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Double-Shell Tank System Integrity Assessment: 
Results of Tank 241-AN-107 Ultrasonic Examination 

1.0 INTRODUCTION 

In May 1996, the TWRS Decision Board recommended and RL agreed that the condition 
of the double-shell tanks (DSTs) should be determined by ultrasonic (UT) inspection of a 
limited area in six of the 28 DSTs. The Washington State Department of Ecology 
W O E )  has agreed with the strategy of limited ultrasonic inspection of six DSTs. Data 
collected during the UT inspections will be used to assess the condition of the tank, judge 
the effects of past corrosion control practices, and satisfy a regulatory requirement to 
periodically assess the integrity of waste tanks. 

InNovember, 1996, the primary and secondary wall of DST 241-AW-103 was remotely 
examined to determine if Hanford DST walls could be inspected without removing the 
existing surface rust and scale. The successful completion of this inspection met the 
requirements of RL milestone T21-97-455 and represented the first ultrasonic inspection 
of a Hanford DST (Leshikar 1997). 

Based on the results of the initial inspection, a Statement Of Work (SOW) was prepared 
for the remaining DST inspections scheduled for fiscal year 1998 and beyond. DST 
241-AN-107 was selected to be inspected next based on selection criteria given in 
(Schwenk and Scott 1996) and (Anantatmula 1997). The service of COGEMA 
Engineering Corporation (COGEMA) was retained to provide an ultrasonic examination 
system (equipment, procedures, and inspectors) and to perform the inspection. 

2.0 OBJECTIVE I SCOPE 

This report presents results of the UT examination of DST 241-AN-107 with particular 
attention paid to the primary wall base metal and welds. Issuance of this report meets FY 
98 Performance Agreement TWR 1.2.13, due 9/30/98. 

The criteria, deliverables, and responsibilities for the UT examination are described in 
HNF-2820, Rev. 0, Engineering Task Plan for the Ultrasonic Inspection of Hanford 
Double-SheZl Tanks, (Pfluger 1998). 

1 
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3.0 PERFORMANCE DEMONSTRATION TESTS 

Prior to use in the field, COGEMA's ultrasonic examination system was required to 
satisfactorily complete a performance demonstration test (PDT) testing its ability to detect 
and size wall thinning, pits, and cracks in a series of test plates with artificial and natural 
defects. Appendix A presents details and results of the PDT. COGEMA also successfully 
demonstrated the deployment and retrieval of the equipment on a tank mock-up. 

4.0 ULTRASONIC EXAMINATION DESCRIPTION 

The tank inspection was performed under JCS work package 2B-98-01125iW during July 
1998. All work steps, guidelines, procedures, personnel responsibilities, and protocol for 
the inspection (Pfluger 1998) were included in the subject work package. 

A remotely controlled, steerable crawler was used to deliver the ultrasonic sensors to the 
tank wall. The crawler was deployed through 24 inch annulus inspection riser number 
AN107-WSTA-RISER-026. The crawler attaches to the tank wall with two pairs of 
magnetic wheels. A traveling bridge on the crawler is outfitted with ultrasonic sensors. 
As the crawler moves slowly forward, the sensors glide from side-to-side over the 
inspection surface. Water couplant is continuously fed to each transducer at a rate needed 
to attain an acceptable signal. For examination of the wall, one dual element 0" 
transducer and two 45" shear wave transducers were used. To detect cracks 
perpendicular to welds, two opposing 45" shear wave transducers were directed parallel 
to the weld. To detect cracks parallel to the weld, a 60" shear wave transducer was 
directed towards the weld and a dual element 0" transducer was also included. Welds 
were examined from both sides. 

Data and images were returned to a manned control trailer located just outside the AN 
farm fence which contains the crawler controls, video monitors, and data collection and 
evaluation software/hardware. The signals were continuously monitored by the inspector 
for reportable indications. The entire examination was viewed by a camera and lighting 
deployed in an adjacent 4 inch riser. The inspection was recorded on videotape. 

