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ABSTRACT
Releases of tritium and other radioactive nuclides from existing power plants have resulted in negative
public and regulatory pressure to correct this problem for both operating and future nuclear power
plants. This new NDE Change Initiative identified by EPRI’s Nuclear Power Council and NDE Action
Plan Working Group will take lead to address the Nuclear Strategic Initiative Advisory Committee
groundwater protection issues. Identified as a long-term initiative, this project is expected to continue
beyond 2010.
Effective NDE methodologies are required to focus on prevention and on effective remediation
and mitigation of materials degradation for tanks, transfer lines, fuel pool liners, and other components
that have potential to leak radioactive materials into the groundwater and off site. Presently, NDE is
not used effectively to address radioactive release to groundwater.
Since this initiative was identified early 2007, there has not been much NDE work done on
buried piping with tritium release or licensing renewal issues. Much work has been done by EPRI on
buried piping of large diameters. This report will discuss about preliminary eddy current inspection
performed of spent fuel pool liner coupons, while EPRI’s buried piping investigation reports are
referenced.

NONDESTRUCTIVE EVALUATION: EDDY CURRENT TESTING - BACKGROUND
EPRI was requested to nondestructively evaluate the condition of three spent fuel pool liner coupons
as a feasibility study for potential introduction of future NDE in-situ examinations with eddy currents.
Eddy current testing is a nondestructive evaluation method that is used extensively to detect and
size defects in non-ferromagnetic material. The eddy current sensors are typically wound wires that
generate eddy currents with applied frequencies. This specific application sensor set-up consisted of
one transmit and two receive coils operated in the absolute mode at 200, 100, 50 and 25 kHz
simultaneously injected. This allowed the eddy current data to be acquired at any one of the above
frequency and viewed in the remaining three frequencies later during data evaluation.
The receiving coils were identified in pairs independent of axial and circumferential flaw
detection in the following manner:
100 kHz- G1 coil (axial) and G2 coil (circumferential)
50 kHz – G3 coil (axial) and G4 coil (circumferential)
25 kHz – G5 coil (axial) and G6 coil (circumferential)
200 kHz – G7 coil (axial) and G8 coil (circumferential)
Figure 1-1 illustrates the test equipment, transmit-receive sensor, and calibration block.
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Figure 1-1 - Eddy Current Tester, Sensor and Calibration Block

EDDY CURRENT TEST AND RESULTS – SAMPLE # 122
The eddy current examination commenced on sample # 122 water side. The examination revealed an
indication signal in the welded region as illustrated in Figure 1-2. When looking at the concrete side, a
deep crater caused by lack of penetration was seen. The weld crown was ground to some extend,
which enabled a successful eddy current examination on the welded region.

Figure 1-2 - Sample # 122 – Water Side

A full schematic of the indication location is provided in Figure 1-3. Eddy current examination
was performed on the entire front face of the water side on sample # 122.

Base plate mismatch caused the weld to be at an angle (high in South plate and Low in North
Plate), which made it difficult to maintain proper probe contact to test piece. Illustration of this
mismatch is also shown in Figure 1-3.

Figure 1-3 - Sample # 122 – Water Side

Figure 1-4 shows the scan results in the ground flush weld and heat affected region from sample
# 122 water side acquired with 100 kHz. Scanning was performed in the longitudinal scan pattern.
Coils G1 (axial) and G2 (circumferential) were triggered with this 100 kHz frequency and detected the
indication.

Figure 1-4 - Sample # 122 – Water Side Scan Weld Region

Figure 1-8 shows the eddy current signal obtained from the water side of sample # 122. The
concrete side showed a deep crater at this location caused by improper penetration and lack of fusion
as shown in Figure 1-5
The signals observed on the screen are attributed by an impedance change caused by
perturbations in the magnetic field. The eddy current examination was used to detect flaws. No flaw
sizing was performed.
Figure 1-5 shows sample # 122 concrete side. Corresponding eddy current signal from this deep
crater was obtained from the water side.
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Figure 1-5 - Sample # 122 – Concrete Side

EDDY CURRENT TEST AND RESULTS – SPECIMEN # 123
Sample #123 was tested next. No relevant eddy current indications were identified. As shown in
Figure 1-6 only partial scan of the welded region was performed. Weld overlap and mismatch causing
high and low weld crowns prohibited the eddy current examination on the remaining portion of the
weld. Excessive lift-off signals were seen in this weld overlap region.

