.

11. Exit Interview

The inspector met with licensee representatives (dentoed in Paragraph 1)
at the conclusion of the inspection en May 26, 1983. The inspector
summarized the scope and findings of the inspection.

In addition, the NRC Resident Inspector, Mr. J. H. Williams, attended the
meeting.

-