5.0 GENERAL REQUIREMENTS AND INSPECTION CRITERIA 

FY 98 Performance Agreement TWR 1.2.13 is stated below: 

"The contractor shall perform an ultrasonic examination of one double-shell tank primary 
wall to the extent described in WHC-SD-WM-AP-017, "Tank System Integrity 

2 
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Assessments Program Plan”, Revision 1, and submit a report to RL by September 30, 
1998. The report shall include a discussion of findings and conclusions based upon the 
data obtained from the ultrasonic examination.” 

To satisfy the performance agreement, areas to be examined on the primary tank were 
identified in the SOW as: 

1. A vertical strip approximately 30 inches wide by 35 feet long. The vertical strip may be 
comprised of one or more strips whose total width is 30 inches. (The distance from the 
tank upper haunch transition to the lower knuckle is approximately 35 feet). 

2. Twenty feet of the cylinder-to-lower knuckle weld. 

3 .  One vertical weld joining the lowest shell course plates (approximately 10 feet). 

4. One vertical weld joining the next to the lowest shell course plates (approximately 10 
feet). 

COGEMA was required to report wall thinning that exceeds 10% of the plate thickness, 
pits that exceed 25% of the wall thickness, and stress corrosion cracks on the inside wall 
of the primruy tank that exceeded 0.18 inches in depth (Pfluger 1998). 

6.0 RESULTS 

The Inspection Data Sheets and an interpretation of the data by COGEMA Engineering’s 
Level I11 qualified inspector are included in the Inspection Report which forms Appendix 
B. Results are summarized below: 

Wall Thinning : . None of the areas scanned showed any reportable wall thinning. As would be 
expected, the wall thicknesses varied from plate to plate and within the same plate. 
One small section in Plate #1 showed a small increase in plate thickness which 
might be related to an area where a weld attachment had been made during the 
construction of the tank. 

Corrosion Pitting: . No reportable pitting was detected in the side wall or weld areas that were 
scanned. 

3 
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Cracks in Tank Side Wall and Weld Regions: . No cracks were detected in the side wall or the vertical or circumferential welds 
that were scanned during the examination. 

Pacific Northwest National Laboratory UT examination experts independently evaluated 
the hard copy scans and Inspection Report data and concurred with the COGEMA 
interpretation (Appendix A). 

7.0 EVALUATION OF THE RESULTS 

Tank AN-107 began receiving waste in 1983 and is currently a concentrated complexant 
receiver tank. The tank level is currently 38 1.1 inches, of which 90 inches is solids 
(Hanlon 1998). The waste temperature from 1983 to present has not exceeded 1 10°F and 
is currently approximately 85°F. 

Tank AN-107 was selected as one in the sample of six tanks that are to represent the 
whole 28-tank population. Although the tanks are expected to have similar performance, 
the selection of tanks is purposely biased towards tanks whose primary tanks may be more 
likely to be degraded by corrosion. The tank selection criteria (Schwenk and Scott, 1996) 
considered variables that may influence corrosion such as waste physical characteristics, 
waste chemistry, temperature, and age. Tank AN-107 was chosen because its waste 
chemistry does not meet the tank farm composition operating specification for hydroxide 
ion concentration (OH- < 0.3 m. Its current waste chemistry may encourage stress 
corrosion cracking (SCC). 

Tank AN-107's low hydroxide ion condition was discovered after analytical results from 
samples taken in November 1984 were reported in February 1985 (Bratzel 1985). Other 
samples taken since 1986 have confirmed the low OH- condition and shown its 
concentration to have declined over the years. In recently analyzed samples @sch 1997), 
the OH- level was not measurable. 

The phenomena of stress corrosion cracking is dependent on many factors including waste 
chemistry, material selection, incubation time, stress intensity, temperature, and whether 
or not fabrication stress relief was performed. There is large amount of uncertainty in 
predicting the onset of SCC. Investigations of leaking tanks at Savannah River Project 
(SRP) show that the seventy of SCC, at least as evidenced by tank leakage, varies 
markedly from tank to tank (Donovan 1977). The SRP observations suggest that 
examinations need to cover a large portion of the tank weld area to have a good 
probability of detecting the first (or nearly first) crack or leak. Limited area inspections 
are useful for detecting globally occumng phenomena and cannot guarantee that tank 
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degradation is not occurring elsewhere on the tank. Understanding the role of SCC in 
tank leaks at SRF' led to the application of postfabrication heat treatment to the primary 
liner of the Hanford DSTs. 

