LUNGMEN UNITS 1 & 2 Preliminary Safety Analysis Report

5A Method Of Compliance For Regulatory Guide 1.150

5A.1 Introduction

During the mid 1970s, the USNRC became concerned with the adequacy of ASME Section XI
examinations performed on Reactor Pressure Vessel (RPV) assembly welds. These concerns
were well founded, since the examination being performed were not consistent. Often large
indications detected during preservice examinations could not even be detected during
inservice examinations.

The USNRC did a study of nil-ductility temperatures (NDE) methods, procedures, ASME
Section XI, pre-service inspection (PSI)/inservice inspection (ISI) Data, and the results of both
the PISC and PVRC programs. The results showed that some standardization of methods and
recording criteria was required. In July of 1981, Regulatory Guide 1.150 was issued. Revision
1 of this Regulatory Guide, which allowed approved alternate methods of compliance, was
issued in 1983. GE has been complying with Revision 1, using the alternate method, since then.

Regulatory Guide 1.150 provided a much needed first step in the continuing improvement of
RPV assembly weld examination techniques. These improved techniques, along with changes
in the ASME Code, have rendered portions of the Regulatory Guide obsolete.

5A.2 Discussion

The following discussion constitutes GE’s proposed alternate for compliance with Regulatory
Guide 1.150 when GERIS-2000 system is used. The GERIS-2000 system and procedures offer
capabilities that exceed the Regulatory Guide requirements.

The requirements of Regulatory Guide 1.150, Revision 1 alternate method are listed below
along with an explanation of how each one is, or will be met. In some instances, technically
correct alternate methods are used in place of Regulatory Guide 1.150 requirements. Where
alternate methods are used, the justification for the alternate is given. The requirements are
numbered in accordance with the numbering used in Revision 1 alternate method.

5A.3 Inspection System Performance Checks

The checks listed in this section will be performed to satisfy the intent of the Regulatory Guide;
however, the methodology may differ.

The GERIS-2000 System consists of transducers, pulsers, amplifiers, cables, connectors, and
computer work station(s). All items, except for the work stations, will be characterized using
ASME Section XI, Appendix VIII, Supplement 1, as a guideline.

bA.3.1 Pre-exam Performance Checks

These checks will not be performed. Checks performed up to six months prior to an
examination do not meet GE’s quality assurance requirements. The required RF waveform for
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pre-exam conditions does not provide any information on transducer operation above that
obtained in Subsection 5A.3.2 field performance check.

5A.3.2 Field Performance Checks

5A-2

The checks will be performed both before and after performance of each inservice examination
in accordance with the requirements of the GERIS-2000 examination procedure(s).

Instrument sensitivity shall be in accordance with the requirements of the GERIS-2000
examination procedure(s). These procedures define the following items regarding sensitivity.

(1)  Each procedure shall ensure that all required information is entered into the Setup
Menus and Calibration Administration Menu.

(2) The system gain is controlled by the computer and should be set to obtain a dynamic
range that is adequate for the examination. All gain settings shall require approval by
the responsible Level II1.

(3) With its logarithmic amplifier, the GERIS-2000 has a design dynamic range of 85 dB
or greater. It is designed to record UT signals down to the electronic and material
noise levels.

The RF waveform from reference reflectors will be recorded both before and after performance
of examinations. The waveforms will be documented by digitizing and recording them through
the GERIS-2000 Ultrasonic Imaging System.

Frequency and amplitude data for the reference waveforms will be extracted using PC-TES or
similar software. The reference reflectors and methodology is designed to provide consistent
results. It should be noted that the GERIS-2000 System also records RF data for all indications
detected during an examination. In the future, this will allow frequency and amplitude data to
be extracted and compared to the reference reflectors during data analysis.

The RF data is extracted after being processed through the GERIS-2000 System. The digitized
data meets the “before it has been rectified or conditioned for display” requirement of the
Regulatory Guide because of the way the data is processed by the system. There is no distortion
or rectification of signals by the system. More recent practices, such as those described in
NUREG CR-2264 “Characterization Methods for Ultrasonic Test Systems”, indicate that this
is a technically correct method for collecting the required RF data.