Figure 1-6 - Sample # 123 – Water Side

Figures 1-7 and 1-8 shows test sample # 123 water and concrete side respectively.
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Figure 1-7 - Sample # 123 – Water Side

Figure 1-8 - Sample # 123 – Concrete Side

Eddy current testing was attempted in accessible base metal and heat affected zones only.
Surface condition along the edge was rough. The colored spot in the North base plate and “Spot
Welding” and gauged out area in the South base plate, showed corresponding craters in the water side
face as shown in Figure 1-7.

EDDY CURRENT TEST AND RESULTS – SAMPLE # 124
Sample #124 water side was ground flush to shiny condition as shown in Figure 1-9.

Figure 1-9 - Sample # 124 Water Side Ground Flush

Eddy current examination detected three indications in the axial scan direction in the heat
affected zone close to the welded region. Visual inspection also revealed the presence of three surface
rounded indications to match the eddy current detection. Complete sketch of the eddy current result is
provided in Figure 1-10.

Figure 1-10 - Sample #124 Water Side Eddy Current Examination Result

Figure 1-11 shows the scan results on the base metal on sample # 124 water side at 50 kHz.

Figure 1-11 - Sample # 124 Water Side Base Metal Scan
The screen print-out as illustrated in Figure 1-4 shows no indications found in the base metal.
Typically, the sensor is calibrated with reference flaws to emulate possible field conditions. For this
examination, cold isostatic processed (CIPd) notches were used as shown in Figure 1-1. The coils are
balanced in a clean section of the reference block and the resultant eddy current signals are
comparable to the illustration shown above in Figure 1-11.
Figure 1-12 shows the scan results in the ground flush weld and heat affected region from
sample # 124 water side acquired with 50 kHz. Scanning was performed in the longitudinal scan
pattern. Coils G3 (axial) and G4 (circumferential) were triggered with this 50 kHz frequency and
detected the indications.

Figure 1-12 - Specimen # 124 Water Side Weld and Heat Affected Region Longitudinal Scan

The screen print-out as illustrated in Figure 1-12 illustrates an indication found in the weld and
heat affected region. The signals observed on the screen are attributed by an impedance change caused
by perturbations in the magnetic field. The eddy current examination was used to detect flaws. No
flaw sizing was performed.
Figure 1-13 shows test specimen # 124 as seen on the concrete side. Eddy current testing was
done on the base metal and heat affected zones only. Improper weld configuration with high and low
weld crowns and incomplete penetration and fusion prohibited the scanning of the weldment region.
Excessive lift-off signals were seen.

Figure 1-13 - Specimen # 124 - Concrete Side

In typical field conditions, concrete side access is not possible. All testing must be done from the
water-side only. Since, these coupons were in a laboratory environment, EPRI took advantage to scan
the concrete side base metal and heat affected zones to validate the robustness of the test system.

SUMMARY AND RECOMMENDATIONS FOR FUTURE WORK
Three welded sections of 304 stainless steel coupons removed from a Nuclear Station spent fuel pool
liner were used for the study. Radiography was performed on each of the three spent fuel pool liner
coupons prior to the eddy current examinations completed by EPRI.
The results of the eddy current examination was more surface oriented than sub-surface.
Although some sub-surface eddy current penetration was realized with the 25 kHz frequency, surface
flaws were more sensitive for detection. The eddy current examination results showed good agreement
between the ultrasonic and radiography results on specimens #122 (one out of two indication was
identified) and #124 (three indications were identified). Specimen # 123 showed lack of fusion on the
entire weldment and was not eddy current tested from the waterside due to the weld crown mismatch
causing extensive lift-off signals.
Other eddy current technologies are being pursued by the industry and equipment
manufacturer’s to address the weld crown mismatch inspection issues. The electronic scanning of the
weldment region is one method that has to be explored further but the application may be restricted if
employed in under water environment.

Ideally, for a successful eddy current examination, the welds need to be ground flush. This may
allow for faster inspection scans with good magnetic coupling and with enhanced eddy current sensors
and techniques under water inspection may also be realized.
Additionally, having access to the concrete side of the liner informed us that better welding
practices and techniques must be used to achieve sound welds to maintain material integrity. Each
weld pass may be non-destructively tested for soundness and the final pass may be ground flush. This
allows for eddy current or other nondestructive examination to be performed with optimized success
rates.
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