The results of the Tank AN-107 limited area UT examination showed no significant wall 
thinning, pitting, or cracks. In Figure 1, the history ofwaste level is matched with the 
primary tank wall thickness measurements from the Inspection Data Sheets. Each wall 
thickness measurement plotted on the figure is the average of all data collected over a 1 
foot long by 15" wide scan area. Areas of interest are the vapor space above the waste, 
the liquid-vapor interface, the liquid region, the liquid-solids interface, and the solids 
region. The measured wall thickness shows variation within the original plate tolerance 
(ASTM A20-95) with no indication of thinning at a particular elevation. 

Based on visual observations the secondary tank liner appears to be uniformly corroding 
from the inside. The tank condition is similar to that observed during earlier visual 
inspections of Tank AN-107. 

Since there were no significant changes in the wall thickness and no cracks were detected 
at any location, corrosion due to suspected mechanisms is probably not occurring to a 
significant degree. However, uncertainty on conditions that lead to corrosion degradation, 
particularly stress corrosion cracking, suggests additional data on other tanks is needed to 
gain confidence that this result can be applied to the general tank population. 
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Evaluation of PDT and Examination Results of Tank 241-AN-107 

1.0 Introduction 

COGEMA Engineering Corporation (COGEMA) was the successful bidder on the Lockheed Martin 
Hanford Corporation (LMHC) “Solicitation Request for Double-Shell Tank Ultrasonic Examination,” 98- 
BIB-008, dated February 19, 1998. The Statement of Work (SOW) under t h i s  solicitation called for the 
ultrasonic examination of selected poaions ofthe double-shell Tank 241-AN-107 located in the 200E 
Area of the Hanford Complex. The SOW included requirements to perform an ultrasonic examination of 
the primary tank wall, to detect and characterize the depth of any erosion (wall thinning), pit corrosion, 
cracks or other anomalies that might be present. The SOW also required that the successful bidder was to 
satisfactorily complete a performance demonstration test (PDT) to qualify their ultrasonic system 
(equipment, procedure and personnel) prior to initiating the field examination of Tank 241-AN-107. 

This technical report on the ultrasonic examination of Tank 241-AN-107 describes the examination 
criteria, results of the performance demonstration tests (PDT) and the results of the examination of 
selected portions the tank wall and the heat affected zones of vertical and horizontal welds of the primary 
tank. 

2.0 General Requirements 

The SOW outlined requirements for detecting and characterizing general wall thinning, corrosion pitting 
and cracks. The goal for the ultrasonic inspection was to characterize and record pits with depths that 
exceeded 25% of the wall thickness, wall thinning that exceeded 10% of the plate thickness, and stress 
corrosion cracks on the inside wall of the primary tank that exceeded 0.187 inches in depth. The 
thickness of the primary tank wall ranged from 0.50 to 0.875 inches. The accuracy for depth 
measurements for the three different types of defects was defined as follows: 

a. Wall thinning - - measure thickness within +/- 0.02 inches 
b. Pits - - size depths within +/- 0.05 inches 
c. Cracks - - size the depths of cracks on the inner wall surfaces within +/- 0.10 inches 
d. Location - - locate all reportable indications within +/- 1 .O inches, 

The procedure for the ultrasonic examination of the Tank 241-AN-107 was to be based on the Section V, 
Article 4 Code defined by the American Society for Mechanical Engineers (ASME). To establish that the 
ultrasonic system is capable of meeting the accuracy requirements, a performance demonstration test 
(PDT) involving a series of test plates with artificial and natural defects was to be completed prior to the 
examination of Tank 241-AN-107. LMHC has the responsibility for providing the test plates that are to 
be used for the PDT. These special test plates were fabricated by Pacific Northwest National Laboratory 
(PNNL) for the PDT. 

% 9  
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The ultrasonic test procedures for performing the examinations were to be submitted and approved by 
LMHC prior to performance of the PDT. Qualification of the ultrasonic system was based on the 
satisfactory completion of the PDT. Personnel participating in the examinations were to be certified in 
accordance with American Society for Nondestructive Testing (ASNT) guideline SNT -TC-lA-92. 