System linearity checks will be performed in accordance with the requirements of the GERIS-
2000 examination procedure(s).
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Angle beam profile information is recorded per GERIS-2000 examination procedure

requirements, which are nominally influenced by the following condition:

(1)

2)

5A.4 Calibration

After all search units/channels are calibrated, the responses from the reference
reflectors (for each channel group) are checked to assure similarity.

The beam spreads for each shear wave angle beam search unit will be determined by
the GERIS-2000 as a part of the calibration. Beam spread shall be determined at the
50% and 20% distance amplitude curve (DAC) levels for each side-drilled hole
reflector. As a minimum, these checks shall be performed before the start of
examination, every ninety days during the examination and after the examinations
are completed. The beam spreads should be completed at the same time as the initial
and final DAC calibrations. Manual beam spread determination for each search unit
and calibration block may be used with the approval of the Responsible Level III.
The 70° RL search units do not require beam spreads.

The calibration portion of the GERIS-2000 examination procedure(s) is performed on ASME

basic calibration blocks. The DAC is established during calibration, but it is not used for

recording of indications. The system is operated at its maximum dynamic range, ensuring that

all relevant data is recorded. During data post processing, indications are evaluated at the

required amplitude levels, e.g., 50%, 20%, 1/2 max. amplitude, surface notch and so on. The
data evaluation levels are documented separately, allowing comparisons of indications at the
desired levels. Because the DAC is not used for data recording, Article 4 of Section V is not

followed per se. Calibrations are performed as required by the examination procedure(s).

5A.4.1 Calibration for Manual Scanning

Not applicable to GERIS-2000.

5A.4.2 Calibration for Mechanized Scanning

(1
2)

3)

4)

A mechanized calibration scanner is used. It duplicates the noted critical parameters.

Calibration and scanning speeds are the same, in most cases. If necessary, scanning
speed can be slowed to less than calibration speed; however, scanning speed shall
never exceed calibration speed.

Normally calibrations are performed in both (forward and backward) scan directions.
Data maybe taken in only one direction, if required.

Not applicable to GERIS-2000.
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5A.4.3 Calibration Confirmation

Calibration confirmations generally conform to ASME Section V, Article 4 requirements with
equipment specific differences. Other methods, such as a block simulator or statistical analysis
of data from an actual patch on the vessel, may also be used for interim sensitivity checks.

(1) No Electronic Block Simulator (EBS) is used with GERIS-2000 calibrations. When
an off-site calibration is performed for an examination, it is verified on-site prior to
use.

(2)  Written calibration records are finished for each GERIS-2000 examination.
(3) Measures are taken to minimize shock and shipping damage.

5A.5 Examination

The scope and extent of ultrasonic examinations are as specified in the examination plan (To
be provided in FSAR).

Gates on GERIS-2000 include the complete material thickness. All data within the gate is
digitized and recorded. Indications are extracted from the RF data during data processing.

Transducer overlap is as specified in the GERIS-2000 examination procedure(s). The minimum
overlap is 25% of the smallest active element in the package.

bA.5.1 Internal Surface

The internal surface (cladding-to-base metal surface) capabilities were demonstrated on a
mockup that contained underclad flaws. The mockup has 5 flaws parallel and 4 flaws transverse
to the direction of the cladding. The depths of the flaws ranged from 0.381 cm to 1.857 cm, see
Figure 5A-1. The flaws are similar to those specified in ASME Section XI, Appendix VII.

Detection of these flaws is considered to meet Regulatory Guide 1.150 requirements.

5A.5.2 Scanning Weld Metal Interface

The beam angles used with GERIS-2000 were shown to be capable of detecting unfavorable
oriented planar flaws during system development. Demonstration was performed of a mockup
with 3 midwall planar and 6 outside diameter (OD) flaws. In the sample, the 3 midwall flaws
are unfavorable oriented planar flaws. The depth of the flaws ranged from 0.627 cm to

2.413 cm.