3.0 Plan for  Ultrasonic Examinations 

To summarize, in COGEMA’s approach for the ultrasonic examinations associated with the PDT and 
Tank 241-AN-107, it chose Swain Distributing, Inc. (Swain) as the subcontractor forthe performing these 
inspections. Swain has extensive experience in nondestructive testing and has performed many tank 
examinations in environments such as those that would be encountered in Tank 241-AN-107. Swain 
developed the test procedures for COGEMA that were proposed for the examinations. Swain proposed 
the use of the P-Scan ultrasonic test equipment and the AWSJ remote-controlled magnetic wheel 
crawler, manufactured by Force Institute in Denmark, for both the PDT and tank examinations. These are 
the same systems that were used by Swain and their personnel for the 1996 ultrasonic examination of the 
tank wall in Tank 241-AW-103. 

LMHC contracted with PNNL for the development of the test plan for the PDT, review of proposed 
procedures, analysis of results of the PDT data and for evaluating the results recorded during the 
examination of selected portions of Tank 241-107-AN. 

4.0 Performance Demonstration Tests 

As defined in the SOW, the personnel participating in the examinations were to be certified in accordance 
with ASNT’s SNT-TC-1A-92 guidelines. The test procedures were to receive prior approval by LMHC, 
and a demonstration of the capability of the ultrasonic equipment had to be completed in order to qualify 
the “system” for examinations in Tank 241-AN-107. 

Personnel Oualification - - Mr. Wesley Nelson, ASNT Certified Level I11 in ultrasonics, was identified 
as COGEMA’s UT Level I11 authority for this project. Mr. Nelson provided the work record and 
certifications for the Swain personnel, Mr. James Elder and Mr. Ronald V. Swain of Swain Distribution. 
The documentation of these persons established that they met all requirements set forth in the SOW. The 
Swain personnel had specific training in the depth sizing of stress corrosion cracks. 

Test Procedures - - The test procedures defined the use of both straight beam and angle beam 
transducers that were to be used for the examination of the sections of the side wall and weld areas of the 
primary tank. The procedures included full documentation on methods for calibration and reporting 
Hard copy ofthe T-Scan (thickness) and P-Scan (projection or angle beam) views of all areas scanned 
were to be made available for interpretation and analysis. A review of the procedures noted a variance in 
the areas in and around the welds that were to be examined. This portion of the procedure was modified 
and approved for side wall and weld examinations 

Performance Demonstration Tests - - The plan for the performance demonstration tests (PDT) 
developed by PNNL followed, as its guideline, the procedure described in Section XI, Appendix VI11 of 
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the American Society for Mechanical Engineers “Boiler and Pressure Vessel Code.” As outlined in this 
Appendix, a grid pattern is marked on each of the test plates and each square in the grid is identified as a 
“flaw grading unit or a “blank grading unit”. The characterization of the grading units forms the basis for 
establishing the probability of detection (POD) and false call ratio as well as the sizing accuracy of the 
ultrasonic inspection system. 

A total of 12 test plates were used in the PDT. These plates contained 35 defects characterized as 
simulated pits (round bottomed holes), wall thinning and laboratory grown stress corrosion cracks. To 
provide values for the POD and sizing accuracy, PNNL analyzed the data sheets and the hard copy reports 
provided by the COGEMNSwain team with the actual or “ h e  state” of the defects in the plates, This 
analysis was used to as the basis for acceptance/rejection of the ultrasonic system (equipment, procedure 
and personnel) in terms of POD, false calls and correct calls and the RMS value of the correct calls. 

5.0 Results of the Performance Demonstration Tests 

The PDT was performed on a mock-up that was assembled in the 306E building. The mock-up was 
designed for the plates to be installed in a cutout in the side wall of the mockup. The magnetic wheel 
crawler containing the ultrasonic search units (transducers) was attached to the tank wall and maneuvered 
to scan the plates. The results of the PDT are separated into three areas: namely, measurement of wall 
thinning, depth of pits and through wall dimension of cracks. Prior to the PDT, PNNL staff characterized 
all defects in the test plates. They used both ultrasonic and physical measurements to establish what is 
referred to as the “true state” measurement. Hard copy records and report data provided by the Swain and 
COGEMA analysts was compared with the “tme state” and these data were used as the basis for 
qualifying the ultrasonic system. All defects were detected and correctly classified and there were no 
false calls, consequently the POD for the PDT was 100%. 