Detection of the these flaws is considered to meet Regulatory Guide 1.150 requirements.

5A.6 Beam Profile

See Subsection 5A.3.2.
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5A.7 Scanning Weld Metal Interface

See Subsection 5A.3.2.

5A.8 Recording and Sizing

The capability of the GERIS-2000 examination equipment and procedure(s) to detect, record,
and size the flaws delineated by ASME Section XI, IWB-3500 has been demonstrated. The
underclad and weld interface flaws as described in Subsections 5A.5.1 and 5A.5.2 were
detected and sized. The plotted data is referenced in Figure SA-1. The mean deviation sizing
error band of the data is:

(1)  0.224 cm for the underclad flaws.
(2) 1.575 cm for the midwall flaws.
(3) 0.168 cm for OD flaws.

5A.8.1 Geometric Indications

The determination that an indication is geometric in origin is made off-line, after the data is
gathered. The determination is governed by the applicable GERIS-2000 examination
procedure(s). The determination is documented and could include review of RPV assembly
drawings, construction radiographs, previous examination data, or any other information that
helps define the origin of an indication.

5A.8.2 Indications with Changing Metal Path

(1)  GERIS-2000 records all RF data for each scan. The indications are recorded down to
the level of electronic and material noise. The system amplifier is logarithmic rather
than linear. The greater dynamic range allows extraction of indications much smaller
than those considered relevant by Regulatory Guide 1.150.

(2) The recorded data processed using amplitude level filtering (see Section 5A.4). This
permits extraction of the data required by (1) above during post processing of
examination data. No determination of reflector amplitudes or locations are made
during scanning.

5A.8.3 Indications Without Changing Metal Path
See Subsection 5A.8.2.

5A.8.4 Additional Recording Criteria

(1) Indications are recorded at scan intervals of less than the stated 0.635 cm.

(2) GERIS-2000 meets these requirements.
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5A.9 Reporting Of Results

Indications determined to be “abnormal degradation of the reactor pressure boundary” will be
reported.

(1)  An analysis of the GERIS-2000 indication database is used to provide the estimate
of tolerances in sizing of flaws (error band). The basis for the estimate is a statistical
analysis similar to that shown in Appendix VIII.

(2)  The description of the technique used to qualify the effectiveness of the GERIS-2000
examination procedure(s) is contained in GE proprietary document, GENE 508-003-
0492, Revision 1. This document is part of the GERIS-2000 Design Record File
(DRF), A00-05139. Applicable portions of the DRF may be reviewed on a “need to
know” basis. If such review is needed, it should be arranged through GENE
Inspection Services.

(3) The estimate of the volume(s) not effectively examined is based on the results of the
detection and sizing qualifications described above. The extent of examination
coverage is calculated per ASME Section XI, Code case N-460 and Code
Interpretation XI-89-32.

(4) The required sketches are supplied as a part of the report of examination results.

(5) It is not anticipated that any alternate NDE techniques will be used along with
GERIS-2000. If techniques are used, they will be fully documented as a part of the
report of examination results.

5A.10 Conclusion

5A-6

When the USNRC issued Regulatory Guide 1.150, they served notice on the industry that
improvements to RPV examinations and the reporting methods for examination results were
required. The Regulatory Guide was the first step toward obtaining these improvements.

GE Nuclear Energy has supported this philosophy since its inception. GE, however, also
believes that the methodology outlined in ASME Section XI, Appendix VIII provides an
opportunity to achieve further improvements in examination performance. Where Appendix
VIII does not address an item addressed by the Regulatory Guide, the item becomes a
requirement in the GERIS-2000 examination procedure(s). This assures compliance with the
intent of Regulatory Guide 1.150.

The melding of portions of ASME Section XI, Appendix VIII with portions of Regulatory
Guide 1.150, create the mechanism for performing a superior examination. This is the intent of
Regulatory Guide 1.150.
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It is the position of the General Electric Company that this alternate method is in full
compliance with the intent of USNRC Regulatory Guide 1.150.
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Figure 5A-1 GERIS-2000 Depth Sizing Results
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