Wall thinning - - Figure 5.1 describes the PDT results reported for wall thinning. All conditions were 
detected and properly classified. The specification defined an accuracy requirement of +/- 0.020 inches. 
The analysis of test results established that wall thinning was characterized to an RMS value of 0.006 
inches - well within the required accuracy. 

-- - Figure 5.2 describes the PDT results reported for characterizing of simulated pits. All pits 
were detected and properly classified. The specification defined the accuracy requirements for 
measurement of depth of pits as +/- 0.05 inches. The analysis of the test results provided by the hard 
copy and data records established that pit depth measurements had a value of 0.0435 inches. This is 
within the required accuracy. 

Cracks - - Figure 5.3 describes the PDT results reported for cracks that might be present in the parent 
material in the side wall of the tank. All cracks in the test series were detected and accurately classified 
as cracks. The specification defmed the accuracy requirements for through wall measurement of stress 
corrosion cracks at +/- 0.10 inches. The analysis of the test results from the hard copy and the data 
reports established the RMS value for crack depth measurement at 0.094 inches. This is within the 
required measurement accuracy. 
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NOTE The plots shown in Figures 5.1,5.2, 5.3 and 5.5 are designed to describe the flaw depths as 
characterized by PNNL staff (“True State”)(dots and line) versus the measured values provided by the 
COGEWSwain team (triangles) 
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Figure 5.1 Measurement of Tank Wall Thinning 
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Figure 5.3 Measurement of Crack Depths in Side Wall of the Tank 

Cracks in the Heat Affected Zone of Vertical and Horizontal welds - -The requirement for 
characterizing cracks across or adjacent to welds in the tank wall is described in Figure 5.4. This figure 
describes the weld zones that were to be examined which are positioned on the inner three fourths of the 
thickness of the plate and 1 inch from the toe of the weld. This zone is considered most likely to 
experience stress corrosion cracking. Cracks may be located either parallel or perpendicular to the weld. 
Two ultrasonic test procedures were used to detect these cracks. The first used two sets 45-degree angle- 
beam transducers to detect and size cracks perpendicular to the weld. Both sides of the welds were 
examined simultaneously. 

The second set used one 60-degree angle-beam transducers to detect and size cracks parallel to the weld 
and a dual-element straight beam to detect and measure the depth of any pitting that might be present near 
the weld. 

It should be noted that there is an area adjacent to the toe of the weld that could not be examined. The 
upper sketch in Figure 5.4 shows the position of the 45-degree transducers. Because of the size of the 
housing and holding fixture for these transducers, the ultrasonic beam was not able to detect cracks 
perpendicular to the weld that did not extend at least 0.5 inches beyond the toe of the weld. A similar 
situation exists for the straight beam transducer shown in the lower sketch of Figure 5.4. The area within 
0.6 inches of the toe of the weld could not be examined for pits or corrosion. 
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Weld 

Top View - - - Cracks Perpendicular to Weld 

Striught-Beam Transducer 

gle-BeamTransducer 

Inner Tank Wall 3/4 T from the mer  surface and 1 inch from 
the toe of the weld is to be exammed 
ultrasonically for cracks or corrosion pimng 
Exammauons to be made on both sides of the weld 

Figure 5.4 Top and End Views of Areas to be Ultrasonically Examined 

Cracks Parallel and Peroendicular to Welds - - Figure 5.5 describes the PDT results reported for 
detecting and sizing of cracks located both parallel and perpendicular to welds. Since the test plates 
developed by PNNL did not contain welds, a simulated weld crown strip was attached to the plates at 
appropriate locations that oriented cracks in either a parallel or perpendicular position with respect to the 
weld. The specification defmed an accuracy requirement of +/- 0.10 inches for crack characterization. 
Analysis of the data provided by the hard copy and report data established the value for cracks parallel 
and perpendicular to welds at 0.080 inches - within the requirements set forth in the SOW. 
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Figure 5.5 Measurement of Cracks Parallel and Perpendicular to the Welds 

Conclusions Reached from Performance Demonstration Tests - -The PDT established that the 
ultrasonic system and personnel participating in the examinations have met the criteria established in the 
SOW for the examination of the base material and welds in the double-shell tanks. The system is 
therefore qualified to perform these specific areas of Tank 241-AN-107. 

Results from the Examination of Tank 241-AN-107 - - During July 1998 the COGEMA and Swain 
teams examined selected areas ofthe primary tank of Tank 241-AN-107. The areas to be examined were 
identified in the SOW as: 

1. Vertical strips approximately 30 inches wide by 35 feet long. The vertical strips may be 
comprised of one or more strips whose total width is 30 inches. This examination is to be 
designed to detect and characterize any wall thinning, corrosion pits or cracks in the wall of 
the primary tank. 

2. Twenty feet of the cylinder-to-lower knuckle weld to detect and size cracks that lie parallel or 
perpendicular to the weld and to detect and measure depth of any corrosion pits in the area 
surrounding the weld. 

3. One vertical weld joining the lowest shell course plates (approximately 10 feet) to detect 
cracks on the inner surface that lie parallel or perpendicular to the weld and to detect and 
measure depth of any corrosion pits in the area surrounding the weld. 

4. One vertical weld joining the next to the lowest shell course plates (approximately 10 feet) to 
detect cracks on the inner surface that lie parallel or perpendicular to the weld and to detect 
and measure depth of any corrosion pits in the area surrounding the weld. 
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Figure 5.6 describes the areas scanned in Tank 241-AN-107. To meet the requirements set forth for 
examination of vertical welds in the shell course, the COGEMA and Swain teams examined vertical 
welds in Plates 2, 3 and 4. To meet the requirements for examining a 30-inch wide swath ofthe primary 
tankthey used two 15-inch wide scans. 

WALL 
1 

Figure 5.6 Areas Scanned During the Ultrasonic Examination of Tank 211-AN-107 

Results of Examination of the  Selected Areas of Tank 241-AN-107 - - COGEMA provided 
hard copies and a report by the Swain analyst interpreting the finding of the areas examined 
ultrasonically, The data provided by the Swain analyst was as follows: 
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1. Wall Thinning - - None of the areas scanned showed any wall thinning. As would be 
expected, the wall thickness varied from plate to plate and within the same plate, but all were 
within manufacturing tolerances and no areas were below the nominal thickness (0.50, 0.875 
inches). One small section in Plate #1 (See Figure 5.6) showed a small increase in plate 
thickness which the analyst suggested might be related to an area where a weld attachment 
had been made during the construction of the tank. 

2. Corrosion Pitting - - No corrosion pitting was detected in the side wall or weld areas that 
were scanned. 

3. Cracks in Tank Side Wall and Weld Regions - - No cracks were detected in the side wall or 
the vertical or circumferential welds that were scanned during the examination. 

PNNL staff reviewed all of the hard copy scans and the data provided in the reports. The 
reviewers concur with the findings of the Swain and COGEMA analysts. 
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Lnspection Report for DST 241-AN-107 
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The following reports cover the ultrasonic examinations performed on the AN-I07 primary tank 
wall, and primary tank vertical and horizontal welds. The reports contain information to identify 
equipment, calibration standards, transducer type, scan area, recorded data, and examination 
personnel. Graphs of the data are provided to show average and minimum wall thickness. 

The following is a summary of the results associated with the areas examined. The data has been 
reviewed and approved by W. H. Nelson, COGEMA Engineering Level 111 Ultrasonic 
Examination Authority: 

vertical wall scans showed no reportable indications per the specification. The two scans are 
fifteen inches wide by approximately 35 feet long. 

vertical welds scanned showed no reportable indication per the specification. The scan area 
consisted of eight foot weld on plate course two and plate course three, and nine foot of weld 
on plate course four. 

the horizontal weld scanned showed no reportable indication per the specification. The scan 
areas were two ten foot section of plate course five to knuckle weld. 
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